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BELLSOUTH TELECOMMUNICATIONS, INC. 

2 REBUTTAL TESTIMONY OF CYNTHIA K. COX 

3 BEFORE THE FLORIDA PUBLIC SERVICE COMMISSION 

4 DOCKET NO. 000907 - TP 

NOVEMBER 1,2000 

6 

7 Q. PLEASE STATE YOUR NAME, YOUR POSITION WITH BELLSOUTH 

8 TELECOMMUNICAnONS, INC. ("BELLSOUTH") AND YOUR BUSINESS 

9 ADDRESS. 

II A. My name is Cynthia K. Cox. I am employed by BeliSouth as Senior 

12 Director for State Regulatory for the nine-state BeliSouth region. My 

13 business address is 675 West Peachtree Street, Atlanta, Georgia 30375. 

14 

Q. ARE YOU THE SAME CYNTHIA COX THAT FILED DIRECT 

16 TESTIMONY IN THIS PROCEEDING ON OCTOBER 5, 2000? 

17 

18 A. Yes. 

19 

Q. WHAT IS THE PURPOSE OF THE TESTIMONY THAT YOU ARE FILING 

21 TODAY? 

22 

23 A. My testimony today rebuts Issues 1-3, and 7 as addressed in the 

24 testimony of Level 3 witnesses Timothy J. Gates, William P. Hunt, III, and 

Kevin Paul. 
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2 Q. HAVE BELLSOUTH AND LEVEL 3 CONTINUED NEGOTIATIONS SINCE 

3 THE LEVEL 3 PETITION FOR ARBITRATION WAS FILED? 

4 

A. Yes. The companies have continued negotiating in good faith since the 

6 petition was filed. Issue 8 that I addressed in my direct testimony has 

7 been resolved. Issues 4 and 5, addressed by Messrs. Pate and Milner in 

8 direct testimony, have also been resolved. These three (3) issues, 

9 therefore, will not be addressed in the rebuttal testimony of BeliSouth. If, 

however, this understanding is incorrect, BeliSouth reserves its right to 

11 rebut Level 3's direct testimony on these issues. 

12 

13 Issue 1: (Attachment 3, Sections 1.1.1.1 and 1.1.1.2) 

14 How should the parties designate the Interconnection Points ("IPs") for their 

networks? 

16 Issue 3: (Attachment 3, Section 2.5 and 2.6) 

17 Should each party be required to pay for the use ofinterconnection trunks on 

18 the other party's network? Ifso, what rates should apply? 

19 

Q. ON PAGE 3 OF THE TESTIMONY OF MR. KEVIN PAUL, LEVEL 3 MAKES 

21 THE STATEMENT THAT "THE INCUMBENT LEC ('ILEC') SHOULD NOT 

22 BE PERMITTED TO IMPOSE INTERCONNECTION REQUIREMENTS ON 

23 ALTERNATIVE LECs ('ALECs') THAT REQUIRE ALECs TO DUPLICATE 

24 THE ILEC'S LEGACY NETWORK ARCHITECTURE." DO YOU AGREE? 

2 
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A. Yes. As I stated in my direct testimony, BellSouth does not require Level 3 to 

2 duplicate BellSouth's network architecture. Level 3 can configure its network in 

3 whatever manner it chooses. Level 3, as shown on page 5 ofMr. Paul's 

4 testimony, agrees that even the contract language proposed by BellSouth "does 

not require Level 3 to mirror BellSouth's network." The issue here is not, 

6 however, how Level3's network may be configured, but whether BellSouth will 

7 be compensated for hauling local traffic that originates and ultimately terminates 

8 in the same local calling area, outside that local calling area, at no charge to Level 

9 3. Plainly, BellSouth is entitled to compensation under thes·e circumstances. 

11 Q. DOES LEVEL 3 HAVE ANY REASON TO BELIEVE THAT BELLSOUTH 

12 WILL REQUIRE A POINT OF INTERCONNECTION ("POI")AT EVERY 

13 END OFFICE, AS LEVEL 3 STATES ON PAGE 4 OF MR. PAUL'S 

14 TESTIMONY? 

16 A. I know of no reason for Level 3 to believe that BellSouth would require a point of 

17 interconnection at every end office. As far as I am aware, BellSouth has never 

18 suggested this in any negotiations with Level 3. Further, it is not BellSouth's 

19 intention to so. 

21 Q. PLEASE COMMENT ON THE SUGGESTION MADE ON PAGE 4 OF MR. 

22 PAUL'S TESTIMONY THAT BELLSOUTH IS EXPECTING LEVEL 3 TO 

23 ESTABLISH "DEDICATED CONNECTIONS TO EACH BELLSOUTH 

24 TANDEM OR LOCAL CALLING AREA REGARDLESS OF TRAFFIC 

VOLUME." 

3 
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2 A. Also as addressed in my direct testimony, Level 3 can build facilities to a single 

3 point in each LATA and purchase whatever facilities it needs from BellSouth, or 

4 from another carrier, in order to reach individual local calling areas that Level 3 

wants to serve. Level 3 does not have to build or purchase interconnection 

6 facilities to areas where Level 3 does not plan to serve customers. 

7 

8 Q. HAS BELLSOUTH AGREED, AS MR. PAUL ASSERTS ON PAGES 5-6 OF 

9 HIS TESTIMONY, TO A SINGLE POINT OF INTERCONNECTION IN THE 

MCI AGREEMENT ADOPTED BY LEVEL 3 IN BOTH FLORIDA AND 

II GEORGIA, AND IN THE !NTERPRISE AMERICA AGREEMENT ADOPTED 

12 BY LEVEL 3 IN NORTH CAROLINA? 

13 

14 A. First, contrary to Mr. Paul's assertions regarding the !nterprise America 

agreement adopted by Level 3 in North Carolina, that agreement is silent on both 

16 the number of POls, and as to who chooses POls. Second, the MCI agreement 

J7 referred to has expired, is in the process of being renegotiated, and is also the 

18 subject of arbitration. The position on this issue taken by BellSouth in the MCI 

19 negotiations and the arbitration, heard by the Commission October 4-6, 2000, is 

consistent with the BellSouth position in the Level 3 negotiations and this 

21 arbitration. 

22 

23 It is important to note that the agreements mentioned by Level 3 are older 

24 contracts. Much has been learned since our original negotiations, and much has 

changed. Renegotiations are appropriate to add, delete, and/or revise 

4 
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interconnection agreements according to what has worked, what has not worked, 

2 and what needs to be adjusted. The financial issue of whether a company should 

3 bear the costs created by its network design, or is able to shift those costs to 

4 another carrier, is certainly appropriate to consider at this time. 

6 Q. MR. PAUL REPEATEDLY REFERS TO ADDING ADDITIONAL POls 

7 BASED ON "SOUND ENGINEERING PRINCIPLES." PLEASE COMMENT. 

8 

9 A. Level3's position is that it is BellSouth's obligation to deliver BellSouth 

originating traffic to any single point in the LATA at no charge to Level 3. The 

11 "sound engineering principles" referred to by Mr. Paul appear actually to be 

12 sound "economic" principles. As long as BellSouth is required to haul local 

13 originating traffic anywhere in the LATA at no charge, Level 3 would have no 

14 real incentive (in fact, it actually has disincentive) to build out its own facilities. I 

can imagine very few engineering, or economic principles that would cause Level 

16 3 to voluntarily assume this financial responsibility. 

17 

18 Q. ON PAGE 7 OF LEVEL 3'S TESTIMONY, MR. PAUL STATES THAT 

19 "TRANSITIONING FROM ONE TO MULTIPLE IPs WOULD TAKE 

MONTHS AND WOULD SERIOUSLY INTERFERE WITH LEVEL 3'S 

21 OPERATIONS DURING THE TRANSITION." DO YOU AGREE? 

22 

23 A. No, I do not agree with Mr. Paul's statement. As I stated earlier, Level 3 is only 

24 required to establish one POI in a LATA for Level 3' s originating traffic. 

BellSouth is not requesting Level 3 to transition, or move, from its one POI to any 

5 
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additional POls. 

2 

3 Q. WHY DOES BELLSOUTH DISAGREE WITH THE TWO AL TERNA TIVES 

4 FOR APPLYING "SOUND ENGINEERING PRINCIPLES TO THE 

ESTABLISHMENT OF ADDITIONAL IPs," OFFERED BY LEVEL 3 ON 

6 PAGES 10-13 OF MR. PAUL'S TESTIMONY? 

7 

8 A. The first alternative offered by Level 3 is that once Level 3 traffic, originating 

9 from and/or terminating to BellSouth customers, reaches the level of an OC-12, 

the parties would establish an additional IP at the tandem where the traffic is 

II being measured. Level 3 further asserts that because "BellSouth has been in this 

12 business for over 1 00 years and has built ubiquitous facilities to transport traffic 

13 throughout its serving area ... BellSouth already has facilities in place ... and 

14 therefore benefits from certain economies of scale, its costs to switch and 

transport traffic it exchanges with Level 3 are relatively low." Even if 

16 BellSouth's costs are lower than Level 3's, there still is no justification for 

17 shifting costs to BellSouth. As a practical matter, Level 3 can purchase the 

18 necessary facilities (UNEs) from BellSouth, at cost-based UNE rates. Thus, Level 

19 3's argument that BellSouth' s "costs ...are relatively low" is not relevant. Level 

3 receives the benefits of the operating efficiencies that BellSouth has been able 

21 to achieve through cost-based UNE rates. Moreover, the issue is not the level of 

22 BellSouth's cost; the issue is that BellSouth is not obligated to subsidize Level3's 

23 operations. Level 3 cannot shift its financial responsibility to BellSouth. 

24 

6 



Q. PLEASE COMMENT ON MR. PAUL'S STATEMENTS ON PAGE 12 THAT 

2 "BELLSOUTH COULD THUS IMPOSE UNNECESSARY COSTS ON LEVEL 

3 3 AND STRAND VALUABLE PSTN RESOURCES" DUE TO BELLSOUTH'S 

4 POSITION ON THIS ISSUE. 

5 

6 A. Mr. Paul seems to be saying that if traffic volumes are large to a particular local 

7 calling area, Level 3 recognizes its financial obligation. If traffic volumes are 

8 small, however, Level 3 wants to shift this obligation to BellSouth. Mr. Paul 

9 speaks of three types of charges for the purchase of a DS 1 facility from 

\0 BellSouth: nonrecurring ("NRC") and monthly recurring ("MRC") charges, and 

11 an NRC for the trunks that ride on the DS 1. He is correct, and it is appropriate to 

12 charge such rates for the service/facilities being provided. 

13 

14 With regard to the allegation of stranding valuable plant, Mr. Paul is reaching. I 

15 disagree that, with BellSouth's position on this issue, it is inevitable that plant will 

16 be stranded. Level 3 will be able to purchase UNEs until traffic volume justifies 

17 the construction of its own facilities, therefore, leaving no stranded plant. 

18 

19 Q. PLEASE COMMENT ON LEVEL 3's SECOND ALTERNATIVE PROPOSAL. 

20 

21 A. Level3's second proposal would be to allow BellSouth to designate additional 

22 technically feasible POls that exist on Level 3 's network. With this proposal, 

23 Level 3, again is trying to relieve itself of financial responsibility. Requiring 

24 BellSouth to choose a POI for its originating local traffic on Level 3's network 

25 does not relieve the need to transport such originating local traffic to that POI on 

7 
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Level 3's network. Level 3 is still asking BellSouth to haul local calls, at no 

2 charge, over BellSouth's network from a distant local calling area where the call 

3 originates to Leve13's POI in the LATA. BellSouth's point is this: Level 3 must 

4 be held financially responsible when it uses BellSouth's network, in lieu of 

building its own network, to deliver or collect these calls. Level 3 is not entitled to 

6 impose a financial burden on BellSouth to deliver BellSouth's originating traffic 

7 outside the local calling area. 

8 

9 Q. MR. GATES, ON PAGES 21-24, DISCUSSES LEVEL 3'S CONFUSION 

OVER BELLSOUTH'S PROPOSED RATES FOR INTERCONNECTION 

11 TRUNKS. PLEASE COMMENT. 

12 

13 A. Mr. Gates is apparently not aware of the generic UNE Cost Docket (Docket No. 

14 990649-TP) currently open in Florida. BellSouth' s proposed rates for 

interconnection trunks were developed using Total Element Long Run 

16 Incremental Costs ("TELRIC"). These rates, as well as the related cost studies, 

17 were submitted to the Commission in the above-mentioned docket. The hearing in 

18 this docket concluded on October 20, 2000. The proposed rates referred to by Mr. 

19 Gates are subject to true-up, upon receipt of the Commission's final order in 

Docket 990649-TP. 

21 

22 Q. ON PAGE 19 OF HIS TESTIMONY, MR. GATES INCLUDES A QUOTE 

23 FROM THE TSR ORDER THAT MAKES REFERENCE TO "'RULES OF THE 

24 ROAD' UNDER WHICH ALL CARRIERS OPERATE". PLEASE COMMENT 

AS TO WHETHER THIS QUOTE IS RELATIVE TO THE ISSUE AT HAND. 

8 



2 A. The TSR Order cited by Mr. Gates refers to the June 21, 2000 Order in the TSR 

3 Wireless Complaint against US West. Based on the Order, on page 18 of his 

4 testimony, Mr. Gates states, "[i]t is clear that the each LEC bears the 

5 responsibility of operating and maintaining the facilities used to transport and 

6 deliver traffic on its side of the IP." Further, on page 20, "Level 3 should not have 

7 to pay BellSouth for the interconnection trunks and facilities that transport 

8 BellSouth-originated traffic to Level 3 for tennination." These conclusions drawn 

9 by Mr. Gates are wrong. 

10 

11 In the TSR Order, the FCC detennined a couple of things. First, the FCC 

12 identified the Major Trading Area ("MTA") as the local calling area for 

13 telecommunications traffic between a LEC and a CMRS provider as defined in 

14 Section 51. 701 (b )(2). That really is not in dispute and was not in dispute in the 

15 TSR case. The MT A has been defined, for CMRS purposes, as a local calling 

16 area. Second, the FCC detennined that this rule, when read in conjunction with 

17 51. 703(b), requires LECs to deliver, without charge, traffic to CMRS providers 

18 anywhere within the local calling area, or MTA, in which the call originated. 

19 This point is significant and the FCC order deserves quoting. At page 22, the FCC 

20 said that local exchange carriers are required "to deliver, without charge, traffic to 

21 CMRS providers anywhere within the MTA in which the call originated, with the 

22 exception ofRBOC." The FCC did not say, in this case, that local exchange 

23 carriers were required to deliver calls to CMRS providers to points outside the 

24 MT A in which the call originated, but rather 

9 
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only had to deliver such traffic at no charge within the MTA where the call 

2 originated. 

3 

4 With regard to traffic that originates on the ILEC's network, the relevant area in 

which the traffic has to be delivered free of charge is defined in Section 

6 51.701(b)(1) as the "local service area established by the state commission." To 

7 clarify, Section 51. 70 I (b) provides as follows: 

8 

9 (b) Local telecommunications traffic. For purposes ofthis subpart, local 

telecommunications traffic means: 

I I (1) telecommunications traffic between a LEC and a 

12 telecommunications carrier other than a CMRS provider that 

13 originates and terminates within a local service area established 

14 by the state commission; or 

(2) telecommunications traffic between a LEC and a CMRS 

16 provider that, at the beginning ofthe call originates and 

17 terminates within the same Major Trading Area, as defined in § 

18 24.202(a) ofthis chapter." 

19 Therefore, BellSouth is not required, with regard to CMRS traffic, to deliver the 

traffic without charge to any point outside of the "local service area established by 

21 the state commission." Applying the result of the TSR order to the issue in this 

22 proceeding, BellSouth should not be required, without appropriate compensation, 

23 to deliver traffic to Level 3 at any point outside of BellSouth's "local service 

24 area" established by the State Commission. 

10 
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Q. HOW DOES THE FCC ADDRESS THE ISSUE OF ADDITIONAL COSTS 

2 CAUSED BY AN ALEC'S CHOSEN FORM OF INTERCONNECTION? 

3 

4 A. As stated in my direct testimony (page 13), in its First Report and Order in Docket 

96-98, the FCC states that the ALEC must bear those costs. Paragraph 199 of the 

6 Order states that "a requesting carrier that wishes a 'technically feasible' but 

7 expensive interconnection would, pursuant to section 252(d)(1), be required to 

8 bear the cost of that interconnection, including a reasonable profit." Further, at 

9 paragraph 209, the FCC states that: 

Section 251 (c)(2) lowers barriers to competitive entry for carriers that 

II have not deployed ubiquitous networks by permitting them to select the 

12 points in an incumbent LEC's network at which they wish to deliver 

13 traffic. Moreover, because competing carriers must usually compensate 

14 incumbent LECs for the additional costs incurred by providing 

interconnection, competitors have an incentive to make economically 

16 efficient decisions about where to interconnect. " (Emphasis added.) 

17 BellSouth's position on this issue is consistent with the FCC's Order. 

18 

19 Q. PLEASE COMMENT ON THE DISCUSSION ON PAGES 23-25 OF THE 

TESTIMONY OF MR. HUNT, WITH REGARD TO THE LEGAL BASIS 

21 FOR LEVEL 3's POSITION ON ISSUE 1. 

22 

23 A. Mr. Hunt makes two main arguments. Besides the "public policy reasons" 

24 that I have discussed in my rebuttal of Mr. Paul's testimony, Mr. Hunt 

argues that the Act and several other rulings, briefs, etc. support Level 3's 

II 
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position. 

2 

3 As part of his argument, on page 23, Mr. Hunt states "[s]ince Level 3 

4 shares the cost of interconnecting facilities - by providing facilities up to 

the IP that both deliver Level 3 traffic to BellSouth and deliver traffic to 

6 Level 3 customers - Level 3 will avoid burdening either itself or BeliSouth 

7 with undue expense by choosing an economically sound IP." This simply 

8 is not the case. The expense that Level 3 fails to acknowledge in its 

9 arguments is BeliSouth's expense of hauling local calls over BeliSouth's 

network from a distant local calling area, where the call originates and will 

II ultimately terminate, to Level 3's POI in the LATA. 

12 

13 BeliSouth believes that each party should pay for the use of 

14 interconnection trunks on the other carrier's network. Sections 251 and 

252 of the Act support BeliSouth's position. 

16 

17 Q. PLEASE COMMENT ON MR. HUNT'S CLAIM, AT PAGE 23, AND MR. 

18 GATES' CLAIM, AT PAGE 11, THAT ALECS HAVE THE RIGHT TO 

19 DESIGNATE POls, BUT ILECs, SUCH AS BELLSOUTH, DO NOT. 

21 A. Both Mr. Hunt and Mr. Gates are incorrect. As explained in my direct 

22 testimony (pages 14-16), the FCC permits ALECs to designate a POI on 

23 the ILEC's network for traffic originated by the ALEC. It does not allow the 

24 ALEC to specify a POI for traffic originated on the ILEC's network. (See 

discussion in my direct testimony on pages 14 and 15, quoting the FCC's 

12 
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Local Competition Order.) The POI for BeliSouth's originated traffic is a 

2 single point in a local calling area to which BeliSouth will deliver all of its 

3 customers' traffic to the ALEC. The traffic originated by all BeliSouth 

4 customers in a local calling area would be transported by BeliSouth to a 

single point in that local calling area at no charge to the ALEC. This point 

6 represents the highest degree of aggregation for the local calling area that 

7 BeliSouth can provide to Level 3. Assuming there is more than one wire 

8 center in the local calling area, Level 3 can then pick up all of BeliSouth's 

9 traffic that originates in that local calling area at a single point rather than 

having to pick up the traffic at each individual wire center. 

11 

12 Level 3 complains that BeliSouth does not have the authority to deliver its 

13 originated traffic in this manner. I disagree. As stated in my direct 

14 testimony, BeliSouth has the right to establish a single PO,I in each local 

calling area for its originating traffic. If BellSouth did not aggregate the 

16 traffic in this way, the cost to Level 3 likely would be higher. If, however, 

17 Level 3 wants to pick up the traffic at each of BeliSouth's end offices 

18 instead of using the BellSouth designated POI, it certainly is free to do so. 

19 

Q. ON PAGE 24, MR. HUNT ALSO QUOTES FROM THE FCC'S REVIEW OF 

21 THE SBC-TEXAS 271 APPLICATION: "THIS MEANS THAT A 

22 COMPETITIVE LEC HAS THE OPTION TO INTERCONNECT AT ONLY 

23 ONE TECHNIC ALL Y FEASIBLE POINT IN EACH LATA." PLEASE 

24 COMMENT. 

13 
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A. BellSouth agrees that FCC Order No. 00-238 (CC Docket No. 00-65, Released 

2 June 30, 2000, at paragraph 78) states that an ALEC has the option to interconnect 

3 at only one teclmically feasible point in each LATA. Level 3 can pick any POI in 

4 the LATA that is teclmically feasible. It can choose one or more POls in the 

LA T A. Level 3, however, still has financial responsibility for getting to the local 

6 network where it wishes to serve customers. BellSouth is not obligated to 

7 deliver, at no charge, BellSouth's originating traffic to Level 3' s POI outside the 

8 local calling area where the calls originate. 

9 

Q . PLEASE COMMENT ON MR. GATES' IMPLICATION, AT PAGE 13, 

II THAT COMPETITION, AND PARTICULARLY LEVEL 3, WOULD BE 

12 IMPEDED BY LEVEL 3'S INABILITY TO OBTAIN FREE FACILITIES 

13 FROM BELLSOUTH. 

14 

A. Mr. Gates is incorrect. I addressed this thoroughly in my direct testimony 

16 at page 14. As I have already stated, all carriers must bear their own 

17 costs of interconnection. Therefore, Level 3 is in the same competitive 

18 position as other carriers. Apparently, what Level 3 believes is that 

19 instead of bearing its own costs, it should be able to have BeliSouth's 

customers subsidize its interconnection in a way that, in fact, would give 

21 Level 3 an unfair advantage. 

22 

23 Issue 2: (Attachment 3, Section 1.2.6) 

24 Should the definition ofServing Wire Center preclude Level 3 from receiving 

symmetrical compensation from BelLSouth for leased facility interconnection? 

14 
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2 Q. ON PAGE 6 OF THE TESTIMONY OF MR. GATES, LEVEL 3 ALLEGES 

3 THAT "BELLSOUTH HAS PROPOSED A COMPLICATED RATE 

4 STRUCTURE" FOR THE PURCHASE OF DEDICATED INTEROFFICE 

TRANSPORT CDIT") FROM ONE PARTY'S "SERVING WIRE CENTER 

6 TO THE OTHER PARTY'S FIRST POINT OF SWITCHING." PLEASE 

7 COMMENT. 

8 

9 A. The rate structure being proposed by BellSouth is the same rate structure 

approved by this Commission and the same rate structure included in all 

II of BellSouth's Interconnection Agreements. 

12 

13 Q. WHAT HAS LEVEL 3 PROPOSED AS THE DEFINITION OF A SERVING 

14 WIRE CENTER? 

16 A. On page 7 of the testimony ofMr. Gates, Level 3 states that generally, "a serving 

17 wire center is synonymous with a central office." Mr. Gates goes on to say that 

18 by central office, he is "referring to a 'class 5' central office where the local 

19 exchange company terminates the subscriber outside plant.. . Essentially, a serving 

wire center is the central office with entrance facilities for the ALEC." 

21 BellSouth's proposed definition of serving wire center is "the wire center owned 

22 by one Party from which the other Party would normally obtain dial tone for its 

23 Point of Presence." A serving wire center is not synonymous with a central 

24 office. Instead, a serving wire center is a specific central office determined by the 

location of the ALEC's point of presence. Mr. Gates seems to acknowledge this 

15 
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by recognizing that a switch would have entrance facilities for the ALEC. 

2 BellSouth agrees, and the entrance facilities are, in fact, local channels as 

3 proposed by BellSouth. 

4 

Q. ON PAGES 8-10 OF HIS TESTIMONY, MR. GATES ILLUSTRATES AN 

6 EXAMPLE THAT HE ALLEGES "HIGHLIGHTS THE ANTICOMPETITIVE 

7 IMPACT OF BELLSOUTH'S PROPOSAL TO UNILA TERALL Y DESIGNATE 

8 IPS FOR BELLSOUTH-ORIGINA TED TRAFFIC. IF BELLSOUTH 

9 DESIGNATES IPS AT END OFFICES SOME DISTANCE FROM LEVEL 3'S 

POINT OF PRESENCE, THE INTERCARRIER COMPENSATION WILL NOT 

II BE SYMMETRICAL." (PAGE 10) DO YOU AGREE? 

12 

13 A. No. BellSouth does not agree that Level 3, or any other ALEC is, or will be, 

14 disadvantaged by BellSouth's placement of POls. The issue here is not whether 

or not Level 3 will be disadvantaged through a proposed definition of serving 

16 wire center. Level 3 plainly seeks to receive Dedicated Interoffice Channel 

17 Transport rates when it is not performing the function that entitles an ALEC to 

18 such compensation. Dedicated Interoffice Channel Transport is charged for 

19 transport between two BellSouth wire centers or two Level 3 wire centers. As 

Mr. Gates' diagrams show, Level 3 has only one wire center and, therefore, is not 

21 providing interoffice transport. BellSouth, however, has two wire centers, and is 

22 entitled to charge for the interoffice transport when it provides this function. 

23 Q. DO YOU HAVE ANY OTHER COMMENTS ON LEVEL 3's ARGUMENTS 

24 ON ISSUE 2? 

16 
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A. No. Mr. Gates spends several pages of his discussion on Issue 2, discussing who 

2 should choose the POI. Both my direct and rebuttal testimony (discussion of 

3 Issues 1 and 3) address this issue in detail. 

4 

Issue 6: (Attachment 3, Section 5.1.1.1) 

6 Should the parties be required to pay reciprocal compensation on traffic 

7 originating/rom or terminating to an enhanced service provider, including an 

8 Internet Service Provider (((ISP'~? 

9 

Q. MR. GATES EXPOUNDS AT LENGTH (PAGES 25-58) LEVEL 3'S 

II POSITION THAT ISP-BOUND TRAFFIC SHOULD BE TREATED AS 

12 LOCAL TRAFFIC FOR THE PURPOSES OF RECIPROCAL 

13 COMPENSATION. PLEASE RESPOND. 

14 

A. BellSouth's position on this issue is that ISP-bound traffic is not local traffic 

16 eligible for reciprocal compensation. Our position has been presented to this 

17 Conunission at length in three recent arbitration proceedings between BellSouth 

18 and ITC"DeltaCom, Intennedia and Global NAPS. As stated in my direct 

19 testimony, BellSouth agrees to apply the Conunission's Order in the Intennedia 

Arbitration proceeding (Order No. PSC-00-1519-FOF-TP, dated August 22, 

21 2000) to this case, as an interim mechanism. BellSouth, however, contends that 

22 the interim mechanism must be subject to true-up, pending an order from the FCC 

23 on inter-carrier compensation for ISP-bound traffic. BellSouth agrees to this as a 

24 conciliatory offer that avoids requiring the Conunission to rehear this issue. 

BellSouth reserves the right, however, to appeal or seek judicial review on this 

17 



Issue. 

2 

3 Q. IF THIS COMMISSION DETERMINES THAT COMPENSATION SHOULD 

4 BE PAID FOR ISP-BOUND TRAFFIC, WHAT SHOULD BE THE RATES? 

5 

6 A. BeliSouth's position is that a minute-of-use (MOU) compensation 

7 arrangement should not be applied to ISP-bound traffic. However, if this 

8 Commission considers an MOU compensation arrangement, at a 

9 minimum, it should consider the characteristics of ISP calls as 

10 distinguished from local calls, as this Commission found in its order in the 

11 Global NAPs arbitration with BeliSouth (Order No. PSC-00-1680-FPF-TP, 

12 dated September 19, 2000). 

13 

14 Local exchange rates do not take into account, nor do they compensate 

15 for access service such as ISP-bound traffic or traffic sent to IXCs. 

16 Access service characteristics were never considered when local rates 

17 were established. Further, ISP-bound traffic bears little resemblance to 

18 local traffic. Indeed, for BeliSouth, the typical call duration for a local call 

19 is between three and four minutes. On the other hand, an Internet call 

20 session generally lasts much longer than three to four minutes and may 

21 last several hours. As additional evidence, attached to my testimony as 

22 Rebuttal Exhibit CKC-1 is a Report of the NARUC Internet Working Group 

23 (March, 1998), and two supporting Bellcore studies which state that an 

24 average ISP-bound call is 20 minutes, as opposed to an average voice 

25 call of three minutes. 

18 
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Q. HOW DO COSTS SUPPORTING COMMISSION APPROVED 

2 RECIPROCAL COMPENSATION RATES FOR LOCAL CALLS 

3 COMPARE TO COSTS FOR ISP CALLS? 

4 

A. Costs per minute for ISP calls are lower than such costs for local calls. 

6 The cost for local calls is a combination of call set-up cost and a per 

7 minute rate. In the cost support for reciprocal compensation , the cost of 

8 call set-up is spread over the duration of the local call, based on the 

9 average duration of approximately 3 minutes. Assuming that the average 

duration of ISP calls is 20-25 minutes (versus approximately 3 minutes for 

II an average local call), using the same reciprocal compensation rate for 

12 local and ISP calls means that call set up cost would be over recovered. 

13 Therefore, any per minute reciprocal compensation rate, if applied to ISP­

14 bound traffic, should be a lower per minute rate to account. for the longer 

call duration. 

16 

17 Q. WHAT IMPACT WOULD THE DIFFERENCE IN HOLDING TIMES HAVE 

18 ON THE COMMISSION'S PREVIOUSLY APPROVED RATES? 

19 

A. The Commission's previously approved reciprocal compensation rates are 

21 clearly overstated for a carrier, such as Level 3, that is predominately, if 

22 not entirely, serving ISPs. The effect is reflected most in the costs for end 

23 office switching. The Commission approved a rate of $.002 per minute to 

24 recover end office switching. The cost study for that rate included call 

setup costs to be recovered on a per minute of use basis; the more 

19 



minutes that a call takes, the lower the per minute setup cost. The cost of 

2 $.002 per minute was based on local calls only, with an average call 

3 duration of 2.708 minutes per call. Using an average call duration of 20 

4 minutes, which more closely resembles ISP calls, would reduce costs by 

5 36%. Using the Commission's approved methodology, this reduction 

6 would result in a cost of $.00128 per minute for ISP calls. The 

7 Commission's approved reciprocal compensation rates for tandem 

8 switching and common transport would also overstate cost for an ISP call; 

9 the magnitude, however, would be much less than the impact on end 

IO office switching costs. Again, BeliSouth is not proposing to apply 

II reciprocal compensation to ISP traffic. This analysis is provided to show 

12 only that the previously adopted rates for reciprocal compensation would 

13 overstate costs of ISP traffic. 

14 

15 Issue 7~ (Attachment 3, Section 5.1.8 and 5.1.9) 

16 Should Bel/South be permitted to define its obligation to pay reciprocal 

17 compensation to Level 3 based upon the physical location ofLevel 3 's 

18 customers? Should Bel/South be able to charge originating access to Level 3 

19 on all calls going to a particular NXX code based upon the location ofanyone 

20 customer? 

21 

22 Q. MR. GATES, AT PAGE 59, STATES "BELLSOUTH DOES NOT INCUR ANY 

23 ADDITIONAL COSTS IN DELIVERING TRAFFIC TO LEVEL 3's SWITCH 

24 BASED ON THE LOCATION OF LEVEL 3's CUSTOMERS," PLEASE 

25 COMMENT. 
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2 A. Level 3, based on the testimony ofMr. Gates, is missing the point. Reciprocal 

3 compensation is to cover the cost of transporting and terminating local calls. It is 

4 the terminating carrier that incurs these costs, and, therefore, collects the money. 

Second, the end points of a call determine whether or not a call is local. Clearly, 

6 when a BellSouth customer calls a Level 3 customer in a different local calling 

7 area, it is not a local call, regardless of where Level 3' s switch is located, and 

8 what cost BellSouth incurs to get the call to that switch. Level 3 is not entitled to 

9 reciprocal compensation for these calls. 

II Q. HOW IS MR. GATES' DEPICTION OF THIS ISSUE DIFFERENT THAN 

12 BELLSOUTH'S? 

13 

14 A. Mr. Gates portrays BellSouth' s position on this issue as a desire to restrict Level 

3' s assignment and use of telephone numbers. That is simply not the case. 

16 BellSouth's position on this issue would allow Level 3 to give telephone numbers 

17 from a NPAlNXX assigned to Lake City, for example, to a customer in 

18 Jacksonville or even in New York. Assigning numbers in this manner, however, 

19 does not convert the toll calls between Lake City and Jacksonville, or between 

Lake City and New York, to local calls. BellSouth's position is that, should Level 

21 3 elect to assign telephone numbers in this manner, reciprocal compensation 

22 should not be applicable. 

23 

24 Q. BEGINNING ON PAGE 60 OF HIS TESTIMONY, MR. GATES DISCUSSES 

THREE ALLEGED "SIGNIFICANT NEGATIVE IMPACTS IN FLORIDA" OF 

21 
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BELLSOUTH'S PROPOSED LANGUAGE WITH RESPECT TO 


2 ASSIGNMENT OF CODES. PLEASE ADDRESS EACH OF THESE 

3 ALLEGAnONS. 

4 

A. Mr. Gates makes the following three allegations that occur with BellSouth's 

6 proposed language: 

7 • "BellSouth would be able to evade its reciprocal compensation obligations under the 

8 1996 Act"; 

9 • "Contrary to one of the fundamental goals of the 1996 Act, BellSouth's proposed 

language would have a negative impact on the competitive deployment of affordable 

II dial-up Internet services in Florida"; and 

12 • BellSouth's proposed language would give BellSouth a competitive advantage over 

13 Level 3 in the ISP market. 

14 

BellSouth disagrees with each of Level 3's allegations. BellSouth would not be 

16 evading any reciprocal compensation obligations under the Act. The Act requires 

17 reciprocal compensation for the transportation and tennination of local traffic. 

18 The traffic under discussion, as shown in my direct testimony, is not local. 

19 

21 BellSouth's position has no impact on Level 3' s ability to serve ISPs. Level 3 is 

22 free to target and select customers, and assign telephone numbers as it chooses. 

23 BellSouth is only saying calls that originate and tenninate with customers in 

24 different local calling areas are not local and, therefore, are not subject to 

reciprocal compensation. 
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2 Furthennore, BellSouth's proposed language would not grant BellSouth an 

3 advantage, but would, rather, make the market a level playing field. Due to the 

4 FCC's exemption of ISP-bound traffic from access charges, BellSouth is limited 

to charging its ISP customers the tariffed business exchange rate. ALECs like 

6 Level 3 can charge their ISP customers whatever their business cases detennine. 

7 

8 Q. PLEASE COMMENT ON MR. GATES DISCUSSION, ON PAGE 60, OF 

9 BELLSOUTH'S PREVIOUS USE OF VIRTUAL NXXs. 

11 A. Mr. Gates specifically refers to foreign exchange ("FX") service in his discussion. 

12 He states that "nobody complained about such uses ofNXX codes until ALECs 

13 had some success in attracting ISP customers and the ILECs began looking for 

14 any means possible to avoid paying ALECs for terminating calls. to ISPs." Mr. 

Gates may be correct in his "nobody complained" allegation, but his reasoning is 

16 unfounded and certainly off track. As I explained in my direct testimony, with FX 

17 service it appears to the originating customer that a local call is being made when, 

18 in fact, the terminating location is outside the local calling area (long distance). 

19 Further, because the call to the FX number appears local and the calling and 

called NP AlNXXs are assigned to the same rate center, the originating end user is 

21 not billed for a toll call. Despite the fact that the calls appear to be local to the 

22 originating caller, FX service is clearly a long distance service and the FX 

23 customer compensates the carrier through FX charges. 

24 

23 
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Q. ON PAGE 61, MR. GATES SAYS THAT "REFERRING TO A CUSTOMER'S 

2 PHYSICAL LOCATION WOULD GIVE BELLSOUTH THE ABILITY TO RE­

3 CLASSIFY LOCAL CALLS AS TOLL CALLS." IS THIS ACCURATE? 

4 

A. No, absolutely not. Level 3 is the party attempting to reclassify the nature of the 

6 call, from toll to local. An FX call, or Virtual NXX call that crosses local calling 

7 boundaries is a toll call, which should not be subject to reciprocal compensation. 

8 If the provider of the FX or Virtual NXX service chooses not to bill the end user 

9 for toll service, that is the provider's choice; the billing alternative, however, does 

not change the nature of the call. As with FX service, the call originates and 

II terminates in two different local calling areas. While the originating party may be 

12 charged as if this is a local call, in reality the terminating party is paying for the 

13 call through FX charges. 

14 

BellSouth, in no way, is trying to dictate to Level 3, or any other ALEC, how their 

16 network must be setup, or how they are to bill their customers. Level 3 can assign 

17 a telephone number to a customer who is physically located in a different local 

18 calling area than the local calling area where the rate center for that NPAlNXX is 

19 located. What BellSouth is asking is that if Level 3 chooses to assign telephone 

numbers this way, calls originated by BellSouth end users to those distant Level 3 

21 customers not be considered local calls for compensation purposes. Such calls are 

22 not local traffic under the agreement and no reciprocal compensation applies. 

23 

24 Q. ON PAGES 67-70, MR. GATES INTRODUCES THREE EXHIBITS THAT HE 

CLAIMS DEMONSTRATE THAT ISP-BOUND CALLS SERVED THROUGH 
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A VIRTUAL NXX ARRANGEMENT ARE NO DIFFERENT THAN "OTHER 


2 LOCAL CALLS." PLEASE RESPOND. 

3 

4 A. I disagree with most of Mr. Gates' observations. BellSouth agrees with the 

FCC's determination that ISP-bound calls are interstate. The issue here, however, 

6 is not an ISP issue. I will, therefore, respond to Mr. Gates' diagrams by assuming 

7 that the Level 3 customer is not an ISP. Given this fact, BellSouth would agree 

8 that the diagram in Exhibit TJG -5 represents a local call. In this diagram, 

9 BellSouth's obligation is as Mr. Gates describes and as I described earlier in my 

testimony, i.e., BellSouth must deliver its originating traffic, at no charge, to a 

II point within the local calling area (LCA). In Exhibit TJG -5, that point could be 

12 at the POI as shown by Mr. Gates. BellSouth does not agree that the diagrams in 

13 Exhibits TJG -6 and TJG-7 represent local calls. In both of these diagrams, the 

14 originating party is in one LCA and the terminating party is in a different LCA. 

Reciprocal compensation would not apply in these cases. BellSouth's obligation, 

16 in both diagrams, to deliver the originating traffic is still limited to a point within 

17 LCA 1. 

18 

19 

Q. IS LEVEL 3 'S POSITION ON THIS ISSUE CONSISTENT WITH THE 

21 ARGUMENTS THAT ALECS HAVE USED AS RATIONALE THAT ISP­

22 BOUND CALLS ARE LOCAL? 

23 

24 A. No. The argument by ALECs that ISP-bound calls are local has been that there 

are really two calls. ALECs have argued that the first call terminates at the ISP 
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server, which was portrayed as a local call. The second call then leaves the ISP 

2 server in the local calling area and goes to the Internet. While BellSouth still 

3 strongly disagrees with this argument, it is important to note that in the context of 

4 this issue, the "first" call as described by the ALECs is not even a local call, and 

by their own argument, would not be entitled to reciprocal compensation. 

6 

7 Q. ON PAGE 75, MR. GATES STATES THAT "THE COSTS ASSOCIATED 

8 WITH ACCESSING THE INTERNET WOULD INCREASE" IF BELLSOUTH 

9 RESTRICTS ALECS' USE OF NXX CODES. PLEASE COMMENT. 

11 A. First let me reiterate, BellSouth is not attempting to restrict Level 3' s use of NXX 

12 codes. Second, as I have already stated, reciprocal compensation is designed to 

13 compensate a carrier for transporting and terminating a local call. Long distance 

14 calls have different compensation mechanisms that apply and would continue to 

apply in the cases we have been discussing. In the FX example I described 

16 earlier, BellSouth charges the FX customer appropriate charges to cover 

17 BellSouth' s costs. For example, the rate elements for BellSouth' s FX service 

18 include local channel, interoffice channel, bridging equipment charge, exchange 

19 access, and usage charges. (See BellSouth General Subscriber Service Tariff, 

Section A9.) When Level 3 assigns telephone numbers to a customer in a way 

21 that allows other parties to make a long distance call to that customer but not be 

22 charged for a long distance call, Level 3 also should recover its costs from the 

23 customer who is benefiting - not try to recover those costs from BellSouth. 

24 

Q. DOES THIS CONCLUDE YOUR REBUTTAL TESTIMONY? 
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I. Introduction 

Grov.ing use of the public switched telephone network (pSN)1 to access the Internet presents 
new, difficult policy concerns for regulators. Promotion oflnternet use is consensus public 
policy nationally and even worldwide. But snowbaUing Internet growth has costs and allocalive 
imprications for Internet rclayers (including providers ofboth the backbone network and access), 
for intennedialc telecommunications carriers. and for end users. including both individuals and 
businesses. 

This report is the product of efforts by members of the National Association of Regulatory 
Commissioners (NARUC) Communications Committee and Communications Staff 
Subcommittee to address current public policy issues on use of the PSN to access Internet 
services to exchange messages and information. transfer data., and conduct ~ctions. Some of 
the issues' were firsl fonnalJy raised before lite StaffSubcomminee in a provocative panel 
discussion al the NARUC Winter Meetings in Washington, D.C., in February 1997. The Internet 
Working Group was formed at the winter meetings and sent a questionnaire to industry players in 
mid-April 1997. The Working Group reviewed responses 10 its questioMaire. comments filed at 
lhe FCC Notice of Proposed RulemaJcing (NPRM) on Access Charges,2 and comments filed in 
response to lhe FCC Notice oflnquiry (NOI) regarding use .ofthc PSN by Internet service 
providers.J A follow-up panel presented further discussion ofthe issues before the NARUC 
Communications Committee at its summer meetings in San Francisco in July 1997. The first 
d~ft ofthis p::lper ""'as presented along with a request for comment at the NARUC Annual 
M~ting in Boston in November 1997. 

AT&:.T repons dun there \\;11 be 30 million Internet accounts for 43.2 million households and 2.1 
million businesses by the year 2000. This srowth wiU belp people to do such things as pay bills, 
impro\'e Ihc:mseJ\'cs lhroush education, and work It home. Demands will also be made of the 
netv.-ork 10 pro..·idc greater and greater bandwidth IS multimedia, voice and other Internet 
applicationsbccome mon: conunonpJace. Intennediate telecommunications carriers (the ones 
that cOMecl Intcrnct end users to the Internet) ate concerned that these increasing costs are not 
heini borne by-those causinl the invcsunents. thus straining the capabilities·orsome 
telecommunications raources previously dqJloyeci (or other public and private purposes. The 

The FCC has tqun CO usc !tie tam public switcMd ~ Of PSN. in place o(thc public rwitched telephone 
nctwcwt. ot PSTW. The &em PSN appfia 10 -In), common eanier lICfWoric Ihal provides circuit rwitchln, bctwccn 
public UKrs,- .\·~"fO"·' T~/«OIft DictlOflQty. ~ edition (New YOtt: Flatiron. 1995). 914. 

: fCC 96-UI. trleucd December.c. 1996. Mea, Pier' Beroan. CC Docket 96-261­

J fCC 96-.&&1. ~Icued ~bcr oi. 1996. Va.' oCrbc Public Swjrebcd Ncrwpdc by In(ormation Service and Infemet 
Accm Pro~jdm. CC Doc1:c196-263. 
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FCC's exemption ofIntemet service providers (ISPs) from access charges maybe hindering 
migration of Internet use to more appropriate technology than the existing PSN, which is 
currently designed to handle voice traffic rather than data. 

The Internet is first being deployed to large businesses and wealthier. more urban residential 
users. Schools, libraries and rural health care facilities nationwide arc receiving subsidies for 
Internet investments under the Telecommunications Act of 1996. but lhere·is no promise that 
other rural and low.income customers will receive Internet access any time soon. Planning for 
universal service has not addressed the means to support a ubiquitous national rollout of 
advanced telecommunications services maintained at affordable rates. 

In this report. we analyze issues of PSN congestion. local access pricing. and universal service 
from the persp'ective of public: service commissions concerned for the public interest, including 
the preferences of U.S. customers of telecommunications and Internet services and the broad 
range of providers of those services. Internet issues have ~o been addressed at the nationaJ 
level by the Federal Communications Commission (FCC). the Clinton administration, the 
National Telecommunications and Information Administration (N11A) - the Administration's 
policy advisory ann - and the Rural Utility Service (RUS) in the Department ofAgricUlture. 

We first address. in a qualitative way. the technical impact oflhe Internet on the PSN. We limit 
our OUlalysis to consideration of calls dialed to rtach the Internet Some ofthis congestion is due 
to ISP failure to provide a sufficient nwnber ofCOMectiOns for their users, so the users 
experience busy siC~ls when they attempt to dial in.· We do not address a second problem, the 
phenomenon known 0lS the -worldwide wait.· named because ofslow responses to user requests 
while they ou-e= online to the Internet. Nor do we address congestion problems that may arise as a 
result of di:lI-ups to computers t~t do not involve cOMections with lhe Internet 

In Section I[ we review techniQ! solutions for the problems posed to the PSN and some'other 
vc:hicles ror O1C:CCSS to the: InterneL The question is posed as to whether the PSN is the 
O1ppropri'lle \'ehicle in the Ions term Cor canyina this traffic or whether ~me other network is 
better suited. We: discuss the \-anous technologies that may be used to provide access to the 
Internet. and their suitability and likelihood oCbccoming the preferred method o(access in the 
short term :1l1d long Iem. We provide an initial. broad analysis ofthc costs ofmigrating the PSN 
&0 a data en\'irorunent and rcwe chis to CUlTently .vailable technology and emerging 
lechnolo~ies. 

Section III :Iltempts to bridge the liP between the current regime ofISP exemption from access 
ch.:lrges and npproprilte pricins (or the future. ~e examine the effects o(thc exemption, 

"~.l.ny so rtw:sre progrvns allow W I.ISCf 10 iMnIct the mputcr to continue to dial until it successfully connects with 
the other computer. In the wora c:aSft, repealed dial"" may 1uc an hour or more when the ISP bas ituufficitnt apacity 
(or its C\JSlomm. If many callen &tC englied in rtpealcd redialina. their combined calls could make, lat&e 
conlribullon 10 busying oue I swilCh 
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exploring the positive and negative re~ults ofthe exemption up to now and into the future for 
Internet use and the PSN. We discuss pricing options that may be suitable for high bandwidth 
data users as the PSN migrates toward a data envirorunent. 

Section IV is a discussion ofsome universal service issues raised by deployment of Internet 
services. The burden may fallon states to fund any early diffusion ofadvanced 
telecommunications services to high-cost and low-income areas. We examine possible state and 
federal policies for making Internet service available and affordable throughout the United 
States. 

Having explored all of the issues and provided an analysis of the various dynamics and 
viewpoints we summarize the Working Group's conclusions and reconunendations in Section V. 

II. Technical Sources and Engineering 

Solutions to Possible Internet Congestion 


The Internel is:1 packet-switched backbone network designed (or data transfer, delivery, and 
retriev:ll. An important difference between packet-based and circuit-based networks (that is, the 
tr.ldition:ll. :In:llog. circuit. local portion of the telephone network or PSN) is that the public 
switched circuit network relies on a continuous cOMection through the switching and transport 
net.....orks to tr~(er voice or dilta.. while the packet network is active only when delivering 
p~ckelS. In 11 circuit net\\'On.:. a channel b established for communications between the end 
users. i1nd th:lt channel is m:1intaincd unriJ the cOMection is terminated. In addition, packets can 
be: stored ofT-nelwork for 111ter access. delivery, or retrieval by an individual or group o(users 
:l1ld need nOI be transponcd in sequence or over the same pathway. Thus a continuous p.ad:et 
cOMection to the lntemet docs not tie up the Internet work as an analog circuit cOMection 
would. 

Beause a conlinuous coMCCtion is mainwncd, wing the analog voice network for data 
communicl1tions over the Internet is much less efficient thin using a packet-switched network. 
In an Internet call, the Intemd Service Provider (ISP) u well as the ISP's customer may be 
considered end users. ISPs are often connected both to a packet network over high speed 
dedicated facilities on one side Cor contmwtitalion with che Internet and to the PSN through local 
business Jines on the other side 10 provide access Cor end user customers. When an ISP bridges 
the circ:uit·sy.itched PSN and its packet-switched network. the mismatch oftccbnoJogy is only 
paniaJly mitig:ued by modems. Modems (modulator/demodulators) convert digital data for 
tr:1nSmission over the local (or toll) analog network to the intercoMection point ofan ISP where 
it is packe:led ror delivery over the Internet network. 

There is lillie doubt that the Internet has caused changes in the capacity used for some PSN calls 
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and in the average duration and number ofcalls. The Internet has also affected the panems of 
local use among and within LECs. LEC data show that the average duration ofInternet calls is 
considerably longer than that of loeal voi~ caUs. The LECs claim that the growth in number and 
duration ofJntemet calls has caused facility congestion problems in interoffice trunking common 
in multi-office exchanges and extended area service (EAS) arrangements. ISPs. on the other 
hand. aJlege that empirical data do not prove ~ existence ofcongestion on the Internet They 
and other observers believe the PSN. ifproperly managed. wiJl be able ro accommodate the 
growth with UnIe problem. While many organizations debate the locus. frequency. and severity 
of Internet access congestion using the PSN. the technical community is preparing short-, 
medium- and long-tenn solutions. This section examines some possible directions that PSN 
access to the Internet network may take. 

, 	 ' 

The long-term scenario foreseen by all respondents to the Working Group survey is the 

relocati on of interoffice data services (rom the PSN to a digital packet network. Access to the 

packet -cloud- could be achieved through many means, including improved resource 

management, residentiallntesrated Services Digital Networks (ISDNs). digital subscriber loops 

(OSts). or displacement ofdial-up over analog modems with cable modems or wireless. 


Respondents to the NARUC survey and to the FCC's NOI regarding Usage oCthe Public 

S\\;tched Network by Information Service and Internet Access Providers (Docket 96-263) 

provided \'~IWlblc insight into specific mechanisms o(the congestion problem but not its scope. 

The prim:lt)· problem is excessive blocking ofcalls at originating end offices due to resources in 

usc by C4llls to Internet service providers'(ISPs). Sub-problems include: 


I. 	 QU:1l1tities and configur.llion of (inbound) line conuol modules (LCMs) 

., Insufficient interoffice uunlcing 

3. 	 l:ld: of sufficienr trnnin:uing CPE (for exnmple, ISP modems) as blocked users 

persistently re-dial . 


JSPs must worl; 10 avoid the third type ofproblem above, where their modem banks arc 
o\'ersubscribed and wier I'tlries -busy out- the switch. The same -first order-' statistics 
deveJoped by tclcos can assist ISP" in desianma the capacity ofthcir t:unks and modem banks. 

Two funcWncntOll premises must be presented IS background. Thc first is that all 
(ommuni~tions networks are designed 10 meet probabilistic d~and calculated at the busiest 
hour o(the cioly, week. month. and year-andm Dot designed to providc scrvi~e to all 
eustomers simull.3neously. The second is lhat this busy hour exists during the werle day and 
consists mostly of voice caUs. While it is true that, on average, call d~ons (-holding timesj 
by modem 10 ISPs are longer than voice calls (BeUeore: 20 minutes compared to three minutes. 
respec:ti\'cly). it is the total tr:lmC offered in centum-call.seconds (CCS) that is the center ofilie 
congestion problem. While: nuny respondents could identify PSN usage attributablc to Internet 
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calls, no telephone company contended that the Internet has in general causedsrufts in the busy 
hours. At face value, trus would indicate (falsely) that the existing voice network is sufficient for 
Internet callers and that no additional capital equipment is required. Rather,.Situations arise 
where additional equipment has been required to maintain quality ofservice. In their sW"'t'ey 
responses, PacBetl and Bell Atlantic cited examples of congestion in their Santa Clara and 
Herndon end offices. respectively. 

Short Term: Improved Raouru Management 

The primary reaction to congestion on the access side of the switch is to reconfigure line units. 
Bellcore viewed the problem ofcongestion as separate issues oftrunking and access and 
provided different solutions for each.' In the short tenn, Bellcore noted ~t the present mode of 
o~rations Cal) be managed better, reducing switch stress by de-loading switches and routing 
Internet calls more intelligently. 

A moderately complex task is to rebalance subscribers across existing line concentrators (there is 
&l range of lines which can share a single line unit based on the number of minutes at any given 
time the lines arc experiencing). A more interventionist (and costly) step, iCrebalancing is 
unsuccessful. is 10 regroom the switch by adding line units and reassigning customers. 

Interoffice trunking congestion may stilI occur even in the absence ofaccess Jine overload. One 

tdeo that h:ls extensive ISP subscribership on primary rate interface (PRI) digital trunks has still 

hOld to utilize foreign exchange (fX) trunking tD process these calls over the interoffice network. 

While FX-typc: trunking C4IJ1 be used to alleviate congestion on the voice trUnk groups. it can still 

result in a less efficient use of the trunks themselves. 


One solution recommended by BclIcore is the installation ofequipment ·upstream· oft!'e switch 
th:lt would di\·ct1. based on dial number. (SP calls from switch line concentrators wed by voice 
customers. This ·pre-switch :1djunet- eqwpment is already being sold by Lucent and Nortel, 
manufacturers of the dominant Class S switch models. Each ofthcsc product solutions has 
characteristics or limitauons that make them Jess than attractive in all.situations. 

The Internet Access Coalition. which contends that the Internet access congestion issues arise 
rrom poor resource: management within switches. notes that digital trunking by rsps is 
technically reasible but is nat cconomicaJ. Dial-up alls to ISPs that have T·l or Primary Rate 
ISDN would bypass the switch components that are subject to access congestion. Their analysis. 
however. showed that. in man)' reaions. an ISP would find it cheaper to opente analog lines 
(prone to conscstion) than equivalent ISDN.PRJ or T·l service that is non-blocking. 

~ Amir AUri OInd JOImes Gordon. /1,,1'«' ()111fI~rnet Traific on LEe Nf/WOrU antiSwitching SYSltnlS (Red Bank. NJ: 
BclJcorc). I~6. 
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Medium Term: Technological Solutions 

Some emerging products and services have the potential to operate without congestion to the 
PSN. We wiH briefly introduce options for digital subscriber loops (DSLs), ISDN, and Internet 
routers. While each of these is technically attractive. each also has economic or Ioeational 
impediments to deployment. 

1. Digital Subscriber .Loop 

Digital Subscriber Loop (xDSL) technology is a potentiallong.term access technology that 
would use existing copper pairs to COMect customers directly to the packet ·cloud.· The 
particular variilllt ofxDSL (0 consider. according to vendor mc, is based,on speed, operating 
distance. upstream and downstream speed differential. and suitable applications. xDSL will 
someday be a hish-pcrfonnance (T-l or higher) access solution for the 80 percent ofcustomell 
within 18.000 feet ofan end office. but currently it is not generally availabJe. Similarly. cable 
modemS oner local area network (LAN) style Internet cOMections to customers'. but existing 
ctlble infr.LStructurc is suitable only for IS percent to 20 percent ofpotentiaJ users. Other 
potentiallntcmet access media include powerline c.anier (Norweb) and satellite downlink. 

2. ISDN 

Both Prim:lJ)' Rllte and Basic Rate ISDN (pRJ and SRI) are viable technical solutions (or 
alJc\"iatins access congestion. ISDN pricing. however. has been inconsistent. and some. 
rc:spondents. including AT&T. belicve that the associated network and customer premises costs 
~d Icchnic:1I1imiltltions mc:1t\ that widespread deployment is yem away, while others. such as 
Dc:11 ,\tlantic Olnd US West) noted that ISDN is an affordable option that will meet the needs of 
lh~ m:m.et lor ye:us to come. 

DiSi~ trunks such AS Primary Rate ISDN and T-l can link ISP points ofpresencc (POPs) with 
JSP modems omd 6l1leviale load on switches.. but current tariffs arc highct than for equivalent 
POTS lines. Sellcon: noles WI the packet r01 chaMel of Basic Rate or Residential ISDN 
could be used by customm to connect to cxist.inglelco po1clcet networks. Residential ISDN 
cOMections bypo1SS swilch components prone to congestion. 

1. Router Dn'clopftlalt 

Jnlcmet routers could potentially be the bridge between lhe current voice telephony and the data 
nel\\'O", of lomorrow. In the shon run. traffic could be routed over a dual ne~rk.. There is 
c,,'cn deb3te that the dual netv.'Oric ma), continue in the lana run due to the sheer expense of 
con\'cninS the PSN to:s cUlo1 rriendly net....,orX. Under the dual network concept, voice would be 
proc~sSc:d O1ccording to one sel orparameten and traffic destined Cor an ISP could be routed onto 
dJtOl fOlCiJitics. In the Ions run. the Working Group envisions that all data (including voice) could 
be processed in il uniform mannct. Right now. it appears that packets may be the most likely 
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method for backbone networks. with a variety of digital solutions for local access. Some parties 
advocate that a more efficient configuration would be for routers to be placed at aU switches. 
therefore. the originating switch could determine ifa call is addressed to or from an ISP and thus 
route its traffic onto a data network. 

The location of routers is a function ofcost. TJ:le basic assumption with using a router system is 
that there would be new costs associated with processing traffic over these facilities. If transport 
is charged for traffic from the router, then ISPs have a much greater incentive to build their own 
facilities to the office with a router than to pay the ILEC to transport the traffic. Ofcourse, the 
placement of its own facilities to a router would require a higher profit threshold for the ISP. so 
whether it would go into a rura1 atC4 using its own facilities is unknown. In other words. rural 
areas may still have difficulty obtaining Internet service either due to having to make a toll call · 
(or pay a higher transport cost) because the ISP server is in a distant area or because providing 
tr3llSport to a closer office with a router involves more facilities pJacement cost on the part ofthe 
ISP. Requiring ILEes to provide the transport from the routers to the ISP does not solve the 
bandwidtfi problem unless hi-ap facilities arc placed and then priced close to co'st Then the 
matter simply becomes one for the ISP ofrevenues versus cost 

Routers could be placed in tandem. however, this does not stop Internet traffic from entering the 
PSN. Tandem router placement may be an acceptable solution but once bandwidtJi requirements 
increase. congestion could become a problem for both the ILEe and the end users' requirements. 
T:tndem pl:lcement ofa router could be very useful if there is tenninating end office switch 
congestion. Tandems are typically desiGned to carry significant traffic flows. However. there 
has been no contradictory evidence to the ISP contention that the switch Congestion problem 
most often spoken oris with the terminzung switch. It is before this switch that traffic must be 
divencd. Therefore. locating the router at the tandem and then providing hi-cap transport 
b~t\\'een the router and the ISP server could solve many problems for the lenninating ~tch. 

Lang T~rm: NetworJ. Eva/lit/on ollll~ In:ernet and In/~rnetAccus 

The Internet. bcsiMing at backbone level. has begun the transition to packet technology. The 
b:lckbcnc lechnology chosen by MCI, UUNET, and otherS is Asynchronous Transfer Mode 
(ATM). ATM is similar to frame relay (FR) and x.25 netWorks in that ills • shared resoW'Ce. 
,:lining efficiency by multiplexina many streams together to provide virtual private services. 

Bell Atlantic and U S West. in their survey responses, anticipated the full spectrum ofA 1M and 
frame relay networks, using xOSL and cable modems as well as improved analog dial for access. 

Bc:llSouth. in comments in CC Docket No. 96-263, outlined a proposed network which the 
compOll1)" $:lid would be suitable in the long term. BetlSouth stated that the Commission's cunent 
rules regarding protocol conversion would make it impossible for it to implement such a 
network. however. Dial-up cOMC'Ctions would be routed 10 the network access server that would, 
in turn. be connected to a -radius· or routing server. In other words, based on the number dialed 
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by the Internet subscriber. the radius server would identify the rnternet provider to which the 
network access server should establish a data cOMection. The network access server would then 
make the connection to the underlying ATMlFrame Relay network to which the Internet provider 
would also be cOMected. 

The possible paths discussed here for long-term Internet evolution are based upon developing 
technology and media. Given the rapid progress in the fields ofcommuniCations and electronics. 
in just a few years the Internet may well use as yet unheard-of technology to speed the transport 
of data to and from the end USCZ'. The trend seems clear: as we move ahead in time, the capability 
ofhigher speeds of data transport will move closer and closer to the end user. 

CoslS 0/R~dllcinl Cong~stion 

Many levels ofsolutions can be applied to the general problem of PSN congestion. the ultimate 
being rel<?,calion of data services 10 broadband packet networks. While the costs.of this solution 
have not been estimated. the costs of some solutions are more easily calculated. We have figures 
for the cost of Jabor to rcconfigure switches but lack cost data on line cards themselves and the 
new catecory of pre-switch adjuncts, as depJoyed. Cost chta are available for some ways for 
ISPs to mitigate congestion. including digital T-J or ISDN PRJ. Regulators must use the 
infonnation they have and obtain the further information they need to deveJop pricing strategies 
to encoutilgc the use ofd:lla-friendly infrastructure. Because competition is in a nascent stage 
4ll1d the Internet is gro~;n; so rapidly. it may not be sufficient to wait for new providers to place 
their facilities. 

Ill. Approprhltf SCruc:ture and Charges for Local Network Access 

AC'C'as CItDrgtS 

Although sC\'ctill avenues arc open ror evolution to net\\'o~ that support data better than the 
e~isting PSN. the CutTenl exemption otlSPs from access charges inhibits that transition. The 
number orpeople subscribine to Ihc Intc:met Iceeps gro..-.;ng. but unless the Internet acquires 
more band"idth it may encounter :In applicaticn constraint both on its own bac1cbone and on the 
PSN. The compmtivc price orcompatible CPE and local lines with packet switching capability 
,·crsus cumnt arWog modems and circuit swilChina is a disincmtivc for Internet users to migrate 
to -data-rriendly·tcchno1oar. The excmptioa orlSPs from access charges distorts prices and 
sends incorrect economic sianaJs 10 end users and rntemet service providers. UntU end user 
d~ds (or ~dwidth (orce ISPs 10 use ,,'hat an: probably more expensive data networks. ISPs 
\\ill continue to purchase atWOIlines and use modems to change digital messages to analog and 
b:1ck to dipit:lJ p3ckeu for delivery o\'~ the packet netWOrk. So, to some unknown extent. the 
exemption is helping to k~ the Internet rrom growing into a mature multimedia network 

The JSP exemption crew out orthc FCes Computer nproceedings in the 1970s. in which the 
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Conunission introduced a distinction between basic and enhanced communication services. 
Enhanced services include access to the Internet and other interactive computer networks. In a 
1983 access charge order the FCC decided that even though enhanced service providers (ESPs) 
may usc the facilities o(loca1 exchange carriers to originate and terminate interstate calls. they 
should not be required to pay interstate access charges.' In its 1997 access charge decision, the 
FCC decided to maintain the exempdoD. The Commission noted that the tenn "information 
services" in the 1996 Telecommunications Act appears to be similar in meaning to "enhanced 
services.'" The Act establishes a policy "to preserve the vibrant and competitive free market that 
presently exists for the Internet and other interactive computer services. unfettered by federal or 
state regulation. "I 

The FCC decision means ESPs (including ISPs) may purchase services fro~ incumbent local 
exchange carriers under the same intrastate tariffs available to end users. They pay business line 
rates and the appropriate subscriber line charge rather than interstate access rates. Business line 
rates are significantly lower than equivaJent interstate access charges because ofseparations 
allocations. pervasive flat and message rates for local business service. and the per-minute rate 
stnlcture of&lccess charges.' On the other hand, interexchange carriers (lXes) at least for now 
must pAly access charges for similar connections 10 the PSN. 

Most ISPs purclme analog business lines from the LEC at a fIXed cost per month. Most 
house:holds and businesses C4l1l purchase access to the Internet through a flat monthly charge 
from an ISP. The local us:1ge on the lines over which they place calls to acce.ss the Internet is 
I:ene:rally priced on a fun monthly or message (per-caU) basis. These rates an: based on local 
US:lge rones. Th~ !:Iek of true c.imeorelated charges on either end ofthese caUs encourages long 
COlli durations. The lLECs claim !hat the long holding times associated with Internet calls burden 
the PSN iUld have: c:lused. :IJ1d moly continue 10 cause. network congeslion and blocked calls. If 
th~ ESP c:xc:mption wcre discontinued. the LECs argue. a more accurate pricing signal ~uld be 
senl which woul d encouragc ISPs to seck more efficient methods ofserving their end users. 

The access ch:1rCe c.'(emption is. preference (or. certain class ofuscrs oCthe pubUc switched 
network. just like the home mortgage payment exemption is a taX preference in the federal 
income: U,,'( system. A prererence acts like I subsidy 10 • certain group or function, foregoing 
runds ~t would otherwise BO to common use. It is IS an active policy pref=renc:e that the 
exemption has been supported - something that wUl encourage devdopment ofthe Internet and 
the many benefits we can sec &om havin& this new means of inCormation exchange, plus 

• FCC 1997 Mew ('bill, NPB!!! pItL 214. 

, Ibid. pu.l. ~a~. 

• ~1 USC. p:J~ :!30(b)(2) . 

.. FCC 1991 A'eMS Ch3tI!~ NPB~. pm. :lIS. 
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innovations yet to come. There is a strong public interest argument for government promotion of 
the Internet The Internet User Coalition. for example, commented to the Working Group that 
the Internet provides citizens a venue for political speech and access to information. lifelong 
learning. communications and commerce. 

ISPs argue that exemptions were justified in the rust place and continue to be needed now to 
support a nascent industry. Many commenters in FCC dockets and the Working Group's survey 
argued that applying any extra charges to the fSPs would stymie the Intemet's growth. ISPs 
argue that the access charge exemption is an incentive for investment and innovation in 
infonnation services and thus serves U.S. industrial policy. The ISPs and their supporters say 
that even though the Inlernet business has grown. it is still volatile and prospects for success are 
uncertain. 

Another argument for keeping the exemption is thai the elCisting access charge system is 
inappropriate. BelJSouth maintains that it is better to keep the current access charge exemption 
thilIl to apply an access charge regime that was designed for circuit-switched voice telephony. 
Most telecommunications industry analysts agree that access charges are too rugh. The FCC said 
it saw no reZlSon to extend the c.'~isting imperfect access charge regime to an additional class of 
users. when it could have detrimental effects on the growth of the information service industry 
and the c:"isting structure.·o 

Those "'ho continue to be opposed to the access charge exemption for ISPs now and in the 
immedi;1te future clilim ~t Internet use is already causing congestion. particularly in the switch 
from which the ISP is served. The Alliance for Public Technology, in comments on the FCC 
Olcc:ess ch:1r~C' NPRM. said ISPs an: thus paying less for using the local network than other 
husinesscs. e\'c:n though some cI~m they impose greater demand for ports. switches, lines and 
other network elements, Bell Atl:ullic suggested the exemption creates a financial disincentive to 
~witch to d~t:1 networks where chey are available, encouraging (SPs to purchase circuil';switched 
services in5t~:ld of p:ad:ct-b;lscd. The general exemption of [SPs may also ignore differences in 
tr:1ffic ~uc:ms ounong ESPs and even in Intemel uses, another comrncnter suggested. Some of 
these providers may pose a larger immediate burden on the network than others. 

Ru~1 Utilities Smiccs (RUS) told the NARUC Interne! Working Group that the ISP exemption 
mcouu IUrOlI lelephone companies an: losing toU S\lppcn1lheywould otherwise receive because 
many calls made 10 access the Internet are lOll caJis. Because the rural carriers do not have 
Olccess to the loll re\'cnues by vinuc of the exemption. local rates arc farced up as plant must be 
put into pl:see to h.:sndle the increased -local- tn.fJic, and m-enues must be generated to rcccver 
the cost of this pl:lnt. (This issue is discussed Nrthu beJow, in section (V. on universal servicc.) 

\\nether or not ISPs are ausing congestion now on the public switched network, the access 

10 FCC Q6 ..UI. r;zn, 211. 
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charge exemption encourages growth of Internet use that can lead to overloading a network 
designed for voice communications. Asked whether the exemption influences network 
deployment decisions all respondents to the working group survey who answered the: question 
said it does. AT&T sa,jd the exemption discourages CLECs and ILEC$ from developing new 
service offerings that have to compete with below-(Ost access services used by ISPs. The 
company said neither CLECs nor {LECs arc receiving accurate economic signals that would 
encourage them to upgrade networks or engineer existing ones more efficiently because they are 
being denied the revenue streams to pay for the upgrades or transition activities. BelJSouth and 
U S West made similar arguments. 

The access charge exemption has an influence on who will win and who williosc in the 
marketplace for telecommunications services. Interestingly. many ISPs no 'Ionger argue for the 
exemption on nascent industry grounds. but on competitive groWlds. They suggest that 
independent ISPs are now battting ISPs affiliated with other carriers so the independents need a 
price break to level the playing field. Some ISPs also suggest that since they haye no adequate 
widespread technological alternative to ILEC networks. to continue the exemption will force 
I LEes to upgrade. Until thaI happens, they claim the exemption is a monetazy recognition of the 
PSN's shortcomings for data transmission. ISPs and Olbers also allege that the revenue from the 
second line which computer users tend to order has not been considered as an offset to any 
additional PSN cOSts. Thcy further point out that many ISPs are phone companies themselves 
illld argue th.lt those rsps would not be providing Internet service if it imposed uruecovcrable 
costs. 

Other t~lecommuniQtions com~ics sec the excmption as giving unfair competitive advantage 
to ISPs. AT&:.T commented thai the IXCs are paying "artificially high non-economic subsidy 
tOlden c~es" :1l1d rsps 0U'e paying below COSU. AT&T maintained that IXCs are at a 
competitive: di~dvanU3ge sinc::~ JSP serviees (voice over nct. faxes) arc cross elastic. Bell 
AII.Ullic and US West ad\"iU\<=cd similar arawnenLS from the perspective of the ILECs, 'Bell 
Atlantic: sugsested that if IXCs moved voice traffic onto the Internet. and the exemption 
continued. LEe costs \\'Ould increase without an adequatc cost recovery mechanism. RescUers 
agreed WI preferential treatment ofESP$ oYer other lclecommunications service providers givCl 
"W\watT:Ullcd compelitive advantage." The Telecommunications RcseJlers Association said ISPs 
should be brought WIder the access charge rqime. 

Jurisdkt;onallssua 

Any discussion of the appropriale pricinl (or ~ access lo the Internet must include 
jurisdiction, While it is the Internet Working Group·s strong hope thal any pricing options 
!1dnnced herein would be applied on both the interstate and intrastate level, should that not be 
lh~ case, the (ntemel Working Group wouJd ofTer its analysis and conclusions for consideration 
by lhe: states. 
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The FCC's finding that ISP traffic is exempt from interstate access charges is not readily 
interpreted as a decision regarding the jurisdictional nature of the traffic, It does not make it any 
less an interexchange, and ultimately an interstate and international. connection. BellSouth 
commented that the exemption should not and does not change the underiyingjurisdiction ofthe 
traffic. The FCC decision leaves state regulators with jurisdiction for local rate and potiey 
applications. It is reasonable for them to interpret this traffic as local by default. Yet the reason 
the FCC can apply its exemption to interstate access in the rust place is that at least some of the 
traffic traverses state and national boundaries. In general. only the local phone dial-up nwnber 
makes it appear local. This was true with c:aJ1 traffic into many early toll resale enterprises. If the 
incoming ISP traffic js on a toll call or 800 nwnber. inua- or interstate access charges are being 
applied today. 

If ISP traffic is interst:1tc, as the FCC's assertion ofjurisdic:tion to apply the ESP exemption 
indicates, then this issue is ripe for reevaluation under jurisdictional separations. Comprehensive 
jurisdictional separations reform is cWTently under jnvestigation and assigned for resolution to 
the Federal·St~tc loint Board on Separations.1I The NPRM does not referspccificalJy to ISP 
traffic, but 10 d:lta traffic generically. jn its request for comments on these issues. 

If the traffic is interstate. a workable solution was suggested by several parties to apply to ISP 
tlilffic only the traffic-sensitive ponion of access charges Without any c:ommon line component 
This is the intc:nded ultimate goal of the access refonn ordered by the FCC for Tier A LECs' 
intc:rst;:lle :lccc:ss charses':, 6U1d a solution recommended by several panies in the FCC's NOI on 
the: Interncl. II 

1r IS P trJflic Qn. due '0 the exemplion. be inlerpreted as jurisdictionally local. states do have 
options for sol\·inS the problC'ms associated with this I'i1pidly,growing segment oflocal traffic. 
Th~ solutions then would h:2\·e 10 be with regard to local service pricing. rfthejurisdiaion of the 
~ffic is spilt. identification oflhe local tnffic that is Internet directed would be necesSary. This 
could ru::cessit!lte the imposition orcon.sidcnblc rcsistration and reponing requirements. 

Changes in p:mem of usc. call duration and number ofcalls may make the existing separations 
(Part 36 methodologies) process inappropria&e due to resulting large separations shifts for some 
companies. Under Pan 36 many ponions oCthc nctWCrk arc allocated based onjurisclictional 
minutes-or-U$C (MOUs) or wcishtcd jurisdictional MOUs. An increase in usage cawed by the 
Internet c~lIs could vastly increase the .l1oc:ation ofcost to the intrastate jurisdiction due to the 
ESP exemption. This is because the exemption causes LECs to treat the costs ofserving ESPs 

II CC Dod.et No. &6..210. Jyrisdiajon.1 SrnlrJlloos Rcroan and BcCcmllo the EcdeI1I.S"I!! lojnt Board ~Ieased 
Oclobc:t 7. I ~7. 

I: AcCt'5S CbJc"C R((Qrm. Finl R~pott and Ord". FCC 97-1,.. 

IJ USj1C~ orlbs: rublic Swjrehcd Nereoa by In (oan11Ign Pmyldm fCC 96-411. 
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(which include ISPs) as a cost ofserving local end users. 

Tn general, LEes claim the Internet causes their revenue requirement to increase because they 
may need to install more inter-office and switching facilities to handle the vast increase in traffic 
caused by the Internet, while a lower percentage of the total cost is allocated to the interstate 
jurisdiction due to the ESP exemption. Compounding this problem is that the Internet may cause 
the need for network upgrades all the way to the end users as essential service requirements 
under universal service programs expand to meet basic end user demands. nus separations 
problem causes the company's intrastate jurisdictional allocations to increase, which may result 
in requests by some companies for intrastate rate increases claimed to cover costs primarily 
incurred for a jurisdictionally mixed or interstate service. 

At this time the Working Group agrees that Internet traffic is indiscernible. However. the 
Working Group believes that this is be<:ause no one is attempting to record the traffic. Much as 
800 traffic was originally viewed as indiscernible and Jater able to be tracked. so too could be the 
case with' Internet traffic. 

Optionslor Pricing Internet Acc~s 

Most interested parties agree that government should not establish a social goal with respect to 
which technology or network is used to deJiver Internet services. However. many panics fail to 
ilcblowledye th.u government already has influenced the growth oCthe Internet by extending the 
ESP e~emplion to ISPs. While in the past Interne« traffic was not ofsuch a magnitude or 
sophisticiltion to afTect the PSN. its continuing growth Jeads one to question whether the time has 
come to reconsidcr how Internet traffic is priced. Should government continue the preferential 
roues for ISPs. ilpply ltilditiontl! access charges to them, or design a new pricing mechanism? As 
we discws lhe \':uious dyrwnia associated with pricing PSN access to the Internet, we plust 
keep sighl o( Ihe overall fundamenlal network change - whether the result is a data·friendJy PSN 
or a dU.l1 PSN composed ofone network (route) for voice and one for data. 

In rcgOU'd to the standard argument ofwhether ISPs should pay traditional access charges., some 
p:u1ics concede that if the Universal ScMcc Fund is cScsigned to recoveraJJ n~ locai 
~e\·cnucs. typical interstate access rates could decJine sharply and then ISPs could pay the new 
ACCess riues. B)' doinS t.his.lhc rates would be dose to cost and that would send the correct 
nwkel si~~ls to ISPs as to whether or not Ihcy should obtain another method ofaccess which 
would ;h'C them the data capabilIties that their USCQ need or desire. 

However. current access c!wacs arc based on voice technology. Given the growing data usage 
of the: network. the Working Group is concerned that the traditional rate stNcture (or access 
ch:uges m~y nOI reflccl future network U$agc. Thererore. we have explored rate structures which 
m~y be more suited to data tramc. We ~ognizc that this leap in rate structures from the curt'Cnt 
regime mily produce a -gap· between rate structu.n: and actual network deployment of 
technolo~y. but we believe. at this juncture. that resulators must begin to prepare for the 
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fundamental change the network will undergo. Most commenters did not offer any pricing 
options for Internet usage. Basically there were two viewpoints: continuation of the ISP 
exemption and an access rate that is lower than current access rates. 

All the conunenters to the working group swvey agreed that end users should not be required to 
. pay for the ISPs' use ofthe PSN. Ifany increased charges are to be paid. the commenters 
suggested, they should be paid by the ISP directly. However. all parties also recognized that any 
increased costs to the ISPs will be passed along to end users. . 

Alternatives to a voice-based pricing scheme were not advanced. although severallSP 
commenters expressed concern about usage-sensitive pricing. Some sort of fiat rate, cost based. 
block rate pricing might alleviate some ISPs' concerns over their cost volatility. Moreover. 
many ISPs w~nt the ability to purchase UNEs. without being designated a camer. 

One suggestion offered by the Working Group was that wireless intercoMection rates be used as 
a surrogate for ISPs' access to the PSN. Only one party commented on this suggestion. It 
argued thoil wireless intercoMection rates should not be assessed on ISP providers because while 
an Internet QlI is roughly 20 minutes in duration, a wireless caU is 2 ~minutes for cellular and S 
seconds for pllging. Therefore. wireless service is not anaJogous to Internet service and the rate 
should not be tronsferrcd. In short. whereas a wireless customer may view a SO.20 call to be 
afTordable (b~cd on a rate of SO.08 a minute for a 2.S-minute caUl an ISP user would not view a 
S1.60 COlli to be reasonable (00sed on SO.08 a minute for 20 minutes). 

The Workins Group Also e:(plorce the possible development ofa special Category ofend user (if 
the: exemption continues) whereby outgoing call volumes above a cc:ruin level would require the 
cnd user to be migrated onto.Q SCt"\'icc which is priced and engineered to recover and accoWlt for 
the: hiSh ell ,·olume. HoWC\·cr. the Working Group is mindful that the application ofsome son 
of per minute 10QI mcnsm service (lMS). in many swes and localities, is either statutorily 
rorbidden or politically obstNcted. Also. ira priems scheme wen: applied to Internet traffic 
only. it could be choJJtcnSed as discriminatory and subject to litigation. Another solution could 
be to charge :111 customers in markets without LMS for all incoming local calls above a certain 
le,,·c!. This could eliminate the need to separately identify the traffic IS Internct directed. Ifa 
high enou;n set mnount afincoming traffic were free each ma~ JSPs would likely be the 
primary recipic:nts oflhis charse. 

Another idea put forth by the Working Group was the use ofthe Signalina System' (887) 
net,,'Ork :md rates to ~ Internet calls. AU canicr corrunenters rejected the idea ofusing the 
SS' network. They argue that the 5S7 network is designed IJ1d maintained as a signaling 
network and could not handle Internet tramc. even though it is similar to packet technology. 
Also. m~y commenlers QI'e concerned th:lt the implementation of local number portability 
(LNP) "ill consume the spare C4lpaeity of the SS' network. Consequently. there is little spare 
b:lndwidth on the SS7 network for other traffic. No commenCer addresw:i the question of 
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whether the SS7 network could be expanded to fulfill this function. It 

Most comrnenters to the survey argue that there should be only one access charge strUcture since 
the network is performing the same function regardless of whether voice (analog) or data. 
(packet) is being transmitted. However, if access charges are not brought down to cost and 
goverrunent feels the need to keep the cost ofaceess to the Internet low, care should be taken to 
at least price the services and/or facilities close to cost. nus pricing policy would have the effect 
or incenting the providers of the PSN to deploy a more data-mendl), network 'and ofencouraging 
the use ofmore data-friendly facilities on the part ofend users and ISPs. 

Reciprocal Comp~nsalion 

In addition to general concerns about the appropriate pricing for access to the Internet, regulators 
have recently been faced with the question ofwbat compensation should be paid between carriers 
for the e:<ch:lllge of this traffic. It should first be noted that aJthough the battle over pricing 
access to the Internet has spilled over into reciprocal compensation. the general pricing and 
costing dyn61tnics mentioned earlier in this paper have not changed. What we nr.ow address is the 
question of cost recovery/revenue generation when some ILECs bypass the end USer and ISPs 
and inste:ld focus on intcnnedialc carriers as their revenue source. This section will discuss the 
various options for resolving the reciprocal compensation question should a state commission 
assert its j urisdiclion in resolving a dispute on this issue. as a number ofcommissions already 
~\·e. 

The b:uic :lIleg:llion in the reciprocal compensation disputes is that all calls to ISPs are long 
dis~ce. To support this conclusion some camers are claiming that in order for the FCC to have 
exempted ISPs from access ch:ugcs. it must have assumed that lhe nanuc orISP traffic, both 10 
i1lld from the JSP. is long diSWlCe. perhaps even intcrsWc. The Internet Working Group asked 
panicipams jn the group's survey whcthct the ESP exemption creates an incentive for CLEes to 
w<U\t ISP se....·en i.l their end offices in order to recover the terminating unbundled local switched 
TaICS. AT&;T replied that the exemption perpetuates uneconomic behavior in many forms, but 
th:u I nternel lr.lffic is inzuswe. noe local. so &he reciprocal compensation portions ot 
intcrcoMection agreements are inapplicable. IS We have alrady discussed the pragmatic matters 
:1SSOCillted "lth identifying tralIic: destined to ISP, or larsc tcnninaung usctS. We will assume 
d1:lt these end users are somehow identir"ble. With that caveat, there arc four basic avenues to 

SP resolve lhc c:ompcnsuion issue.J 1
The first avenue would be to aaree with the canim who assert chat some or all calls to the ISPaM,~(j. 

jl 

I. B<llcorc did ~vance this viewpoint in its paper. •...rdlitccaaral Solutiotu 10 Interne! eonSestion Bued on SS7aruf 
InteJligl."nt Ncty,'or\.: Czpzbilities: AWi and Gordon: Bclkore. 1997. 

IS S~ U S West. 7. 
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are long distance calls. By reaching this conelUsion the commission could simply acknowledge 
that there is a massive amount of traffic which does not originate and terminate within an ILEC's 
local calling area. Given that neither the TelecommWlications Act nor the FCC has eliminated 
the distinction between local and non-local. this could be a solution. However, one would first 
need to examine whether all oCthe calls, or at least a majority oftbem, can be traced to their 
termination points'. After this measurement is done, one could emp!oy the use ofPIUs 
(percentage of interexchange use) to assess chaiges. The difficulty associated with,this solution 
is that regulators would have to undertake a task that they have not typically done. They would 
have to look behind an end user's private network to determine where traffic is ultimately 
terminating. Furthermore, regulators may find that such a determination is used to support an 
fLEe's claim that all end users should be paying access charges since the existence of the 
intermediate carrier does not change the nature oCthe end users call to the·ISP. ICa state 
believes that the service provided by ISPs is a carrier-type (and non-local) service, and the FCC 
agrees, then a state commission may find this solution a desirable means to correct a perceived 


~~ incongruity in the treatment of ISPs vis-a-vis IXCs. . 


~ GD Another option is nOt to look behind an end wers private network. regardless of whether it is 
~t'\ open or closed to the general public, and continue 1'0 treat such traffic as local. including the non-

t application of access charges. While the Telecommunications Act did continue the distinction 
between locnl :IJ1d non-Jocal service. one can assert that this distinction lies primarily in the 
n:Uure or tr.lffic whicti carriers are processing. Therefore. if traffic processed W1ihin orily one 
n~l\\·ork would be considered local, then the same traffic processed \\ithin two networks 
covering the S:1me local calling area should still be considered local. Fwthermorc. ira state 
determines th:ll the nOll rate usage packages which are currently being s,:!bsCribcd to by its end 
users Olre cost compensatory of all the minutes the end users are Generating, this option is further 
supponed. It mOlY be innppropriatc from a public interest viewpoint t\) assess access charges to a 
pri\·nte network for traffic which lenniMtcs to it. especially when it has been determined that end 
users OlrC fuJly compensosting the LEe (or traffic which the:y are generating. Ifa state were to 
ill/OW nccess ch:llGcs 10 be assessed in Ibis situation., it may wish to devcJop an understanding 
\\;th the: fLEe concerning the adequacy of the ILEC's network in processing data transmissions f6.~~( 
:1nd further steps which IN)' need to be ~en to develop that network. Lastly. this option would \ ....., 
continue to provide ClECs u.itb I n=ys;nyc stream So finance the building aftbcir networks. -(

rl~~,.1$ ~ 
A third ",cnue to resolve this dispute is that then: be no compensation exchanged between1l' ~ 	carriers for traffic to an ISP. The argument (or this option u that so long as no carrier is 
receiving compensation (or calls to ISPs. each will have the same perspective on ISPs. For 
c:<OIlT1plc. rit;hl now many ILECs have I very Wae majority of their residential customers 
subscribed to low flat rate usage service. M such. it is very difficult to obtain additional 
revenues from lheir customers for the lUSe amounts ortrafJic they generate once they start 

subscribin~ to the Internet. So. as alluded to earlier in this paper, the lLECs arguably are not 
being compen5;ltcd for the usage of their networks. With the existence of an intermediate carrier, 
not only tlrc the flEes pem3ps not compensated, but they must pay carriers for termination on 
the: other c:lmers' networks. By not allowing compensation to flow betwe:en the: carriers, neither 
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carrier would be compensated for this traffic. This is how both carriers would"come to view rsps 
in a similar manner. The revenue which they could generate from the ISPs would be the charges 
they directly assess to the ISP. The only complexity in this argument would be those ILECs and 
their associated end users who subscnoc to local minutes-ofnusc service. In this scenario the 
ILEC is being compensated by the end user for the use ofits network. so the dynamic of the non­
recovery of costs through flat rate end user charges does not exist. The difficult)- of 
distinguishing between Internet minutes that are subject to flat raleS and those subjcct to minutes­
of-use charges may render this solution unworkable. Another potential adv~ effed ofthis 
scenario rna tha CLECs are no Ion er com nsated for JSP traffic, their traffic 
imbalances become so great that they an: unable to sustain themselves financi . This dynamic 
wou every ifficult to assess current y cause I a IS marketing mostly to ISPs, they 
will intentionally have few other customers. Therefore, assessing whether they can be financially. 
sustainable in the long run may not be readily achievable today. 

The fourth avenue open to regulators is more complex. This solution requires that ISPs be 
assessed a "tennination surcharge" when calls to it attain a certain level. In this manner, non-ISP 
end users do nor have to have any ofthcir rates adjusted. It would be the ISP who would pay for 
the traffic rerminating to it The complexity in this solution is when the end user resides on a 
carrier's network different from the camer network on which the ISP is located. This is because, 
technically speaking. the carrier which is owed money from the ISP is the end user's ~er. In 
this situation it may be that the ISP's carrier becomes the collection agent for the originating 
carrier. In this scenario. the terminating c:anier could still be paid the terminating charges owed 
to it. The result could be a son of netting. 

IV. Relationship of Internet Access and Universal Service' 

Universal service is a complex issue with. seeming myriad ofongoing controversies. l'l1e issue 
involves seuing and achieving objectives for telecommunications infrastructure and subscription 

. levels. In lenns directly relevant to the Internet, the issue is the degree to which advanced 
telecommunications inf'rasuucture should be ubiquitously available and which services should be 
included as universal service offerings? 

Many businesses and insdtutions have turned to virtual private networks to meet their computer 
and telecommunications needs. ThIs trend is fostered by the technological &V&.Ilability ofvinuaI 
channels wirhin the PSN providing bandwidth or capacity reservation at Oat ntcs. Higher-speed 
PSN ofTerings are based an an access line dwae with usage priced on a per-unit basis. Further. 
video transmissions are handled by the PSN as data. Because oCthcse dynamics, questions arise 
regarding the appropriateness orditremldarlng data and video transmissions on the PSN and 
what type ofrales to char&e for potentially bursty and voluminous transmissions, particu!arJy In 
relation to the pricing of voice traffic. Cuncntly, becallsc one can obtain bandwidth at a flat rate 
nnd because vidc:o-dedicated channels appear more reliable. they are more attractive than typical 
switched or derived video chaMel$ on the PSN. Al a result carriers have an incentive to invest 
in adjunct networks that carry high speed. rugh volume data and video transmissions but do not 
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have the incentive to invest in advanced infrastructure placed in the PSN itself. This has the 

undesirable effeGt ofdenying or delaying the general offcring on the P$N, to residential and 

small business customers, ofa reasonably priced high speed fonn of access to the Internet. 


Universal service planning should address the means to support the concomitantly necessary 
investments for designated advanced telecommunications services for which customer demand 
will not garner sufficient revenue to support facility placemenL Such concerns wol,1ld encompass 
the need to subsidize, in some areas, infrastructure necessazy to provide advanced services or to 
facilitate Internet access. Even the current USF rules may inadvertently be slowing the roll out 
oradvancc:d tc:lccommunications to the generaJ public. This is because, in some cases, the 
diversion of educational, health care and library institutions' usage, and attendant revenues, from 
the PSN to pn·.'lte two-way video and data networks has and will continue to exacerbate the need 
for support funding to keep the rates for advanced teJecommunications services low enough to be 
considered affordable. This problem is particularly acute in rural and low income areas. 

In addition. there arc overlapping and conflicting aspects to the drive for a ubiquitous national 
roll out of advanced telecommunications services and the need to define. and m~ntain at 
Olffordabte nues, -b~ic· or -essential- telecommunications services. In this debate, regulators 
must be creful not to over-plan the deployment ofadvanced services. Where reguJators believe 
comp:mies :lte making si~ficant infrastructure inroads, or are trending to this, caution should be 
employed so thilt one does not fund infrastructure investments that would have occurred anyway. 
~ t:lny nJr:lJ :md low-income marketS often experience a lag in such investment The question 
~comes. •When is such :l Jag intolerably fongr 

Of course universal sCr'\'ic:e is only one or many public policy goals for telecommunications 

industries. ~omc orwhich conflict in rcaJ world applications. Additional goals include; (J) 

uc\·elopm~nt of competitive m~ket.s. (2) p1a.cement of telecommunications infrastrucn1rc in all 

m:ltL:elS. (3) encouragement of technological iMOvatiOn. (4) use 0rderegulation, lesser 

n:~ul;ltion :mdlor non-regulation. and (5) affordable access for essentiaJ public institutions. 


~I:l.tly of these often conmeling goals arc directly incorporated into Section 706 ofthc 
Tclecommunic.uions Act. -Adwnced Telecommunications IncenUvcs.· Congress allowed a 
period of lime to see whether or not &he competitive market can provide the n=led facilities CO 
all Americ:ms in a timely and reasonable Cashion. Jtafter three years under the Act the FCC 
finds th3t the nwUt mechanisms have railed. it is authorized to remove barrlers to investment 
:llld promolc competition.I. No fUnding remedies are authorized in this section. 

" On Janu".,' ~6. 1998, ~n Al1antic filed I pdidOCl w~ the FCC RqUcstin, thlt the deregulatory steps authorized 
under SectIOn 706 of the Act ~ tUen 11 Ibis time due 10 die slow dcplo)'tnent afthe adVZllccd network features like 
hlgh·s~ br~b:nd capacity over packet swilchcd ncr-orts. This petition aaempU to sidestep the review procedure 
con'emplo1le~ In ehe 1.1\\1 and fornhoncns the period Cftvisioned by Conl'css for the provuions that fostet local 
com~1II10n 10 I~l.c errect. M£I\y RBOCs ~ to be looldl'll fOt' novel rouecs lhrough which 10 provide in.region 
scro;iccs before rhey ~ccive FCC approvals under Section 271 oflhe 1996 Ad. 
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In Section 254(h), on the other hand, the provision ofadvanced telecommunications services is 
allowed to be subsidized, and that subsidy is limited to specified schools, libraries aoo health 
care institutions. Other ratepayers may not directly benefit in their homes and businesses from 
this subsidy for higher capacity services to these institutions. There currently is no provision for 
direct subsidy for the general public oethe higher capacity services when provided to their homes 
and small businesses. In fact there are price di~incentives built into accessing the Internet at low 
speeds such as an increase L, the subscriber line charge for subscription to i second line for 
modem cOMcCtiOns. While this higher subscriber Jine charge is based on cost and is a means to 
limit the size oflhe support funding for basic lines. it is nonetheless an example ofhow the 
Universal service goals for basic and advanced services can operate in conflict 

Network traffic directed to use [SP services is currently exempt from application of interstate 
access charges regardless ofitsjurisdictional pattern. Practically. this policy results in the 
assignment of most ISP traffic to local usage, thereby shifting the relative usage and 
jurisdictional costs of this traffic to the states. A more meaningful jurisdictional assignment of 
Internet Ir.lffic should reflect the realities of the shared network facility. Lacking that, there 
ap~ to be an implicit subsidy from intrastate service for some ISP traffic when one compares 
it to treatment ofsimilar IXC traffic. It the FCC continues to exempt ISP traffic from explicit 
interstate access charges, it must develop an explicit interstate subsidy mechanism. as required 
under the 1996 Act. to replace the ctlmnt implicit subsidy based on a jurisdictional shift oethe 
traffic to local. 

Consider.uion of universaJ servicc objectives and access charge reform objectives must go hand­
in~hand if regulators are to prevent the opportunity (or arbitrage inherent in the current melangc 
ofhistorical pricing policy and forward-looking market objectives. What we find today in the 
Internet nnd its access providers is I hybrid ofscrvices and technologies that frustrate application 
of U01dition:11 regulatory paradigms. The Internet and its interplay with local tel=ommunications 
networks displays carrier, enhanced service providert and broadcast media attributes. Therefore. 
the categorization ofISPs as a distinct class ofcustomers from traditional IXCs may be a 
necessary interim step to achicviq a compcnsalioD model that is acceptable today for application 
to Internet access over the PSN - and possibly, lOOn thereafter. to all interconnects with the 
local net\lo"Oo. for origination and termination oftclecommunications transmissions. 

Under the 1996 Act. subsidy lor Idvancccl telecommunications and information service 
capabilitics is Allowed only when they arc beiDa depJoyed in the networks oftelecommunications 
carriers and the services are beiftl subscribed to by a substantial majority ofresidential 
customers. Such. subscription level would make these services eligible for consideration for 
inclusion in the definition orteMCCS supponcd by the fcdcraJ USF. The demand o(thc 
institutions eJigible ror support under Section 2S4(b) (or such advanced telecommunications 
services over the PSN is beine divened to private coMcctions that have been made more 
affordable by the subsidies under that section. This Jeaves a smaller total demand on the PSN 
over which to spread the cosu or such services. This results in higher prices which further 
reduce residential demand for the PSN·based services. Thererore, to the extent that demand for 
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advanced telecommurucations services is diverted away from the PSN by private connections, 
the inclusion of advanced services in the deftnition or universal service will be delayed. In some 
rural and low-income or high cost areas this may delay the delivery ofaccess to information 
technologies and services. 

Lastly, states are authorized under Section 254(f) to develop additional definitions and standards 
to advance uni versa! service within a state as long as they are funded so as not to rely on the 
federal USF mechanisms. Advancement oflntemet accessibility through higher speed 
connections to homes would require greater bandwidth than is supported under cWTent FCC USF 
rules. This appears to leave states to fund any genera] advancement in data speed cOMectivity on 
the PSN from in-state sources. This burden is exacerbated because states have to bear the cost of 
infrastructure necessary to process Internet traffic which in tum has been encouraged by the 
implicit subsidy inherent in the ISP exemption. 

Should I..SPs COlltribu/~ to tile Universal Service Fund? 

There is a continuing controversy over using universal service funding to make advanced 
services for"Intemet access and infomultion services ubiquitously available at affordable prices. 
Th<lt controversy also spills over into the issue ofwhether ISPs can and should contribute as 
-telecommunicOltions carriers- to federal universal service programs. USF fimding therefore tie! 
b:lck to the ongoing policy debate regarding the intent or the Act and the effeet of the FCC's 
exemplion of the ISPs rrom :lccess chMges, effectively declaring them end users rather than 
telecommunic61tions caniers. Definitions are evolving regarding what is an end user, a servic~, a 
facility, and :l currier. ResiU'dlos.ISPs benefit ftom the subsidies (or advanced services to the 
inslitutions desisn:lted in the Act when those subsidies make it possible' for those institutions to 
use their services.. In addilion there is a bluning orthe definitions ofdata, voice, and video when 
it comes to telecommunic:ltions applications. The Internet is capable ofcarrying voic~ 
transmissions \lnd entrepreneurs are attemptinG 10 fully tlp th4t cap:abiJity and that market. As 
~nefici:uies of subsidies to ins1itulions aceessina the Internet. and due to their public offering 
chOll'3ctrnsl iecs. it can be ArBued that ISPs should share in the cost ofsubsidizing services that , 
Me: deployed to access the ISPI' services. 

The Telecommunications Act states in Section 254(d) that n'ery interstate telecommunications 
c:urier shall contribule to the fund with eqwty and nondiscrimination. The FCC's previous 
exemption of Internet service providers &om the ~ecommunications carrie..- designation for 
public policy reasons made sense:lt th&l time. but may prove inconsistent with the application of 
the Act"s principles ofexplicit rather than implicit subsidiz.ttion for universal service. 
Redefinition of ISPs as I distinct class ofcarriers and appJiation ofsome fonn ofcconomically 
b3scd access charges and auessmc:nt for USF purposes could end this historical subsidy to ISPs 
:md make them contributors to the explicil subsidies that promote use oftheir services. [fthe 
legill disti nClion between cmim COlIlnot be made ror purposes ofapplying access charges, 
:1l1olhcr 11Itc:m:llive may be to GO :1head And assess ISPs and provide universal service funds 
directly to the JSPs to offset the c~ges. 
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v. Conclusions 

At its inception and for many years thereafter, the PSN carried only voice communications. 
Growth in data transmission in recent years has resulted in a network that is heavily used for 
different types ofcommunications. The current technology used for transmission of voice does 
not appear to be optimal for data. It is imperative that aU participants in the teleco~unications 
market. including regulators, have a clear understanding of how the PSN interrelates to the data 
network and how voice and data telephony are converging. 

From a technical point of view, it is important that the PSN start migrating to a network which is 
data friendly. While it is understood thaI the PSN oftoday needs to undergo some fundamental 
changes to achieve this goal, we should also understand that all ofthe necessazy changes do not 
have to occur on what is typically termed "the PSN." For instance, data traffic could be diverted 
onlO a sep-Olrate. data-mendly network for delivery to the Internet bacJcbone by adding switch 
adjuncts inlo the network. Technology such as xDSL couId also be employed in the loop to 
provide the premises cOMections which would permit high transmission speeds, thus keeping the 
last mile from being the choke point in data transmission. Many technologies could and will be 
used to provide quality data transmission capabilities in the future. 

To make the transition to the data-friendly network will in~olve capital outlays. It is not enough 
thOll the Internel be able to process data. The loops and switches of the PSN must aJso be capable 
ofdoing so. Given that there is little compensation today for the increased traffic already 
traversing the network, due alleas1 in pan to the (SP access charge exemption, carriers may not 
be: wiUing to m:1ke the investments needed to upsrade: the network without a reasonable: 
expectation orcapital recovery. Because the FCC has determined that this investment for 
network upsr.ades will not be recovm:d throush access charges paid by the ISPs, it is inworunt 
that we de~·ise some means to fund tnnsformation ofthe PSN from primariJy a voice network 
into one which can process any type oftrafflc desired, whether it be voice. data, or video. 
This funding could come from tM end users who call the lSPs, the ISPs themselvcs, or the 
univmaJ service fund. OfCOUZ1C \W must always be careful not to fund technological and 
pricing dc\'Clopments which will occur mrurally. However. we must weigh this concern against 
whether the pace or techno101)' dc:vdopmcllt is acceptable when a large segment ofsoclety may 
not be provided timely access to .dYlnc:cd telecommunications technologies. 

l ~?\ PSN traffic and advanced telecommunications infiutnIcture arc evolving symbiotic:aJly. 
~ Q r {In ~ognition of this. ~ imposed on the PSN by thole accessing the Internet ~Id~ 
l (.. A"t, if equItably s~ among the oriJ!nato~ conveyors and recipients ofthese communications in a

fl., manner that promotes IcdiMloaicaJ innovation. netWOrk reliability and service quality. 
r(/. infrastrUCture investment. competitive markets, and ultimately. universal service. Numerous 
• controversies have arisen regardingjurisdictionaJ cost allocations. application ofaccess charges 

~ or other local pricing options, payment ot reciprocal compensation. and receipt ofand 
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assessment for universal service funding for PSN facilities. These controversies may be resolved 
equitably, vis-a-vis all teleconununications carriers and end users, if they arc addressed 
systemically with recognition for their interplay. By seeing these controversies in focus in this 
paper, regulators and public policy makers may be able to avoid the perpetuation of some of the 
seemingly endless applications to the evolving PSN ofinadequatc and piecemeal fLXes to often 
outmoded pricing and policy models. Such refreshed vision may engender iMovative options 
and perspectives that otherwise might not be considered. 

In summary, the telecommunications network is undergoing a transformation. It is imperative 
that the public continue to perceive the network as seamless. While it may be that several 
networks will be used to deliver the, telecommunications services of tomorrow, aU of them will 
have to interact to COMect all users. Viewing the networks separately, without taking into 
DeCOUn! how they relate to each other in a unified communications system, would jeopardize the 
potentia! they hold to provide benefits (or all consumers and to society as a whole. 
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Abstract; The past year has se~n e~loslye growth ;n liller­
net trlJffic. Currently. tM most commo,. way 0/ accessl1lg th, 
inlemlt is yia the switching systems and tht InterolJlct trunk 
jaciJitiu o/the Public Switched Td~phoM Nttwork (PITH). 
The PITH was designtd to ClJTry yolce ({Ills that Mve an aver­
ag' call holding lime 0/about J minutes. Tht nom/Ml 3 ",inUle 
call assumption p~rvadts all asptct.r o/tlleo equipment dulgn 
such os switch engin~ering, liM COIICtlllrQtion Ntlos. and trunk 
group sizes. However. inttrnet calls violate thil/undamelllal 
a.rsumplion and have a mean holdbag time 0/ tht order 0/20 
mfnufts with some calls wting lor many hours. 

This iong holding time trqfflC Stvertly taxtS the PITH. It 
requirrs adduional equipment to be provisiontd, without com­
ptllSating rtvtnu~s. and potentially affecrs s~rvic~ pet/onnance 
jar all u.r~rs. Int~rnellTa!flc. which Ls pacJcet data In natllre, can 
in principle be carried much more effjcielllly on data nelWorks, 
Howtyer. since Iht PSTN currenlly rtpresents tht only near· 
un/venal acctss method. any long ttrm solution ntcessarily 
inVOIVIS a staged migration/rom the present mode 0/operation 
towards somt pack~t network solution. 

This paper reviews tht impacts 0/ inttm~t traffIC on the 
PSTN.lt summarizes Ihe Impact o/intemtltra!fic on transmis­
sion andswitching tquipmtlll. th' need/or comprehtnsive revi­
SiOfU 10 existing engineering and plaMlng algorllhms, and tht 
implicatiOns o/these ISSllts for operational practices and Optr­
atioM support rystems. It also provides analysis 0/ the cost 0/ 
supporting Inttrnet traffic on the PSTN. Finally. it ducribes a 
number a/possible solutions, In each case the c"rretll barriers 
to il1lpltmenling 'he Solullon are discussed. 

I. INTRODUCTION 

The past year has seen explosive growth in internet related 
telephone traffic - specifically. calls (rom mldenUal and busl­
ncss subscribers across the p\lbUc switcheclcelepholle network 
(PSTN) to Internet ~Icc providers (lSPI).l A1thouah there aro 
alternative methods of acccssing the Inlcroet (to be discussed 
later In this paper), the only Dear-unIversal acccu currently 
available to the public i. via modem ealIs leros. the PS'IN. 
Afler reaching an 15P, such call. arc converted back Into data 
format so that they can be piped directly inlo a local Interact 
gateway, or transmitted acrou a packet network to a rcmoto 
gateway. Thil network architecture Is lIILl1C1'ated 10 Plguro 1. 

1. F« UIe purpoIu ollhia di.""uiolll~ruet lI'atric may be tW. 10 

illclude ial.erDeI, work &1 hOlllC (WAK). tcIecotM\Ulill, IDcS oD-IIII, 

'Q'vic~ calls, all of which IppeIlIO have slmllar tlwactulJlia. 


The rapid growth io Intemet traffic hu bccu ctimulllCd by a 
number or devclopments.lncludio,: 0) the incrcucd power aDd 
availability of personal computer. (PCs). (U) the arowth In com­
mercial uses of th.e Internet, and (Ill) the popularity and 
increased case of acecal to the world wide web (WWW) via web 
browsers luch as Necscapc. In addition. the growth In corporate 
telecommuting and work-at-home (WAH) employment has cre­
ated an environment in which users are more comfortable with 
on-line services and are more Ukely to use PC! Cor work and lei­
sure, 

~ ISPI'OP .... 

~-0-~ 

local""':p---/0 

=: 

cr ~ 0 

PC with 

modem 
 = 

Figure 11 Inter.net Access via the PSlN 

The rise In Internet tralllc provides an Important indication 
that the center ot mass In telecommunications is shifting 
,owards data appUcation. and service•. Althou&h the PS1N is 
currently used to carry Internet ealls In circuit &Witched mode. 
mese calls are eucnclally data call•• They are leacratcd in 
packet data format by PCa, aud caD 10 princlple be carried far 

. marc emciently and cost eeCccliYely over data octworks. Suil­
able data networks exist today. However. due to cost and equip· 
ment llmitatlolU, access to tbeso networks Is JarpJy limited to 
high volume business uscn. AI ICCCI. to dati networks 
becomes unIversally available. the volume of data traffic gener­
ated by applications IUch as point of Ale tranaactioDi. electronic 
commerce. video telephony. etc.. wUt dwarf the traffic currently 
carried by the PS1N. 

Tho lrCDd toward. data wiU challenge telecommunication. 
network and .ervice provldcn III a number of alanlflcaDt ways. 
In ,ellcral. It wUI be aec:euary to develop cD&!nccrlnl. plan­
nln8. operational and buslnesl proccdurca to copo with new net­
works ud services. The f1rat major chalJen,e Is being met by 
local exchange canien (LECI) in the form of intemet traffic. 
1015 tramc bas significantly Increased tho load on LEe net-
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worb, while providing very little compensatlna revenue. While 
its volume poses an immediate threat to .the capacity of the 
PSlN, at a more fundamental level its qualltatively new cbar­
acteristlcs are cballenglng the engineering, · forecastina. plan­
ning and operational procedures establ1£hed by the Bell System 
over the past 80 years. 

Atpresent, anumber orLECs are analyzin8 theintcmet phe­
nomenon. and debat1ns the best path forward. Since the PSTN 
currently represents the only ncar-universal ac:ce&! method. any 
10Da term .olution necessarily involves a .taged mlgratlon fram 
the pn:sent mode of operation toWardl lome packet network 
solution. Thc principal rcqulrcmcnt5 of the migration IlratCIY 
are that It be cost dfcctivc (I.e.. provide the desired capabLUtiel 
for reasonable investment). and that It be sufficiently ncxlble to 
evolve tow,",s future technologies (e., .• ATM). Ccofusins thc 
Issue arc a host of uncertaintlcs associated with tariffing, time 
to market of new technologies. demand (orecasts, etc. Notwith­
standing the complexity o( the problem. colutions need to be put 
in place qulcldy in order to protect the Integrity o( the PS1N. 

The object of this paper Is to review tn more detail the vari­
ous Impacts of' Internet traffic on thc PSlN. and provide a high 
level summazy of possible solutions. In particular, based on 
analYlls Df traCfic data, It summarizes the Impact of IllterDet traf­
fic on tnnsmisslon and switching equlpmcnt.lhe nced (or com­
prehensive revisions to existing engluccring algorithms, and the 
implicatJoDl ot these issues for operational practices and oper­
ations support systems (OSSs). The paper also provides analy­
sis of the cost of supporting Interoct trall1c on the PS1N. 
Finally. it describes possible solutions, Including more efficient 
usc of existing PSlN equipment, as well u SOIUtiODS based on 
packet networks (ISDN. Frame Relay. A'IM). In each case the 
curreDt barriers to Implementing the solution are summarized. 

n. GROWTH IN INTERNET AND RELATED TRAFFIC 

As noted above, growth In internet traffic Is lied to a number 
of factorl including: PC penetn.tlon (percent at U.S. bouse­
holds with PCS). modem pcnccn.tJon (percent ot PCS with 
modenu). growth in corporate telecommutlna Ind WAM 
employment (these users teDd to be high volume wen). and a 
range o( less easily quantifiable factors such as time to market 
ofnew technologies (e.g .• ADSL) and customers' willingness to 
pay for 'hot' new applications. Based 00 Bellcore', mulcd 
analysis. Figure 2 .hows conservadve demand projections for 
internet access out to the year 200t The demand is broken 
down IDto two categoriea: dialup acteu via the PSlN uslna 
POTS and ISDN line. Oower pvt ot FIgure 2). and altcroat1vc 
·dedlcated' accw methods IUch as ADSI.. which c{fcctlvely 
byplu the PSlN (upper part of Figure 2). Note that the y-w 
in Figure 2 has no units. Figure 211luslrlCcs anticipated averaac 
relative growth In U.s. Internet traffic over the next' yeva. 
More detailed USumptlODS and Informatlon arc requited In 
order to be precise about growth In particular LEC market•. 

The d'~mand forecasts in FIgure 2 arc conserntive, in the 
sense th~ coDICrvadve wumptlons were made regarding the 
rollout of new CCCbDOloay. They suggest llIat by lOOl.lntCfnct 
Irlffic wlil approximately double relative to its present value. If 
more aggressive usumpllons are made, llIe demand could be 
significantly higher - u much u 5 times lu present value by 
200l. In fact. these estimates may well be too low, ,Ioce they 
arc bucdon anal)'lla ot numbers of boullCboldi. No accountiDI 
II made Cor growth til per houlehold Intenet tratric., wblcb itlel! 
could be quite II,nlRcanL In briet. the tilW'C1 indicate that 
wilUe new tcchnolo,lca auch as ADSL and cable mocScms will 
arab. legment of tho Internet actC35 market. the PSlN will 
support most Internet accell traffic Cor at least the ncxt5 years. 

Oedatedk1:x:ss 

CeII~Pt::a:a 

'~'~1~1a'~1a1&~m 

Figure 11 Porccut Demand tor Internet Acccu 

m. CHARACTERISTICS OF INTERNET TRAme 

Today" PSTN bu ovolved over the past 80 yean to become 
a very efficient camcr or voice telephoay. Thil evolution has 
occurrcd lu a carefully planned Cublon based OD detailed under­
standing or the characteristics of voice wOc. The well estab­
lisbed cD81nceriDS model for voice calli ISSUmes that: (I) the 
avcrage call boldlna time Is around 3 minulCa, (11) tho stallstlcal 
call boldlng time distribullon II well approx1ma(cd by all expo­
nential distribution. and (UO call arrivals arc Powon. These 
mathematical assumptions bave beeu valldated via analysis of 
measured data. III conjunction with appropriate demand fore­
casting models. they are used to eaalDeerthe PS1N. For exam­
Ple. the opcrauoas IUppOrt .)'ItClDl (OSSs) that monItor trunk 
ullic in the PSlN. utilize tho above model to decide when and 
where addldoaal trunkln, capacity shouJd be provided. The 
wie scale CCOIlOmk:a of the PS1N - e.B., ill return on capUti 
InVC!tment - arc IIrFly dctcnn1ned by bow emclenlly It CAn 
carry tramc aeroll shared 'witchiul IJId transmission 
resources. Appropriate trame modela quatlfy wbat emclcnciel 
can be achieved Cor a given lrade of scrvic:c (OOS). 
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Traditional models of voice telephony are embodied In a 
ranae of widely used standards. eoginecrln, procedures. OSSs. 
and cost models [IJ. They underlie the tratflc, measurement and 
engineering sections of Bellcorc's LATA Switching Systems 
Generic Requirements (LSSGR) (2], thu for many years have 
provided a benchmark (or the functionallty and pcrfonnance 
expected of LEe switches in the U.S. They arc likewise embed­
ded in Bell System OSSasueh as 'INDS and COER ell. as weD 
as In vendor supplied plauning and enginecrial systems for .pe­
clfic switches. Finally, they are Incorporated In tools used by 
the RBOCs (or estimating the cost pf the network .witchln,lnd 
transmission equipment required Co meet projected growth, 
based on detailed breakdowns of capital COSU, etc. 

Internet traffic fs qualitatively different from traditional 
voice traffic. Based on current data analysis. interuet call. have 
a mean holding time of the order of 20 minutes, and their dlstrl­
butl on is not exponential. I Instead. the holding times or Internet 
calls are statistically distributed according to a. power law di·strl­
bution. This means that with non-negligible probability, one 
caD encounter calls with very 1001 duratIons - e.g., 12 hours, 24 
hours or longer. Traditional and Internet call holding time dis­
tributions are illustrated in FIgure 3. The ploliin rhls figure give 
the probablUty that a call holding time wl11 be grcater tban the 
time value on the ,.t-axis. The 'natter' shape of the iDternet dis· 
tribution Indicates that internet call durations vuy widely from 
a few seconds to many hours. In contrast, the probability that a 
traditional voice call \11m last longer tban a 10 mlnutes Is vcry 
low, and the probabilily that it wlU exceed one hour Is virtually 
zero. TraditIonal call holding times tend to be clustered tar more 
closely around the average value of 3 minutes. 
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Figure J: ean HOlding TIme Dlttrlbutions 

In addition to qualitative difference., Intcmct traCnc iJ also 
quantltatively different f'rom traditional voice tramc. PSlN 
traffic loads are typically measured in unitl of centum call sec. 
onds CCQ), representing one bundred .econds oC connect Ume. 
For example, a subscriber line which genentes an Ivenslc of2 . 

1. Bued 011 pnl/mill&l}' aulyril at r~Dtly coIl'c:lCd dilL Mor. wan: 

u uaduway UI re.tiDe laUruellrall"lC modet.. 


call. per hout with an average call holding time o( 3 mlnutca is 
said to generate 2x(3x6(i)/lOO • 3.6 CGa load, where the mul. 
mum possible load per line Is 36 Cel. HiJtoricalJy, rcsldentia1 
and business lubsc:riberllnea are expected to gellcntc 3 - 6 ccs, 
with residential Unes 11 tbe lower end of this scale and business 
Unes at the highcr ead.'lbe PSlN Is eniinecrcd uound this 
expectation. H a sub.criber DOW ltarts usin, the I8mC Une to 
carry Internet eallJ, as well u regular voice calU, Ihe averqe 
IOld geoen.ted per nne can rise to 10 CCI or blaher.1D Chi. cue. 
Ihe network is suddenly required to bandle about 3 times the 
load for whlch it Is engineered. 

IV. IMPACTS ON mE PSTN 

The nature of Internet traffic creates I number of Issues for 
network engineering. The most Immediate Impact Is due to tbc 
much higher loadl generated by Internet users. When signifi­
cant number of lubscrlber line. suddenly generate 3 tlmc£ their 
englncered load, one can expect .Ignlficant congestlon to occur 
in several parts of the PS1N: the local acccss ,witch. Ihe back· 
bone trunk and tandem network. and at the tcrmlnatlnlswltch 
which Is connected to the ISP. Since Internet tntlic from I wlde 
geographic area II typically funneled Into tho terminating 
switch, acute congestion II most IlJccly to occur tint at the tcr­
minatin& switch. In luch cases, lines between the tcnninatin& 
switch and rhe ISP hive been observed to bo loaded to 30 CCI or 
more. Under rhcse conditions, only a fraction rL calls CaD IUC­

cess(uUy complete. That is. most calls arc bloc:kcd due to lines 
not belRI available. 

The congestion Ihat bu been observed in olber paru or the 
psrn - the aceeu Iwltches and trunklng network - is partly 
due to elevated loads, and partly due to other leu obvious 
causes. Line peripheral UQlts in LEC Iwltdles arc enaincered to 
traditional traffic levels i.e., 3 • 6 ce. per line. In partlcular,lIne 
conccntration ratios (LCRt) - the ratio of lines to truaks - arc 
matched to these low. 10 U to provlde a uniformly good grade 
of service to subscribers e.,., <1 ~ calli blocked. Intemet usage 
can Increase the l0a4lcncratcd per subscriber line to 10 or more 
CGS, resulting In excessive blocking of call11tcmpts, dla1tone 
delay. and related probloms. In summary, internet traffic can 
result in dramatic dcaradation o( service Cluallty. . 

The occurrcncc ofexcessive blocking Is Illustrated In aheu­
ristic way In Fl&uro 4. Flluro 4 IbOWI two blocidag ~urves 
derived (rom traditional traffic models. One curve Is for a sce­
nario In whiCh a aroup of IinCiis offered traditional exponentlal 
call •• Tho either I. Cor I.cenario In which 4.., of the linea are 
effectively blocked out (te.. continuously occuploc!) by lonl 
boldlnl tlmo Intcnlec earlI. In the lattcr cue. the PRSCDCC oC the 
Jatemet calls prodUCCI a sixty-fold Incrcuo in tho blocldng 
experienced by tho exponential traff1c (from 0.05" to approxi­
mately 3"). Figure 4 shows that a small percentale of Internet 
Craffie can bave a dramatic Impact on nccwork performance. 
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Figure 4: Blocldng Scenarios 

Within the PSlN, the only answer to this problem Is to 
reduce LCRs i.e., to provide more INnles (and other switch 
resources) per subscriber linc. 10 this way one regains the estab­
lished grade ot service, at the cost ot provlclln8 additional net­
work equipment. Since Une terminating equlpmcnt is the largest 
capital component of ,witch cost, Internct traffic has the poten­
tial to cost LECsiarge sums ot money In 'out ot cycle' capital 
expenditure. FIrst cut estimates suggest that this cost will 
exceed $3SM per regloD per year. However, this estimate is 
based on incomplete analysis, and the actual cost 1s expected to 
be much higher. Further sludlcs are underway in BeUcore to 
produce more accurate estimates oC this cost Figure oS shows 
Bellcore's analysis or a hypothetical scenario, which Involves 
30 central offices (COs) providing Internet access. leveral tan­
clem switches. and two Internet 'hub' COs (I.e., terminating 
switches). For the purposes or this study. Bellcorc's SCIS tocl 
was used to estimate incremental capital and operational costs 
on a per switch basis. 
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Flaun S: Cost of Supponlng Internet AcceJl 

The 1argest cost components In all switches were associated 
with line terminating equipment. Note that trunk Ind adminis­
trative costs were not Includcd In this study. Based on extremely 

conservative assumptions. the annual cost of supponlnl Inter­
net access in an ISP polnt-of-prcsenc(; (POP) ,erving area wu 
estlmatcd to be In the ranKe $l.1M ·to S4.2M+. (Coats vary 
according to C&etora IU~ u veador speclnc capltaland opera­
tional cost ..) A typical LEe will contain many such pop ser­
vice are&s. Note that thll expendlture Is likely to gCDcralc 1IU10 
compensating revenue for the LEe. Many 1Ub8cribcn will sim­
ply use thclt existJnl nat rate Uncs for Intenlel access, rcsultina 
In zero additional revenues to the LEe. Others may purchue I 
second line -lCCOnd IIno .alCi bave ruen .ubJtantially recently 
- however. tho additional revenue from thla ,ource Is unlikely 
to offset capital expenditure. 

For more accurate csdmalCl of the additional COlt to LECs 
oC rupportl ng Internet trafflC on tho PSlN, it II natural to tum to 
traditional traffic models. These models have been uaed In the 
past to enslneer IUeb quantltics u LCRs, switch resources. 
trunk groups, ete. However, the qualitatively new cbaracteris­
tics of internet traffic Imply that the traditional models arc no 
longer valid. For example.. It It not lufficlent to limply plug the 
new elevated subscriber Une 10aeSt Into traditloul traffic mod­
els, and rec1llculate lioc conccntratlon ratios. The traditional 
models are overly optJmistlc and will teud to under-estimate the 
Internet Impact. New models arc required, which account for 
the much areater varlabUity In IDternet call holdin. times. This 
point Is Illustrated In FIgure 6 below. 
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Flpre 61 New Bnslneering Modell 

Flaure 6 sbows a traditional 'load-service' curve (soUd line), 
fOt example, oae thal mlabt be acneratcd using aa Erlang B or 
Poisson {ormulL Por I Jiven grade of lemu (Le., blOCking 
probability), IUCh a curve II used to calculate a 'nCe opcratlog 
point' (SOP) Cor the relevant equlpmeaL The SOP Is the largest 
load that can be camed by lbc equipment wbUe ltill meeting the 
GOS criterion. In thc presence of Internet traffic, twitches and 
trona ClD 110 JonaCf be Ulumcd to operate 01 tho .oUd curve In 
Fiauro 6. IlIStead. they wiU tend to operate In lome band around 
tbls curve. lndltaled by the duhcd UDCI. It follow. that In the 
prc&CDCe of I ntcrnct trafIlc, one musten&lacer thc network more 
consorvatlvcJ)" according to the left-most dashed line. The 
overall Impact of chis effect is to de-load network equipment. 
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and reducc network efficicncy. l1lc maanlwde o( this effcct­
I.e., the additional cost to the network associated with now engi­
neering criteria -is yet to be Cully quantified. However. work Is 
underway in Bel1core to address this issue. and to provide suit­
able new engineering models in tho ncar (uture. These models 
will replace the traditional models developed In the Bell System 
over the past 80 years. 

Going beyond fundamental trafIlc models and capital COlts. 

the Increased variability of Intcnlct In.Cl1e wUllmpact the oper· 
alion of LEC networks in a variety ot ways. In the area o( oper­
ations and facility management, c:urreat procedures for load 
balancing and monitoring switch performance may prove Inad­
equate (or internet traffic. Severe dlCflculties have already beca 
encountered In load balancln, switchcs carrying significant lev· 
els of Internet traffic. This problem Is presently being studied by 
Dellcore to detennlne what changes are required to current pro­
cedurea, and what new switch measurements may be needed. 
As noted In section 3, a number o(the largo scale OSSs and .up~ 
port tools used by LECs are based on traditional traffic modols. 
These OSSs Deed to be updated to accommodate Internet trame. 
If they arc not, the tendency will be for these tools to undCl'esti~ 
mate network resources, potentially rcsuldngln poor service to 
subscribers, and sub-optimal network planning. 

Finally, from the LEC perspective. It illrnportant that equip­
ment vendors, particularly switch vendors, be aware o( these 
issues, and lake lIecessary steps to Incorporate new traffic mod­
els and engineering algorithms into their engineering, provi­
sioning and planning tools. Swltcb vendors also need to 
consider whether new traffic measurements should be provided 
by switches. so that their customers can beucr track and respond 
to changing traffic pro nIcs. 

V. NETWORK SOLUTIONS 

As noted above. the most common Internet access arrange­
ment at present is (or ISPs to be connected to the local 'termi­
nating' PSlN switch via large multiline hunt groups, conalsllng 
o( hundreds or perhaps thouJands o( lines. No special actions 
are taken within the PSlN to identify or route Internet access 
traCflc separately, or at a dlfrerentlrade of service. from regular 
voice traffic - Internet traffic uses exactly the IImC switches, 
trunk groups etc. This altuadon will bo rcCmcd to below as !he 
present mode o( operation (PMO). 

Sections I - IV discussed varioU3 PS'IN lmp1Cts o( ictemet 
access traffic in the PMO. It was noted thalllnce the PS1N cur­
rently represents the oaly ocar-unlveraal acc:css method. any 
long term solution to these problems necessarily Involves a 
staged mi&ratlon from lhe PMO towll'dJ lome packet lIetwork 
10luUon. This scellon describes a number o( solutionl thal wUl 
relieve preuure on the PSlN, and ultimately aUow iDtcnlot traf­
fic to be carried In an efficient, economical (ul1lon. These solu­
tions may be characterized as short term (S1'), medium tcnu 
(M1) and long term (L11. In each case the current barriers to 
implementing the solution arc discussed. 

As 8howa In Figure 7, internet solutions may be broadly 
characterized according to whether they are Implemcntt'd In thD 
access ,witches of the PS1N, or In the Inter-ofOce trunklna net· 
work. Trunkiog 80lutions gcnerally attempt to reduce ,tress on 
!he PS1N by dc-loading the Iwltches u far u poasible. and by 
!rUDldng Internet traffic more intelUr;ently. Trunkln, 101ulio7JS, 
MW.II", tlQ 1I0t tUUr.1I til. unlTtd pt'Dh"", o/lnUmll 11'4· 
jk, wAlch II IIuU I/a. PSTN I.r not tI.,,,,,.4 /l) ./Jkllntly c,,", 
pacb/41114 1r1l/f1C. A~cul loluliolU tID tulJru, tIalI prob"... 
'I'Iu,l1tUmpiio ripluJn 00 lnt,md ITtllJic .t 1M .t/f~ o/Ib. 
PSTN, h./or.lt ,nil" PSTN I'llilk" Ilruilrunk/uiIJIIIl. Once 
the lntcmet !rame i. separated from voice traffic, it is then 
routed onto' data networks, wbcrc it can be carried vCry em~ 
clcotty. Acccss 80lutloQl bave (ar more long term potential to 
reduce the cost o( carrying Internet traffic. and Cor this reason 
arc lIlcely to (orm the buls for any long tcnn network solution. 

lalldem ISP pop willi 
nriU:h modem blalt 
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Fll'Il'tI 71 Access versus TruDldng Solutions 

It Is possible to talce advantagc oC both broadballd tecbnolo­
gles such as B·ISDN, Prame Relay, and A 1M to provide a more 
efficlenl Interface to ISPI as wen as narrowband technoloa1ca 
such as Advanced Intelll&cnt Network (AIN) or Local Number 
Portability (LNP) to more efficiently route the data calls within 
PSTN to swltchlngsystelll5 that can better handle the data calls. 
While the underlying tcd1aology (or lhese solutions Is largely 
10 place. a network phUlnlDI assessment Is needed to select the 
most promising and cost effective of theso technologlcs lo 
Implement. 

The tnlDldn8 Indacc:clS solutions discussed In thJs section 
are listed below, toaether with their characterization as short 
term, medium term or Ions term: 

TRIINKING AlDSS 

• maaaaod PMO (ST) • manaacd PMO (Sn 
• numbcrina so1utloll (81') • packet mode rSDN (MT) 
• modem pool In CO (Sn • ptC-swltcb adJUIlCt (MT) 
• post-switch adjunct (81') • ADSL(MT/L1') 

• cable modems (MT/LT) 
• packet radio (L1') 

http:h./or.lt
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Manapd PMO Trunkln2 Splutlon 

TrunkJng solution. address the problem o( conlestion In the 
bunking network and terminating .witcb. AJthougb trunking 
solutions arc technically feasible. thcy may not be within the 
Cull control oC LEe Cor a number oC reuons. FInt. an ISP buys 
only as many lines as it deems necessary to the terminating 
switch. For the most pan. ISPI arc content to provide a much 
poorer grade o( service than in the PSTN. Internet traffIC ia 
growing so fast thaI customer retention Is lIOl an Issue (at leut 
in the near term), and customers themselves generally expcct 
many calls to be blocked. Consequently, with too Cew linea to 
accommodate the offered load. congestion is likcly to be a 
chrollic problem on ISP lines. 

This congestion can be containcd by putting ISP lines on 
separate peripherals so that other customers are not affected. It 
could also be ameliorated by: (i) connecting the lSP to tho tCt­
minating switch via trunk or primary rate ISDN (PRI) Inler­
Caces. (II) connecting the ISP directly to tandem switches via 
trunk or PRI inlerfaces. 50 that switches arc dc-loaded. and (Ill) 
connecting the ISP to remote integrated digital ioop carrier 
(IDLC) interfaces, which could be engineered to an appropriate 
grade of service. The iatter three actions wouid improve the 
LEC opcrlUions and facilities aspects of this problem. 

However, ISPs currently perceive little Incentive (e.g.• In 
terms oC cost) to move away from basic Une side connections, 
and so they typically opt to be connected to the switch via mul­
tiline hunt groups. In some cases this choice may be made in 
ignorance of other options. or through failure to recognize the 
potelltlal cost I performance advantages of more efficient Inter­
faces. The competlUve cost of basic Une side connections Is 
undoubtedly atttactive to ISPs. However. line aide connections 
are more expensive to maintain operationally, and as multiline 
bunt group sizes grow, there may be lomo cost Incentive for 
ISPs to move toward! trunk or PRllntcrfacC5. 

This Issue highlights the role of tariffing In influcoclng prac­
tical network solutions. The tariffs applied to various line types 
by public utilities conunissions (PUCJ) In many cases reflect a 
ttllditlonal view of how subscribers utlUze network equipment. 
TarlCrs are set In pan so that dlCferent classes of customen pay 
in proportion to their usage of network resourccs. However, 
internet traffic has distoned traditIonal pauems of network 
usage. and undcnnlned the LEes' 'bUlly 10 recover com ID 
proponion to usagc. Bcllc:ore Is currently belpln. tho LECs 
address this issue through data studies In support o( tarlff 
dlangcs. 

AIN Routl0l' NumbcrJDI Solution 

The main Idea In this solution Is to uslan switched based 
dialed number (DN) triuen to pre-advenlsed Intcmct or 011­

llnetelephone numbers. Once the Originating switch recoanlw 
that the call is destined to an ISP (based on the defiocd triaaer), 
it can then either route these calls to a tandem or a large .witch­
ing system that has sufficient capacity to carry the data calls 
(e.g.• an Inner-city switch which Is under-utlUzed at night), or 

decide to route them out o( the PSTN entirely and use a packet 
network to concentrate the data traffic Cor transport to the ISP. 
In either case. the r1nt Itep la lhJs solution would be to dClCC:t 
the data calls uslnathe defined trigger, and le&rqate them rrom 
voice ~lls for more emcient transport aDd routIn•. The office­
based DN triucr Is avaUable in most modem lwitchln, SYI­

tems. 

Ono ImpllcatIoll at thilapproach is that every call througb 
the .witch must be laCeaed for lhlt triuer. wblch win typically 
require addldonaJ procwor capacity. In the CUe oC equivalent 
AIN triggers, there may be a substantial hit OD switch proces­
sors. which transiates IDlo I IUbscantial reductloll In switch 
capacity. due to chis potentially 1I0n-revenue procIuclns internet 
traffic. A poteatlalldvantqc of the AlN' numbering lolutlon 
is that It CODcenttatea Intcnlct traffic in relatively fcw places 
(e.g., dcsianated trunk groups) and thereby acbleves economic 
efficiencies in the engineering of CO equipment, as well as mln­
imlt.ing capital expenditure for hlgb performance interfaces 
betwctn selected tandems and ISP •. 

Once a data ea1l bu been detected, It CaD then either usc 
translationl and routlng tabIc.ln che lwitchlnglystems to route 
the caUs to pre·sclcc:tcd switches or alternatively launch a rout· 
Ing query to an AIN Service Control Point (SCP). Tbc advan­
tage of using SCPs iJ that switches do not need to store large 
routing tables that arc subject to frequent change. SCPs pcrmlt 
Intelligent routln& based on avaUablltty of modem ports or 
routes, tlme-of-day and day-of-wee1c routinl, and other criteria 
that LEC aDd !SP can aaree upon. Additionally. the LNP archi­
tecture orren the advantage or maintaining the same access 
numbers while routing the calla In way that u most cose effec­
tive for che LEC or ISP. Thus end-users always dial the same 
number to access the!SP. However, the network routes the call 
based on paths chac arc mo"t sultablc from a network capacity 
and cost point of view. 

Modem PooIID CeDtr,1 Omee 'Post·Swltch Adlunct 

Instead o(provldina 1MB line Interfaces to the 15P, In which 
ease the ISP maintaln.lcs own modem pool, thcLEC, U II value 
added service, couid miJntain a modem pool (or equlvaleDt 
equipment) on it. own prcmlses, concentrate the output of this 
modem pool Into high speed 1ll8ital pipes (DSIIDS3) ellher at 
end omces or tandems, and ellen transport the aggregated data 
stream to the ISP aa'otS a dlta network (c.,., Frame Relay). 
Thl. Implementation may provide a more attractive Inlerface 
for the ISPs- malntenancc oflar&o modem pooIJ II an acknowl­
cd8cd problem - while provldlnglhc U!C wlCb &be opportunity 
to engiDoer the IICrwork 10 u to avoid the urr related prob­
lems. One business driver for Ihls solution Is that ISPs desire to 
atead thoir local c.1l1l1, vcu II fv u poulblc, 10 that CUltom· 
CtI beneflt from local call1n. rates. Widely deployed modem 
pool., adjunctl effectively achlevc this objcctlve. The business 
ease. and deployment, Implementation and englncerin& lulde­
lilies fot thl. 10lutioD need to be more fully analyzed. 

http:tabIc.ln
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Managed PMO Access Solution 

Within the local access switch, it Is possible 10 take some 
actions 10 reduce or manage the Impact of Internet traCnc. For 
example, If it is possible to Identify heavy internet users, onc 
can provide IDLC interfaces for these users, which arc engl· 
neered independently of other lines to provide tile required 
grade o( service. Educated maDBjcment oC access swltcbes will 
provide limited relief from Internet problems - lC nothing else. 
It Is better Cor operations staff to undcratand the problem than to 
operate In a blind fashion. However, managed operation of 
access switches within the PMO will rc&ult In aianiflcant 'out of 
cycle' equipment expenses, and will not provide any substandal 
long term relief from Internet problems. 

rackel Mode ISDN 

Data transmission only uses a Craction of the 64 kbps circuit 
switched bandwIdth which is held up for the duration of internet 
calls. Specifically. data packets arc sent back and forth across 
the circuit in rapid bursts followed by relatively long Idle peri· 
ods, and thus the bandwidth remains unuscd for most oCthe call. 
The Inefficiency of carrying packet data over circuit swItched 
networks was the main driver Cor developing packet switched 
networks.such as X.2S. Frame Relay. etc. 

Ideally. one needs a simple method of Identifying Internet 
caUs as data calls. and routing them to a data network beCore 
they enter the PS1N. In its packet made ScrvicCl, ISDN pro­
vides such a method. Circuit mode ISDN calls opente in much 
the same way as traditional analog POTS calls. They seize a 64 
kbps circuit and retain it for the duration oC the call, regardless 
or whether the bandwidth Is used or not. In conl1ast, packet 
mode ISDN calls do not reserve any fixed amount ofbandwidlh 
- they use bandwidth only as required. In packet mode calls, 
packets arc sent as the subscriber generates them, and the switch 
Is engineered to multiplex multiple pacJcct strcUDS together 
onto shared communication channels, so that bandwidth Is uti· 
lized effectively, and ail users receive an acceptablc level of 
packet delay performance. 

Packet mode services constitute a diCferent pwadl&rn Cor 
communications. They were Included in ISDN for the purpoce 
of carrying packet data tramc. but for a variety or reasons bave 
not been made generally available to thc public. Some or these 
reasons arc possibly connected to questions con~crnlnB the 
capacity of ISDN packet handlers (which siphon orr packet data 
traffic at the ac~css side of the switch), aad some may be related 
to lack of (pre-Internet) appUcat!ollJ and posidonillg of these 
products within the market place. 

Although there are Issues conccmlna the capacity, enalnecr. 
lng and cost of ISDN peripheral I, pacJcct mode ISD~ In princi­
ple constitutes the most attractive solution Cor IdoatiCyiaa and 
Ic&regating data calls at the accell ,Ide of the Iwltch. Imple­
mentation oC ISDN as a practlcallolutlon may rcqulro Interac­
doni with switch suppliers to understand current limitatIons oC 
packet handlers. and possibly Increase their capacity in line with 
projected demand for packet mode scrvlces. Interaction may 

also be required to InVClli&alC appropriatc cn&lnccrlnl algo­
rithms Cor ISDN switches. These same IUlles are currently aris­
ing through the usc of pacJcct mode ISDN services for point o( 
sale (POS) transaction traffic. 

Pre-Switch Ad IgDet 

The idea ot a prc-lwltcb adjunct II to put some equipment 
witll switching aDd modem capabilities bctwCCI the subscrlber 
and the local access Iwltch. This adjunct equipment would per­
form some sort oCtable lookup on each call origination, to deter­
mine whether the call Is destined to an !SP, or whether it Is a 
regular voice call. [n the fint casc, the adjunct equlpmcllt would 
route the call to a data network (via a m<Xlcm (unction) and 
totally bypass tho LEe Iwltch. In the cuc of a voice call. the 
adjunct would simply pass the call to the LEC switch, and call 
setup and billing would proceed normally. 

The idea behind the access node il valid - to siphon oCC data 
calls before they hit the LEe swltchln& network. However, 
there are a variety of tccbnlcal and bUilaess Issues whlcb need 
to be resolved with thiJ approach.lncludini the englnccrlnr and 
operations issues surrounding suppon or the adjunct, the cost of 
tho additional equipment venus other solutions. implementa­
tion or billing, etc. In addition, Ilnce the IdJunct rcsldcs 
between the subscriber and the local access switcb. whlcb II the 
subscriber's primary point oC COlltact to the network. the pre­
switch adjunct solution raises IiCnlitlviUcs to IlIueI luch as reB· 
ability, priority Cor emergency calls, recovery (rom Ca11urcs, 
overload control, etc. 

Asymmetric DliUa' Subsr:;rlbct LoOP CADSLl 

ADSL Is an emeralng technology chat would replace or sup· 
plement tho existing POTS or ISDN line between the lubscriber 
and the local access switch. ADSL provldCl more bandwidth 
from the swllch to the subscriber than in the reverie dlrec:tlon, 
from the subscriber to the Iwltch. This arnngemcnt Is bued on 
the expectation that subscribers will typlcaUy want to receive 
more InConnation (c.,., video Imlles) than they send. ADSL 
also provide. the capabillty to slpbon off data caD. on the access 
side ot tile .wltch, Wore they enter tile PS1N. 'Ibcsc call. 
could thcn be routed to a packet network for cCficlcat transport. 
Although it reprelents a potential solution, thc timeframc and 
economici or ADSL rollout and acceptance arc not clear. 

C.blt Modem. 

cable modems utilize a sbared bybrid fiber coax (lIFC) 
medium and a media access control (MAC) acIIcme to share 
bandwidth among a subset oC customers tram a cable head-end. 
Cable modem tcdInology bu the potential to provide attractive 
hlab speed data access to cable-equlpped subscribers. However 
the lmplcmentatloD details of thlI techllOlolY 11'0 ItlU belna 
explored. Slneo most. if aot all. cable modem tcc:bnology 11 
Implemented with a MAC .cheme thlt alloWi Cor colUsions and 
retransmission, many dctalls oC the modem architecture, MAC 
scbeme, traffic characteristlcl, line length (I.e. propagatioll 
time), deployment topologies, etc. will affcct thc real-world 
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throughput oC these devices. Vendor claims or 100 times nar· 
rowband ISDN bandwidth may ,reatly overstate thclr realizable 
throughput In realistic deployment sceoarios. Thc aarcgatlon 
oC the upstream bandwidth or thcse devices Is also dcpendcnt 011 

traffic characteristics. as the upstream bandwidth is limited. 

As with packet mode ISDN and ADSL. cable modems rep­
resent a solution 10 which Internet tratnc would be canicd over 
data networks rather IhaD thc PSlN. Since cable UnCI arc 
owned by cable companies, cablc modems represent a potenrial 
competitor to the LEe.. In order to retain market sharc, the 
LECs either need to team with cable companies. or dcploy alter· 
native solutions that are competltivo with cable modems In 
terms of access speed. cue of Insta11allon. ctc. ~ with ADSL. 
tho timerramc and economics of cable modem rollout and 
acceptance are not clear. 

VI. CONCLUSIONS 

Duc to a variety oC market dri vcrs. Including wlderavallabll· 
ity oC persona! computers, the popularity oC web browscrs. and 
the rapid Increase In Internet service providers, Internet traffic 
on the psm hu experienced explosive growth In the past 6 to 
12 months, and is projected to continue this growth Cor at least 
the flext S years. The publlc swltcbed telephone network 
(PS1N) will be thc main carrier oC Internel access traffic for tho 
Coreseeable Cuture. The PS1N Is already stronlln& under the 
Increased volume oC this traffic. and network problenu such as 
congestion, excess I ve blocking or lubscriber calls, and cxhaus· 
Lion oC switch capacity point to the danaer oC network (allures 
unless effective short term and long term nctwork solutIoos are 
identified and implemented soon. 

Internet traffic Is esscntially data traffic. and cao be carried 
most eCCectively on data nctworlcs. However, since the PSlN Is 
currently the only ncar-universal mcthod of access, any long 
term solution will necessarily Involve a staged migration Crom 
tho present mode oC opention to some data network solution. 
The burning Issue for LEes is how to englnccr this migration In 
a cost cCCective and timely manner, Bivcn current technological 
consltaints. This paper bas Identified. ranle oC acUOIU that can 
be taken to orchestrate a satisfactory long term solulloD. The 
final solution for each LEC may include. number oC these 
actioDS. and could well be Influcnced by the unique business 
strategies and network plans oC that LEe. 

Regardless oC the ultimate solution selected by all LEC, 
there iJ a substantial amount of work required lo order to COSt 
out the altCTllatives, perCorm Intcropcrablllty testing oC various 
supplier equipment, Cormulate appropriatc CD&lucerin. and 
OpcraOOIiS plans Cor the network, and tranllatc these CCCholcai 
advancci Into attractive products and marlcctlnl ltn.teaICi. In 
parallel with this activity, It may be deslrablo Cor the LOCI to 
joinUy support thc Industry In formulating CommOD equipment 
I Interface slandards and Cuncllonal requirements, to racUilBte 
servicc offering and interwork!ng within the U.S. market. 

AoSL 
AIN 
ATM 
B·ISDN 
CO 
COER 
ON 
GOS 
HFC 
IDLC 
ISDN 
ISP 
LATA 
LCR 
LEC 
UIT 
LNP 
LSSGR 
MAC 
OSS 
PC 
PMO 
pop 
POTS 
PS1N 
PUC 
RBOC 
TNDS 
WAH 
WWW 
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Architectural Solutions to Internet Congestion 
Based on SS7 and Intelligent Network Capabilities 

A Bel/core White Paper by Dr. Amir Alai and Dr. JamC!s Gordon 

A hSlract: Tha c-y/,Iosin! groll'I" of II,e internef has crt!­
ated problcms for fhe Pllblic Swilched Telephone Nel­
1I'0l'k (PSTNj, which for f/ra foreseaobla fUlllre will pro­
I'ide Ihe /IIajorily ofIIsars with intel'llet access \'ia dialllp 
modems. Based on current growth rates, lire volume of 
'interne I ' traffic 0/1 Ihe PSTN is forecasled 10 rival or 
o\'el'lake 'regular' telephone O/' fax traffic in the next 
/ell' years. This represents all enOl'mOIlS slrift ;/1 the vol­
lime and nat lire ofIIre PSTN traffic. 

All o/Iila solutions proposed 10 dale recognize that il is 
I/{!cessw)' to off-load internellraffic /i"01ll tire PSTN. TIre 
PSTA' is optimi:ed for circllit-switched mice traffic, 
whereas illfel'llet traffic is 111051 effiCiently carried by 
I'al.'li,al-,nritched lIetll'ol'ks. In Ibe searelr for eff'ecli\'e 
off-load strategies, Ihe firsl implllsa /ras been 10 look for 
tac/mological answers, i.e., to emplo)' a IIell' class of 
eq/lipmenlto siphOiI Iraffie offtire PSTN. 

tlolI'el'l!r, it ix eqlw/ly ill/portalll, and perlraps 1II0re cost 
effeclil'e, to axplol'e Ihe lise 0/ existing featl1res and ca­
pahilities ill the I'oice network. to de....elop effiCient 
strategies to carry illlel'llet traffic. Intelligent Network 
capabilities, alld t!rose provided by Signaling System 
No. 7 (SS7) ill/ra!>Irl1ctl1re. can be IIsed 10 constrl1ct off­
load Gl'cirilect/(/'(:s I\'it}, flexible ro/(tillg alld call cOlllro/. 
77ris report descl'ibes GIII/Illber of SI/ch architectures. 

1. Jntroduction 

Reed Hundt. outgoing chairman of the FCC, recently 
voiced the need for a ..... high speed. congestion-free. 
always reliable. friction-free. packet-switched, big 
band-width, data friendly network that is universally 
available. competitively priced, and capable of driving 
our economy to new heights, .. If we build it, the Won­
ders will come," A 

The authors of this paper are in agreement with Chair­
man Hundt's desire for ready public access to high 
speed data networks and the internet. The center of 
Illass in the telecommunications industry is shifting 
away from traditional voice technology to data net­
working, High speed public data networks are needed to 
support a range of advanced telecommunications and 
infonnation services that will become available in the 
near future, including commerce over the web, multi­
media applications. and internet telephony. 

However, while data networks will be a key ingredient 
of the future, thc existing voice network (the I'STN I) 
will not become obsolete overnight, or even for mallY 
years. For one thing. t.here is a huge investment in the 
PSTN which cannot simply be discarded. Furthennore, 
the PSTN is a sophisticated system that offers an array 
of advanced features that cannot be matched by data 
networks in their present stage of maturity. With intelli­
gent planning and packaging of services, voice and data 
networks should in fact complement and augment one 
Rnother, for the greater benefit of subscribers. 

The integration of voice and data services was planned 
well in advance by the 'minders' of the telecommunica­
tions infrastructure. For example, work began as early 
as twenty years ago on an Integrated SelVices Digital 
Network (ISDN), that would combine voice and data 
services. While ISDN has enjoyed a recent surge in 
popularity due to the growth in internet traffic, its pene­
tration is still very small.z Efforts to simplify ISDN or-

I 	 Public Switched Telephone Network, 

2 	According to references in a recent FCC report (reference 
D), approximately 70% ofsubscriber lines can in principlc 
support ISDN, Howcver, only 1% of access lines actually 
have ISDN equipment deployed. And only 1.4% or internet 
UiCI'S employ ISDN service, 

OOA-1019W 
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dcring and provisioning are currently underway, with 
the goal of increasing ISDN penetration. However, sup­
port for ISDN may be eroded by competition from 
newer technologies such as high speed analog modems 
and Asymmetric Digital Subscriber Loop (ADSL). 

In principle, ISDN should have provided a 'data pipe' 
into residential homes, to supplement the existing 'voice 
pipe'. As always, access is one of the main barriers to 
the growth of data services - the famous 'last mile' 
problem. In the absence of widely available data access 
to residential homes, data services will tend to remain 
niche products, available to limited segments of the 
population. 11\e need for 'universal' high speed data ac­
cess might be satisfied in the future by technologies 
such as ADSL and cable modems. In the ncar term, 
however, these products are unlikely to achieve wide­
spread deployment, due to immaturity of the technology 
and the initial expense of equipment. 

Over the next few years, the PSTN will provide the vast 
majority of residential users with access to the internet 
and other data networks. Using voice circuits or 'pipes' 
to access data networks is not an ideal solution. How­
ever, it is the only alternative that is feasible in the short 
term. Ironically, in spite of the failure to deploy large 
scale residential data access, internet traffic may well 
drive the first widespread integration of voice and data 
networks. Due to popularity of the World Wide Web. 
etc., dialup internet traffic on the PSTN has experienced 
dramatic growth over the past two years. 111is in turn 
has created problems for the PSTN, leading network 
operators and equipment vendors to seek ways of off­
loading internet traffic from the PSTN onto data net­
works. 

At present, the pros and cons of various internet ofT­
load strategies are being debated, and subject to market­
place evaluation. For example. carrier meetings such as 
l3ellcore's Internet Traffic Engineering Solutions Forum 
(ITESF)J arc actively exploring architectural solutions 
for the internet congestion problem. 

3 The ITESF was created in 1997 and meets quarterly. At the 
time of writing. membership includes 8 carriers from the 
U.S .. Qlnndn. and Austrulia. Its goal is to understand the 
impact of internet traffic on LEC networks, share best 
practices. and id~'Iltif)' Ilrc:hitectural solutions. Equipment 
suppliers nrc nlso invited by the ITESr- to discuss relevant 
Currenl and future products. 

In the search for solutions, the first impulse has been to 
look for technological answers - i.e., to employ some 
new class of equipment to siphon traffic ofT the PSTN. 
However, It is equally important to explore the potential 
for using existing features and intelligence in the voice 
network to develop efficient strategies for carrying 
internet traffic. In particular, the Signaling System No. 
7 (SS7) and Intelligent Network (IN) capabilities of the 
PSTN have the potential to enhance the management, 
and stream Iine the transport of Internet traffic, whatever 
technology and network equipment is employed. 

This paper reviews a number of network architectures 
that facilitate the inter-working of the PSTN and data 
networks and, in particular, that allow internet traffic to 
be off-loaded from the PSTN onto data networks for 
more efficient transport. The pros and cons of these ar­
chitectures are discussed. A particular emphasis of the 
paper is on the possible role of IN and SS7 capabilities 
in supporting the flexible transport and management of 
internet traffic. The main conclusion of the paper is thaI 
SS7 and IN capabilities can significantly improve the 
attractiveness of both pre-switch and post-switch off­
load architectures. 

2. Problem Statement 

Internet traffic creates a number of problems for the 
PSTN. but ultimately the most. critical problem is that it 
upsets the PSTN's established economics. Internet traf­
fic increases the load on PSTN resources. requiring the 
purchase and deployment of additional PSTN equip­
ment. in order to cany the e)(cess traffic. It follows that 
internet traffic increases the costs e)(perienced by net­
work operators. In contrast, it results in little or no com­
pensating revenue. Or, as in the case of second lines, the 
revenue is outweighed by the increased costS.D 

At present, many local exchange carriers (LECs) are in 
a holding pattern with regard to internet traffic, while 
potential solutions arc evaluated. Although sufficient 
equipment has been added to cope with current de­
mands, there is a clear recognition that better solutions 
are required. Furthennore, practical workable solutions 
are needed soon, since there appears to be no slow­
down in the rate of growth of intemetlraffic. 
One example of internet growth concerns the recent in­
troduction of nat-rate pricing for some popular on-line 
services. Bellcore measurements suggest that under Oat­
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rate pricillg plans, users will stay on-line up to twice as 
long (on average) as under metered rate plans. Under­
standably, given the number of online useN, this dou­
bling of call duration can result in significantly higher 
loads for the PSTN. Internet growth forecasts from sev· 
eral sources all point to continued rapid growth. For ex­
ample, by the year 2000 it is estimated that 30% of US 
households will be on-line, compared to 15% in 1997. 

The continued growth of internet traffic adds to the 
costs of network operators. Since tariff relief is unlikely 
in the nenr term, the only solution to this problem is to 
proactively reduce costs by carrying internet traffic 
more efficiently. TIlere are many proposed architectures 
for doing this, and the challenge for carriers is to iden· 
ti fy the best off-load strategies, and synthesize the 
one(s) that are most cost effective, and that are consis­
tent with network evolution. The final solution may 
well make use of many different elements, including 
new types of equipment, and the USe of IN capabilities 
in creative and novel ways. 

For a brief description of internet-related problems on 
the PSTN, and D survey of architectural solutions, the 
reader is referred to an earlier Bellcore white paper on 
this subject,(' TIle impact of internet traffic has been 
documented in more detail in studies by Bell Atlantic, 
NYNEX, Pacific Bell and US WEST (see the web pages 
for these companies), and a comprehensive overview is 
provided by a recent FCC paper.D In addition, internet 
congestion has been discussed in numerous technical 
magazines and mass media articles and a more general 
perspective on how intemet tramc affects PSTN engi­
neering is given by the Bellcore articlc.E Many suppli­
ers have developed. or are in the process of developing. 
products aimed at alleviating or solving internet con­
gestion on tile PSTN. 

3. Key Issues 

3.1 Wh)' off-load? 

The root cause of internet congestion is that internet 
calls have a much longer duration than the voice calls 
for which the PSTN was designed. Typical internet calls 
have an average duration of20 minutes or longer, while 
average voice calls last 3-5 minutes. In addition, a seg­
mcnt of internet users stay online for many hours at a 
time. The probability of a voice call exceeding one 

hour's duration is less than 1%. In contrast, more than 
10% of intemet calls will exceed one hour. 

In a circuit-switched network such as the PSTN, these 
long holding time (LHD calls tie up both switch reo 
sources and interoffice trunks, and cause congestion thaI 
affects all users. Bellcare traffic modeling, supported by 
field measurements, shows that small increases in the 
amount of intemet I LHT traffic can significantly in­
crease the probability of call blocking (the main quality 
of service measure in the PSTN). For example, if 4% of 
users generate internet calls with 45 minute call holding 
time, then the probability of blocking increases from 
1% to 7% (assuming no additional network equipment 
is deployed). 

Even though an internet call lasts much longer (on aver­
age) than a voice call, the line is not actively used dur­
ing the entire call. It is estimated that internet users 
utilize only I/S to 116 of a voice circuit's bandwidth. 
11le Oil-off nature of intemet traffic makes it Ideal far 
packet switching, which 'multiplexes' (Le., combines) 
several users' traffic onto a single channel. It is antlci· 
pated that multiplexing gains of 300% to 500% can be 
achieved by transporting internet access traffic on 
packet-switched versus circuit-switched networks. The 
efficiencies obtained through statistical multiplexing re­
sult in lower capital and operationar costs, provided the 
traffic is of sufficient volume, and assuming that a data 
network infrastructure is in place. These reduced costs 
are a principal motivation for off-loading internet traffic 
from the PSTN onto data networks. 

3.2 Present Mode of Operation 

Before discussing ofT-load architectures, it is useful to 
understand the prcsent mode of operation (PMO). Pres­
ently, most Internet Service Providers (ISPs) interface 
to local exchange carrier (LEC) networks via multi-line 
hunt groups or Primary Rate ISDN (PRI) (see Figure I). 
Typically, the switches that ISPs connect to are chosen 
(by the ISPs) in order to maximize the free calling area. 
Often they are residential switches that were not de­
signed to handle high volumes of traffic, particularly 
LHT traffic. 

As shown in Figure I, calls from many originating (or 
ingress) switches are routed through tandems or direct 
trunk groups to the tenninating (or egress) switch, 
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where they gain access to the ISP modem pool. This 
network topology funnels tramc into the egress switch, 
and can easily lead to congestion unless carefully engi­
neered by the LEC. Routine operation of switches in­
cludes the task of provisioning new lines, and load bal­
ancing new and existing lines across line peripherals, so 
that uniformly good service is provided to all custom­
ers. 

The fact that LEes often do not know what lines are 
used for internet access makes provisioning and switch 
load balancing a non-trivial lind laborious task. It is es­
timated that internet-related load balancing costs a large 
LEC on the order of $30 m'illion dollars a year in addi­
tional operations costs. Ncvertheless, it is an important 
function. If allowed to occur, traffic imbalanccs on 
switches will cause non-uniform blocking for users, 
leading to poor service for subscribers, and other ca­
pacity management problems for the LEe. 

Problem Problem Problem 

Arcall3 An:nll2 ArCD III 


Ingress Inleroffice Egress

Switch Trunks 8:. Tondem Switch 


Figure 1: PMO Problem Areas 

In Figure I, the switches most likely to experience con­
gestion problems IIrc the egress switches which serve 
ISPs (Problem Area II I). As noted above, multi-line 
hunt groups ( I MB lines) are a common method of con­
ncction between the egress switch and ISP. However, 
there is a significant movement on the part of LEes and 
ISPs towards primary rate ISDN (PRI) for the following 
reasons. For LEes, PRI has the advantage of being a 
trunk-side rather than a line-side connection. Since there 
is no concentration on trunk-side connections, PRJ con­
nections reduce the likelihood of switch congestion. 

(Specifically. they eliminate the problem of congestion 
in switch line modUles .) 

For [SPs, PRI connections have several advantages, 
though they are more expensive than 1MB lines. First, 
IMB lines make it difficult to achieve high modern den­
sities due to wiring constraints. By virtUe of simpler 
physical wiring, PRJ connections support higher modem 
densities. Second, digital carriers (such as PRI and 0-4) 
provide better transmission quality, which is important 
for recently introduced S6k.b modems. Finally, ISPs can 
obtain network management information via the PRJ 
(signaling) D-channel. This information is valuable to 
ISPs, since it allows them to track calling numbers, 
customer usage patterns, etc. 

I n Figure I, the second segment of the network that is 
impacted by LHT traffic comprises the interoffice 
trunks and access tandems (Problem Area #2). Since 
under normal circumstances trunks carry both voice and 
internet traffic, additional internet traffic requires the 
provisioning of additional trunks to ensure adequate 
service for both voice and data users. The [east con­
gested clements in Figure I are likely to be the origi­
nating or ingress switches (Problcm Area #3). Initially, 
ingress switches arc un[ikcly to experience congestion, 
since only a fraction of all subscribers are internet users. 
However. as internet penetration grows, internet-related 
congestion will progressively occur in more and more 
ingress switches, causing similar problems to those in 
egress switches. 

Understanding internet congestion from a network. per­
spective is critical in designing cost-effective solutions. 
At current internet penetrations, it is estimated that 25% 
to 33% of all switches can be categorized as egreS5 
switches. Based on the above discussion, the most im­
mediate network segments to de-load arc Problem Areas 
#1 and #2. However, ingress switches (Problem Area 3) 
may also be congested in certain high-penetration areas, 
and addressing congestion in ingress switches will be­
come more important as time goes on. Effective internet 
off-load architectures need to address all three problem 
areas, and be capable of reducing congestion where it is 
most acute, as determined by internet penetration levels, 
varying traffic patterns and communities of interest. 

3.3 Orr-Load Architectures 
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Faced with the growth of internet traffic, carriers have a 
fundamental choice. They can continue to add equip­
ment to the PSTN in order to maintain service quality 
for all customers, while carrying internet calls on the 
same facilities as regular voice calls. Alternatively, they 
can adopt some new network architecture - referred to 
here as an off-load architecture - which effectively seg­
regates internet traffic from regular voice traffic, and 
allows internet traffic to be carried more efficiently over 
dedicated facilities or a packet network. 

If the first course is adopted, there are several short term 
engineering approaches which can be used to fine tune 
the PSTN for internet traffic. One such approach is to 
identify heavy internet users (by some means), and ter­
minate their lines on digital switch modules that are 
more Oel(ible in term of line concentration ratios. For 
example, new clllsses of line modules and 'Next Gen­
eration' Digital Loop Carrier systems can be used to 
support line concentration ratios as low as I: I, poten­
tially eliminating blocking at the line concentration 
level of the switch. 

In this approach, heavy internet users would be carried 
on the same facilities (i.e., switch modules and trunks) 
as voice customers. However, the engineering rules for 
both switches and trunks would be modified (i.e .. made 
more conservative), in order to provide acceptable 
service to all customers. Apart from its higher cost, this 
approach raises a number of practical issues, including: 
(i) the development of new engineering procedures. (ii) 
the development of provisioning lind load balancing 
procedures for shared switch modules. and (iii) planning 
and managing network capacity in the presence of sev­
eral distinct classes of traffic. 

While the nbove approach undoubtedly provides imme­
dime relief for network operators. and is appropriate in 
the short tenll, it fails to address the fundamentally dif­
ferent nature of internet traffic. If dialup internet traffic 
continues to grow lit forecast rates, its volume will soon 
rivnl that of regular voice traffic on the PSTN. In this 
situation it no longer suffices to adopt makeshift solu­
tions to internet congestion. Instead. it becomes desir­
able to treat internet traffic as a distinct class of traffic 
with ils own requirements. and to develop network ar­
chitectures that can transport internet traffic efficiently, 
and provide the features required by end-users. 

A simple form of internet otT-load architecture would be 
to segregate internet traffic within the PSTN. According 
to this strategy, one would identify internet calls (e.g., 
by means of Intelligent network capabilities), and route 
them over dedicated switch modules and trunks within 
the PSTN. This strategy may well prove to be cost­
effective in the medium term, and provide an intermedi­
ate step towards a full data off-load architecture. It 
could be implemented using existing SS7 and IN capa­
bilities, and avoids a number of evolution issues associ­
ated with data networks and protocols (see section 3.6). 

Ultimately, however, data networks will provide the 
most efficient means of carrying internet traffic. By 
taking advantage of statistical multiplexing gains, data 
networks can efficiently transport internet calls. Fur­
thennore, datil networks will in time provide the fea­
tures and services that are most closely aligned with 
internet (and other data) applications. If the decision is 
made to migrate towards a full data off-load architec­
ture. the question arises as to how best to achieve this 
goal. As noted above, for the foreseeable future the 
PSTN will provide the majority of users with access to 
the internet and other data networks. It follows thllt a 
key element of any data off-load strategy is to decide Dt 
what point within the PSTN one should re-direct inter­
net calls onto a data network. There are tWO basic op­
tions: 

I. 	 Post-Switch (Trunk-Side Redirect) - In a post­
switch arch itecture, internet calls are allowed to 
pass through the ingress switch, before being re­
directed out of the PSTN and onto a packet n~twork 
for final delivery to an ISP. The main benefit of this 
approach is that internet calls by-pass the PSTN's 
interoffice trunks and the egress switches, and arc 
instead transported by a packet network. However. 
the ingress switches arc still involved in both the 
signaling and transport phllses of internet calls. 

2. 	 Pre-Switch (Line-Side Redirect) - In a pre-switch 
architecture, Internet calls are intercepted and re­
directed onto a packet network on the line side of 
the ingress switch. The goal is to by-pass all PSTN 
elements (ingress switch, trunks, and egress 
switch). Note that although the ingress switch is no 
longer irwolved in Internet call transport, it may 
still be involved to some extent in call-related sig­
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naling. However, its involvement is minimal in 
comparison to a post-switch architecture. 

Sections 4 - 6 provide examples of these two classes of 
off-load architecture. They also describe the features 
and capabilities needed to make post-switch and pre­
switch architectures effective, flexible and robust. And 
they comment on the pros and cons of the architectures 
from a technological and cost perspective_ 

3.4 In ternet Can Identification, Routing 

A problem common to all internet ofT-load architectures 
is how to identify Dnd route internet versus voice calls. 
TIle Illost straightforward approach to this problem is to 
provide full I Q-digit number translations (i.e., routing 
instructions) within every switch in the PSTN. How­
ever, this solution could be an administrative nightmare, 
and would not provide as much flexibility as other al­
ternatives. TIle following discussion describes several 
other methods for internet call identification and rout­
ing. 

IN Office-Bnsed Triggers - One option is to obtain nil 
ISP and on-line service provider (OSP) telephone nUln­
bers, and configure office-bnsed 'triggers' for these 
numbers. Every call entering the s\\'itch would be 
screened against the list of numbers. Internet calls 
would 'hit the trigger' (i.e., be positively matched 
against a known ISP / OS? number), causing the switch 
to issue a query for routing instructions. Advantages of 
this scheme are that there is no need to alter dialing 
plans (i.e.. ISP / OSP numbers), and this type of trigger 
should be available on all modem switching systems, 
since it is required by many basic IN and SS7 type 
services. Disadvont8ses are that ISP I OSP numbers are 
not nl\\'ays known in advance, and office-based triggers 
consume addition:!! switch processing power, since 
every originating call (both voice and internet) must be 
screened against the trigger. 

LNr Routing of ISP Numbers - Since LNP will soon 
be widel)' deployed (under regulatory mandate), the 
option exists of configuring ISP I OSP numbers as LNP 
ported numbers, and using LNP queries to obtain rout­
ing infonnation for internet calls. In LNP, Inter-switch 
intra-LATA calls to a ported NPA·NXX hit an LNP 
trigger, causing routing queries to be sent to an LNP 
database. With modifications, the same mechanism 

could possibly be used to routc internet calls. For in­
stance, the Location Routing Number (LRN) returned 
by an LNP query could point to an Internet Call Rout­
ing (ICR) node (see sections 4 and 5), rather than a 
'ported-to' switch as is the case in LNP. This strategy 
has at least two advantages. FIrst, there is no need to 
alter dialing plans. Second, it gives ISPs the flexibility 
of moving location and / or carrier, in a way that is 
completely transparent to their customers. ISP custom­
ers would continue to dial the same access numbers, and 
the network would ensure that calls got routed to the 
ISP's new location or carrier. Of course, this use of 
LNP raises a number of protocol and administration is­
sues, which would need to be addressed before it can bc 
implemented in the network. 

IN Sinile Number Service - Currently, ISPs advertise 
many access numbers to their customers. For example, 
different numbers may be used for different calling ar· 
eas, different modem banks (I.e., different speed mo­
dems) within the same calling area, etc. Single Number 
Service is an intelligent service within the PSTN, that 
allows calls to a single number to be routed to different 
locntions based on various criteria. For example, cnlls 
can be routed to the nearest IS? point of presence (POP) 
during business hours, nnd to a remote eentrnl location 
outside of business hours. Different 'single' numbers 
could be used for 28.8 versus 56kb modems, or the 
network itself could route calls to the correct modems 
based on stored customer infonnation. For ISPs, Single 
Number Service can greatly simplify the administration 
of access numbers and technical support call centers. 
Note that in future internet off-load architectures, the 
location of modem functionality may shift from Ihe ISP 
POP to some other local ion (e.g., access server). Single 
Number Service would make such changes transparent 
to ISP customers. 

·XX Service Code - A final method is to assign a spe­
cial service code to internet calis, such as the 800 serv­
ice code used for toll free calls. The advantage of Ihe 
service code approach Is that it makes It easy for 
switches to detennine that an originating call is an 
internet call. This detection would occur early in the 
switch's digit analysis, in eontrast to an office-based 
trigger where the switch must wait for the user to finish 
dialing all digits and then compare the results with the 
trigger list. An obvious disadvantage of the service codc 
approach is that it changes the user dialing ph,". 
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3.5 Access Servcr and leR Node 

T1le assumption underlying all off-load architectures is 
that, once an internet call has been identified, it ean be 
routed to some transport facilities outside of the nonnal 
PSTN. These facilities could be dedicated point-to-point 
links to an ISP, or they could be a packet network. In 
either case, there is typically a need for some intermedi­
ate network element that will act as an interface be­
tween the PSn.I and the non-PSTN internet transport 
r<lcilities. 

We refer to this clement as 8n access server (AS). Note 
that the term AS is a loose one, that could describe sev­
ernl types of equipment with different functionality. For 
example, the AS could take incoming calls from SS7 
trunks in the PSTN, and forward them over PRI to ISPs. 
In this case, no data transport is involved. However, the 
AS is required to be capable of SS7 signaling. Alterna­
tively, the access server could incorporate modem bank 
functionality. In this case, the AS would tenninate in­
coming PSTN calls, convert them to packet format, and 
forward them to ISPs over a packet network. In all 
cases, the comlnon feature of the AS is that it acts as a 
tr(Jnsport interfacc between the PSTN and internet fn­
cilities. 

Several of the off-load architectures discussed below 
utilize a new type of SS7 signaling node, which we re­
fer to as an Internet Call Routing (lCR) node. The ICR 
node contains the routing intelligence for internet calls. 
II is a central network clement, that controls intcrnet call 
routing via instructions to ingress switches and I or ac­
cess servcrs. Signaling between the ICR node and 
switches is via SS7. Signaling between the ICR node 
and nccess ser\'ers will probably be via some other (pos­
sibly proprietary) protocol. 
We emphasize that access servers and ICR nodes (Bell­
core's tenus) are relatively new elements in the PSTN 
(though they have precedent in existing adjunct equip­
ment Stich as intelligcnt peripherals and voicemail sys­
tems). Functionally, access servers and ICR nodes are 
not well-defined, and can be expected to evolve ac­
cording to market demand, changes in internet proto­
cols, etc. The functions of access servers and ICR nodes 
are described in more detail in sections 4 and S below. 

3.6 ISP Issues 

While LECs have some latitude within the present mode 
of operation (PMO) to improve the handling of internet 
traffic within their own networks, significant efficien­
cies will onl)' be achieved b)' moving to off-load archi­
tectures. This In tum requires the participation or coop­
eration of other parties, chiefly ISPs. In order to be at­
tractive to ISPs. (and their customers), off-load archi­
tectures must provide a number of key capabilities. 
These can be summarized under the three headings of 
administration, authorization and authentication (AAA). 

ISPs are extremely sensitive about relinquishing the 
administration of modems (or modem functionality) to 
third parties such as LECs. One reason is that they have 
' grown up' with existing modem technology, and have 
become very efficient at maintaining it A more funda­
mental reason is that retaining control of modems al­
lows ISPs to directly manage their own customer bases, 
without relying on third parties, and without having 
third parties intrude on this relationship. Sensitivities 
regarding customer access are heightened by the fact 
that some LECs have ISP subsidiaries. 

A key element of many ofT-load architectures is to 
move modcm functionality away from ISPs and closer 
to end users, so that internet calls can be converted to 
packet fonnat as early as possible, to take advnntage of 
multiplexing gains. As a pre-condition for the success­
ful implementation of ofT-load architectures, it is there­
fore critical that LECs address the IS? concerns re­
garding access to, and security of, ISP customer infor­
mation. (Note that LECs are not necessarily enthusiastic 
about taking over modem maintenance. Howcver, they 
recognize that it may be a necessary step in obtaining 
the benefits of otT-load strategies.) 

Similarly, ISPs do not want to give up authorization and 
authentication functions. They want to maintain their 
own private databases of customers in good standing, 
and regulate access to their facilities via their own 
authentication procedures. Currently, internet protocols 
will not easily support joint authentication by the net­
work provider and ISP. Joint authentication requires 
that one separate the physical event of a modem an­
swering a call from the user authentication process. 
Achieving joint authentication would allow the LEe to 
regulate access to its transport network, and the ISP to 
separately regulate access to its own facilities. 
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Given the ISPs ' concerns, the capability to perform joint 
authentication is another pre-requisite for moving mo­
dems away from ISPs and closer to end users. Tunnel­
ing protocols may provide an answer to this problem, as 
well as providing better capabilities for encryption, and 
performance guarantees for traffic streams carried by 
shared internet facilities. In fact, satisfying the ISPs' 
t~chnical and business requirements may depend more 
on the future evolution of intemet protocols than it does 
on th~ LECs' service offerings. 

4. Post-Switch Architcctu res 

Post·switch architectures, which intercept calls on the 
n~twork side of Rccess switches, provide a solution for 
internct congestion that is potcntially more integrated 
with existing PSTN functionality . PSTN ingr~ss 

switches are currently the main repository for call proc­
essing logic, routing intelligence and subscriber line 
f~atur~s. By relying on ingress switches to identify and 
route internet calls, post-switch ar~hitectures can poten­
tially take full advantage of IN and SS7 signaling capa­
bilities to efficiently transport nnd manage int~met traf­
fic. 

4.1 Description or Architectures 

This section describes three post-switch architectures. 
Note that all three architectures utilize the same tech­
nique to idelltify intemet versus non-internet calls. As 
d~scribed in Section 3.4, all ingress switch has the op­
tion of identifying internet calls by means of IO-digit 
dialed number translations, or by means of IN triggers 
and SCP query I responses. Beyond this common ele­
ment, the thre~ architectures use different strategies to 
<lchiev~ efficient signaling and transport. 

Architecture A: Line I PRllnterrnce 

Archit~cture A is illustrated in Figure 2. It shows a sim­
ple arrangement in which the ingress switch routes 
internet calls to an Access Server (AS). The AS acts as 
an interface between the PSTN and a data network. 
Note that in this architecture, the AS and switch are 
connected by a regular telephone line (e.g., multi-line 
hunt group) or Primary Rate ISDN (PRI). At present, 

these two methods are the most prevalent means of 
connecting switches to adjunct equipment. 

There are disadvantages to both line and PRI interfaces. 
The line interface Is difficult to manage at a switch 
level, due to the size of multi-line hunt groups, and the 
prescnt lack of Operations Support Systems (aSS) ca­
pabilities for non-standard engineering, tracking, meas­
urements, etc. In addition, the line interface is likely to 
be expensive, given that line unit costs are predicated on 
'traditional' subscriber usage patterns and line­
concentration ratios. Internet lines tend to be more 
heavily utilized than regular lines, requiring more in­
vestment in switch equipment per subscriber line. Fi­
nally, the line interface provides no capability for intel~ 
ligent signaling, which could be used for example to 
monitor subscriber usage and identify heavy users. On 
the plus side, by relying on the ingress switch, archi­
tecture A can provide dynamic routing (e.g., in case of 
modem congestion), but only if the modems are directly 
adjacent to the ingress switch (i.~., arc located in the 
AS). 

"',0._I 

figure 2: Post-Switch Architecture A (line I PRI) 

In comparison. the PRI interface is functionally attrac­
tive. since it supports out-of-band signaling that can 
potentially be customized to the intemet application. 
PRI is also easier to manage than multi-line hunt 
groups, as described in section 3.2. However, for rea­
sons associated with current switch architectures and 
provisioning limitations, PRl may be unsuitable for 
large scale deployment in the network. In effect, there 



9 Architectural Solutions to Internet Congestion Based on SS7 and Intelligent Network Capabilities 

may be insufficient capacity for PRI terminations in the 
PSTN to support large scale use. 

Architecture n. 5S7 Trunk Interrace & ICR Node 

There are strong practical motivations for requiring the 
interface between the ingress switch and AS to be an 
S57 trunk. SS7 trunks are the basic means of transport­
ing calls between switches inside the PSTN, and are 
readily provisionable on almost all switches in the net­
work. Due to their availability, and also their stream­
lined support in cxisting OS5s, S57 trunk architectures 
offer the best hope of providing a widely deployed, 
scaleable architecture for internet traffic. 
However, current access servers do not support an SS7 
trunk interface. The use of SS7 trunks implies that calls 
are setup using the SS7 protocol and the Common 
Channel Signaling network. This in tum implies that 
call setup signaling for internet calls must be processed 
by an SS7 capable node. At present, access servers are 
relatively simple devices, which perform the functions 
of a modem bank, without any call processing or SS7 
intelligence. It is probably not economical to implement 
SS7 capabilities in the AS. 111is strategy would make 
the AS too c:-.pensive to deploy on n large scale. Also, 
individual access servers would not handle sufficient 
tramc to warrant the expense of a dedicated SS7 lil1\.;.4 

One approach which solves this problem is illustrated in 
figure 3. The architecture in Figure 3 features: (i) a new 
type of SS7 node (an Internet Call Routing (ICR) node) 
which can pcrronn SS7 call setup signaling with ingress 
switches, and (ii) an upgraded AS that has a non-SS7 
signaling interface to the ICR node. While implement­
ing a non-SS7 signaling interface is likely to increase 
the cost of AS, its advantage is that it can be less so­
phisticated than the standardized SS7 protocol, and can 
utilize existing capnbilities within commercially avail­
able access servers for Q.93 t based signaling. Conse­
quclltly, the AS in Figure 3 has the potential to cost less 
than a fully SS7 capable AS. 

~ 	 A singlc SS7 link hAS the eapacit)· to handle many thou­
sands oC Access S~r\"er ports. Access servers typically 
ho\'c Crorn ~~\'cfill hundred up to 700 poru. A single SS7 
link con therefore 11IIndle 40 plus access servers ntt),pical 
engineered IOilds. 

The ICR node in Figure 3 is critical to call setup, since 
the AS cannot cut-through an SS7 trunk connection by 
itself. Instead, it relies on signaling from the ICR node 
to tell it which circuit the call is coming in on, and to 
complete the connection. Note that the ICR node will 
monitor AS ports / modems to detennine whether it has 
free modems that can be used to answer the incoming 
call. If not, the ICR will use standard SS7 signaling to 
release the call, and provide busy tone at the ingress 
switch. Although we have des<:ribed the ICR node lIS a 
new type of SS7 node, it may in fact be an existing SS7 
node running an Internet Call Routing application. The 
ICR node also has the potential to perfonn intelligent 
functions, beyond simple call setup and teardown·. 

SS7 ~ 
I;~/~~ 
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Figure 3: Post-Switch Architecture B 

As discussed above, the immediate advantage of Ar­
chitecture B is that it utilizes 5S7 supported trunks to 
connect ingress switches to access serven. This can fa­
cilitate its wide-spread deployment throughout the 
PSTN, and make it easier to scale up as internet traffic 
grows. However, Architecture B also has a number of 
other advantages. The ICR node clUl be owned and op­
erated either by the LEC or by an ISP. Also modem 
bank functionality can be situated either in the AS itself, 
or in the ISP box in Figure 3. In the first case packet 
transport could take advantage of multiplexing gains. In 
the latter case, transport would be via circuit emulation, 
and would not realize any multiplexing gain. However, 
these optlons for modem locations may make the archi­
tecture more flexible in addressing the future business 
needs of ISPs. 
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Note that having modems located on the ISP premises is 
closer to the present mode of operation (PMO). In this 
case, the AS simply provides an SS7 supported trunk 
termination co-located with the ingress switch, and 
internet calls arc transported in circuit-switched or cir­
cuit emulation mode to the ISP. In future. as data proto­
cols evolve. ISPs may find it desirable to have the LEe 
maintain modems at the AS, and have internet calls de­
livered to them in data format. to take advantage of 
multiplexing gains on data networks. Architecture B fa­
cilitates both options. 

Architecture C. SS7 Trunk Interface & Gateway 
Node 

Finally. Figure 4 - Arc:hitecture C - shows a more 
evolved version of Architecture B. In this architecture, 
the ICR node handles both call signaling and call trans­
port. Calls are routed from access servers to the ICR 
using PRI trunks. for example. TIle ICR node acts as a 
hub, providing a common platfonn where a variety of 
access technologies such as TI, ISDN PRI, Frame Re­
lay, modem pools and routers can be made available to 
both ISPs and corporations. Consolidating access from 
numerous egress switches into this type of hub is antici­
pilted to provide operational efficiencies for LECs and 
ISPs. As the internet continues to expand and evolve, it 
can make it easier for ISPs to upgrade and stay current 
with new equipment, and also to gain faster access to 
new markets with smaller up-front capital cost. 

iS7,,,& 
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Figure 4: Post-Switch Architecture C 

4.1 Post-Switch Issues 

The advantage of post-switch architectures is that they 
take advantage of the intelligence that resides in net­
work. switches and SCPs, to better route and manage 
internet traffic inside the PSTN. For example, they can 
utilize sophisticated SS7 and IN triggers, routing func­
tionality and traffic controls. Of course, post-Switch ar­
chitectures arc based on the assumption that one would 
want to allow internet cans inside the PSTN. There are 
reasons why this may be the case. 

It is possible to view internet traffic as merely a prob­
lem for the PSTN, that should be banished to external 
data networks as soon as possible. Alternativc:ly, it is 
possible to imagine internet traffic as requiring the first 
true large scale integration of the PSTN and data nct­
works. In the latter view, internet traffic is not so much 
a problem as an opportunity. By bringing this traffic 
into the PSTN, and managing it intelligently, the op­
portunity exists to offer a range of new internet-related 
features and services that packet networks, in their pres­
ent stage of maturity, cannot support. Post-switch ar­
chitectures may therefore constitute a longer term goal 
for network operators. 

The immediate challenge for post-switch architectures 
is to justify the cost of burdening ingress switches with 
the triggers and additional signaling required to support 
internet call routing. This additional burden could be 
significant. For example, deploying office-based trig­
gers in order to identify internet versus voice calls could 
increase call processing times in the switch. This trans­
lates into a corresponding reduction in switch capacity, 
and the possible need for processor upgrades in some 
switches. The capacity impact will vary based on switch 
technology and the type of triggers or translations used 
(e.g., 6 vs. 10 digit). 

Although post.switch architectures do not off-load 
internet traffic from ingress switches, they can con­
ceivably improve the situation of these switches by in­
telligently managing intcrnet traffic. For instance, al­
though the situation is improving, many ISP facilities 
are under-engineered In comparison to the PSTN, re­
sulting in very high levels of blocking in the ISP busy 
hour. Ineffective call attempts utilize trunk and switch 
resources only for very short periods of time (e.g., 0.9 ­
1.5 seconds). However, taken across a network. their 
cumulative effect can be significant. In certain cases it 
is possible that they could innate the load on switch 
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processor by a non-negligible amount and result in sig­
nificant increase in the load on trunks. Both of these ef­
fects necessitate the addition of more switching and 
trunk capacity to the network, if the established level of 
service is 10 be maintained. 

However, SS7 and IN traffic monitoring capabilities can 
be used 10 block internel calls at the ingress swilch if the 
tnrget ISP facility is known to be congested. By using 
Ihese capabilities, the ingress switch does not waste 
time processing calls that are bound to fail once they 
reach the ISP. Similarly, inter-office trunk resources are 
not tied up on calls that cannot be served. n,is type of 
call throttling can ensure thot ingress switches and trunk 
resources arc used efficiently. 

Finally. we note that intelligent routing inside the PSTN 
can be used to route internet calls to alternate facilities, 
in the event that the primary facility (e.g., modem bank) 
is congested. And more generally, intelligent routing 
can be used to route internet calls fiexibly, based on 
time of day or other appropriate criteria. This can allow 
ISPs to efficiently manage their own resources, sched­
ule upgrades, etc. Similarly, from the LEe perspective, 
nexible routing can be used to route internet tramc 
through facilities (e.g., downtown offices) that are not 
heavily utilized during the 9-11 PM internet busy hour. 
111is will help to maximize the efficiency of PSTN re­
sources. 

5. Pre-Switch Architectures 

As described in Section 4, post switch architectures re­
duce internet congestion on interoffice trunks and 
egress switches. However, ingress switches are still in­
volved in transport. Pre-switch architectures, which in­
lercept calJs on the Une side of Ingress switches, have 
the advantage oftotaHy by-passing the PSTN, including 
ingress switches. (However, note that PSTN elements 
may still be involved to some extent in call-related sig­
naling). 

n,e common element of pre-switch architectures is an 
adjunct box that resides in front of the switch and has 
the capability to re-direct calls (e.g., onto a data net­
work). The intelligence to re-direct internet vs. voice 
calls can reside in the adjunct box, ingress switch, or in 
another network element. Calfs that arc identified as 
voice ca1\s arc passed through the adjunct to the ingress 
switch for normal processing through the PSTN. Inter­
net calls arc intercepted and re-directed onto dedicated 
transport facilities for delivery to ISPs. 

Although adjunct boxes are conceptually simple - they 
merely act as a call re-direct mechanism - they raise a 
number of issues. For instance, once an adjunct re­
directs a calf and takes the switch out of the call path, 
the switch still needs to know how to handle incoming 
calls to the busy line, in ordeno support features such 
as call forwarding, call waiting and voicemail. Less ob­
viously, the switch needs to retain the capability for op­
erator interrupt, access to calling party infonnation by 
law enforcement agencies, wire tapping and billing, for 
/ during internet calls. 

It follows that prc-swilCh adjuncts cannot act independ­
elltly of the switch. Instead there needs to be a mecha­
nism to maintain a consistent view of call and line slates 
between the switch and adjunct. Additionally, in cases 
where per-call billing is required, billing information for 
the redirected call needs to be collected (somewhere). 
These problems are not necessarily difficult to solve. 
However, they require advance thought and planning. A 
final issue with pre-switch architectures is that they may 
not be able to support ISDN customers. To date, pre­
switch mechanisms for re-directlng ISDN calls have not 
been proposed. 



12 Arcltitectural Solutions to Internet Congestion Based on SS7 and Intelligent Network Capabilitics 

5.1 Description or Architectures 

Proposed pre-switch adjunct architectures make use of 
an em bedded base of Integrated Digital Loop Carrier 
(IDLC) technology. In an IDLC configuration. a Re­
mote Data Terminal (RDT) is used to tenninate a group 
of customer lines at a location that is (nominally) re­
mote from the switch. The ROT is connected to a digital 
switching system via a DS 1 or OC-3 carrier which. by 
multiplexing many customer lilles onto a single carrier. 
provides efficiency in the local loop and enhanced op­
erations capabilities. 

Note Ihat there arc sevcral standard protocols that can 
operote over thc ROT-switch interface. including TR­
57. TR-S and GR-J03. Of these. GR-303 is the most re­
cent and the most powerful in terms of its signaling ca­
pabilities and ability to support new (e.g.• internet) ap­
plications. At present. however. GR-3D3 is not widely 
deployed in the network. It follows that IDLC-bascd 
pre-switch adjuncts which are capable of working with 
TR-57 and TR-8 (as well as GR-3D3) will have wider 
applicability within the network. On the other hand. 
GR-J03 provides a standardized interface that can be 
implemented 011 multiple vendors' equipment. Non-GR­
303-based adjuncts rely on a signaling interface (be­
tween the RDT and ICR node. sec belo\\') that is cur­
rently not standardized (i .e .• is proprietary to individual 
vendors). 

As suggested above. there are at least tlVO approaches 
for re-directing internet calls in pre-switch adjuncts. 
namely non-GR-303-based and G R-303-based solu­
tiolls. Thcse arc describcd in more detail below. 

D. SS? Bascd Linc Side ellll Redirect 

The first IIpprollch ror pre-switch architectures is to use 
the ingress switch for digit collection and trigger as­
signment, but to place call routing intelligence in a 
separate network clement. TIlis approach is illustrated in 
Figure 5. In this scenario. an Internet Call Routing 
(lCR) node controls the ROT "ia a signaling interface 
that could be proprietary. or that could conceivably be 
developed into a standard interface to facilitate the 
mixing and matching of equipment from different ven­
dors. 11te ICR node is SS7 capable and utilizes SS7 
(ISUP) signaling to control the setup and teardown of 
circuits through the switch. 

@J 
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Figure 5: 557 Based Line Side Off-load Architecture 

In figure 5. incoming internet calls hit a trigger in the 
switch. which causes the switch to issue a query for 
rouling instructions (to an SCP). When rouling infor­
mation is received. an SS7 call setup message is sent to 
the ICR. The lCR informs the ROT to rc-direct the caU 
to a data network, and at the same time sends an SS7 
release message back to the switch, forcing the switch 
out of the call path. A final step is for the RDT to signal 
the switch that the subscriber line is busy (oIT-hook). so 
that calls arriving from the network do not interfere 
with the ongoing internet call. 

The philosophy behind this approach is to put internet 
call routing intelligence in a central network element 
(the ICR node) rather than a simple. unintelligent ele­
ment (the RDT) on the edge of the network. This can 
make it easier to implement changes to internet call 
routing, since only the ICR nodes must be upgraded. 
rather than a large number of ROTs. which do not nec­
essarily have the operations support for frequent 
changes or upgrades to internet call routing functional­
ity. 

Note that by placing internet call routing intelligence in 
the ICR node. rather than the ROT. this architccture can 
potentially work with TR-S7 and TR-S8. as well as GR­
303. Also note that the lCR node in Figure 5 is similar 
in functionality to the one employed in post-switch ar­
chitecture B. In fact, the same ICR node could con­
ceivably control both pre-switch adjuncts lind post­
switch access servers. This type of combined ICR node 
would support very flexible off-load architectures. 
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E. Non-SS7 Line Side Call Redirect 

The second approach, illustrated in figure 6, is based on 
enhancements to the GR-303 standard. In this approach, 
RDTs may be co-located with ingress switches, and the 
GR-303 interface is used to support the signaling re­
quircd to re-direct and manage internet calls. Incoming 
internet calis can be identified (via a trigger) and routed 
(via a table lookup) in either the switch itself, or in the 
RDT. In the first case, the switch is responsible for 
normal call processing. including dialtone generation. If 
an intl!rnet call is detected, the switch signals the RDT 
via GR·303 to re-route the call onto a data network. In 
this case, internet call filtering can be provisioned on a 
per-line basis, and the potential exists to overflow inter­
net calls onto the PSTN if the data network is unavail­
able. It does, however, involve a real-time hit on the in­
gress switch, to support the call filtering, routing and 
signaling functions. 

The second case is again based on GR-303, but relics on 
internet calls being identified and rOUled in the RDT 
rather than the switch. In this case the RDT is provi­
sioned with DTMF receivers so thnl it can register di­
nled digits. (The ROT mayor may not provide dial­
tone.) It is also provisioned with the routing information 
for internet calls. When an internet call is detected in the 
RDT, the RDT itselfre-routes the call to a data network. 
and informs the switch of this action. This case mini­
mizes the impact of internet traffic on the ingress 
switch. bu. requires some non-standard functionality in 
RDTs, and new cnll flows between the RDT and switch. 

Cik·Vll 

Figure 6: Non-SS7 .Based Line Side Off-load 
Architecture 

S.l Pre-Switch Issues 

The pre-switch architectures described above are attrac­
tive because they de-load internet traffic from the in­
gress switches, as well as from inter-office trunks and 
egress switches. They do, however, involve a tradeoff. 
Deploying equipment at the edge of the network, par­
ticularly if it involves significant complexity or intelli­
gence, can be an expensive proposition, due to the 
amount of equipment and the operational effort in­
volved in installing and maintaining the equipment. It 
also leaves one vulnerable to stranded investment, If 
technology changes. 

One strategy for obtaining the benefits of pre-switch ar­
chitectures, while avoiding the pitfall of stranded in­
vestment, is to place internet call routing intelligence in 
an ICR node, as in Figure S. Placing intelligence in the 
ICR node. rather than the ROTs, has the potential to 
make ROTs simpler, less expensive and, consequently, 
less vulnerable to the risk of stranded investment. The 
lCR node could also be used to implement intelligent 
runctions beyond simple call setup and teardown, and 
could potentially be used to support both pre- lind post­
switch architectures (see Figures 4 and 5). Finally, the 
ICR node can work with alllDLC technology (not just 
GR-303). though it currently depends on a proprietary 
signaling interface to the ROT.. 

More generally, the key to the effective use of pre­
switch architectures is to balance the amount of equip­
ment deployed, versus the amount of internet traffic off­
loaded from the PSTN. Measurements of internet usage 
show that intemet users will vary from heavy to light. In 
general, a small percentage of heavy users can generate 
a large percentage of the total internet traffic. A much 
larger number of light users generate the balance of the 
traffic. For example, it is not unusual to find that 20% 
of Internet users generate about 55% of the total load. 
and that 40% of users generate more than 80% of the 
total load. 

The best strategy for a pre-switch architecture is to de­
ploy only as many adjuncts as are required 10 tenninate 
the lines of identified heavy users. This strategy mini­
mizes the line-related costs associated with deploying 
adjuncts, while maximizing the traffic-related henenl 
that one obtains by off-loading internet calls onto data 
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networks. The key question is what percentage of sub­
scriber lines should be moved onto pre-switch adjuncts. 
Even supposing that one has an effective strategy for 
identifying heavy users (which may itself be problem­
atical), one still needs a formula for where to draw the 
line between heavy and light users. 

As one moves lines onto pre-switch adjunct tennina­
tions, the per-line equipment costs will steadily rise. 
However, the same is not true of the traffic-related sav­
ings. Initially. one will obtain great savings by moving a 
core of heavy users onto adjuncts. As one continues, 
however. progressively smaller savings are obtained, 
since one is capturing onlY'light users. In general, there 
will be an optimal operating point. where total savings 
(traffic-related cost savings minus equipment costs) are 
maximized. Identifying this optimal operating point ­
which may vary from switch to switch, and would also 
vary over time as tramc patterns change - is a critical 
issue for pre-switch architectures. 

nle problem of identifying heavy users in the first 
place, as a prior step to moving them onto adjuncts, is 
likewise important. Specifically, one needs the capabil­
ity to reliably measure and rank ordcr subscribers" 
internet usage. via statistically valid sampling. Cur­
rently, there are several methods for identifying heavy 
users. Off-line processing of SS7 data. collected by 
means of some portable SS7 collection system or de­
vice, can provide a snapshot of heavy users as well as 
other useful information. This approach has been used 
in Ihe IIbsence of permanently deployed SS7 data col­
lection systems. As pennanent systems come on-line, it 
will be preferable to analyze data using automated sys­
tems and filters. 

Olle alternalive 10 an external measurements system is 
\0 utilize switch traffic and provisioning systems to 
measure subscriber usage, and manllge heavy users. An 
advantage of this approach is that the measurements can 
be integratcd into the switch provisioning now, in order 
to load balance heavy users across line peripherals. A 
possible disadvantage is that existing switch systems 
llIay not capture full call data, or may present aggregate 
data in a way that is not useful for the identification of 
heavy users. nlis issue Is being addressed in Bellcore's 
switch provisioning systems. 

Another alternative that avoids external measurements 
systems is to use the capabilities of the Intelligent Net­
work architecture to identify the heavy users. This 
function can be implemented in the ICR node or in 
SCPs. 

Beyond the immediate problem of identifying nnd man­
aging heavy internet users, a further benefit of collect­
ing internet traffic usage measurements is to provide 
traffic data and performance measurements concerning 
ISPs. As internet connection services evolve, traffic data 
will become valuable to ISPs, for purposes of marketing 
and service differentiation. In addition, there is a market 
for tnird party validation of lSP performance .. Other 
applications of traffic I performance measurements are 
to provide network traffic and usage measurements for 
ISPs so that modem pools can be engineered optimally 
for a given Quality of Service. Finally, LEes can also 
use traffic reports to size and engineer the DS IIISDN 
trunk groups between switches and access servers, and 
to support engineering of the Frame Relay or ATM 
transport network. 

Lastly, note lhat once heavy users have been identified 
using PSTN I SS7 mellsurements, and arc moved onto 
pre-switch adjuncts, the task of monitoring their usage 
and grooming users on a continuing basis may need to 
be performed by the pre-switch adjuncts themselves. or 
by the ICR node. Once users are moved onto adjuncts, 
they will no longer have visibility through 5CP or 
switch-based measurements, unless this capability is 
specifically implemented in the switches and SCPs. 

6. Other Feature Capabilities 

In (his section we brieny describe some SS7 and IN­
bftsed features to improve internet call control and 
routing. 

A. Alternate Routing on Busy Modem Pools 

A common and widespread problem with current inter­
net access is that calls are onen blocked due to busy 
modems. Furthermore, when users are not successful in 
connecting to a modem pool on the first attempt, they 
often retry. Measurements show that internet calls have 
a much higher re-attempt rate than voice calls (an aver­
age of S re-attempts for each blocked internet call). 
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lllese re-attempts further increase the loed on the net­
work and can actually decrease the call completion rate 
(snow ball effect). 

It is possible that when a particular modem pool is busy, 
there are other modem pools with available capacity. To 
implement alternate routing for calls that encounter a 
busy signal (Le., busy modem), the network needs to 
monitor the status of internet access lines. Also in cer­
tain scenarios where the number ofre-attempts are high, 
it may be beneficial to invoke a call throttling mecha­
nism to stop some of the calls from entering the net­
work. SS7 and IN capabilitlcs can be used to implement 
alternate rouling nnd call throttling mechanisms. These 
advanced routing features will ensure that modems at 
various locations arc utilized in an optimal manner, and 
can also increase call completion rates ror customers. 

n. Multiple Trunk Croups Routing on nus)' Trunks 

Another advanced routing feature that can be useful in 
the intcmet access network is the capability of support­
ing three or more alternate trunk groups as choices for 
routing the call. If the first trunk group is busy, then an 
attempt to tenninate on the second trunk group will 
ilutom8tieally be made, and if all trunks in the second 
trunk groups are busy, the third trunk group will be 
used. Using this feature, if there are some temporal 
variations in internel trame, multiple routes are avail­
able for forwarding the call to an AS. This will result in 
cost effective engineering, as one does not have to over 
engineer a particular trunk group and the corresponding 
number of moderns in a pal~icular AS. 
C. Decision Based Routing 

Other decision based and nexible routing elln be used in 
these architectures. Examples include routing based on 
time of day, or based on NPA-NXX of the calling party. 
or possibly even routing some calls to less congested 
AS for the most preferred customers. etc. 

D_ Internet Call Throttling 

Current blocking levels for accessing ISPs are much 
higher than the trnditional performance levels for which 
PSTN switches and trunks arc engineered for (typically 
1% blocking or less). The amount of blocking varies 
among ISPs, also depends on particular locations, and 
lime of day, etc. Ineffective attempts impact the PSTN 

in two ways. The first impact is on switch processors. A 
re-attempt call uses about the same amount of switch 
processor resources to setup and clear the call 8S a suc­
cessful (answered) call. The second impact is that an in­
effective (busy) call also uses the inter-office trunks for 
a small (but non-negligible) duration. A busy call ties 
up the direct trunks for about 1.3-1.8 seconds. and tan­
dem trunks for 0.9 to 1.4 seconds. 

Clearly the amount of re-attempt traffic generated de­
pends on the ISP probability of blocking. If ISPs im­
prove call completion rate, the majority of ineffective 
traffic will disappear. However, at current marginal per­
formance levels the network resources wasted due to in­
effectivc attempts is not negligible. Thus, it may be jus­
tified to design a call throttling scheme to control inef­
fective attempt at the originating switches. A cost J per­
formance study is needed to determine the cost of de­
ploying such control schemes vs. the savings obtained 
by blocking some calls at the edge of the network. 

7. Discussion 

TIlis paper has outlined .five architectures for off­
loading internet traffic from the PSW onto data net­
works. Three of these are post-switch architectures, nnd 
two arc pre-switch architectures. These architectures 
can be compared lind evaluated under three main head­
ings: 

I. 	 Technical isslies - What are the technical issues 
that need to be resolyed before the architecture can 
be impiemented, and what is the timeframe for re­
solving them'? These issues include such items as 
protocol interworking, tunneling, feature support, 
additional ass capabilities, etc. 

2. 	 Cost / business isslies - What are the costlbenefits 
of adopting a particular architecture? To what ex­
tent will it reduce the costs associated with carrying 
internet traffic on the PSTN? By virtue of new 
technology (e.g., ADSL), can 8 solution architec­
ture not only reduce current costs, but also result in 
new services and revenues? 

3. 	 Strategic Issues - Finally, what are the strategic 
Implications of adopting a particular architecture? 
How does the architecture fit with other service of­
ferings, and the general evolution of the network? 
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Will it facilitate potential new services such as 
internet telephony, and support sophisticated sig­
naling interfaces between voice and data networks 
(e.g., marriage ofSS7 and TCP/IP)? 

We conclude with some general observations on the 
pros and cons of the proposed off-load architectures. 
Leaving aside strategic issues, the intent of ofT-load ar­
chitectures is to reduce PSTN costs by carrying internet 
traffic more efficiently. Additional benefits may include 
better service to intemet users, and the potential to sup­
port new internet or data oriented services for residen­
tial subscribers, busincss subscribers and ISPs. How­
ever, ill the short lenn, the focus is on reducing PSTN 
costs. 

The effectiveness of the above architectures depends on 
the usage patterns of internet users, and on how costs 
nrc distributed throughout the PSTN. Pre-switch archi­
tectures capture internet traffic before it enters the 
PSTN. Because of this, they eliminate or reduce the 
Costs associated with ingress switches, which constitute 
a significant portion of the total network costs. Pre­
switch architectures also have the potential to capture 
internet tramc very efficiently, provided one can solve 
the problem of identifying heavy internet users. If this 
problem is solved, pre-switch adjuncts can be targeted 
spcci!ically 01 a relatively small number of heavy users, 
resuhing in maximum impact for minimum expenditure. 

One problem with pre-switch architectures is that they 
move the onus of identifying heavy users onto other 
systems, such 8S OSSs, external measurement systems, 
etc. Unless prc-switch architectures arc supported with 
systcms nCCC!isur)' to idcntify and groom heavy users on 
nn on-going basis (which may itself involve some cost), 
these architectures Ilrc likely to be ineffective, and may 
even result in increased costs. Identifying the optimal 
percentage of subscriber lines to move onto pre-switch 
adjuncts (possibly on a switch-by-switch basis), and en­
suring that switches are maintained at the optimal oper­
ating point, requires fairly sophisticated data collection 
systems, and provisioning I work order processes. 

Finally, an additional risk factor associated with pre­
switch architectures is that they operate at the edge of 
the network. Capturing traffic at the edge of the net­
work. where il is diffuse, can potentially result in sig­

nificant cost savings as described above, but may also 
result in stranded capital investment if technology or 
subscriber usage patterns begin to change. Dealing with 
aggregated (Internet) traffic streams inside the PSTN, 
would be a safer strategy, since one then obtains effi­
ciencies of scale in deploying and operating ofT-load 
equipment The risk of stranded investment can be ad­
dressed by providing a plausible evolution strategy for 
pre-switch equipment. 

SS7 and IN capabilities have the potential to be effec­
tively integrated with pre-switch architectures, so as to 
address the above concerns. As described briefly in sec­
tions 5, SS7 and IN capabilities can be used to identify 
heavy users prior to their being moved onto pre-switch 
adjuncts. (Once they are moved. their usage may need 
to be monitored by alternative means.) Furthermore, use 
of SS7 signaling to support internet call routing, as in 
Architecture D. permits routing intelligence to be con­
trolled from inside the network. This in tum reduces the 
risk of stranded investment in adjuncts, and makes it 
easier to upgrade and manage routing databases, etc. 

However, at present the integration of pre-switch ad­
juncts with SS7 signaling requires some novel network 
arrangements nnd non-standard signaling. These issues 
need to be addressed by the industry. Some have raised 
fundamental concerns regarding the pre-switch adjunct 
architecture. Critics of this architecture argue that it may 
not be a good idea to put triggers and call processing 
capabilities in another box in front of the switch. The 
argument is that this strategy gradually results in having 
another substantial switch (the adjunct) standing in front 
of the Class 5 switch. 

In contrast to pre-switch erchitectures, the post-switch 
architectures described in Section 4 make It unnecessary 
to explicitly identify and manage heavy Internet users. 
By default, ingress switches are used to route all inter­
net calls to AS, by means of l<>-digit number transla­
tions or IN-based routing. This constitutes an advantage 
for post-switch architectures since, as discussed above, 
the identification and management of heavy internet us­
ers is a non-trivial problem. 

By capturing internet traffic on the network side of in­
gress switches, post-switch architectures can take ad­
vantage of economies of scale in the deployment of ofT­
load equipment. Architecture C (Section 4) takes this 
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idea to its logical conclusion, by routing all internet 
calls and signaling through a hub ICR facility. If inter­
net traffic grows into a high penetration, large scale 
service as has been forecasted, this type of hub facility 
can be used to provide economical connectivity be­
tween LECs and ISPs. 

As the market evolves towards more sophisticated, 
value-added internet services, the hub arrangement may 
well prove to be very attractive to ISPs and corpora­
tions, since they can avoid owning and operating their 
own AS equipment. Instead, the hub facility could be 
operated by an LEC or third party, and the ISP or cor­
poration could simply subscribe to new equipment ac­
cording to their own customers' or employees' needs. 
The hub operator would manage a variety of AS equip­
ment from multiple vendors, achieving economies of 
scale by serving many ISPs and corporations. 

A major disadvantage of post-switch architectures, at 
least in the simplest implementations, is that they do not 
address ingress switch costs. In addition, they poten­
tially incur some additional costs through the deploy­
ment of IN capabilities on switches, SCPs, ICR node, 
and the implementation of IN triggers on switches. 
However, it should be noted that SS7 and IN nodes arc 
already widely deployed. 111US there may only be some 
incremental cost associated with carrying or processing 
the signaling required for off-load function. 
As with pre-switch architectures, SS1 and IN capabili­
ties can address the weaknesses of post-switch archi­
tectures, by Illeans of Oexible call routing, and a number 
of traffic now control features that can be custom de­
signed for internet traffic management. 

8. Conclusions 

In conclusion. there arc pros and cons to both pre- and 
post-switch architectures. nlese two classes of archi­
tecture have strengths in different areas. Tn reality, an 
optimal strategy could utilize both types of architecture, 
depending on traffic volumes, congestion levels In In­
gress switches, and overall economics. 

Man), of the technical issues associated with the imple­
mentation of ofT-load architectures are now reasonably 
well understood. Work programs in these areas (e.g., 
requirements / standards development) are mapped out, 
and are waiting for expressions of interest from the in-

dust!)'. Buslncss case and cost analysis efforts is not as 
well advanced. Information 10 evaluate the cost effec­
tiveness of various architectures certainly exists, but 
needs to be assembled and synthesized into a coherent 
picture. 

In this paper, various internet off-load architectures 
have been described with somewhat of a ncar tenn fo­
cus in mind. It may be advantageous for network pro­
viders and equipment suppliers to also rethink the over­
all network evolution to better understand the direction 
of the PSTN in terms of incorporating new technologies 
that would facilitate the support of all traffic types in­
cluding voice, data, lind video applications. 

A principal contribution of this paper is to highlight the 
potential use of SS7 and IN capabilities not only to en­
hance the effectiveness of both pre- and post-switch ar­
chitectures from a technical point of view, but also im­
prove their economics by providing the flexibility to 
adapt to a rapidly changing internet traffic patterns. 
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