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Title:	FOTS Configuration for Co-location





Description:	Competitors can use fibre rings or linear fibre architectures to terminate fibre optics transmission systems (FOTS) in the co-location space of the telephone companies’ central offices (COs).  This contribution concludes that both of these options should be available to carriers co-locating in a telephone company central office.  





Background:





The purpose of this contribution is to explain the arrangements a carrier can use to terminate FOTS in a co-location site within a telephone company CO.  The contribution examines the implications of these arrangements in light of the Commission’s Decisions and Orders on co-location.





This contribution concludes that each of the arrangements for terminating fibre in the telephone companies’ COs should each be available as options for the co-locating carrier and that there should be no prohibitions on any of the arrangements, other than the prohibitions already imposed by the Commission.





Description of FOTS Termination Configurations:





A co-locating carrier could terminate FOTS in a central office by employing linear fibre or fibre ring configurations.  A fibre ring configuration could have two or more nodes.





This section provides a brief description of the linear fibre and fibre ring architectures and identifies the relative advantages and disadvantages of each.





SONET has become the industry standard for fibre transmission systems.  In its simplest form, SONET systems provide fibre rings and “matched node” architectures for high reliability and quality.  Although they can be laid out in a linear fashion, the optimum technology is a ring configuration.  The most significant feature of a ring configuration is that in the event of a cable cut or signal degradation, the equipment reroutes the signal around the point of failure.





Fibre Ring: Figure 1 illustrates a fibre ring employing a typical multi-node architecture.  A ring is constructed along routes to permit access into desired locations..  A multi-node fibre ring network has the following characteristics and benefits:





-	Bandwidth management: With sufficient nodes on a ring, the bandwidth capability, as defined by the optical carrier, can be used to its greatest efficiency.  As the number of nodes decreases, the efficient use of the fibre and the associated electronics also decreases, all other things equal.  Efficient bandwidth management reduces the need for cabling, multiplexers and cross-connects.





-	Costs: SONET allows providers to build hubs, rather than just point-to-point networks, so traffic is delivered to multiple points.  This allows cost reductions in comparison to point-to-point configurations.





-	OAM&P: Overhead information built into SONET protocol allows the provision of centralized operations, administration, maintenance and provisioning.





-	New Services: The bandwidth and flexibility of the SONET standard enables it to transport new high-speed packet data services.  Of these, ATM promises significant advantages.





-	Reliability: In the event of a failure on the ring, the affected traffic can be rerouted around the fault in milliseconds.  This ensures a high degree of reliability and ensures against service outages (see Figure 2).�



�


Figure 1 - Multi-Node FOTS Ring





Fibre ring, or SONET, is the standard FOTS architecture.  The fibre ring is an architecture which is built in closed loops.  In the event of a failure any place in the network, rings can reroute affected traffic away from the fault in milliseconds.  This ensures a high degree of reliability and prevents service outages. As shown in Figure 2, a fibre cut any where on the ring is survivable, and would not impact any node on the ring.











�





Figure 2 - Multi-Node FOTS Ring with Fibre Cut





Ring architectures allow service to end customers to not be impacted by fibre cuts. The SOCs deploy ring architectures to their COs, and CLECs are expecting to do the same. Without ring architectures, CLEC customers would be out of service in the event of a fibre cut. 
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Figure 3 - Two-Node FOTS





A two-node FOTS can be achieved by deploying Add/Drop Multiplexers (ADMs) in either a point-to-point linear configuration, or in a two-node ring configuration. However, survivability is only provided when there is physically diverse fibre routed between the two nodes (as depicted in Figure 3).  With such topology, the two configurations basically operate the same, in that there is survivability in the case of a fibre cut (see Figure 4).    
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Figure 4 - Two-Node FOTS with Fibre Cut





Two-node FOTS are inefficient. Survivability can only be achieved with physically diverse fibre dedicated to each and every node. Also, as shown in Figure 3, a separate ADM is required for each two-node system. A two-node ring with survivability requires two diverse paths of fibre between each of the nodes.  Diverse paths between the nodes is expensive and, in an increasing number of cases, is not available.  Diverse paths requires fibre installation and lease of conduit space for each of the routes.  Often, conduit space between two locations is not available for one route.  Availability of conduit space along two routes between the same two locations is less likely.  If only one route is available, customers served over the single-route fibre will suffer service outage if the fibre is cut or another fault occurs.
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Although a dual-node ring can have comparable reliability and quality characteristics as a multi-node ring, a dual node ring suffers from a number of significant disadvantages.





Comparing Figures 1 and 3 illustrates that four ADMs are needed to connect a carrier’s three co-located sites in a telephone company’s COs to the carrier’s CO when a multi-node ring is employed (Figure 1).  However, in order to provide the same connections with a dual-node ring architecture, six ADMs are required.  The extra cost associated with the equipment for a dual-node ring provides no greater efficiency or other benefit than in a multi-node ring configuration.





Figures 1 and 3 also illustrate that six routes of fibre are required for a dual-node configuration compared with four routes of fibre for a multi-node configuration.  If five, instead of three, co-located sites in a telephone company’s COs required connection to a carrier’s CO, ten fibre routes would be required with a dual-node configuration compared with only six fibre routes with a multi-node configuration.  Obviously, additional costs must be incurred to construct and maintain the additional fibre routes.  However, diverse fibre routes are not always available.  Fibre can be installed only if conduit or support structure space is available.  Such space is sometimes not available between two locations over any route.  The availability of conduit space along two routes between the same two locations is less likely.  Without diverse routes, a dual-node ring configuration suffers from the same vulnerability as a linear configuration, i.e., a fibre cut or other failure results in service outage.  Such a risk is unacceptable to customers who demand high levels of reliability.





Linear Fibre: Figures 5 and 7 illustrate two topologies for linear fibre.  Although the fibre transmission facilities are identical to the fibre transmission facilities in a ring configuration, some of the associated electronics will be different.





Figure 5 illustrates a linear fibre architecture which links a number of points.  In Figure 5 the CLEC’s CO is connected to 3 ILEC COs but other types of nodes could be included.  This linear fibre configuration could pose unacceptable risks to a CLEC and its customers, and would be used only if a ring configuration were not available.





The linear fibre configuration illustrated in Figure 5 also demonstrates that pass-through traffic occurs in a linear fibre configuration much the same way pass-through traffic would occur in a fibre ring configuration.  Traffic which originates from the third ILEC CO would need to pass-through the CLEC’s co-location sites in the second and first COs before reaching the CLEC’s switch.  Similarly, traffic which is destined for the serving area of the third CO must first pass-through the CLEC’s co-location sites in the first and second COs.  The network would need to be configured as set out in Figure 7 if all pass-through traffic was prohibited.





Each of these linear fibre configurations has significant deficiencies.  A significant disadvantage of the Figure 5 configuration is that a fibre cut, or other fault, between the CLEC switch and the first node would result in a loss of service to all customers served from the first node and every subsequent node (Figure 6).  An implication of this linear topology is that traffic originated or terminated on the last node on the fibre route is carried through every intermediate node on the linear fibre.





Figure 7 illustrates a point to point linear fibre architecture between three pairs of locations.  A fibre cut between any of the pairs will result in a termination of service at the node (Figure 8).





A linear fibre configuration has the following characteristics:





-	Bandwidth management: There is no effective bandwidth management associated with a linear fibre architecture.  The optical carrier is determined by the anticipated traffic between the two points.  If the traffic volumes are less than anticipated, the bandwidth cannot be used for other purposes.  If the traffic volumes are greater than anticipated, traffic cannot be re-routed to reduce the load and new or additional electronics are required.





-	Costs: The electronic equipment or its associated software needed for linear fibre configurations is different than that used for ring configurations.  Inevitably additional or different equipment serves to increase costs.





-	OAM&P: Linear systems require their own network monitoring and management systems.  This is both more costly and increases the potential for problems.





-	Reliability: Perhaps the greatest deficiency associated with a linear fibre topology is the increased risk of a failure.  Unlike a fibre ring architecture, a cut or failure in linear fibre results in the loss of service.  In the event of a cable cut or signal degradation, there is nowhere to reroute the signal and the service is lost or degraded. (Figure 6)
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Figure 5 - Linear FOTS





Figure 5 illustrates one form of linear FOTS architecture. A linear FOTS simply provides a transmission facility between two or more points, with no redundancy.  A fibre cut, or node failure, would result in the loss of transmission capability and therefore service. An example of a fibre cut is shown below in Figure 6.  Figure 7 illustrates a linear FOTS configuration between two points.
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Figure 6 - Linear FOTS with Fibre Cut





Figure 6 depicts a fibre cut between the CLEC CO and the first CLEC Co-location. In this example, there would be a loss of traffic to/from all three of the carrier’s co-location sites within a telephone company’s COs.  Customers provided with service over unbundled local loops from those COs would be out of service until the fibre cut or other problem was corrected.
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Figure 7 - Point-to-Point Linear FOTS





Figure 7 illustrates linear FOTS architecture between two points.  This configuration requires dedicated fibre between each pair of locations.
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Figure 8 - Point-to-Point Linear FOTS with Fibre Cuts





Just like a two-node ring without a second diverse fibre route, a two-node linear FOTS cannot survive a fibre cut.


�
Analysis:





Although the use of fibre rings for co-location was not identified by any party in the proceeding leading to Decision 97-15, there are a number of principles set out by the Commission in Decision 97-15 and other recent decisions and orders which verify that FOTS rings are a legitimate technology to terminate fibre in the telephone companies’ central offices.


 


Co-location of Multi-Node Fibre Rings is not Hubbing:  It is important to correctly consider the Commission’s conclusions regarding cross-connection permitted for co-location.  In paragraph 46, the Commission stated:





To address the concern that cross-connection arrangements could be primarily used to create a network hub for competitive carriers, the Commission concludes that it would be reasonable and appropriate for the SOCs to restrict access to co-location for equipment which is not of the type used for interconnection with the SOC facilities at the CO.  The Commission also concludes that IC to IC cross-connection is to be a secondary function of the co-located transmission equipment and that the SOC may require the IC to demonstrate that the capacity dedicated to interconnection with the SOC facilities is greater than that dedicated to IC to IC cross-connection.





In this context, the Commission defined cross-connection to mean, “cross-connection arrangements between co-located ICs” (para. 45).  In other words, the type of cross-connection contemplated in paragraph 46 is when two co-located carriers, connect their respective networks within the same CO.





In Order 97-1926, paragraph 5, the Commission further clarified cross-connection arrangements as follows;





Stentor is directed to add the following wording to its co-location tariffs: “The co-located IC, after interconnecting  its Transmission Equipment with the SOC’s facilities, is permitted to connect to the Transmission Equipment of another IC co-located in the same SOC premises via an IC to IC cross-connection.  In co-locating the transmission equipment in the SOC premises, the IC shall ensure that the primary function purpose of co-location is to interconnect with the SOC facilities.  The SOC reserves the right to require the IC to demonstrate that the capacity dedicated to interconnection with the SOC facilities is greater than that dedicated to IC to IC cross-connection”. (Emphasis added)





It is important to note that this test was adopted to “address the concern that cross-connection arrangements could be primarily used to create a network hub for competitive carriers”.  In the absence of more than one co-locating carrier, in a central office, a fibre ring arrangement used for co-location is irrelevant to any concern about hubbing.  When more than one carrier co-locates in a central office, the Order 97-1926 test applies, i.e., the capacity dedicated to interconnection with SOC facilities must be greater than the capacity dedicated to cross-connection.  Any transmission capacity on the fibre ring used to transit traffic between nodes is not included in the primary purpose test.  In either case, therefore, co-location of multi-node fibre rings does not raise any concerns about hubbing.





Traffic, carried over a fibre ring used for co-location, which does not originate or terminate in the central office is not subject to this primary purpose test.





Co-location Should Facilitate Competition, Allow for Cost and Efficiency Considerations and Provide Flexibility: In Decisions 94-19 and 97-15, the Commission noted that co-location will facilitate competition by giving competitors options for the delivery of traffic to the CO based on cost and efficiency considerations.  In Decision 94-19, page 36, the Commission said:





The Commission is of the view that the provision of co-location will facilitate competition by providing competitors with the option of delivering their traffic to the local switches over either leased or owned facilities, based on cost and efficiency considerations.  Co-location may foster increased entry by creating an additional source of supply of local channels to end-users and to resellers. (Emphasis added)





This conclusion was expanded in Decision 97-15, paragraph 21:





In Decision 94-19, the Commission referred to co-location as facilitating competition by giving competitors options for the delivery of traffic to the CO based on cost and efficiency considerations.  The Commission shares the views of parties that a consistent approach which provides the flexibility to ICs to determine the most efficient method for delivering traffic, while reasonably compensating the telephone company, would best contribute to the attainment of the objectives for co-location. (Emphasis added)





In Decision 97-15, the Commission went a step further than in Decision 94-19.  As noted above, in paragraph 21, the Commission determined that the objectives for co-location are better attained if co-locating companies are provided flexibility to determine the most efficient method for delivering traffic.





These decisions provide three important considerations.  First, as set out in Decision 94-19 co-location should facilitate competition.  Using a fibre ring configuration to terminate fibre in a co-location site within a telephone company CO will provide co-locating competitors with the means to provide a service feature required by customers.  Alternatively, a linear fibre-only approach will diminish the value of the service and will not facilitate competition.





The second important factor identified in the decisions is cost and efficiency considerations.  A linear fibre approach to co-location is less efficient than a ring architecture in cases where network redesign or modifications are required solely to satisfy the linear-only requirement.  As set out in the Background section, linear fibre is more costly and less efficient than the fibre ring alternative.





The third important consideration is the element of flexibility.  As noted by the Commission, the attainment of the co-location objectives are best facilitated when competitors have the flexibility to determine the most efficient method for delivering traffic.  Clearly, the imposition of requirement that competitors use only linear fibre to deliver traffic undermines competitors’ flexibility and contradicts the Commission’s decision.





Co-location Should Give Competitors Control Over the Quality of Interconnection and Recognize CLECs’ Status as Co-carriers: In paragraphs 14 and 15 of Decision 97-15, the Commission made important findings:





14. The Commission considers that the CO is much more than a building which houses equipment.  It is a facility built to provide for a central “meeting place” for transmission facilities.  The Commission thus considers a telephone company’s CO to be a fundamental component of its telecommunications network.





15. The provision of co-location allows a competitor to connect its transmission facilities directly in the CO of the telephone company.  Without this service, competitors are obliged to lease trunks from the telephone company to connect their facilities, located in their own offices, to those of the telephone company located in its CO.  Physical co-location allows the competitor not only to achieve the most efficient network structure, but also to give the competitor control over the quality of the interconnection by enabling it to monitor, manage and operate the interconnecting facilities. (Emphasis added)





This conclusion was the result of a submission by TELUS that physical co-location is not a “telecommunications service” as defined in the Telecommunications Act and that the Commission did not have the authority to require co-location to be provided or regulate the rates.  The Commission’s finding that a central office is a meeting place for transmission facilities and a fundamental component of the telephone company’s telecommunications network is important for two reasons.  First, a meeting place for telecommunications facilities, which is also a fundamental component of the telecommunications network, requires that network interconnection of ILECs and competitors’ networks be accomplished in the most efficient manner.  In other words, inferior forms of interconnecting telecommunications networks is incompatible both with the status of a CO as a “fundamental component” of the telecommunications network and the Commission’s decision.





The second key point raised by paragraphs 14 and 15 is the significance of competitors’ telecommunications networks.  In paragraph 15, the Commission explicitly recognized the relative importance of competitors’ networks by observing that physical co-location also gives “...a competitor control over the quality of the interconnection by enabling it to monitor, manage and operate the interconnecting facilities” (Emphasis added).  Competitors believe that restricting co-location to linear fibre arrangements significantly and harmfully reduces a competitor’s control over the quality of interconnection compared with fibre ring co-location arrangements.





The Commission also recognized the relative importance of competitors’ networks in the Local Competition decision (Decision 97-8).  In paragraph 7, the Commission stated:





In this Decision, the Commission has adopted the principle that CLECs are not simply customers of ILECs but are carriers equal in stature to the ILECs in the local exchange market.  In accordance with this principle, the framework for local exchange competition must allow for the transition from the single ILEC’s network to a network of fully interoperable networks permitting subscribers of any local exchange carrier (LEC), i.e., ILEC or CLEC, to complete calls with at least the same ease and efficiency as at present.  Only with this degree of interoperability can there be the true local exchange competition necessary to fulfill the promise of local price and service innovation. (Emphasis added)





It would be inconsistent for the Commission to conclude on the one hand that CLECs are equal in stature to the ILECs while prohibiting competitors to co-locate in COs using an architecture which has become an industry standard, widely deployed by ILECs, IXCs and CLECs.





Co-location by competitors using a fibre ring architecture is consistent with the Commission’s finding that a central office is a meeting place for transmission facilities.  Co-location using a fibre ring architecture is also consistent with the Commission’s conclusion that co-location should give “...a competitor over the quality of the interconnection by enabling it to monitor, manage and operate the interconnecting facilities”.  A requirement that only linear fibre be used for co-location purposes serves to undermine this benefit.  A linear fibre-only approach to co-location also significantly diminishes a competitor’s ability to control the quality of interconnection and this would be contrary to paragraph 15 of Decision 97-15.





Finally, any requirement which requires linear fibre would artificially constrain competitors’ ability to compete and would clearly be contrary to the Commission’s determination that CLECs are “carriers equal in stature to the ILECs in the local exchange market”.





Fibre Ring Topology is Consistent with the Commission’s Co-location Principles: The Commission addressed the issue of transmission technologies in Decision 97-15:





The Commission concurs with the position of the Stentor member companies that to mandate co-location access for transmission technologies other than fibre optic systems could create a scarcity of conduit space, radio frequency congestion, and operating complexity.  However, where feasible, the Commission encourages the SOCs to provide access to ICs for transmission technologies, other than fibre optic systems, under negotiated terms consistent with the co-location principles approved in this Decision.  (para. 44)





For the purposes of this Contribution, it is noteworthy that when the Commission authorized fibre optic systems as the default technology for co-location, there were no limitations, restrictions or requirements imposed on fibre systems.  In the absence of any specific prohibition against co-locating fibre rings in a central office, competitors should be permitted to employ fibre rings.   SONET ring technology has become the default technology for new fibre construction and the Contributors submit that this should also be the default configuration for co-location.  It is worth noting that in the proceeding leading to Decision 97-15, Stentor indicated that Optical Amplifiers and Wave Division Multiplexers are properly considered transmission equipment and appropriate for co-location.





As set out in paragraph 44, the Commission encouraged the telephone companies to permit any transmission technology, in addition to fibre optic systems, so long as the co-location principles approved in Decision 97-15 are observed.  Fibre ring technology is fully consistent with the Commission’s co-location principles.





Conclusion:





The Contributors believe that fibre ring and linear fibre configurations, to terminate FOTS in the co-location space of the telephone companies’ COs, are fully consistent with the principles and objectives set out by the Commission in Decisions 94-19, 97-8, 97-15 and Order 97-1926.  The following factors lead to this conclusion:





1.	Co-location of multi-node fibre rings is not hubbing (Decision 97-15, paragraphs 45-46).





2.	Co-location should facilitate competition, allow for cost and efficiency considerations and provide flexibility (Decision 94-19, page 36; Decision 97-15, paragraph 21).





3.	Co-location should give competitors control over the quality of interconnection (Decision 97-15, paragraphs 14-15).





4.	Fibre ring topology is consistent with the Commission’s co-location principles (Decision 97-15, paragraphs 41-44).





Linear fibre should not be imposed as the only configuration permitted for co-location.  Linear fibre suffers from a number of deficiencies when compared with fibre ring architecture.  First and foremost a linear fibre configuration is not as reliable as a fibre ring configuration.  A fibre cut would result in service loss to any customer provided service over the linear fibre connection to the CO.  For CLEC customers such a failure would result in the loss of dial tone and an inability to reach 911 emergency services.





A linear fibre-only restriction would also mean that competitors forgo efficient bandwidth management, incur greater costs, and sacrifice the network monitoring system used for the fibre ring network.





The Contributors conclude that fibre ring and linear fibre configurations should each be available as options for terminating FOTS by the co-locating carrier and that there should be no restrictions on these configurations, other than those already imposed by the Commission.
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