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ABSTRACT
This contribution is driven by candidate industry requirements for the exchange of data for IP routing and interconnection and proposes using existing industry database systems, architectures and processes for routing of E.164 Addressed Communications over IP Network-to-Network Interconnection (NNI).
It describes how these database systems could support this capability relative to such candidate requirements and how existing neutral industry governance can be applied as the IP network evolves.
_______________________________
PROPOSAL

This contribution proposes the continued utilization and enhancement of the existing database systems BIRRDS/LERG and NPAC as they are used today within a multicarrier ecosystem to support IP network routing, interconnection, and number porting/pooling information exchange.
This approach would allow existing downstream systems and processes to be utilized and enhanced, as may be needed, with minimal impact to service providers.  The LERG and NPAC have evolved since their inception to support new technologies and industry processes.  These neutral database systems have embedded governance processes that allow the industry to facilitate system process enhancements as required by service providers.  Consequently, a solution to utilize existing database systems would allow the industry to continue to manage process evolution as it pertains to IP routing and interconnection within established industry forums that are proven, efficient, cost effective, and are balanced across industry segments.
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Routing Data Provisioning:

(R1) Service provider develops a switch/point-of-interface (POI) CLLI Code and associated location attributes in the CLONES database.
(R2a) The CLONES database provides newly developed CLLI Code and location reference data to BIRRDS.  The location reference information is used by service providers in support of developing new BIRRDS switch/POI records.
(R2b) The National Exchange Carrier Association (NECA), provides new Company Codes (a subset of Operating Company Numbers (OCNs)), as they are assigned, to BIRRDS.
(R2c) National CO Code (NXX) Administrators and the Thousands-Block Pooling Administrator (US only) establish base CO Code and block assignment records in BIRRDS.
(R3) Service provider updates BIRRDS with switch/POI information (e.g. actual switch, points of interface, trunk gateways, call agents, Signaling Transfer Points (STPs), etc.), homing arrangements, Location Routing Numbers (LRNs), and detailed information supporting the CO Code NPA/NXX, NPA/NXX-X. This data is integrated with other BIRRDS data elements (e.g. Rate Centers) maintained by the BIRRDS administrator. URIs can potentially be associated with OCN, at the highest order, or can be associated with other LERG data, e.g., NPA-NXX level.  The URI association would need to be agreed upon by the service providers. 

(R4) The LERG is generated from current BIRRDS data and is provided to service providers monthly for their pre-provisioning systems.  As an option, augmented daily activity may be provided nightly.
(R5) Based on service providers’ local methods and procedures, the LERG data is loaded into service providers’ pre-provisioning systems and is used for switch translations, trunk engineering, numbering administration, legal and regulatory support, forecasting, intercompany billing support, and numerous other functions within the company.
(R6) Based on service providers’ local methods and procedures, the LERG data in service providers’ pre-provisioning systems is made accessible to switch translations engineers to configure the switch translation and routing tables.
Local Number Porting/Pooling Provisioning: 
The following process involves a pre-port validation (PPV) process as well as an NPAC Service Order Administration (SOA) process.
(P1) A customer/subscriber requests to port his/her telephone number to the new/recipient service provider.
(P2) Pre-port validation - The new/recipient server provider requests validation of the port from the old/donor service provider.
(P3) Confirmation - verification of subscriber information is sent from the old/donor service provider to the new/recipient service provider.
(P4) The new/recipient service provider sends a creation of a pending port to NPAC.
(P5) NPAC sends a notification of port to the old/donor service provider.
(P6) An approval of the pending port is sent by the old/donor service provider to NPAC.
(P7) NPAC sends a notification of the old service provider’s port approval to the new/ recipient service provider.
(P8) Activation of the port is sent from the new/recipient service provider to the NPAC.
(P9) NPAC broadcasts the new routing information for the port to the Local Service Management Systems (LSMSs) for all service providers to update their local databases – generally a service control point (SCP) or STP.
Service Provider Provisioning:
(S1) Service providers negotiate interconnection and exchange DNS Address (A) records for their ingress interconnection POI’s. 
(S1A) Each service provider provisions the records received from the other service provider in its internal DNS.  These IP addresses correspond to the destination service provider’s I-SBCs that constitute the application layer POIs.  


[image: image2]
[image: image3.png]Local Number Porting/Pooling
Provisioning

Hybrid TDM/IP Call Flow

o Terminating
ervice Service Provider
Provider's Routing Server —~ Session1

R2c Pre-Provisioning /
Systems - PSTN 1 Signaling/
f Signaling/ iTT Gat
! Trunk Gateway ===, > unk Gateway . o
! CSCF ~ —
A e === I1SBC g \— 'SBC <
H Peering/ ‘\
T ia
: Terminating
! Service Provider
! Originating M\ Session 2
i Service Provider SIP CSCF

Peering/ =51 | —
W 5! I-SBC

Routing Data
Provisioning





Session 1 – IP Session via PSTN Interconnection
(1) A session is originated and sent to the Call Session Control Function (CSCF).

(2&3) The CSCF performs an internal query to its routing server to retrieve routing data for the called number.

(4) If the CSCF determines that the called number requires interconnection via the PSTN to Terminating Service Provider 1, then the session is routed to the appropriate trunk gateway where it is converted to TDM.

(5) The session is routed internally to the trunk gateway and point of interconnection for Terminating Service Provider 1.  The call is converted back to IP within the terminating service provider network.

(6&7) Terminating Service Provider 1 then signals the terminating CSCF to complete the call.  Terminating Service Provider 1 may be an IP network but the means of interconnection is still via the PSTN.  It is probable, per the illustration, that the terminating service provider offers both media gateways and I-SBCs to accept sessions during the IP transition phase.
Session 2 – IP Session via IP-IP Interconnection
(1) A session is originated and sent to the Call Session Control Function (CSCF).

(2) The CSCF performs an internal query to its routing server to retrieve routing data for the called number.
(3) The routing server returns a URI and the CSCF determines that the called number can accommodate an IP-NNI to the Terminating Service Provider,
(3a) The CSCF will then query its local DNS to resolve the URI to the IP address of the I-SBC of the terminating network.

(8) A SIP invite is sent to the egress I-SBC of the originating network that has connectivity to the ingress I-SBC of the terminating service provider. 

(9) I need to check the correct numbering) A SIP Invite is forwarded to the terminating service providers ingress I-SBC. Route selection is based on IP peering agreement between SPs as well as service attributes, least cost routing, etc.

(10&11) Terminating Service Provider 2 signals to the appropriate CSCF and the end-to-end session is established.

How BIRRDS/LERG play a key role in supporting the existing industry framework
The Business Integrated Routing and Rating Database System (BIRRDS) is a collection of input databases from which the LERG is generated.  BIRRDS is a neutrally administered database for the exchange of service provider call routing/rating and interconnection information for all telephone numbers within the North American numbering plan.  BIRRDS is a dynamic database with an established history of changes to data elements and data values, edits, and functionalities, which occur in response to technology and numbering changes where such changes are addressed via established industry governance processes.
BIRRDS includes data driven by industry standards including:  Common Language® CLONES location reference data for the identification of switch and interface locations per ANSI T1.253, Identification of Location Entities for the North American Telecommunications System, and NECA assigned Company Codes per ATIS-0300251.2007(R2012), Codes for Identification of Service Providers for Information Exchange used to identify service providers, (used as OCNs in BIRRDS) to identify service providers that are associated with switch records, NPA/NXX records, etc.
The LERG is the North American telecom industry's common, authoritative database used for routing calls based on telephone numbers within the North American numbering plan.  The LERG was initially designed for interexchange carriers to manage their TDM network routing based on call origination and call termination points as provided by Regional Bell Operating Companies (RBOCs) and Incumbent Local Exchange Carriers (ILECs).  However, via industry governance, it has, and continues to evolve to support routing related changes in the industry.  The LERG has also evolved to support information exchange between additional types of service providers, including Competitive Local Exchange Carriers (CLECs), Wireless Service Providers (WSPs), Voice over IP (VoIP) providers, etc.
The LERG is issued monthly but also provides for daily BIRRDS activity updates so that service providers may obtain the most current network interconnection and routing information exchange across the industry.
How NPAC plays a key role in supporting the existing industry framework
NPAC is the telecom industry's common, authoritative exception database used for routing calls for telephone numbers that are no longer assigned to the original NPA/NXX code holder.

Why utilize existing databases to support IP Routing and Interconnection

Utilizing LERG as a neutral database for support of IP interconnection would maintain consistency of data exchange across the multi-carrier ecosystem.  Additionally, utilization of the LERG routing data allows the originating provider to retain control of egress route selection through management of its own translations and routing tables.
Service providers can continue to leverage NPAC and existing Local Number Portability (LNP) system processes, such as Service Order Administration (SOA) and the LSMS framework, with minimal impact to their business processes for ported and pooled numbers that are serviced by IP technology.
Neutral industry governance for existing database systems
The Common Interest Group on Routing and Rating (CIGRR) provides a forum in which attendees from a broad cross section of the telecommunications industry (e.g. RBOCs, ILECs, CLECs, WSPs, VoIP providers, telecom consultants, etc.) correlate, coordinate, and plan changes to BIRRDS/LERG database systems and processes to keep pace with the needs of the industry.  CIGRR reviews issues, activities, and information from other industry groups, regulatory bodies, etc., to provide its members the opportunity to discuss and prepare for future changes that may impact routing and rating and potential BIRRDS/LERG related enhancements and evolution.  CIGRR focuses on the details of BIRRDS/LERG enhancements from an integrated basis which includes database edits, system usability, data definitions, etc., aimed at overall data integrity and consistency.  Proposed enhancements to BIRRDS/LERG may emanate from CIGRR but also originate from industry requirements provided to CIGRR by ATIS committees (INC, NGIIF, PTSC, OBF, etc.).  Issues resolved at CIGRR support industry processes that apply to all companies in a common and neutral manner relative to the BIRRDS/LERG database system enhancements.

BIRRDS/LERG, at its inception, was a database system used by interexchange carriers to manage their TDM network routing based on call origination and call termination points.  However, via CIGRR governance, BIRRDS/LERG continually evolve to support routing/rating related industry initiatives.  For example, BIRRDS/LERG was enhanced over time to support the centralization of NPA/NXX assignments, Switch/Point-of-Interface homing arrangements, Thousands Block Pooling, hybrid TDM/IP routing and interconnection technologies such as Call Agent/Trunk Gateway (aka Media Gateway) homing arrangements, etc.
With regards to NPAC database system and process changes, the industry has documented a well-established change management process to propose and implement North American Numbering Council (NANC) change orders.  The Local Number Portability Administration (LNPA) Working Group is responsible for the management of NPAC database system enhancements, while the North American Portability Management LLC (NAPM LLC) is responsible for contractual NPAC oversight.
Enhancing existing database systems to support IP routing and interconnection

The existing industry framework supports the evolution of TDM to IP routing and interconnection, however, existing database systems would need to be enhanced according to the industry requirements.   The following items require further study and are possible areas of enhancement to these industry databases in support of IP routing for both PSTN transition and all IP networks. Upon industry consensus, BIRRDS/LERG can be enhanced to support:
· service provider exchange of Uniform Resource Identifier (URI) to identify I-SBCs (session border controllers) or other IP interconnect equipment.
· service provider exchange of location data for I-SBCs or other IP interconnect equipment.  For example, Session Border Controller Location Entities could still be specified per ANSI T1.253, Identification of Location Entities for the North American Telecommunications and exchanged between service providers.
· a process for service providers to exchange service types and attribute parameters (e.g. Classes of Service, CODEC capabilities, Transcode Free Operation (TrFO), facsimile support, etc.) that are associated with a specific Session Border Controller (SBC)/IP interconnection point. This can be similar to the current process in BIRRDS/LERG to identify TDM switch attributes known as Switch Office Functionality indicators (SOFs).
· a process for flagging specific LRNs, as defined by the service provider, to be “related to” IP interconnection.
· a process to support service provider exchange of per service type (e.g. SIP, PSTN, mailto, etc.) Uniform Resource Identifier (URI) and parameter exchange. 
· a process to exchange potential PSTN and IP routes simultaneously.
· a process to retain policy control for selection of primary and alternate egress routes and all the associated business processes.
· a process to validate Domain Names and potentially full URIs associated with an IP interconnection point prior to accepting such routing information for exchange. 
· a process to have routing/interconnection database systems support alternative number conservation methods (e.g. use of 100 or other number block sizes); BIRRDS/LERG can be enhanced to meet this need, all while maintaining compatibility with routing on existing NPA/NXX and thousands blocks assignments.  Support for a “Just In Time” number allocation model at a single TN level warrants further evaluation; however, in that case an industry requirement for coexistence with block level assignments should also be evaluated.
· more frequent routing data exchanges than daily, then BIRRDS/LERG can be enhanced to meet this need.

In addition, NPAC can continue to serve as the authoritative database system for porting/pooling information exchange.
SUMMARY
As industry requirements develop, and if they direct a solution to utilize existing authoritative and neutrally administered database systems to support IP routing and interconnection information exchange, the capabilities of BIRRDS/LERG and NPAC database systems and their existing processes can be leveraged and enhanced to meet this need.  There are several advantages for utilizing the existing database systems and infrastructure to support IP routing and interconnection.  In particular, and at a minimum, this approach:

· Retains egress routing policy at the originating provider and allows QoS, least cost routing and other operational and commercial considerations to continue to play a role in determining primary and alternate routes for interconnection.
· Provides simultaneous PSTN and IP routes in an efficient manner should both options be available for a particular session including resiliency during the transition phase should one method be unavailable at a given moment.
· Leverages existing vehicles and processes for industry-wide routing information exchange of new IP parameters, URIs, and locations on a per service type basis.
· Avoids additional carrier overhead and costs that would result from adding network gear (hardware, software, and associated engineering, provisioning, monitoring, and security processes) for external queries (e.g. ENUM) in per call/session setup.  Likewise it avoids additional points of network failure and potential performance degradation.

· Can coexist with an ENUM approach to routing data exchange should that be adopted between two service providers who agree to do so.

· Retains and leverages existing process management for the evolution of IP information exchange and is governed by established neutral industry forums and based on specific requirements developed by the industry.
BIRRDS/LERG and NPAC database systems and processes have efficiently evolved to support new network routing and interconnection data exchange for the past many years.  These systems are likewise deeply imbedded into service provider operations and business processes for billing, reporting, network engineering, least cost routing, and service activation, among others.  Such factors are equally as important to service providers as deploying IP interconnection technology itself.  Utilizing existing industry database systems and processes for IP routing data exchange would minimize potentially broad impacts to service providers and will support a more cost effective, reliable, seamless, and accelerated transition from TDM to an all IP environment.
	
	Criteria
	Response

	1
	Specify interconnection information with finer granularity than the service provider level; specify different interconnection attributes for different groupings of a service providers numbers. 

	The LERG can be enhanced to support IP interconnection information with finer granularity and to specify different groupings, for example, one per NPA/XXX or LRN, One per TN, alternative routes, etc

	2
	Provide a mechanism for aggregation of routing information above the individual number level.

	In order to reduce the number of records an aggregation can be made to the NPA-NXX or NPA-NXX-X level if required.

	3
	Provide a mechanism to get some insight into the service capabilities of destinations in advance of routing a call.

	Enhanced LERG IP interconnection and routing data would be furnished to service providers pre-provisioning systems and can be and used to provision ingress/egress route servers and will also provide a universal means for service providers to determine service capabilities associated with and interconnection points prior to call set up.  

	4
	Support the ability to provide GETS.

	Utilizing and enhancing existing database systems (LERG/NPAC) to support IP interconnection information exchange would not impact the ability of service providers to provide GETS.

	5
	A mechanism for terminating carriers to identify different interconnection points (for a given group of TNs) depending on the originating carrier.

	The Enhanced LERG data could allow service providers the ability to see and map to specific interconnection points that based on the a given grouping of TNs, the associated service attributes, and the specific interconnection agreements between the originating and terminating service providers.  

	6
	The service provider connecting to the terminating provider selects the interconnect point, consistent with preferences identified by the terminating carrier.

	The Enhanced LERG data could allow service providers the ability to see and map to specific interconnection points that based on the a given grouping of TNs, the associated service attributes, and the specific interconnection agreements between the originating and terminating service providers.  

	7
	The ability to exchange routing data between carriers in bulk.

	LERG data including enhanced IP interconnection data would be provided to originating and terminating service providers for their pre-provisioning systems, monthly and/or nightly with augmented daily updates.  

	8
	The ability to query a locally cached copy within each carrier, rather than always having to query the terminating carrier.

	LERG data including enhanced IP interconnection data would be provided to originating and terminating service providers for their pre-provisioning systems, monthly and/or nightly with augmented daily updates.  

	9
	Level of dependence on "CO codes", even during the transition.


	The level of dependence on any level of codes is determined by the needs of service providers.  If required, TN level could be defined for any and all numbers.  However, it would not be practical to provision every number in that manner so some aggregation could be required.

	10
	What   external bodies are required to modify existing arrangements, systems, etc.?
	Detailed requirements for BIRRDS/LERG enhancements would be governed via neutral CIGRR industry forum.

	11
	Any solution must have a clear path to move to a global solution.

	Global access to IP routing and interconnection data requires further evaluation.

	12
	The approach picked by this group must provide good solution for the end state all-IP network while maintaining backward compatibility (or interworking) during the transition.

	The LERG would be enhanced to support IP routing and interconnection information exchange and continue to be used in a transitional environment to support PSTN and NGN routing data exchange.

	13
	Compatibility for solutions for non-E164 Public User Identities.
	With regards to IP routing and interconnection data, LERG can be enhanced to support E.164 or non-E.164 identifiers.

	14
	What updates need to be done throughout the network for each option, and what is the estimated complexity of that? Impact on:
	

	
	         Time to implement - common infrastructure

	A specific timeline would need to be defined by the industry; 12 months is a suggested reasonable timeframe.

	
	         Existing industry systems

	BIRRDS/LERG enhancements would be required to support IP routing/interconnection information exchange, e.g. URI input, IP capable LRN indicator, IP interconnect service attributes, etc.

	
	         Existing service provider systems


	Potential service provider internal routing database enhancements; industry consensus for consistent messaging and sequences format. 

	
	         The need for additional industry systems and interfaces

	none required

	
	         Call setup time

	no impact

	
	         Signaling traffic

	no impact

	
	         Increase of vulnerability of security

	Utilizing existing database systems, LERG/NPAC ensures there are no new points of network vulnerability introduced, i.e. database servers as would be required in an ENUM type solution.

	
	         Network elements

	no impact

	23
	Reliability and scalability.

	As BIRRDS/LERG is used to support PSTN and NGN interconnection, it can be enhanced to support routing/interconnection information exchange, e.g. URI input, IP capable LRN indicator, IP interconnect service attributes, etc.

	24
	Support for secure tunnels and open Internet routing.

	n/a

	25
	Solution must be synchronized with number portability.

	Would be synchronized with number portability; LERG data would include IP routable LRN indicators and would continue to work in conjunction with NPAC to provide number porting/pooling information.  

	26
	Solution cannot be tied to historical geography of numbering plan.

	Existing industry database systems (LERG/NPAC) can accommodate associations with the current structure of the NANP, e.g., OCN with NPA-NXX- or to the extreme at the individual TN level with no association to any other number within the same block.

	27
	Registration in common industry databases should only be made by the current service provider of record or an authorized agent for the service provider of record
	Mechanisms are in place to validate that the code holder or authorized agent is registering data.

	28
	There is a need for service providers to exchange information for both primary and alternate routes.
	LERG has the capability to provide both primary and alternate routes

	29
	A solution cannot require additional significant investment to legacy systems.
	Modifications and enhancements to the LERG would not be significant to provide this capability.  


Figure � SEQ Figure \* ARABIC �1� - Depicts the flow of how routing data is currently provisioned and exchanged in industry databases and service providers’ networks.  This figure illustrates a logical view that may be realized by different operations systems.





Figure 2 - This figure depicts a high level architectural view of how calls are routed in a Hybrid TDM/IP network and an all IP network.








NOTICE

This is a draft document and thus, is dynamic in nature. It does not reflect a consensus of the ATIS-SIP Forum IP-NNI Task Force and it may be changed or modified. Neither ATIS nor the SIP Forum makes any representation or warranty, express or implied, with respect to the sufficiency, accuracy or utility of the information or opinion contained or reflected in the material utilized. ATIS and the SIP Forum further expressly advise that any use of or reliance upon the material in question is at your risk and neither ATIS nor the SIP Forum shall be liable for any damage or injury, of whatever nature, incurred by any person arising out of any utilization of the material. It is possible that this material will at some future date be included in a copyrighted work by ATIS or the SIP Forum.  
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