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ABSTRACT 
This document details procedures for use of the NPAC as an ENUM registry to facilitate routing of E.164 number address communication sessions in over IP interconnections. It provides a proposed solution for the ATIS/SIP Forum NNI Task Force to evaluate in the process of coming to a recommendation for an industry consensus approach.


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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Introduction
Consistent with 3GPP IMS recommendations for inter-carrier routing, an ENUM-based architecture is proposed for routing across the IP NNI.  The essence of this architecture is a query using the protocol described in RFC 6116. 3GPP recommendations do not specify, however, the details of the ENUM data repository to be queried nor the source of the data in that repository. This document makes recommendations for these matters, the corresponding data formats, and the manner in which the results of ENUM queries are processed to resolve responses to the IP address(es) toward which a SIP INVITE to the destination network Session Border Controller are to be directed.

The classic ENUM “golden tree” architecture assumed a tiered structure in which a Tier 0 registry (such as the one currently managed by RIPE for the e164.arpa user ENUM domain) contained name server (NS) records pointing to the Tier 1 name servers authoritative for individual E.164 country codes. The Tier 1 registries in turn consisted of NS records pointing to the authoritative Tier 2 server for a specific E.164 number. The Tier 2 servers, maintained by or for the service provider of record for the number, contained NAPTR records that resolved to the URIs needed to establish communication to the number in question.

As the industry has yet to establish a universally recognized Tier 0 for infrastructure ENUM (RFC 5067) as opposed to user ENUM, a combined Tier 0/1 registry is proposed for the US portion of Country Code 1. This Tier 0/1 registry is in principle extensible to other portions of Country Code 1 if desired by the competent authorities and may eventually be linked to registries for other country codes or to a global Tier 0 when and if consensus on such a Tier 0 emerges. In the interim the registry simply contains NS records for individual numbers in the US portion of CC1.

To speed deployment and leverage existing infrastructure it is proposed that the Number Portability Administration Center (NPAC), the local number portability database of record, serve as the Tier 0/1 registry. Unlike the Tier 0 and Tier 1 registries in the classic ENUM architecture, the NPAC is not a DNS name server and is not queried during call processing. It can however download data for NS records to service providers or service bureaus for them to provision in their name servers to be queried on call origination.
As in the classic ENUM model, the NS records will point to Tier 2 name servers that respond with NAPTR records containing the actual routing data. Service Providers will maintain themselves or have service bureaus provide for Tier 2 name servers for the numbers they serve. Based on the NS records obtained from the Tier 0/1 query, the originating service provider will query the Tier 2 name server to obtain the NAPTR record for call routing.
Call Flow

The following is the inter-service provider call flow as shown in Figure NPAC-1:
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Figure NPAC-1
1. SP2 Caller dials destination number

2. SP2 S-CSCF queries internal ENUM server

3. SP2 ENUM server finds an NS record 

4. SP2 internal ENUM server resolves the FQDN in the NS record to the IP address of SP1’s Tier 2 ENUM server.

5. An ENUM query is forwarded to SP1’s Tier 2 ENUM server.

6. SP1’s Tier 2  ENUM server responds with a NAPTR record(s) passed back to S-CSCF

7. SP2 S-CSCF processes the NAPTR record set returned resulting in  a SIP URI

8. SP2 S-CSCF resolves the hostname in the SIP URI to obtain the IP address of an agreed upon SP1 ingress SBC

9. A SIP INVITE is sent to egress SBC of SP2 that has layer 3 connectivity to the ingress SBC of SP1

10.  The SIP INVITE is forwarded to the SP1 ingress SBC.

11. SP1 terminates the call to its end user.
Provisioning
Provisioning is shown in Figure NPAC-2:
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Figure NPAC-2
1. Service providers negotiate interconnection and exchange, as part of the interconnect technical negotiation process,
a. Address (A or AA) records for their Tier 2 name servers

b. Address (A or AA) records for the hostname FQDNs in URIs derived from the NAPTR records that will provided in the responses from their Tier 2 name servers. These IP addresses correspond to the destination service provider’s I-SBCs that constitute the application layer POIs.
 
Each service provider provisions the records received from the other carrier in its internal DNS.

2. When new numbers are provisioned or existing numbers made available for IP interconnection by an SP, the SP
a. Provisions NS record information for the number into the NPAC Voice URI field of the subscription version (SV) of the number through its SOA. (If there is no existing subscription version one is added.)

b. Provisions NAPTR records for number in its Tier 2 name server
.
c. Provisions internal NAPTR records in its internal ENUM server for use within network calls.
3. Service providers download SVs from the NPAC, extract the NS information from the Voice URI field and provision it as NS records into their internal ENUM server. Note that a record is provisioned for each TN.
SUMMARY
A Tiered ENUM approach using the NPAC as the Tier 0/1 registry populates NS records into existing fields in the subscription version that already contains TDM routing elements. SVs are populated in the NPAC for each TN for which IP interconnection is offered. (If a TN is not otherwise ported or pooled an SV with a pseudo LRN is created). This approach simply enhances the existing interfaces (direct or via service bureaus) that all SPs have with the NPAC, requiring no new governance structures.  
 Based on proven DNS technology that is at the heart of the Internet, the ENUM approach provides a clear path to globalization and congruence with resolution mechanisms for other types of public user identities. The tiered structure provides the flexibility to support the diversity of interconnection arrangements that service providers will negotiate among themselves for IP exchange of traffic.
The proposed approach moves the industry in the likely direction of post PSTN to IP transition architecture as foreshadowed in FCC Numbering Testbed discussions – a unified registry for number allocation and call routing that is a complete rather than an exception database without adding new common infrastructure prior to the transition or requiring major changes to legacy infrastructure that will be retired.
Service Providers can migrate to the proposed architecture from existing approaches on a gradual basis as agreed with their interconnection partners.
The NPAC is proposed as the locus of the initial implementation of an ENUM registry for a number of reasons.

First, it already exists, all providers interface with it, and no additional development in the NPAC per se is required for implementation. While not all providers have implemented the VOICEURI field in their SOA and LSMS vendors have generally already developed the capabilities.

Second, providers already pay for the NPAC and until TDM interconnection sunsets some years hence it is not going away. In any case the number portability administrative functions will always be required somewhere. Developing a separate system now will inevitably add cost and create delay. Because of the generally transaction insensitive cost structure of the current NPAC contract adding additional subscription versions for numbers that are not ported or pooled in order to provide IP routing information should not add cost.

Third, as IP interconnection develops as an overlay to TDM interconnection, using the NPAC as registry allows for a smooth transition with IP routing elements being added to legacy ones which remain as long as needed. Synchronization of  carrier of record information in TDM and IP is inherent rather than requiring an intersystem process as would be the case with a separate ENUM registry. Should the industry choose to develop the kind of unified numbering database envisioned by the FCC CTO post PSTN transition, the  ENUM data in the NPAC can simply be migrated to that database.
The proposed use of the NPAC envisions it as a Tier 0/1 that contains pointers to name servers rather than NAPTR records or URIs directly.  This approach is motivated by several factors. 

First, it maintains a “thin” registry minimizing the amount of common infrastructure for which the industry must share costs. 

Second, as a thin registry delegates policy to decisions to the Tier 2, it allows providers flexibility in developing such policies that would not be available were policy located in the NPAC itself. Policy in the NPAC would require new development and cost and agreement among providers on the scope and nature of policy to be supported.

Third, the current capabilities of the NPAC URI fields are limited with just three fields (for voice, SMS, and MMS) being defined. In contrast the tiered approach provides for definition of enumservices and new NAPTRs as desired. Many have already been defined and new ones can be added without any need to update the NPAC.

This last point has important performance implications. Service providers may make wide ranging changes in their routing without updating the NPAC as long as the name server information for a TN does not change. New routing or capability information for a number results in only an internal Tier 2 change.

Evaluation Matrix

	
	Criteria
	

	1
	Specify interconnection information with finer granularity than the service provider level; specify different interconnection attributes for different groupings of a service providers numbers. 
	Per-TN level treatment is supported

	2
	Provide a mechanism for aggregation of routing information above the individual number level.
	TNs with common routing will have a common URI in the set of NAPTRs returned. 

	3
	Provide a mechanism to get some insight into the service capabilities of destinations in advance of routing a call.
	Per-TN level treatment provision of capability information through the enumservice field in NAPTRs is supported

	4
	Support the ability to provide GETS.
	GETS supported

	5
	A mechanism for terminating carriers to identify different interconnection points (for a given group of TNs) depending on the originating carrier.
	Based on interconnect negotiations and the A/AA records exchanged, different Partners can map the same TN to different sets of  POIs. Also, SPs can respond with different NAPTRS to Tier 2 queries.

	6
	The service provider connecting to the terminating provider selects the interconnect point, consistent with preferences identified by the terminating carrier.
	Interconnect negotiations define the agreed-upon POIs and the rules for session deliver across those points. AA/A record exchange and ENUM query response instantiate those agreements.

	7
	The ability to exchange routing data between carriers in bulk.
	Not provided for in the base proposal, but sharing of Tier 2 data is possible. Alternatively a Hosted-Tier 2 (at the NPAC similar to PathFinder offering) with or without ENUM could be put in place to eliminate queries, provide policy and support a local cache.

	8
	The ability to query a locally cached copy within each carrier, rather than always having to query the terminating carrier.
	Not provided for in the base proposal, but sharing of Tier 2 data is possible. Alternatively a Hosted-Tier 2 (at the NPAC similar to PathFinder offering) with or without ENUM could be put in place to eliminate queries, provide policy and support a local cache.

	9
	level of dependence on "CO codes", even during the transition.
	Not CO-code dependent. 

	10
	What   external bodies are required to modify existing arrangements, systems, etc.?
	The base proposal uses existing NPAC capabilities and IETF standards ,  and LNPA agreements. What is lacking is industry consensus on the details of making use of these.

	11
	Any solution must have a clear path to move to a global solution.
	Building a national ENUM Tier registry supports multiple paths to globalization. Initially, DNAME records can be exchanged to link to foreign registries (and for foreign registries to link to the US). Eventually a global Tier 0 might be established joining national implementations in a single hierarchy. The proposed implementation might interwork with the efforts of the GSMA to develop a global registry, constituting the US Tier 1.

	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 ENUM approach provides a path the end state solution since the records can easily be migrated to any consolidated registry target platform of the sort that has been proposed without changing the basics of network operation. By adding the IP routing information to the NPAC backward compatibility is ensured during transition.

	13
	Compatibility for solutions for non-E.164 Public User Identities.
	Since the approach is DNS-based it is more likely to comport with approaches for non-E.164 PUIDs, the prominent of which are of user@domain form. The GSMA uses DNS to handle such IDs.

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

	15
	         Time to implement - common infrastructure
	6-12 months from consensus - 

	16
	         Existing industry systems
	No changes are required to existing industry systems.

	17
	         Existing service provider systems
	Service providers that have not already upgraded their SOA and LSMS to handle the existing VoiceURI field in the NPAC will need to do so, as will service bureaus. Providers will also need to modify provisioning systems to feed the SOA for NS record provisioning and populate their Tier 2 name servers.  Additionally development is required use the LSMS feed to provision internal ENUM servers.

	18
	         The need for additional industry systems and interfaces
	Tier 2 name servers must be set-up either local or hosted. (This is really an additional SP system rather than an industry one.)

	19
	         Call setup time
	Any increment should be minor 

	20
	         Signaling traffic
	An additional external query is required. This  should be a minor contributor to the total set of signaling messages involved in session establishment.

	21
	         Increase of vulnerability of security
	Appropriate security measures for Tier 2 name servers must be put in place.

	22
	         Network elements
	Impacts are SP-dependent. Some already make use of the necessary route or ENUM servers and SBCs.

	23
	Reliability and scalability.
	NPAC reliability and scalability are well established. Many SPs already use ENUM internally on a large scale basis and engineering of DNS is well understood as the Internet depends upon it.

	24
	Support for secure tunnels and open Internet routing.
	The solution can support this approach if SPs choose to make use of it.

	25
	Solution must be synchronized with number portability.
	Because IP and circuit-switched routing information is contained in the same subscription version synchronization is implicit.

	26
	Solution cannot be tied to historical geography of numbering plan.
	The solution imposes no constraints on the geography of numbering.

	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
	This is existing NPAC practice. The tiered approach allows the SP of record for a number to provision NS records pointing to the Tier 2 of its wholesale customer, allowing that customer to manage routing directly while maintaining porting responsibilities as required

	28
	There is a need for service providers to exchange information for both primary and alternate routes.
	Route diversity is supported at several levels – in the NS records and NAPTR records provided.

	29
	A solution cannot require additional significant investment to legacy systems
	The legacy infrastructure can remain largely intact with only minor enhancements to exchange the new data with the NPAC an provision the new IP elements.


� Resolution is shown in recursive mode. It could also take place in iterative mode with the NS record being returned to the S-CSCF for the S-CSCF to resolve the FQDN in the NS record and then issue a query to the SP1 Tier 2.


� Use of separate Data Border Element is shown.


� There are alternate approaches to the resolution of Tier 2 name servers and interconnection URI FQDNs.  These include a) exchange of SRV instead of A/AA records, b) resolution in the internet DNS, c) sharing through some controlled access industry system including but not necessarily limited to a private DNS.


� The VOICE URI field was originally defined to contain a URI that would be used to provide for IP routing of voice calls, but it is currently little used and has no explicit typing. It simply allows up to 255 characters.


It is proposed that NS record information be populated in the VOICEURI field in the form


 tier2enum.serviceprovider.com 


 (i.e., just the nameserver name as an FQDN)  as opposed to the full NS form:


3.8.0.0.6.9.2.3.6.4.1.e164enum.net  IN NS tier2enum.serviceprovider.net


The full record form would be reconstituted by the service provider for provisioning in its ENUM server. Note that an NS record or records are generally provisioned for each individual number.


Multiple NS records could be populated in the NPAC VOICEURI field through the use of some agreed upon separator character. This would allow for redundancy as it is expected that carriers would want to have multiple name server instances.


Note that an apex domain, for example, e164enum.net, needs to be agreed upon.





� The ENUM query may return multiple NAPTR records with different order, preference, and enumservice fields as defined in RFC 6116. Thus multiple options for interconnection can be provided including different gateways for different service types (e.g., voice versus video) where appropriate. A NAPTR for general SIP interconnection might look like


  NAPTR 10 100 "u" "E2U+sip" "!^.*$!sip:\1@gw02.serviceprovider.net; user=phone!" . 


its resolution would result in the URI


� HYPERLINK "sip:+14632963800@gw02.verizon.net" �sip:+14632963800@gw02. serviceprovider.net�; user=phone


The querying service provider would then resolve the hostname 


gw02.serviceprovider.net to obtain an IP address for the terminating provider’s ingress SBC.  








