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Introduction
This discussion paper analyses routing consideration over SGd and S6c as mentioned in the exception sheet to TS 29.338. 
The routing question has common points between SGd and S6c but is addressed separately as some differences.

A/ Routing in S6c

About routing, with S6c, the SMS-GMSC has to route S6c command requests to a HSS on the basis of the MSISDN (and not on the IMSI as usually done outside SMS). In CT #58, Alcatel-Lucent proposed a solution introducing a new network domain name based on the CC/NDC, instead of the MCC/MNC (Cf C4-121482). CT4 considered it has a significant impact on DNS servers, and that other solutions should be evaluated.
It is here investigated possible ways to do the routing.
Alternative 1
It is the one based on the CC/NDC based Destination Realm described in C4-121482 and C4-12483 introducing a CC/NDC based network domain name.
Regarding the routing itself, the RFC 3588 (Diameter base protocol) in clause 5.2 describes a static mode with local configuration (e.g. local tables) or a dynamic discovery with DNS use and NAPTR requests, which can be used to find the next hop server.
1) The static mode in alternative 1 can be similar to the one which is used with MAP, but it require application dependent Diameter agents (proxy)  able to do a hierarchical routing e.g. on the CC code to find the next hop which will have a higher granularity in the analysis of the CC/NDC codes.
A possible issue with this approach is if intermediate Diameter relay agents are application independent and only route on the Destination realm basis. They do not have hierarchical routing, so it requires that each CC/NDC different realm that the relay agent would need for routing should be configured. So in practice, only a limited number of CC/NDC based Diameter realms may be configured in the relay agent, and for the others, the relay agent would use the default routing address, which may require to also use the application identifier, so allowing to route to a Diameter agent able to do a hierarchical routing.
2) The dynamic discovery implies to create a new routing domain in the DNS system similar to the existing MCC/MNC based home domain./realm  routing used with  S6a. It represents an “heavy» deployment.
3) Use of redirect agents is compatible with Alternative 1.
4) The alternative 1 has to take into account the number portability (NP) of the MSISDN. Similarly to the existing MAP/ SCCP routing based on the CC/NDC of the MSISDN (cf TS 23.066 for the SMS case with the MRP), with Diameter, there will be an intermediate Diameter agent (proxy) within the number portability domain that will consult the NP Database with the MSISDN as access key. This NP Database may directly return the MCC/MNC based domain name of the new network where the user is now subscribed, or, as to day with MAP/SCCP, may return a routing number (with a few digits) identifying this new network from which the Diameter agent can easily built the right MCC/MNC based destination realm to which to further route the Diameter message.
5) If an intermediate Diameter agent can proceed to a mapping from the CC/NDC received in the Destination realm to a MCC/MNC value, (e.g. through local tables, or an ENUM type request),  it can forward the Diameter message with a MCC/MNC based Destination realm. Further routing benefits from the existing MCC/MNC based routing domain.

If such a mapping can be done in the first hops (e.g. in the originating network), it quickly reuses the existing MCC/MNC based routing system.  This aspect includes the early check of the Number portability (e.g. in the originating network) to also find the right MCC/MNC.
6) When the message arrives to the home network, of the user, a last Diameter agent will use a resolution mechanism based on the user identity (here the MSIDSN again) to find the right HSS.
7) The alternative 1 routing method is not so dependent of the application and can be reused for other application such as the V-GMLC to HSS routing over SLh which has the same problem.
8) The alternative 1 is compatible with a progressive introduction of ENUM based solutions (see alternative 2) 
Alternative 2
The target / future solution is that the originating entity (SMS-GMSC) requests an ENUM server (as in IMS) which, from the MSISDN, will return the Domain name of the user (e.g. based on MCC, MNC), which then will be populated in the Diameter Destination realm. This global ENUM should also take into account the Number portability, so giving the Domain name of the network where the user is now subscribed.  But, as in IMS, currently and for a while, there is no global ENUM.
In the meantime, alternative 1or alternative 3 can be used and are compatible with partial deployments of ENUM, which may allow a node in the routing path and using ENUM to switch to a MCC/MNC based routing.

Alternative 3

The alternative 3 routing mechanism is on a hop by hop basis similar to the MAP/SCCP one (and also to the SMPP one), the routing being on the basis of the MSISDN AVP contained in the Diameter message.
With Diameter, the MSISDN AVP is used for this routing, then the Destination realm is not used and can have a dummy value. The variant where the Destination realm contains a CC/NDC based Domain name (the same CC/NDC as in the MSISDN) and is used for routing is the alternative 1.
The differences with alternative 1 are limited: 

-
It can use local tables with the CC/NDC derived from the MSISDN AVP as in alternative 1.  The DNS use would require the node to build a CC/NDC based realm, as the one described in alternative 1.
 -
Intermediate nodes will use the default address, as in alternative 1, taking into account the Application identifier.
Other aspects such as the possibility to switch to an MCC/MNC based routing, the NP handling are the same as for alternative 1.
Analogy with SMPP

When SMPP protocol is used, the SMS-SC of the sender has to send the short message to the SMS-SC of the receiver through IP networks, with the possibility to use intermediate hubs.   This routing is based on the CC/NDC of the MSISDN, plus the Number portability handling to find the successive hubs. Similar mechanism in alternative 1or 3 may be used for routing Diameter messages with MSISDN between Diameter Agents (proxy).
B/ Routing in SGd
This routing question also applies with SGd , where the MME has to route a MO short message to the SMS-SC  identified by its E164 number. There are strong similarities with the S6c case.

Alternative 1:

It is the one currently written in TS 29.338 v1.0.0 subclause 6.3.1 Routing considerations for MO forward messages, where a CC/NDC based destination realm is built from the SMS-SC E164 number.

This alternative 1 is similar the S6c alternative 1, the routing in the successive nodes may rely on local tables (static mode) or use DNS supporting CC/NDC based realms.

There is no number portability aspect.
Alternative 2
The target solution with the use of an ENUM server as for S6c can also apply here with the same remark that there is not yet a global ENUM.
Alternative 3
The same rationale as for S6c alternative 3 can apply to the E164 number of the SMS-SC for routing MO messages, but without the number portability.

Alternative 4

It is based on the HSS where each user profile is provisioned with the Diameter address/ name of the SMS-SC of the user; This information is downloaded when the MME registers for SMS and is  then used when a MO SM is to be sent to the SMS-SC.
The main impact is the provisioning of each user profile with the Diameter address/ name of the SMS-SC. It requires a small extension of the S6a protocol to include the SMS-SC address/name , when available, in the SMS subscription data.

 If the HSS does not deliver this address, the MME can use one of the other alternatives to route the message.
Use cases:
Several use cases are further analysed
1. the MME  is in the same PLMN as the SMS-SC of the user. The MME may be configured with the E164 numbers of the SMS-SCs supported in the PLMN of the MME with a table giving the MCC/MNC based Diameter realm AVP and the Diameter-Host AVP.
2. the MME may be configured  only with the MCC/MNC of the SMS-SCs belonging to its own or some other PLMNs, MME can generate the MCC/MNC based Destination-realm AVP , but not the Diameter-Host. The Diameter message is routed to a Diameter Agent that will be able to determine the Diameter Host AVP from the E164 SMS-SC number. Other implementation dependent mechanism may also be used but out of this scope.
3. If the MME does not know the MCC/MNC of the PLMN which the SMS-SC of the user belongs to, as for the S6c case, MME has to determine the next Diameter Agent (relay or proxy) on the basis of the CC/NDC of the E164 SMS-SC number. When the message arrives in the PLMN of the SMS-SC, a Diameter Agent will be able to determine the Diameter Host AVP from the E164 SMS-SC number.
C/ Overall conclusions:
When CT4, in its previous meeting, has analyzed the alternative 1 for S6c, CT4 has considered it has a significant impact on DNS servers, justifying evaluating other solutions.
The alternative 1  routing method based on static mode with proxy Diameter agents using a hierarchical routing , relay  agents with a default routing and a number portability  used when possible in the first hops  is a viable solution. It does not preclude to deploy a new DNS routing system.

The use of alternative 1 with a dynamic discovery is also a possible solution, nevertheless with the definition of a new DNS routing domain.
The alternative 2 is for future as dependent of the deployment of a global ENUM. Alternatives 1 and 3 appear to be compatible with the target solution with ENUM, as an intermediate node being able to determine the MCC/MNC of the network (eg by accessing  an ENUM “island” aware of the MSISDN of the user) can insert a MCC/MNC based Destination-realm AVP used for further routing.

The alternative 3 appears to be close to the alternative 1 with a routing based on the MSISDN AVP.
This discussion paper shows the feasibility of the different alternatives. It is not on the scope of CT4 to conclude on which routing solution should be applied or recommended. It is more to an organization as GSMA to do further recommendations on the routing methods to be used.  
In the SGd routing for MO SMs, the alternative 4 based on MSISDN may also be used, but remains limited to the SGd case.
D/ Proposals:
Regarding TS 29.338, the normative text, according to RFC 3588, should allow different routing methods (static mode or dynamic discovery or ENUM), the objective of this discussion paper having demonstrated the feasibility of several solutions.
It is proposed to inform GSMA of the CT4 analysis and of the normative text introduced in the TS 29.338 so that GSMA may decide their further work and possible recommendations on the solutions.
PCRs to S6c (C4-121989) and SGd (C’-121990) routing considerations are proposed on this basis.
