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1 Introduction

The Transport Layer Address (TLA) selection issue was raised from SA2 LS[1] on RAN3#85 meeting, in this contribution, we will give analysis on the issue and solutions for IP address selection.
2 Discussion
2.1 Backgroud

According to [1]:

It is SA2's understanding that at the time of EPS bearer setup for a given UE a Serving GW could send to the MME, in F-TEID IE on S11 (TS 29.274), either

1. An IPv4 address to be used for the transport layer OR
2. An IPv6 address to be used for the transport layer OR
3. Both an IPv4 and IPv6 address to be used for the transport layer
For eNB deployment case, MME can choose the IP address type if both IPv4 and IPv6 addresses are signalled from the SGW based on local information, e.g the S1-MME IP version.
For HeNB deployment case, if HeNB connects with MME directly, MME can choose the IP address type as well as the eNB deployment case. 
For HeNB deployment case, if HeNB connects with MME via HeNB GW, mixed HeNBs deployments via a HeNB-GW, where some HeNBs, at the S1-U transport layer, support IPv4 only whereas other HeNBs support IPv6 only, and connecting to the same MME is raised in [1]. Here, all permutations of HeNB-GW transport layer support are assumed (IPv4 only, IPv6 only, both). The typical scenario would be a gradual upgrade of the network from IPv4 to IPv6.

If HeNB connects with MME via HeNB GW and S1-U terminates in HeNB GW, the HeNB GW can support one IP version toward the HeNB and another toward the EPC. There is no issue needs to be solved. 
If HeNB connects with MME via HeNB GW and S1-U does not terminate in HeNB GW, in this case, MME don’t know which IP version is supported by each HeNB behind HeNB GW when both IPv4 and IPv6 addresses are signalled from the SGW according to current specification. It is not possible for MME using the IP version of the S1-MME interface between MME and HeNB GW as criteria to determine the IP version of S1-U plane, because the IP versions of S1-MME interface between MME – HeNB GW and HeNB-GW-HeNB interfaces could be potentially different. It is also not practical to configure lots of HeNBs’ information (e.g. IP version supported by HeNB) in MME.
Proposal1: How to support IP address selection in the case of HeNB connects with MME via HeNB GW and S1-U does not terminate in HeNB GW shall be solved.
2.2 Evaluation Solutions

The possible solutions are listed as below:

1) IP address selection performed by MME 

The SGW can indicate the both IPv4 and IPv6 addresses to MME, though MME can not use the IP version of the S1-MME interface between MME and HeNB GW as criteria to determine the IP version of S1-U plane between HeNB and SGW. There still has the possibility that if MME can get the IP version information of HeNB, MME can easily choose one correct IP address and transfer one IP address via S1-MME interface, e.g. MME may get IP version indication information from UE associated signaling (for example, INITIAL UE MESSAGE). 

The standardization impact:

- Introduce IP version indication IE in INITIAL UE MESSAGE;
- MME should support the IP address selection. This is contained in the CR discussed by SA2 [2], and it can also apply for the case of eNB/HeNB directly connected to the MME.
If solution 1) is approved, new IE and stage3 description shall be added to TS36.413, and no stage2 text for TS36.300 is needed. And LS shall be sent to SA2 in order to trigger the modification in TS23.401.
Proposal2: If IP address selection performed by MME, IP version indication IE should be introduced in INITIAL UE MESSAGE, and an LS shall be sent to SA2 in order to trigger the modification in TS23.401.
2) IP address selection performed by RAN side, HeNB GW/HeNB
For this optional solution, providing both IPv4 and IPv6 address from MME to HeNB-GW is unavoidable. Either HeNB-GW or HeNB can select an appropriate IP address to be used. Because HeNB GW always knows which IP version is supported by each HeNB according to the tunnel information between HeNB GW and HeNB, there has advantage that less data will be transferred from HeNB GW to HeNB, if IP address selection performed by HeNB GW. 
The standardization impact:

- How to specify that both IPv4 and IPv6 address from MME to HeNB-GW are allowed;

There are three options discussed in RAN3#85 meeting:

a) Reverse agreements on single IP send (CR agreed in RAN3#83 in TEI12) and specify which IP first
b) Reverse agreements on single IP send (CR agreed in RAN3#83 in TEI12)

c) Add second IP address over S1 AP
Reverse agreements on single IP send which means that both IPv4 and IPv6 address can to be used for the transport layer, however, if no reference for the presence order of IPv4 and IPv6 is specified, when HeNB GW/HeNB receieves the Transport Layer Address IE in S1 AP messages, the wrong decoding may occur depends on vendor’s implementation. Therefore, a) and c) can solve the issue without confusion in theory.

The comparison between a) and c), a) needs to revert previous agreement in rel-12 with isolated impact towards the previous version of the specification (same release) and no impact on ASN.1, while c) does not revert previous agreement in rel-12 with impact on ASN.1(new IE added). Both a) and c) have impact on MME behavior which will trigger modification in TS23.401 and have the backwards compatible issues. 
The backwards compatible issues:

Option a) If legacy IPv4 HeNB can only decode first 32 bits in TNL address IE. Even it can receive 160 bits both IPv4 and IPv6 addresses, it still can not decode 160 bits. Legacy IPv6 HeNB will have the same problem.
Option c) If new IE is introduced, which means legacy HeNB will ignore the new added IE, while the existing TNL address IE can be set with IPv4 address or IPv6 address. If the existing TNL address IE is set with IPv4 address, while legacy IPv6 HeNB receieves, it will still decode this IE as 128 bits, which is wrong.
For X2 AP HO, as analyzed in [3], the S1AP Path Switch Request procedure however already supports the mechanism to update this SGW address. The new HeNB just needs to include the new IP version address in the Path Switch Request message and the MME will return the required SGW address for the new IP version in the Path Switch Request Acknowledge message. There is no need to correct TS36.424.

Proposal3: If IP address selection performed by RAN side, both IPv4 and IPv6 address from MME to HeNB-GW shall be allowed and solution without backwards compatible issue shall be selected.
- HeNB/HeNB GW should support the IP address selection
If receving both IPv4 and IPv6 addresses of the Serving GW for S1-U interface, the HeNB shall select the IP version (IPv4 or IPv6) to be used for an E-RAB over the S1-U interface.
However, if HeNB is selected as the node support on IP address selection, the backwards compatible issues listed above can not be avoided for legacy IPv4/IPv6 HeNB. If HeNB GW is selected as the node support on IP address selection, it can always decode the TNL address IE correctly after upgrade without backwards compatible issue, and send one IP address to HeNB connected.
If receving both IPv4 and IPv6 addresses of the Serving GW for S1-U interface, the HeNB GW may select the IP version (IPv4 or IPv6) to be used for an E-RAB over the S1-U interface and send it to HeNB.
The following text is proposed to be added to TS36.300:
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4.6.2
Functional Split

A HeNB hosts the same functions as an eNB as described in section 4.1, with the following additional specifics in case of connection to the HeNB GW:

-
Discovery of a suitable Serving HeNB GW;

-
A HeNB shall only connect to a single HeNB GW at one time, namely no S1 Flex function shall be used at the HeNB:

-
The HeNB will not simultaneously connect to another HeNB GW, or another MME.

-
The TAC and PLMN ID used by the HeNB shall also be supported by the HeNB GW;

-
Selection of an MME at UE attachment is hosted by the HeNB GW instead of the HeNB. Upon reception of the GUMMEI from a UE, the HeNB shall include it in the INITIAL UE MESSAGE message; upon reception of the GUMMEI Type from the UE, the HeNB shall also include it in the message if supported and supported by the HeNB GW.

-
HeNBs may be deployed without network planning. A HeNB may be moved from one geographical area to another and therefore it may need to connect to different HeNB GWs depending on its location;

-
Signalling the GUMMEI of the Source MME to the HeNB GW in the S1 PATH SWITCH REQUEST message.
Regardless of HeNB GW connection:

-
The HeNB may support the LIPA function. See section 4.6.5 for details.
-
The HeNB may support Fixed Broadband Access network interworking function to signal Tunnel Information to the MME via INITIAL UE MESSAGE message, PATH SWITCH REQUEST message and HANDOVER NOTIFY message as specified in TS 23.139 [55]. The Tunnel Information includes the HeNB IP address, the UDP port if NAT/NAPT is detected.
-
In case an X2 GW is used, the HeNB registers with the X2 GW at power on or after any change of TNL address(es).
The HeNB GW hosts the following functions:

-
Relaying UE-associated S1 application part messages between the MME serving the UE and the HeNB serving the UE, except the UE CONTEXT RELEASE REQUEST message received from the HeNB with an explicit GW Context Release Indication. In that case, the HeNB GW terminates the S1 UE Context Release Request procedure and releases the UE context if it determines that the UE identified by the received UE S1AP IDs is no longer served by an HeNB attached to it. Otherwise it ignores the message.

-
In case of S1 INITIAL CONTEXT SETUP REQUEST message and S1 HANDOVER REQUEST message, informing the HeNB about any GUMMEI corresponding to the serving MME, the MME UE S1AP ID assigned by the MME and the MME UE S1AP ID assigned by the HeNB GW for the UE. In case of S1 PATH SWITCH REQUEST ACKNOWLEDGE message, informing the HeNB about the MME UE S1AP ID assigned by the MME and the MME UE S1AP ID assigned by the HeNB GW for the UE.

-
In case of S1 INITIAL UE MESSAGE message, S1 PATH SWITCH REQUEST and S1 HANDOVER REQUEST ACKNOWLEDGE message, verifying, as defined in TS33.320 [53], for a closed HeNB, that the indicated cell access mode and CSG ID are valid for that HeNB.
-
Terminating non-UE associated S1 application part procedures towards the HeNB and towards the MME. In case of S1 SETUP REQUEST message, verifying, as defined in TS33.320 [53], that the identity used by the HeNB is valid and determining whether the access mode of the HeNB is closed or not. In case of S1 PWS RESTART INDICATION message, verifying, as defined in TS 33.320 [53], that the indicated cell identity is valid and replacing the HeNB ID by the HeNB GW ID before sending the PWS RESTART INDICATION message to the MME.
-
Upon receiving an OVERLOAD message, the HeNB GW should send the OVERLOAD message towards the HeNB(s) including in the message the identities of the affected MME node.

Note: 
If a HeNB GW is deployed, non-UE associated procedures shall be run between HeNBs and the HeNB GW and between the HeNB GW and the MME.

-
Optionally terminating S1-U interface with the HeNB and with the S-GW. The HeNB GW optionally supports selection of a TNL address for an E-RAB over S1-U when receiving two TNL addresses corresponding to different IP versions and sends it to the HeNB.
-
Supporting TAC and PLMN ID used by the HeNB.

-
X2 interfaces shall not be established between the HeNB GW and other nodes.

-
Routing the S1 PATH SWITCH REQUEST message towards the MME based on the GUMMEI of the source MME received from the HeNB.

A list of CSG IDs may be included in the PAGING message. If included, the HeNB GW may use the list of CSG IDs for paging optimization.

The X2 GW hosts the following functions:

- 
routing the X2AP X2 MESSAGE TRANSFER message to target eNB or HeNB based on the routing information received in the X2AP X2 MESSAGE TRANSFER message.

- 
informing the relevant (H)eNBs upon detecting that the signalling (i.e. SCTP) connection to a (H)eNB is unavailable. The relevant (H)eNBs are the ones which had an “X2AP association” with this (H)eNB via the X2 GW when the signalling connection became unavailable.

- 
Mapping the TNL address(es) of a (H)eNB to its corresponding Global (H)eNB ID and maintaining the association.

--------------------------------------------------------------------------8<-------------------------------------------------------------
Proposal4: If IP address selection performed by RAN side, stage2 CR on HeNB GW supporting the IP address selection shall be provided in TS36.300.
3 Conclusion

According to the above discussion, the following proposals are provided:
Proposal1: How to support IP address selection in the case of HeNB connects with MME via HeNB GW and S1-U does not terminate in HeNB GW shall be solved.
Proposal2: If IP address selection performed by MME, IP version indication IE should be introduced in INITIAL UE MESSAGE, and an LS shall be sent to SA2 in order to trigger the modification in TS23.401.
The corresponding CR for proposal2 is provided in [4], and draft LS to SA2 is provided in[5].
Proposal3: If IP address selection performed by RAN side, both IPv4 and IPv6 address from MME to HeNB-GW shall be allowed and solution without backwards compatible issue shall be selected.
Proposal4: If IP address selection performed by RAN side, stage2 CR on HeNB GW supporting the IP address selection shall be provided in TS36.300.
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