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1
Introduction

RAN3 discussed SA2 agreements on support of multiple signalling TNL associations per AMF, as per LS from SA2 received in R3-172099/S2-174053 [1].
Current status of RAN3 discussions is documented in the meeting minutes of the NR Adhoc meeting #2 based on the way forward document in R3-172613 [2].
2
Discussion

2.1
Implementing Agreements and Working Assumptions from RAN NR Adhoc#2
Last meeting already achieved substantial agreements, some of them were confirmed as working assumptions only, but it is expected, that there are no real big technical issues with those WAs, final agreements will have to look at details, probably this is about wording only.
Let us go through the WAs and agreements one by one:
1) WA: The standard shall allow implementations supporting multiple SCTP associations within one gNB/eNB/NG RAN node-AMF pair
This working assumption is key to the whole discussion in 3GPP (SA2/RAN3). It reflects the desired support of (geographically) distributed AMF implementations providing different “entry points” to the same logical AMF node. It also reflects the fact, that support of multiple SCTP associations is not a strict requirement for NG-RAN nodes/AMF, it rather emphasises the fact that the standard shall provide means to support respective implementations.
Proposed text for 38.412:

There shall be at least one SCTP associations established between one AMF and NG RAN node pair.
Proposal 1 Confirm the working assumption that the standard shall allow implementations supporting multiple SCTP associations for one NG interface instance


2) Prior to NG Setup, the NG-RAN node is configured with remote IP endpoint address(es) of the AMF and initiates the SCTP association establishment
This agreement reflects current status in 38.300 and can be regarded as a confirmation of agreements so far, captured in §17.1.3.1.1.

The only difference is that it also reflects the possibility that the NG-RAN node is configured with more than one remote UP endpoint address(es). While such possibility is for sure an implementation option, it is proposed to not specify this possibility explicitly in stage 2. With that it is kept as a possible proprietary implementation, not explicitly ruled out in standard.
Proposal 2 The possibility to pre-configure NG-RAN nodes with more than one IP address is not ruled out, however, this is not explicitly described or mentioned in stage 2 and left for implementation.

3) The AMF shall be able to request the 5G AN node to add or remove TNL associations to the AMF. (SA2 St2 text, as per SA2 LS)

This agreement would need to be reflected in stage 2 and stage 3. Related text proposals were provided already last meeting in R3-172527 ff.

Basically, the AMF is provided with the possibility to indicate the NG RAN node IP addresses towards which additional SCTP associations should be established. NGAP should also foresee the case where an NG RAN node does not support multiple SCTP associations due to scalability reasons. 

Further, NGAP has to support removal of signalling TNL associations. 

It is straight forward to assume that such signalling is implemented within the AMF triggered Configuration Update procedure on NG-C.

Proposal 3 The AMF triggered update procedure shall be able to request the addition or removal of signalling TNL associations.

4) WA: It is under the NG RAN node’s control which of the SCTP associations shall be used for common NGAP procedures. FFS on how this is implemented, e.g. by issuing a GNB CONFIGURATION UPDATE on NG-C with e.g. an explicit IE over existing SCTP association, or over a different SCTP association. Otherwise, the SCTP association via which NG SETUP REQUEST was issued is kept for common NGAP procedures. (pending checking in SA2)
5) Handling of SCTP stream is based on principles specified in 36.412: A single pair of SCTP streams within the SCTP association selected by the NG-RAN node is used for common signaling.

The WA is kind of “answered” by the following agreement, i.e. it can be acknowledged that indeed the NG-RAN node decides which signalling TNL association is used for common signalling. We also suggest to adopt the term “primary” signalling TNL/SCTP association.

Proposal 4 Finally acknowledge that it is the NG-RAN node the decides which TNL association is used for common signalling. This TNL association is denoted as the “primary” TNL association.

The only open topic is how the NG-RAN node communicates its selction of the “primary” TNL association to the AMF.

We suggest that this is done implicitly at the NG Setup procedure. If it happens that more than one IP address is pre-configured at the NG-RAN node and therefore more than one SCTP association is established, the NG-RAN node selects one of the SCTP associations to perform NG Setup.

If later on the NG-RAN node would like to change the primary SCTP association, either, because additional SCTP association were established and the NG-RAN node and another SCTP association is found more convenient to be selected as the primary one, or, because the primary SCTP association was released or is broken, the NG-RAN node issues a Configuration Update procedure indicating explicitly the change of the primary SCTP association. The reason for the  explicit indication is to cover the case where the change of the primary SCTP association is the only action performed by the Configuration Update procedure with a good protocol solution.

Proposal 5 The primary TNL association is chosen by the NG-RAN node either implicitly by issuing the NG Setup procedure or by explicitly indicating the change within the Configuration Update procedure.

6) A single pair of SCTP streams within the same SCTP association is used for UE associated signalling and shall not be changed, unless the NGAP UE-TNLA-binding update is performed by the AMF.
This is a straight forward agreement and in principle, the agreement reflects specification text from 36.412 which is supposed to (re)appear in 38.412 as well.
Proposal 6 Text from 36.412 on usage for SCTP streams for UE associated signalling is re-used for 38.412.

7) The current definition of the UE NGAP IDs is valid also in case multiple SCTP associations are established.

As agreed, there is no impact on the current definitions of the UE NGAP IDs. Those UE NGAP IDs have to be unique per allocating logical node (otherwise, the main objective of removing issues stemming from the “stickiness” of UE associated signalling connections to the underlying signalling TNL association cannot be met).

Proposal 7 No updates for the definition of UE NGAP IDs is necessary due to the introduction of multiple SCTP associations on NG-C.

2.2
Discussion on open issues from RAN NR Adhoc#2

This section goes through the open issues from last meeting, one by one:

8) NGAP UE TNLA Binding
Creating of a NGAP UE-TNLA binding occurs whenever an NGAP UE associated signalling connection is created, either

-
at UE originated signalling, if no UE context exists yet in NG-RAN

-
at Xn based handover, when UE context is moved to a target NG-RAN node

-
at NG-C based handover, when the AMF establishes the NGAP UE associated signalling connection.

The NGAP UE-TNLA binding is performed by using one of the established SCTP connections for NGAP signalling. Without intervention from the AMF side, the NG-RAN node shall not change the NGAP UE-TNLA binding. (see latest version of 23.501)
There are three ways to change the NGAP UE-TNLA binding as discussed by SA2:

a.
either the AMF responses to a UE originated signalling on a different SCTP association

b.
or the AMF, in responding to UE originated signalling, provides information to the NG-RAN node which SCTP association to use in future

c. or the AMF asks the NG-RAN to not use the current SCTP association anymore for future UE associated signalling, but to chose another one from the remaining SCTP associations.

As options a.) and b.) are functionally the same, it would be good to not specify both options. Option a.) is probably more effective in terms of NG signalling. It could be also further discussed whether the AMF should be allowed to request the change of the NGAP UE-TNLA binding without any actual UE context related signalling.

Proposal 8 Follow the approach where the AMF is allowed to reply to the NG-RAN node on a different SCTP association. Whether the request to change the SCTP association can be done in a stand-alone fashion, i.e. without any actual UE context related signalling might be further discussed. 

9) Binding Release
SA2 explicitly requests feedback for option c.) above, i.e. the release of the NGAP UE TNLA-binding for UEs in CM-CONNECTED. We assume that in case the binding has been explicitly released, the UE context and the identifiers related to the NGAP UE associated signalling connection will be kept in the NG-RAN node and the AMF. The only reason for releasing the NGAP UE TNLA-binding could be the wish of the AMF to release a SCTP association in a graceful manner. But such could be also realised by node-level signalling, e.g. by initiating an AMF Configuration Update procedure, indicating that an SCTP association is about to be taken out of service. The gNB could finalise pending signalling (i.e. wait for acknowledgment on SCTP level) and then select alternative SCTP associations for future signalling.

Proposal 9 Do not realise a per NGAP UE associated signalling connection release of NGAP UE TNLA-binding. It should be sufficient to allow the AMF to release a (complete) SCTP association. 

10) handling of Xn HO
Xn based handover is another special case where SA2 requests explicit feedback.

The scenario considered in [1] assumes, that the source side NG-C supports SCTP connectivity to a certain IP end point whereas the target side NG-C doesn’t. This requires that the source NG-RAN node provides also information about the NGAP UE-TNAL binding to the target NG-RAN node, i.e. the SCTP association used at the source side.

Such approach is possible; however, it would break the principle that rather the AMF is in direct control of adding or releasing additional SCTP associations. On the other hand side, the AMF would need to have knowledge about Xn connectivity, which is probably an item to be avoided at all.

We assume that Xn connectivity only exists due to an actually need of co-ordination of radio resources between neighbouring NG-RAN nodes and due to possible inter NG-RAN node mobility. For the latter case, it would be possible to exchange SCTP association related information at Xn Setup/Update in order to prepare the nodes with the necessary SCTP connectivity.

One other possibility would be to allow the target NG-RAN node to perform path switch via any (already established) SCTP association, if the SCTP association indicated is not yet established (it is assumed that the NG-RAN node shouldn’t wait for the additional SCTP association to be established) and to request the AMF to confirm the establishment of an additional SCTP connectivity via common signalling, if this is possible from an NG-RAN node point of view.

Proposal 10 It is proposed to indicate at Xn HO the IP address of the SCTP association via which the source NG-RAN node communicates with the AMF. If the target node has not yet established the signalling TNL association it should use any established SCTP association to execute the NGAP Path Switch and may request the AMF to confirm the establishment of the additional SCTP association.
11) handling of UE related signalling not using UE associated signalling
NGAP foresees (like S1AP) to distinguish between UE associated and non-UE associated signalling.

UE associated signalling requires the allocation of Application Protocol level identifiers as reference to the actual UE associated signalling connection, whereas non-UE associated signalling doesn’t require such reference.

However, there is at least one kind of signalling currently known that is related to UE signalling but doesn’t require UE associated signalling: Paging. Further signalling may be added in future. Such approach would support scenarios where handling of a UE context is moved from one physical machine to another, being restricted to a single SCTP association, whereas the physical processing is performed in a remote machine, probably remote from the machine handling common (AMF node-level) signalling, is not very advantageous.

We suggest to allow UE related NGAP signalling utilising non-UE associated signalling to make use of all SCTP associations established. It could be further discussed, whether such signalling should be performed within a single pair of stream identifiers reserved for the sole use for such kind of signalling.

Proposal 11 Allow UE related NGAP signalling utilising non-UE associated signalling to make use of all established SCTP associations. 

3
Conclusion
We have discussed handling of multiple signalling TNL associations based on the status reached in RAN3 in June. The following is proposed:
Proposal 1
Confirm the working assumption that the standard shall allow implementations supporting multiple SCTP associations for one NG interface instance
Proposal 2
The possibility to pre-configure NG-RAN nodes with more than one IP address is not ruled out, however, this is not explicitly described or mentioned in stage 2 and left for implementation.
Proposal 3
The AMF triggered update procedure shall be able to request the addition or removal of signalling TNL associations.
Proposal 4
Finally acknowledge that it is the NG-RAN node the decides which TNL association is used for common signalling. This TNL association is denoted as the “primary” TNL association.
Proposal 5
The primary TNL association is chosen by the NG-RAN node either implicitly by issuing the NG Setup procedure or by explicitly indicating the change within the Configuration Update procedure.
Proposal 6
Text from 36.412 on usage for SCTP streams for UE associated signalling is re-used for 38.412.
Proposal 7
No updates for the definition of UE NGAP IDs is necessary due to the introduction of multiple SCTP associations on NG-C.
Proposal 8
Follow the approach where the AMF is allowed to reply to the NG-RAN node on a different SCTP association. Whether the request to change the SCTP association can be done in a stand-alone fashion, i.e. without any actual UE context related signalling might be further discussed.
Proposal 9
Do not realise a per NGAP UE associated signalling connection release of NGAP UE TNLA-binding. It should be sufficient to allow the AMF to release a (complete) SCTP association.
Proposal 10
It is proposed to indicate at Xn HO the IP address of the SCTP association via which the source NG-RAN node communicates with the AMF. If the target node has not yet established the signalling TNL association it should use any established SCTP association to execute the NGAP Path Switch and may request the AMF to confirm the establishment of the additional SCTP association.
Proposal 11
Allow UE related NGAP signalling utilising non-UE associated signalling to make use of all established SCTP associations.


It is further proposed to discuss and agree on the TPs provided in R3-173213-R3-173216 and the LS reply in R3-173217
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