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1
Introduction

SA2 has been discussing the interaction between the signalling transport and the application protocol on the NG-C interface since the study phase.

TR 23.799 [1] has captured agreements of the Key Issue #19 “Agreements on Key Issue #19: Architectural impacts when using virtual environments”
The architecture should support mechanisms to avoid issues caused by the persistence ("stickiness") of UE-specific associations on at least NG2.

NOTE 1:
Solutions should be developed during normative phase.

NOTE 2:
Other reference points may be considered.
SA2 continued work on that key issue in the ongoing normative work and provided input for discussions in RAN3 in the LS received at RAN NR Adhoc no. 2 in R3-172099/S2-174053 [2], asking for feedback on the following specific items:
Specifically SA2 would like to ask for RAN3’s feedback on

 
1) the ability of the NG-RAN to support the case where the AMF releases the N2AP UE-TNLA-binding for a UE in CM-Connected mode at any time

 
2) the ability of the NG-RAN to support the case where the AMF updates the N2AP UE-TNLA-binding for a UE by means of triangular redirection (e.g. by responding to the RAN using a different TNL association)

3) the ability of a target NG-RAN node to establish a TNL association towards a TNL address of the AMF received from a source NG-RAN node and to create an N2AP UE-TNLA-binding to this TNL association for a UE during an Xn-based inter NG-RAN node handover.

The LS in [2] was accompanied by two pCRs agreed in SA2 [3] and [4] introducing the following concept:
I.) There exists one NG-C association per UE between an 5G (R)AN node and an AMF (see [3]) – this is equivalent terminology to UE associated signalling connection – NGAP UE associated signalling connection.
II.) A 5G (R)AN node shall be able to support multiple TNL associations per AMF (see [3])

-
The number of TNL associations is controlled by the AMF, it can request the 5G (R)AN node to add or remove an TNL association

III.) The NGAP UE associated signalling connection is bound to a signalling TNL association – NGAP UE-TNLA binding
III.1) While a UE is in CM-CONNECTED, the 5G (R)AN node maintains the same NGAP UE-TNLA binding, unless explicitly changed or released by the AMF

III.2) A NGAP UE-TNLA binding is created
III.2.1) By the 5G (R)AN node, at UE originated signalling, either, because the UE was in CM-IDLE or the binding was released; The 5G (R)AN node
-
selects, if necessary, an AMF (details see [4])
-
creates the NGAP UE-TNLA binding (by randomly selecting a TNL association)

-
the AMF may decide to modify the binding (see III.3 below)

III.2.2) By the 5G (R)AN node, at Xn based handover; the 5G (R)AN node
-
the target 5G (R)AN node receives the source side UE signalling reference (i.e. the NGAP UE association, including the binding information)

-
the target node establishes a TNL association to the TNL address provided by the source node, if such isn’t yet established

-
the target node creates the NGAP UE-TNLA binding, which the AMF may decide to modify

-
the target node provides the AMF with the source side UE signalling reference

III.2.3) By AMF, at NG-C based handover; the AMF
-
creates the NGAP TNLA-binding, the 5G (R)AN node uses the same TNL association.

III.2.4) If the AMF and the 5G (R)AN node creates a binding concurrently

-
the AMF choice takes precedence

III.3) An AMF may change the NGAP UE-TNLA binding at any time

III.3.1)
either in response to a message received by the 5G (R)AN node 

-
by answering via a different TNL association

-
or by requesting the 5G (R)AN node to use a different TNL association for NG-C signalling

III.3.2)
or by releasing the binding for a UE in CM-CONNECTED while keeping the NG-U resources (and, obviously, the UE NGAP association)

2
Discussion

2.1
Support of virtualised AMFs versus AMF pool concept

SA2 discussed the introduction of solutions to avoid issues caused by the persistence ("stickiness") of UE-specific associations on at least NG2 in the context of virtual 5GC environments. 

A virtualised 5GC may appear to an NG-RAN node through the NG-C interface still as a single AMF network entity. The actual internal, physical implementation of an AMF is of no relevance, as long as the signalling transport ends up in a concrete “physical” transport (IP) address.

What might give a glimpse of the “distributed” nature of “virtualised” AMFs is the fact that according to SA2’s concept item II.), an AMF network entity may have more than one, geographically distributed “entry points”, which allows NG-C signalling to access an AMF network entity at different geographical locations. Imagining such realisations of 5GC functions may provide a reason to actually require an NG-C interface instance supporting more than one signalling transport associations.

Observation 1 An AMF appears to an NG-RAN node, through the NG-C interface instance associated with the NG-RAN node / AMF relation, as a single logical node, regardless the AMF’s physical realisation.

While it would be possible to realise a virtualised AMF in a way that only a single processing instance supports the distributed implementation of such network entity, it is more likely that more than one processing platform is involved in tasks related to UE context handling. Such approach requires synchronisation of UE context data in between processing instances.
In principle, the MME pool concept is inherited by 5GC, defining a hierarchy among AMFs: AMF Regions, AMF Sets, AMF Pointers (see TS 23.501 [5]). While the AMF hierarchy concept would support certain aspects of virtualisation and redundancy, geographical distribution of processing instances for a single AMF instance is not contained therein.
Observation 2 Supporting more than one signalling TNL associations per AMF allows NG-C signalling to access an AMF at different geographical locations.

2.2
Role of a signalling transport association on NG-C
On the S1-MME interface a single signalling transport association is supported per eNB/MME pair. Pending SA2 discussions, this was the assumption on the NG-C interface as well so far.

Existence of a signalling transport association is a prerequisite of an operating S1-MME interface instance. If the signalling transport association is broken, both, the eNB and the MME may keep the UE associated context data for a while, but in general, without a functioning signalling transport, the eNB should not provide service to UEs. Such principle should be kept for the NG-C interface as well.
Proposal 1 An NG-RAN node shall only provide service to UEs with an established and functioning signalling transport association for an NG-C interface instance. Similar solutions to handle short-term breaks as specified for S1-MME are expected to be inherited at NG-C. 

The concept to allow more than one signalling TNL associations on NG-C breaks up the one-to-one relation that has existed so far between an CN-RAN interface instance and the underlying signalling TNL association. An NG-C interface instance would need to be defined as a logical relation between an NG-RAN node and an AMF node including the set of signalling TNL associations established to support signalling on that NG-C interface instance. While it is evident that UE associated signalling should be allowed to happen on each of the established signalling TNL associations, such evidence is not given for signalling associated to the logical node as such (interface setup/configuration update, overload etc.). We propose do define that signalling not related to a UE shall be performed on a single, TNL association, designated by the AMF as a “primary” TNL association. But also for signalling associated with UEs, concept item III.1) requires a UE associated signalling to be bound to a single signalling TNL association unless this binding is changed or released explicitly by the AMF. We suggest defining a similar principle for signalling not associated with UE context handling:

Proposal 2 A single “primary” signalling TNL association is maintained for non-UE associated signalling unless this signalling TNLA is explicitly changed by the AMF. If this signalling TNLA is broken, the AMF shall assign another as the “primary” one. 

2.3
NGAP UE associated signalling connection

Concept item I.) foresees basically to inherit the principles of a logical S1 UE associated signalling connection from EPS. A logical S1 UE associated signalling connection is identified by IDs allocated uniquely per logical eNB and MME. The same method for identifying a UE associated logical signalling connection on NG-C is also foreseen as of draft TS 38.401 [6].

Avoiding issues caused by the persistence of UE-specific associations on NG-C would be only possible, if the identification of a logical NG-C UE associated signalling connection is not dependent on the underlying signalling TNL association. In case an SCTP association is broken, the logical signalling connection can still be maintained, as signalling can be performed via another signalling link.
Proposal 3 The NGAP UE associated signalling connection are identified by IDs uniquely allocated per logical node constituting an NG-C interface instance. The definitions of the gNB UE NGAP ID and AMF UE NGAP ID as per latest version of TS 38.401 are applicable also for NG-C interface instances with multiple signalling TNL associations. 

2.3
AMF controlling the number of NG-C signalling TNL associations
We expect the setup of an NG-C interface instance to work along the following principles established in 4G for the setup of an S1-MME interface instance:

1.)
For each AMF it shall connect to, the NG-RAN node is provided with an initial remote IP end point to be used for SCTP initialisation.

2.)
The NG-RAN node establishes an SCTP association per AMF towards the provided remote IP end point.

3.)
After successful establishment of SCTP connectivity, the NG-RAN node initiates the NG Setup procedure towards each AMF, providing basic application level configuration data (NG-RAN node identity, supported TAIs, etc.).

4.)
The AMF provides relevant configuration information to the NG-RAN node (supported PLMN IDs, etc.). The AMF may also provide further remote IP end point addresses to which the NG-RAN node shall attempt to establish SCTP connectivity.

5.)
The NG-RAN node establishes SCTP connectivity towards the additional IP end points.

6.)
The SCTP association via which the NG Setup procedure has been performed is regarded as the primary SCTP association, which is used for non-UE related NG-C signalling or until the AMF changes the designation of a primary SCTP association to another SCTP association by initiating the NGAP AMF Configuration Update procedure via an SCTP association different from the primary SCTP association.

7.)
The AMF may add or remove SCTP associations towards an NG-RAN node at any time.

8.) The AMF may change the primary SCTP association at any time.

Proposal 4 Agree on the concept of primary and additional SCTP associations as described in section 2.3, which foresees additional remote IP end points being provided by the AMF and the primary SCTP association to be chosen by the AMF. Approve the pCRs for TS 38.412 in R3-172528 [8] and TS 38.300 in R3-172527 [9]. 

2.4
Binding of an NGAP UE associated signalling connection to a signalling TNL association – 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.

Note, that according to concept item III.2.4), the SCTP association selected by the AMF shall take precedence in case of race conditions.

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.

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 5 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. 

SA2 explicitly requests feedback for option c.), 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 6 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. 

2.5
NGAP UE-TNLA binding at Xn based handover

Xn based handover is another special case where SA2 requests explicit feedback.

The scenario considered in [2] 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 exists due to necessary co-ordination of radio resources between neighbouring NG-RAN nodes and due to actual 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 at any SCTP association, if the one indicated is not yet established and to let the AMF initialise the establishment of SCTP connectivity, if needed.
It should be also discussed whether the case where the target node for some reason is not able to establish an additional SCTP association. Such case should not lead to a release of the UE associated signalling connection.

Proposal 7 In order to assure homogenous support of SCTP connectivity within an area supporting Xn based mobility, it is proposed to exchange SCTP connectivity related information at Xn Setup or Xn Configuration Update, causing the receiving NG-RAN node to align SCTP connectivity of its Xn neighbour. However, Xn handover to a node that is not able to establish an SCTP association to a certain IP end point should not lead to the release of a UE associated signalling connection.
2.6
NGAP signalling not related to UEs versus UE non-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.
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 8 Allow UE related NGAP signalling utilising non-UE associated signalling to make use of all established SCTP associations. 

3
Conclusion
We have discussed information contained in the LS received in [2] on N2 requirements and procedures.

We have observed the following.
Observation 1
An AMF appears to an NG-RAN node, through the NG-C interface instance associated with the NG-RAN node / AMF relation, as a single logical node, regardless the AMF’s physical realisation.
Observation 2
Supporting more than one signalling TNL associations per AMF allows NG-C signalling to access an AMF at different geographical locations.


We propose the following:
Proposal 1
An NG-RAN node shall only provide service to UEs with an established and functioning signalling transport association for an NG-C interface instance. Similar solutions to handle short-term breaks as specified for S1-MME are expected to be inherited at NG-C.
Proposal 2
A single “primary” signalling TNL association is maintained for non-UE associated signalling unless this signalling TNLA is explicitly changed by the AMF. If this signalling TNLA is broken, the AMF shall assign another as the “primary” one.
Proposal 3
The NGAP UE associated signalling connection are identified by IDs uniquely allocated per logical node constituting an NG-C interface instance. The definitions of the gNB UE NGAP ID and AMF UE NGAP ID as per latest version of TS 38.401 are applicable also for NG-C interface instances with multiple signalling TNL associations.
Proposal 4
Agree on the concept of primary and additional SCTP associations as described in section 2.3, which foresees additional remote IP end points being provided by the AMF and the primary SCTP association to be chosen by the AMF. Approve the pCRs for TS 38.412 in R3-172528 [8] and TS 38.300 in R3-172527 [9].
Proposal 5
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 6
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 7
In order to assure homogenous support of SCTP connectivity within an area supporting Xn based mobility, it is proposed to exchange SCTP connectivity related information at Xn Setup or Xn Configuration Update, causing the receiving NG-RAN node to align SCTP connectivity of its Xn neighbour. However, Xn handover to a node that is not able to establish an SCTP association to a certain IP end point should not lead to the release of a UE associated signalling connection.
Proposal 8
Allow UE related NGAP signalling utilising non-UE associated signalling to make use of all established SCTP associations.


We also propose

Proposal 9
Reply to SA2 as suggested in R3-172530 [7].

Proposal 10
Agree on respective pCR for the pCR for 38.413 as proposed in R3-172529 [10].
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