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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 for RAN3#98 in R3-174291/S2-178192 [1], which also included aspects of AMF managment. It seems that the latter aspect needs to be discussed separately, however, as the explicit per-UE binding release waits for an LS from SA2, there are only a few aspects that are not related to AMF management, so all the aspects are kept in a single discussion. 
2
Discussion

2.1
Setup of NG-C TNL associations

Stage 3 support for setup of multiple NG-C TNL associations have been already agreed at RAN3#97bis, see latest version of 38.413 that allows the AMF Configuration update procedure to add and remove NG-C TNL associations.

We have discussed in the past whether a confirmation on RNL level should be performed after setup of the signalling TNL connection. The NG Setup procedure, apart from exchanging protocol information necessary to operate the NG-C interface also serves as a defined starting point for operation on RNL.

Proposal 1 It is proposed to add protocol support for an explicit NG-RAN triggered NGAP-level confirmation after a successful TNLA establishment.

2.2
NG-C TNL associations for UE associated and non-UE associated signalling

The following feedback was given from SA2 in [1]

SA2 has discussed the topic of non-UE associated signalling and agreed that the following principles would be useful in virtualised 5GC environment:

a)
More than one TNLAs can be used for non-UE associated signalling.
b)
AMF shall be able to select which TNLA(s) are used for non-UE associated signalling.
c) The sets for TNLA associations used for UE-associated and non-UE associated signalling can be disjoint.
d) The N2 Paging procedure can be initiated on any TNLA.
Current 23.502 states in 4.2.7.1:

The AMF supplies the 5G-AN node with information about:

a)
the AMF Name and the GUAMI(s) configured on that AMF Name;

b)
the set of TNL associations to be established between the NG-RAN node and the AMF;

c)
weight factor associated with each of the TNL association within the AMF; and
d)
weight factor of the AMF within the AMF set; and
e)
(optional) for each GUAMI(s) configured on that AMF the corresponding backup AMF Name.

The weight factors are used for load distribution of the initial N2 messages. The AMF chooses whether or not to use the same TNL association for the initial N2 message and subsequent messages for that UE. TNL associations configured with a weight factor set to zero are not permitted for the initial N2 message, but can be used for subsequent N2 messages.

Deployments that rely solely on 5GC-based load balancing can set the weight factors associated with TNL associations that are permitted for the initial N2 message to the same value.
Additionally, 23.501 states in 5.21.1.1 and 5.21.1.3:

The AMF shall be able to indicate to the 5G-AN node the set of TNL associations used for UE-associated signalling and the set of TNL associations used for non-UE associated signalling.

The AMF may use any TNL association intended for non-UE associated signalling for initiation of the N2 Paging procedure.
So, SA2’s preference is to let the AMF decide which TNLAs to use for non-UE associated signalling.

We propose to agree on the following principles
Proposal 2 The AMF selects TNLAs for non-UE associated signalling, for initial (UL) N2 messages and subsequent UE associated signalling. If the AMF does not indicate anything all TNLAs are allowed to be used for any kind of signalling.
Proposal 3 Paging is allowed to be sent on all TNLAs.
Proposal 4 The NG-RAN cannot select the use of TNLAs.
Proposal 5 The principle of using different SCTP streams for UE-associated and non-UE associated signalling as foreseen for EPS can be kept.
Proposal 6 Weight Factors are introduced on a per AMF and per TNL association basis.
2.3
Selection of the TNLA for UE associated signalling

23.502 states in section 4.2.7.2.1

2.
The 5G-AN node creates an NGAP UE-TNLA-binding for the UE by selecting a TNL association from the available TNL associations permitted for the initial message e.g. N2 INITIAL UE MESSAGE for the selected AMF, as defined in TS 23.501 [2] clause 5.21.1.3, and forwards the UE message to the AMF via the selected TNL association.

So, it is basically the AMF that selects the TNLA for UE associated signalling, while the RAN only selects the TNLA for the initial message.

Observation 1 The NGAP UE-TNLA binding for UE associated signalling is performed by the AMF, not by the NG-RAN node.

2.4
Graceful removal of AMFs and indicating a GUAMI as unavailable - within an AMF set

Along current TS 23.501 section 5.12.2 and TS 23.501 section 4.2.7.2 the following principle can be deduced:

1.
An AMF may indicate unavailability of GUAMI(s) and may indicate target AMF(s) within an AMF set.

2.
The NG-RAN node shall store the GUAMI applicable for the UE context and check its availability at UE related NG-C signalling 

3.
If the GUAMI is unavailable, the NG-RAN selects either, if indicated, an indicated target AMF or any AMF within the AMF set, even if the GUAMI was not explicitly indicated as being assigned to the selected AMF yet.

4.
The NGAP signalling uses the same AMF UE NGAP ID towards the new AMF as used towards the old AMF, which requires AMF UE NGAP ID to be uniquely allocated within an AMF set.

Proposal 7 AMF managemetn procedures shall be able to indicate several GUAMIs supported per AMF.

Proposal 8 AMF Configuration Update shall contain the possibility to indicate unavailability of one or several GUAMIs, with the possibiltiy to indicate a target AMF to use instead.

Proposal 9 NG-RAN shall store the GUAMI applicable for the UE context and check its availability at NGAP signalling

Proposal 10 NG-RAN selects a new AMF upon GUAMI unavailability, unless a target AMF is indicated

Proposal 11 AMF UE NGAP IDs have to be unique per AMF set

There is one additional aspect on the graceful removal of an AMF from an AMF set. If the logical UE associated signalling connection is moved to another AMF instance, the new AMF instance may wish to allocate a new AMF UE NGAP ID. Different AMFs may have implemented different ways to utilise the AMF UE NGAP ID numbering space. We propose to support this possibility and introduce a new NGAP procedure, as currently none of the existing procedures seem to be appropriate for this function.

Proposal 12 Introduce a new NGAP procedure to allow a new AMF to allocate a new AMF UE NGAP ID seems to be beneficial and should be supported.

2.5
Indication of source-side TNLA at Xn Handover

SA2 requests RAN3 to at least provide support for indicating to the target NG-RAN node the TNL address used at the source side at Xn handover. Feasibility of that approach is out of question and the feature should be included in XnAP.

Proposal 13 At Xn HO, the target NG-RAN node shall optionally receive the TNL address used at the source side for NG-C signalling.

3
Conclusion

We have discussed handling of multiple signalling TNL associations based on the status reached in RAN3 in June 2017 and based on information received from SA2 in November 2017. The following was observed:

Observation 1
The NGAP UE-TNLA binding for UE associated signalling is performed by the AMF, not by the NG-RAN node.


The following is proposed:

Proposal 1
It is proposed to add protocol support for an explicit NG-RAN triggered NGAP-level confirmation after a successful TNLA establishment.
Proposal 2
The AMF selects TNLAs for non-UE associated signalling, for initial (UL) N2 messages and subsequent UE associated signalling. If the AMF does not indicate anything all TNLAs are allowed to be used for any kind of signalling.
Proposal 3
Paging is allowed to be sent on all TNLAs.
Proposal 4
The NG-RAN cannot select the use of TNLAs.
Proposal 5
The principle of using different SCTP streams for UE-associated and non-UE associated signalling as foreseen for EPS can be kept.
Proposal 6
Weight Factors are introduced on a per AMF and per TNL association basis.
Proposal 7
AMF managemetn procedures shall be able to indicate several GUAMIs supported per AMF.
Proposal 8
AMF Configuration Update shall contain the possibility to indicate unavailability of one or several GUAMIs, with the possibiltiy to indicate a target AMF to use instead.
Proposal 9
NG-RAN shall store the GUAMI applicable for the UE context and check its availability at NGAP signalling
Proposal 10
NG-RAN selects a new AMF upon GUAMI unavailability, unless a target AMF is indicated
Proposal 11
AMF UE NGAP IDs have to be unique per AMF set
Proposal 12
Introduce a new NGAP procedure to allow a new AMF to allocate a new AMF UE NGAP ID seems to be beneficial and should be supported.
Proposal 13
At Xn HO, the target NG-RAN node shall optionally receive the TNL address used at the source side for NG-C signalling.
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