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Introduction
The topic of multiple SCTP associations on the NG-C interface has been discussed for a number of meetings. Some agreements have been made (e.g. the basic agreement to support multiple SCTP associations) and for some issues SA2 inputs were requested in R3-173420 [1].

In this paper we provide further considerations on issues related to this topic, which have not been discussed before or have been discussed, but have not been resolved. We intentionally avoid topics requiring SA2 guidance as these should be discussed once SA2 reply LS is received.
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Discussion

2.1     TNL association load balancing
The reason why RAN3 and SA2 agreed to define multiple TNL associations between a gNB and an AMF is to support load balancing between different AMF hardware resources, when AMF is implemented in a virtualized environment. It appears though that there are currently two load balancing mechanisms defined in TS 23.501 [2] and TS 23.502 [3]: CN-based and RAN-based load balancing. Referring to clause 4.2.7.0 in TS 23.502 [3]:
	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 available for reception of the initial N2 message, e.g. N2 INITIAL UE MESSAGE;

NOTE:
The AMF chooses whether or not to use the same TNL association for the initial N2 message and subsequent messages for that UE. 

c)
the set of TNL associations that are not permitted for the initial N2 message but which the AMF can use for subsequent UE related N2 signalling. The AMF may leave this set empty; 

d)
weight factor of the AMF within the AMF set; and
e)
(optional) weight factor of the TNL association within the AMF.


Observation 1: there are currently two methods (CN-based and RAN-based) for load balancing between AMF resources defined in TS 23.501 [2] and TS 23.502 [3].

The former (CN-based) can be implemented using TNL associations designated for the INITIAL UE MESSAGE. In this mechanism, the first NG-AP message is sent on a designated TNL association to an AMF (presumably such designated association is connected to a load balancing function), after which the AMF can do load balancing using triangular routing, i.e. by replying on another TNL association, which will be used from that moment on.
The latter (RAN-based) method apparently relies on “(optional) weight factor of the TNL association”, using which the gNB can decide on the most appropriate TNL association to use. Presumably (even though this is currently not addressed in TS 23.501 or TS 23.502), and AMF will periodically update the weight factors as e.g. load or some other unspecified conditions change. 

Comparing the two approaches, the former (CN-based) one seems preferable, as it:

1) Requires less signaling (no need to update the weight factors)
2) Relies on more up to date information (it is unlikely that weight factors will be updated very frequently, whereas load in virtualized environment can change rapidly)
Observation 2: the CN-based load balancing mechanism (based on designated SCTP associations) seems preferable compared to the RAN-based one (based on weight factors).
As it is always a good practice to avoid specifying equivalent but redundant mechanisms, it is therefore proposed to adopt the CN-based mechanism in RAN3 specifications and to ask SA2 about clarifications on the scenarios where the other mechanism may be needed. 
We would also like to point out that in case RAN3 decides to specify the RAN-based mechanism in addition to the CN-based mechanism the following issues need to be clarified:

1) Definition of the weight factors, including range and granularity

2) Whether the weigh factors can be updated dynamically and if so, with which frequency

3) Which NG-AP messages to use to convey the weight factors (e.g. Setup, Configuration Update, etc)

4) How both CN-based and RAN-based load balancing mechanisms co-exist

Proposal 1: to adopt the CN-based mechanism in RAN3 specifications and to ask SA2 about clarifications on the scenarios where the other mechanism may be needed.

2.2     Non UE-associated signalling

On this topic “RAN3 agreed that a single pair of SCTP streams within the SCTP association selected by the NG-RAN node is used for non-UE associated signalling” [1]. Furthermore, RAN3 have agreed that RAN decides which TNL association is used for that purpose. It remains to be discussed, however, whether/how this information needs to be conveyed to AMF and whether AMF is allow to/what happens if AMF releases that SCTP association.

According to TS 23.502 [3] “an AMF shall be able to request the 5G AN node to add or remove TNL associations to the AMF”. Therefore, there may be a problem if an AMF removes the TNL association which that the RAN uses for non-UE associated signalling. A possible way to resolve this issue isfor a gNB to indicate to the AMF which TNL association is used for non-UE associated signalling; so that the AMF does not remove that association. Additionally, it seems that if a gNB only uses “TNL associations available for reception of the initial N2 message” for non UE-associated signalling, which are presumably associated with AMF load balancing function (which in its turn is unlikely to be removed), this may decrease the chances of AMF needing to remove the TNL association used for non-UE associated signalling. In summary, there are two options (which may be used together):

1) A gNB indicates to the AMF which TNL association is used for non-UE associated signalling; AMF does not remove that association.

2) A gNB selects a TNL association to be used for non-UE associated signalling from the list of TNL associations available for reception of the initial N2 message (as signalling by the AMF).

While the second option has some appeal as it does not require any signalling, it cannot be used for NG Setup Request. This can be easily resolved if we assume that the TNL addressed of the AMF which is preconfigured in the gNB is one of the TNL addresses which can be used for non-UE associated signalling. Therefore, our proposal is as follows:
Proposal 2: the preconfigured TNL address of an AMF can be used for non-UE associated signalling; additionally, a gNB may indicate to an AMF which TNL associations are used for non-UE associated signalling using gNB Configuration Update.
2.3     Signalling design
Based on the previous discussions and agreements in RAN3 as well as the proposals above in the present paper we propose to design the stage-3 signalling as follows:
1) NG Setup Response carries two lists of TNL addresses to add: for initial UE message and other
2) AMF configuration Update carries two lists: TNL addresses to add, TNL addresses to remove; each list has two sets: for initial UE message and other
3) RAN Configuration Update can be used to indicate which TNL association is used for non-UE associated signalling

A TP illustrating the above is provided in the appendix below.
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Conclusions and proposals

In the present contribution we make the following observations:

Observation 1: there are currently two methods (CN-based and RAN-based) for load balancing between AMF resources defined in TS 23.501 [2] and TS 23.502 [3].

Observation 2: the CN-based load balancing mechanism (based on designated SCTP associations) seems preferable compared to the RAN-based one (based on weight factors).

Based on the discussion in the present contribution and the observations above we propose: 

Proposal 1: to adopt the CN-based mechanism in RAN3 specifications and to ask SA2 about clarifications on the scenarios where the other mechanism may be needed.

Proposal 2: the preconfigured TNL address of an AMF can be used for non-UE associated signalling; additionally, a gNB may indicate to an AMF which TNL associations are used for non-UE associated signalling using gNB Configuration Update.
The LS draft to SA2 related to proposal 1 above is provided in [4]
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Appendix A TP for 38.413
	*********First Change**********


9.2.6.4
RAN CONFIGURATION UPDATE

Editor’s Note:
Message structure and IEs need further checking and completion. Further details FFS.

This message is sent by the NG-RAN node to transfer updated application layer information for an NG-C interface instance.

Direction: NG-RAN node ( AMF
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	Global RAN Node ID
	M
	
	9.3.1.5
	
	YES
	reject

	RAN Node Name
	O
	
	PrintableString

(SIZE(1..150,…))
	FFS
	YES
	ignore

	Supported TAs
	
	1..<maxnoofTACs>
	
	Supported TAs in the NG-RAN node.
eNote: TAs applicable for 5G as well
	GLOBAL
	reject

	>TAC
	M
	
	<ref>
	Broadcast TAC
	-
	

	>Broadcast PLMNs
	
	1..<maxnoofBPLMNs>
	
	Broadcast PLMNs
	-
	

	>>PLMN Identity
	M
	
	9.3.3.5
	
	-
	

	>>TAI Slice Support List
	O
	
	Slice Support List

9.3.1.28
	Supported S-NSSAIs per TA. FFS if temporarily unavailable status of S-NSSAI need to be considered.
	YES
	ignore

	AMF Transport Layer Address Item for non UE-associated signallingI
	
	
	
	
	YES
	ignore

	  > AMF Transport Layer Address
	O
	
	
	Transport Layer Address of the AMF.
	YES
	ignore


	*********Next Change**********


9.2.6.2
NG SETUP RESPONSE

Editor’s Note:
Message structure and IEs need further checking and completion. Further details FFS.
This message is sent by the AMF to transfer application layer information for an NG-C interface instance.
Direction: AMF ( gNB
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	<ref>
	
	YES
	reject

	AMF Name
	O
	
	PrintableString

(SIZE(1..150,…))
	FFS
	YES
	ignore

	AMF pool and AMF code related information
	M
	
	<ref>
	eNote: Will be similar to EPS, but details are pending discussions in SA2 (FFS)
	GLOBAL
	reject

	Relative AMF Capacity
	M
	
	<ref>
	eNote: Load balancing concepts are pending discussions in SA2 (FFS)
	YES
	ignore

	AMF Slice Support
	O
	FFS
	The structure of this IE is FFS.
	Configured slices in the AMF.

	YES
	ignore

	AMF Transport Layer Address List 
	
	0..1
	
	
	YES
	ignore

	> AMF Transport Layer Address Item for Initial Message IEs
	
	1..<maxnoofTNLAssociations>
	
	
	YES
	ignore

	  >> AMF Transport Layer Address
	M
	
	
	Transport Layer Address of the AMF.
	YES
	ignore

	> AMF Transport Layer Address Item IEs
	
	1..<maxnoofTNLAssociations>
	
	
	YES
	ignore

	  >> AMF Transport Layer Address
	O
	
	
	Transport Layer Address of the AMF.
	YES
	ignore

	Criticality Diagnostics
	O
	
	<ref>
	
	YES
	ignore


	Range bound
	Explanation

	maxnoofTNLAssociations
	Maximum no. of TNL Associations between the gNB and the AMF, the maximum value is FFS.


	*********Next Change**********


9.2.6.7
AMF CONFIGURATION UPDATE

Editor’s Note:
Message structure and IEs need further checking and completion. Further details FFS.

This message is sent by the AMF to transfer updated information for an NG-C interface instance.
Direction: AMF ( gNB
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	<ref>
	
	YES
	reject

	AMF Name
	O
	
	PrintableString(SIZE(1..150,…))
	
	YES
	ignore

	AMF Slice Support 
	O
	FFS
	The structure of this IE is FFS.
	Configured slices in the AMF.
	YES
	ignore

	AMF Transport Layer Address for Initial Message To Add List 
	
	0..1
	
	
	YES
	ignore

	> AMF Transport Layer Address To Add Item IEs
	
	1..<maxnoofTNLAssociations>
	
	
	YES
	ignore

	  >> AMF Transport Layer Address
	M
	
	
	Transport Layer Address of the AMF.
	YES
	ignore

	AMF Transport Layer Address for Initial Message To Remove List 
	
	0..1
	
	
	YES
	ignore

	> AMF Transport Layer Address To Remove Item IEs
	
	1..<maxnoofTNLAssociations>
	
	
	YES
	ignore

	  >> AMF Transport Layer Address
	M
	
	
	Transport Layer Address of the AMF.
	YES
	ignore

	AMF Transport Layer Address To Add List 
	
	0..1
	
	
	YES
	ignore

	> AMF Transport Layer Address To Add Item IEs
	
	1..<maxnoofTNLAssociations>
	
	
	YES
	ignore

	  >> AMF Transport Layer Address
	M
	
	
	Transport Layer Address of the AMF.
	YES
	ignore

	AMF Transport Layer Address To Remove List 
	
	0..1
	
	
	YES
	ignore

	> AMF Transport Layer Address To Remove Item IEs
	
	1..<maxnoofTNLAssociations>
	
	
	YES
	ignore

	  >> AMF Transport Layer Address
	M
	
	
	Transport Layer Address of the AMF.
	YES
	ignore


	Range bound
	Explanation

	maxnoofTNLAssociations
	Maximum no. of TNL Associations between the gNB and the AMF, the maximum value is FFS.


	*********End of Changes**********
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