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Abstract of the contribution: This contribution discusses the LS related to TAC from RAN3/CT1.
1. Introduction

Recently the TAC encoding issue has been discussed at several WGs. The issues related to SA2 can be listed as follows:

· Whether the extended TAC is justified?

· Whether the NR/E-UTRA use the single or separate value ranges of 65K?
 This contribution analyses the above issues and give our suggestion. 
2. Discussion
2.1 Extended TAC usage

RAN3 has made an agreement on extending TAC on NG-RAN, and informs SA2 of such agreement in S2-181482/R3-180634: 

“RAN3 has agreed to introduce an extended TAC in NR and NG-RAN, to increase deployment flexibility for operators while maintaining backwards compatibility with existing network deployments.

NGAP will support a CHOICE between the legacy TAC (2 octets) and the new extended TAC (3 octets) to be signaled within the TAI. A gNB supporting NR cells may use either the legacy TAC or the new extended TAC, while an en-gNB supporting LTE cells may only use the legacy TAC. ”

However CT1 questions the necessity of the extended TAC and would like to ask RAN3 to clarify the requirement (refer to C1-181790)

“Question 2: CT1 has learnt that RAN3 has, without liaising with CT1, chosen to use a 3 octet TAI for 5GS.
CT1 is not aware of any requirement to expand the TAI and would rather continue to have a 16 bit TAI - as is documented by CT4 in 23.003.

RAN3 is kindly asked to inform CT1 the requirements that justify the need for a 3 octet TAI.”
The gNB may use either the legacy TAC or the new extended TAC. The en-gNB supporting LTE cells may only use the legacy TAC. And ng-eNB cell shall use a TAC having the same format as in E-UTRAN (refer to R3-180633). 
Observation 1: If the TAC extension is used, only gNB can use that extended TAC. 

Observation 2: If the TAC extension is used, it is possible that mixed 2/3 Octet TAC are used within one PLMN (AMF) considering it can connect to ng-eNB or gNB simulatenously. 
The motivation of the extension of TAC is to increase deployment flexibility for operators in a backwards compatible way, i.e. more encoding space for TAC usage. However as the 2 Octet TAC are still needed to be maintained for the ng-eNB. The problem of 2 Octet if it does exist before will still not be solved, i.e. the same problem (if have) exists on the ng-eNB coverage.     
On the other hand we do see some drawbacks due to the mixed TAC usage:

· TAI list management: If the gNB uses the legacy TAC same as the ng-eNB, it is possible that LTE and NR cells are deployed within the same TAI. In that case, when the AMF allocated the TAI list to the UE, it can easily use the same TAI. So mostly the topology issue, i.e. which TA are close with each other, can be solved at the RAN side.  
However if mixed TAC is used, to avoid UE frequent TAU/Registration, the legacy TAC (E-UTRA) and extended TAC (NR) all need be included in the TAI list. Thus the AMF needs be aware the topology of the legacy TAC and extended TAC. This is not impossible but will add some additional work at the AMF.
For example, in the case 1 the gNB and ng-eNB in the same TAI, AMF may only need allocate one TAI to the UE. But in the case 2, the AMF needs allocate two TAI to the UE. And the AMF need learn that TAI-gNB are the neighbour TA of the TAI-ng-eNB. This makes the AMF complexity. 


Case1: Same TAC usage                                  Case 2: Different TAC usage
· Two entries maintained at the network:  TAC is used for below target NF selection. To support that selection, two entries separately for the legacy TAC and extended TAC always need be maintained. This includes: 
· SMF/UPF selection, 1) PDU Session establishment usage. 2) UE Mobility support. 
· Target AMF selection: 1) Handover target AMF selection usage. 
For example, in the case 1 only one TAI entry is needed. In the case 2, always two entry are needed. So double work are expected. 

	TAI 
	AMF
	SMF
	UPF
	
	TAI 
	AMF
	SMF
	UPF

	TAI-gNB
	AMF1
	SMF1
	UPF1
	
	TAI-gNB
	AMF1
	SMF1
	UPF1

	
	
	TAI-ng-eNB
	AMF1
	SMF1
	UPF1


Relation between TAI and AMF/SMF/UPF 

From above it can be regarded that the mixed TAC case is like that two separated "PLMN" RAN information are combined into one. This add some more complexity to the network considering all the above work needed.   

Observation 3: mixed TAC usage add unnecessary network management complexity. 
Legacy TAC has 65k space (i.e. 0~65535) per PLMN. That provides a sufficiently large encoding apace. And no matter how one operator manage their TAC it will not impact the interworking with other PLMNs, e.g. mobility or others.  From the existing commercial launch 4G network, we have not heard that operator ask to extend TAC, i.e. this issue is not be considered as one issue which  hinder network deployment. 
Per above consideration we do not see the necessity to introduce the extended TAC. And as discussed above per RAN3 conclusion, we do some complexity of introduction of extended TAC to gNB. 

Proposal 1: it is proposed not extend the TAC from architecture view. 
2.2 Considerations on TAC encoding space
CT1 has also asked below question: 
Question 3: Currently the TS 24.301 NAS protocol is supporting 65k TAI values per PLMN ID. Assuming a length of 2 octets for the TAC for 5GS, also the TS 24.501 NAS protocol will support a range of 65k TAI values per PLMN ID. CT1 is not sure whether a single value range of 65k provides a sufficiently large address space to cover both E-UTRA TAIs and NR TAIs, i.e. whether E-UTRA TAIs and NR TAIs can share a single value range of 65k or each of them needs to have its own range of 65k. Is there any requirement to support separate value ranges of 65k each?

SA2 is kindly asked to inform CT1 if they are aware of a requirement to support separate value ranges. If no such requirements are brought to the attention of CT1, CT1 will assume that a single value range of 65k is sufficient.

Before we go to that question, CT1 has also asked another question, 

Question 1: If an eNB is connected both to an EPC and to a 5GC, and the cell is not a shared network cell, will the eNB broadcast only 1 TAI value which is common for E-UTRA connected to EPC and for E-UTRA connected to 5GC, or will it broadcast 2 TAI values, one for E-UTRA connected to EPC and for E-UTRA connected to 5GC each? 
RAN2 is kindly asked to answer this question.
As we know that RAN2 has made a conclusion that if an eNB is connected both to an EPC and to a 5GC, and the cell is not a shared network cell, the eNB will broadcast 2 TAI values, one for E-UTRA connected to EPC and for E-UTRA connected to 5GC each. 
Observation 4: it is possible that 4G and 5G TAI can be managed separately, i.e. not need any linkage. 

When UE camps in one cell, from the system broadcast information the UE receive the TAC information and also the associated connected core, i.e. whether it is MME or AMF behind it. By that way the UE can link the TAI with the associated 4G or 5G MM state machine. 
As such even the same TAC is used on the E-UTRA@EPC and E-UTRA@5GC, the UE can still trigger the Registration procedure if necessary. So the same TAC value used at the E-UTRAN and NR cell will not cause any problem. On the other hand if single value range is used for NR/E-UTRA cell, this does not show strong benefit but introduce unnecessary coordination work among the two RAN. 
If the NR/E-UTRA cell use separate value ranges of 65K each, then operator do not need consider the coordination work and this brings more encoding space for their deployment consideration. This does show some benefit. 
Proposal 2: it is proposed that NR and E-UTRA use the separate value ranges of 65k each. 
3. Proposals
It is proposed that SA2 discuss above issue and make a decision. Based on the decision the related conclusion can be sent to relate WG. 
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