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1. Introduction 
During study item in TR 38821, both soft TAC and hard TAC update mechanisms were studied. In RAN2#113e meeting, following agreements were made.
Agreements:

1.
In NTN, the UE determines the TA based on the broadcast information (the use of other information is not excluded). In any case RAN2 will not go in a different direction than other groups

2.
In NTN, the network may broadcast more than one TACs per PLMN in a cell, which is to up to network implementation.
Therefore, both soft and hard TAC update mechanism is supported. In this document, we provide details on TAC update procedure.
2. Discussion 

2.1 Hard TAC update
In hard TAC update, a cell broadcasts only one TAC per PLMN as what is done today in terrestrial networks. Then, when the cell either enters new TA or leaves the old TA, the SIB is updated and hence the TAC is updated to that of the new TA as shown in figure 1 below. UE may not know the geographical boundary of the TAC and will have to depend on TAC broadcast by cell to determine in which TAC it is in.
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Figure 1 Hard TAC update
The hard TAC update may not necessarily cause UE to trigger the registration update procedure. It is because UE may be configured by the CN with both TAs (i.e., TA where UE accessed the cell and other adjacent TAs). As long as UE does not move across TA, it does not have to trigger registration update. But if UE moves towards boundary of the neighbour TA which is not configured to the UE, then the UE may need to trigger registration update even though it is geographically present within the configured TA (thus violating the rule of fixed tracking area).
However, this will require network to configure UE with a number of TAs which may not be good in NTN due to large paging load. Unlike in TN, a single cell may be as large as the TA that is defined for TN today. It will also be impossible to configure a UE with sufficient TAs to avoid a registration update when a serving cell switches from one TAC to another in all cases, since a UE close to the boundary of a non-allowed TA will be in danger of such a scenario when a serving cell moves towards and into the non-allowed TA. 
In the event that TAs are much smaller than a cell coverage area, the restriction of a cell to one TAC may lead to periodic Registration even for a stationary UE in the centre of a TA because the cell may not always broadcast the current TAC for the UE or any of the TACs adjacent to that.

There are no corresponding scenarios for TN since a UE that does not move and camps on or attaches to a particular TN cell will never perform a registration update, except a periodic update, so long as it accesses the same TN cell.
Observation 1. In the hard TAC update, if a UE moves to the boundary of the neighbour TA which is not configured to UE or if TAs are much smaller than a cell coverage area, a UE may need to perform a registration update even though it remains physically present in the configured TA.

TAC update notification

With hard TAC update, an important question is how UEs (e.g., UE 2 in Fig 1) that do NOT need to select a new cell get updated with the change of TA. 

It is because many UEs, for example UE2 in Fig 1, will be still camping on the same cell just monitoring the paging. So, these UEs will be unaware of the change of TAC in the cell. Once cell changes the TAC (i.e., TAC1 to TAC2) after entering the new TA, it triggers the SI update procedure. This is inefficient procedure as it wakes up all UEs just to update the TAC and may additionally cause a Registration Update as discussed above.

Therefore, TAC update procedure should not trigger SI update notification procedure. UE should be allowed to use stored SIB until the time when UE acquires the new SIB1. However, there could be an issue for paging delivery. This issue may be resolved by network. For example, a SIB can indicate both a TAC and a time when the next TAC update will occur. 
Observation 2. In SIB, time for the next TAC update can be broadcast. Based on time information, UE will read SIB and get updated on TAC.
2.2 Soft TAC update
In soft TAC update, a cell broadcasts multiple TACs per PLMN. The network may choose to do so only when cell coverage is in the TA boundary as shown below.
PLMN-IdentityInfoList-v17xy ::=     SEQUENCE (SIZE (1..maxPLMN)) OF TrackingAreaCodeList-r17xy

TrackingAreaCodeList-r17xy     

SEQUENCE (SIZE (1..maxTAC)) OF TrackingAreaCodeInfo-r17

TrackingAreaCodeInfo-r17::=         SEQUENCE {

    trackingAreaCode-r17     

  TrackingAreaCode        OPTIONAL,      -- Need R


 nextUpdateTime-r17              INTEGER (0..2047) 

OPTIONAL       -- Need R

   }
The addition or release of trackingAreaCode-v17xy does not have to trigger SI update, i.e., SI is not considered changed. In this case, cell will be broadcasting multiple TACs (e.g., trackingAreaCode without suffix and trackingAreaCode-v17xy). If the UE is configured with any of these broadcast TACs, the UE does not trigger registration update. For paging, UE will be paged to the cell which is providing coverage to the UE’s TAC. There is no additional impact to the paging escalation procedure.
In order for a UE to be aware of when a cell will stop broadcasting a particular TAC without requiring SI update notification, a cell can broadcast both the TAC and the remaining time before the TAC will no longer be broadcast, similar to the time for the next TAC update for hard TAC update (see Observation  2). For example, assume at time T1 that a UE reads a SIB which indicates a TAC XYZ with a remaining time T. Then the UE knows that at time T1 + T, the cell will cease to broadcast TAC XYZ. If the UE is allowed to access TAC XYZ but not any other TAC, then the UE, if still able to access the cell, would need to perform a Registration just before time T1 + T in order to receive some new TAC allowance from the 5GC which may then enable continued access to the cell and enable Paging of the UE to continue to operate.

Since there will be more than one TAC in soft TAC update, then next update time for each TAC i.e., “trackingAreaCode-v17xy” can be broadcast. This works in case of HARQ TAC update as well. This solution is mostly for the case of moving cells where UE is not likely to stay in the same cell for more than few minutes. Therefore, the signalling overhead to indicate the next update time, i.e., remaining time for the next update, would not be much high.
Observation 3. In soft TAC update, next update time for each TAC i.e., “trackingAreaCode-r17” can be broadcast so that UE becomes aware when cell is going to stop broadcasting old TACs.
Based on the observations above, we see there is no need to trigger SI update procedure on both hard and soft TAC update mechanisms.

Proposal 1 For both HARD and SOFT TAC update, no SI update notification is triggered.

Proposal 2 Next TAC update time information is provided to each TAC broadcast per PLMN. FFS on signalling details.
However, soft TAC update procedure may have some NAS impact [1]. In a UE, AS reports multiple TACs per PLMN to the NAS layer for cell selection and NAS has to determine whether to trigger registration update based on the reported multiple TACs per PLMN (unlike today where only one reported TAC per PLMN is used). The RAN can determine and report one TAC for a UE to an AMF in the NGAP ULI as for TN. Thus, SA2 and CT1 should be consulted about possible impacts to NAS. For example, assume UE2 in Figure 1 moves from TAC1 to TAC2 with TAC2 not part of the current Registration Area but where the serving cell indicates support for both TAC1 and TAC2. When the UE sends a Service Request or other initial NAS message, the RAN may determine UE belongs to TAC2 and the AMF will receive TAC2 in the ULI. This may require new AMF treatment if TAC2 is not in the current Registration Area for the UE, as the AMF does not expect to receive such a TAC except as part of a Registration. Therefore, we suggest sending an LS to CT1 and SA2 asking for feedback.

Observation 4. In soft TAC update procedure, UE may select a cell based on TAC1 but network may determine UE belongs to TAC2 requiring new AMF treatment.

A problem similar to that described above also arises for hard TAC update. For example, assume a similar scenario to that described above where UE2 in Figure 1 is in the boundary of TAC1 and TAC2 and moves from TAC1 to TAC2 with TAC2 not part of the current Registration Area but where the serving cell indicates support for TAC1 (e.g. because the serving cell covers more of the TA for TAC1 than the TA for TAC2). The UE will not perform Registration because the TA it sees broadcast from the cell is allowed for the UE. When the UE sends a Service Request or other initial NAS message, the RAN may determine UE belongs to TAC2. If the AMF sends TAC2 to the AMF in the ULI, the same problem as that described above for soft TAC update will arise. However, if the RAN sends TAC1 to the AMF in the ULI (based on TAC1 being  broadcast in the cell and seen by the UE), the AMF will perceive the UE to  be located in an allowed TA and the problem, above will not occur. However, there will another problem because the RAN also needs to report a CGI in the ULI to support various CN services like charging, routing of emergency calls and possibly paging. If the RAN determines the correct CGI in  which the UE is located, it would determine a CGI within the TA for TAC2 which will conflict with providing TAC1 – e.g. the AMF or other CN entity may at some point register an error due to the TAC1 and CGI mismatch. If, however, the RAN provides an incorrect CGI that is part of the TA for TAC1, there will be no mismatch, but the services supported by the CGI will be impaired due to the CGI being incorrect. This problem should also be notified to SA2 and CT1 for consideration of whether hard TA C update may need additional NAS support and how hard TAC update should be supported (e.g. whether the RAN should report TAC1 or TAC2 in the above example).
Proposal 3 Send LS to CT1 and SA2 asking for any concern on soft and hard TAC update mechanisms. Draft LS is provided in Annex.

3. Conclusion

Following observations and proposals are made.
Observation 1.
In the hard TAC update, if a UE moves to the boundary of the neighbour TA which is not configured to UE or if TAs are much smaller than a cell coverage area, a UE may need to perform a registration update even though it remains physically present in the configured TA.
Observation 2.
In SIB, time for the next TAC update can be broadcast. Based on time information, UE will read SIB and get updated on TAC.
Observation 3.
In soft TAC update, next update time for each TAC i.e., “trackingAreaCode-r17” can be broadcast so that UE becomes aware when cell is going to stop broadcasting old TACs.
Proposal 1
For both HARD and SOFT TAC update, no SI update notification is triggered.
Proposal 2
Next TAC update time information is provided to each TAC broadcast per PLMN. FFS on signalling details.
Observation 4.
In soft TAC update procedure, UE may select a cell based on TAC1 but network may determine UE belongs to TAC2 requiring new AMF treatment.
Proposal 3
Send LS to CT1 and SA2 asking for any concern on soft and hard TAC update mechanisms. Draft LS is provided in Annex.
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1. Overall Description:

RAN2 has discussed the soft TAC update and hard TAC update procedures. RAN2 has agreed that both soft and hard TAC update procedure are supported.
In HARQ TAC update, as in TN, one TAC per PLMN is broadcast. In SOFT TAC update, multiple TACs per PLMN are broadcast in cell. However, when TAC is updated by cell upon entering new TA, SI update procedure is not triggered.

RAN2 would like to ask following questions.

Question 1 to RAN3: is there any issue with paging delivery procedure in HARD TAC update procedure?
Question 2 to SA2: Is there any concern when multiple TACs per PLMN are broadcast by a cell in SOFT TAC update procedure?
Question 3 to CT1: Is there any concern to determine in a UE whether to initiate registration update when lower layers report multiple TACs configured for the selected cell in SOFT TAC update procedure?
Question 4 to SA2 and CT1: For soft or hard TAC update, assume a UE moves from TAC1 to TAC2 with TAC2 not part of the current Registration Area but where the serving cell indicates support for at least TAC1 (and possibly also TAC2 with soft TAC update). When the UE sends a Service Request or other initial NAS message, the AMF will receive TAC2 in the ULI (since the RAN is assumed to determine in which TA the UE is located). This may require some new impact to the CN (e.g. to trigger a UE Registration) or some other impact to inform the UE of the change of TAC. Would this be feasible?
Question 5 to SA2 and CT1: Assume the same scenario as for Question 4 with hard TAC update but where the RAN includes TAC1 and not TAC2 in the ULI based on the serving cell support for TAC1 but not TAC2. (I.E. the RAN is assumed here to provide the same TAC as indicated by the serving cell even though the UE is not located in this TAC.)  The problem in Question 4 will no longer arise. But there will be a dilemma regarding the CGI which the RAN includes in the ULI. If the RAN includes the correct CGI for the UE, it will be part of the TA for TAC2 and thus not match TAC1 which may lead to a real time or offline processing error when the mismatch is discovered. Alternatively, if the RAN includes some CGI that is part of the TA for TAC1, a mismatch will be avoided but services in the CN which depend on the CGI (e.g. routing of an emergency call) as well possibly as paging based on the CGI may be impaired. Do SA2 and CT1 see any problems?
2. Actions:

To RAN WG3, SA WG2, CT WG1 groups.

ACTION:
RAN2 kindly asks RAN WG3, SA WG2 and CT WG1 to provide feedback.

3. Date of Next RAN2 Meetings:
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