[bookmark: OLE_LINK283]3GPP TSG-RAN WG2 Meeting #116 electronic					         R2-2109975
E-Meeting, 1 – 12 November 2021						    	 

Source: 	vivo
Title:  	Discussion on the remaining issue on TAC update
Agenda Item:	8.10.3.1
Document for:	Discussion and Decision
[bookmark: _Ref165266342]Introduction
In previous meetings, RAN2 has achieved the following agreements on the topic of TAC update:
RAN2#113e 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.
RAN2#113bis-e Agreements:
1. When the network stops broadcasting a TAC, the UE needs to know it (FFS on further details)
2. RAN2 assume UE does not do TAU if one of the currently broadcasted TAC belongs to UE’s registration area.

Agreements - via email (from offline [105]):
1. RAN2 confirm that in NTN when TAC change in SI happens is up to network implementation, i.e. it may not exactly sync up with real-time illumination on ground.
2. Send a LS to CT1 and SA2, with Cc RAN3. The content is: currently RAN2 has two options on table, and the preference is “AS indicates all received TACs to NAS layer when more than one TAC per PLMN is broadcasted in NTN cell”, compared to “AS still reports only one TAC to NAS layer”, and ask for CT1’s feedback. Also include justification for RAN2 preference
RAN2#114e Agreements:
Agreements online:
1. Change in TAC in SIB1 triggers SI update notification procedure as legacy behaviour. It is FFS whether broadcasting TAC update time can also be considered
2. In rel-17, other enhancements like virtual tracking area concept might be considered with low priority at the end of the WI.

In RAN2#114 meeting, RAN2 has left an FFS regarding whether broadcasting TAC update time can also be considered. In this contribution, we will discuss this remaining issue with our proposal.
Discussion
In RAN2#113bis-e meeting, RAN2 has agreed that UE needs to be informed when the network stops broadcasting a TAC. Regarding the way that UE knows the broadcasting of a TAC is ceased, RAN2 in #114e meeting further agreed that the legacy SI change notification mechanism is used. However, there was concern that this solution may result in large paging overhead from some companies. Then, a time-based solution was proposed to overcome this problem [1]. In this solution, the TAC update time is broadcasted to UE, and it can be used by the UE to check change of the SIB autonomously in terms of the TAC update. 
Theoretically, this solution may have the advantage to avoid paging UE when the SI is changed just because NW stops broadcasting a TAC. However, whether it is really necessary to introduce such a new mechanism on top of the existing SI change notification mechanism is unclear. 
In the following sections, we will analyze the hard/soft TAC update scenarios and then evaluate whether the paging overhead is acceptable or not. 
 Hard TAC update
Fig.1 shows the typical scenario of hard TAC update for earth-moving cell case. 
Let us first focus on the period from T1 to T2. As shown in this figure, when an upcoming cell begins to enter a new tracking area, the UE (e.g. either staying static or in low mobility state) will go through the TAC change like TAC-2  TAC-1 from T1 to T2. In this case, there is no need to page the UE for SI modification. The reason is that UE is successively covered by different cells. As the UE anyway needs to perform cell reselection procedure, it can then find that it is covered by a cell providing different TACs via reading the SIB1 of the new cell. In addition, for the earth-fixed cell case, a UE (e.g. static or in low mobility state) may receive the same TAC, if it is successively covered by different cells of the same PLMN. There is also the possibility that the UE receives different TACs from the cell where the UE is located. For example, the same geographic area is successively covered by the cells of different PLMNs (e.g. due to feeder link switch). Similar with the earth-moving cell case, the UE also needs to perform cell reselection and then can find the TAC has changed in this case. In a word, from T1 to T2, the notification of TAC change via SI modification may not be needed, as the UE may rely on cell reselection to detect the change of TAC.


Fig.1 The typical scenario of Hard TAC update
Then focus on the period from T2 to T3. From the moment when an upcoming cell enters a new tracking area until it exits an old tracking area completely, there can be a case that a UE (e.g. staying static or in low mobility state) is consistently covered by the upcoming cell, as shown in the figure from T2 to T3. Under this case, NW may need to send SI change indication to inform the UE of the termination of the TAC broadcasted. However, this case is more applicable to the UEs which are close to the boundary of tracking areas. Even if the SI change notification is not sent, these UEs is not expected to be in an unreachable status for a long time, as later these UEs will reselect to the next upcoming cell. To this end, we think in such a case for hard TAC update, whether NW sends SI change notification or not can be left to NW implementation by taking into e.g. the NW deployments at the TA boundary.
There may be another case that UE (e.g. in high mobility state) moves along with an upcoming cell illuminated by a satellite, which also leads to the possibility that the UE is consistently covered by the same cell. Under this case, NW may need to send SI change indication to inform the UE that a TAC is not broadcasted any more. From our perspective, however, this is not a typical case, as it is not usual that a UE always moves in high mobility state with a comparative speed as the motion of a fast-moving satellite’s footprint on the ground.
Based on the analysis above, for most cases, SI change notification may not need to be performed due to TAC change without big problem, if the hard TAC update is applied, regardless of earth-fixed cell and earth-moving cell scenario.
Observation 1: Regardless of earth-fixed cell and earth-moving cell scenario, the SI change notification due to TAC change may not need to be performed for most of cases, if hard TAC update is applied, meaning that paging for SI modification in hard TAC update may not frequently happen.
 Soft TAC update
Fig 2 below shows the typical scenario of soft TAC update for earth-moving cell case. 
From T1 to T2, similar to the Hard TAC update case, the UE can rely on cell reselection to know the change of TAC; nothing special needs to be addressed. 
As shown in the figure, the UE (e.g. staying static or in low mobility state) will also go through the TAC change like TAC-2+TAC-1 TAC-2 from T2 to T3. Under this case, the SI change notification may need to be sent to UEs. As the RAN does not know which UEs and how many UEs actually camp on a cell, the gNB needs to transmit paging indication in all the possible paging occasions for all the UEs to guarantee all the UEs to receive this indication. However, it can be found that gNB behavior of each paging under NTN case and that under TN case has no difference, even though an NTN cell may cover more UEs than a TN cell. From this point of view, the SI change notification to inform the cease of one specific TAC is not the key issue to result in even larger paging overhead in NTN (considering also that the number of available paging resources has already been determined by the NW deployment/planning). Only if such SI change notification for TAC update is sent frequently, will it result in larger paging overhead in NTN, compared with TN. 
In our understanding, the following aspect will impact significantly the frequency of sending SI change notification:
· The size of NTN cell and the size of tracking area. If the size of NTN cell is larger than the tracking area or has comparable size, it implies that the NTN cell will enter new tracking area and exit old tracking area frequently.
Actually, in terms of the size of cells vs. tracking areas, it is more related to the NW planning/deployment, and the issue can be solved by reasonable deployment to achieve acceptable paging overhead.
Observation 2: If the soft TAC update is applied, the paging overhead for SI change notification due to TAC update can be balanced via reasonable NW deployment.


Fig.2 The typical scenario of soft TAC update
 Summary
In summary, the paging overhead of sending SI change notification to inform the cease of a TAC is generally acceptable, with SI change notification even not needed under some use cases (e.g. hard TAC update is used). Even if the SI change notification is needed under some use cases, the frequency of sending SI change notification is controllable via suitable deployment.
As for the time-based solution, it reduces the signalling overhead for paging at the cost of more bits added to the SIB. For the case that the cell broadcasts more than one TAC in SIB, this solution requires each TAC to have an associated update time configured, which may occupy quite a few SIB bits compared to TN system. Moreover, no matter which SIB is used to carry the TAC update time info, the corresponding SIB may need to be always broadcasted. It is not clear if there is any resource saving that can really be achieved by the reduction of SI change notification via this time-based solution, when the increment of SIB overhead is counted at the same time.
Furthermore, as this impact due to TAC change mainly happens at the TA boundary, considering the typical use cases for NTN, it seems also likely to depend on reasonable TA planning to have the TA boundaries typically located in areas with scarce subscribers, and this can make such impacts due to TAC change take place in rare cases from a UE’s perspective.
Considering that the SI change notification mechanism can work without additional enhancement and the corresponding paging overhead can be acceptable, it is suggested that the solution of broadcasting TAC update time is not supported.
[bookmark: _GoBack]Proposal 1: Do not support broadcasting TAC update time. 
Conclusions
Based on the analysis given above, we have the following Observations and Proposal:
[bookmark: _Toc502437832]Observation 1: Regardless of earth-fixed cell and earth-moving cell scenario, the SI change notification due to TAC change may not need to be performed for most of cases, if hard TAC update is applied, meaning that paging for SI modification in hard TAC update may not frequently happen.
Observation 2: If the soft TAC update is applied, the paging overhead for SI change notification due to TAC update can be balanced via reasonable NW deployment.
Proposal 1: Do not support broadcasting TAC update time.
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