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1 Introduction

In Rel-18 WID on NR NTN enhancements, mobility enhancement is one of the major objectives.
	· Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]

· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
· Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g. exchange of necessary information between gNBs. [RAN3]


In this contribution, we provide our views on mobility enhancements for connected mode UEs. 
2 Discussion 
2.1 Light handover command
In NGSO scenarios, satellites (especially LEO satellites) are featured as high-speed moving. Considering scenarios C/D in [2], the relative speed of LEO satellite w.r.t. the earth can be as high as 7.56 km per second (i.e. 27216 km/h), which is in the level of 100x times compared to high-speed train. No matter whether UE is moving or stationary, this means that in the LEO scenario, almost all UEs in the same cell may encounter frequent handovers in very short period. Another case of offloading. That is, if the current cell is overloaded, network may also want to handover a large number of UE to another cell. In both cases, if existing handover command is adopted, this would result in a lot of signaling overhead and especially these signalling will happen in a burst, since handover command is now carried in dedicated RRC signalling in the form of RRCReconfiguration message. 

Observation 1
In both cases of LEO’s high mobility and traffic offloading for overloaded cells, a large number of UEs need to be handed over to another cell within short period, which would create a lot of signalling overhead with existing handover command.
Signalling burst raises challenges to the network since network may not have sufficient radio resources to transmit handover command for each concerned UE within short time. As a consequence, some UE’s handover command may reach later than others and this may cause too late handover and even handover failures. To solve this handover command signaling burst issue, one way is to reduce the size of handover command. For example, network can simply indicate the target cell ID/index in the handover command provided that UE has be pre-configured with the target cell’s configuration, e.g. via CHO configuration. Regarding the signalling options, since only the target cell index needs to be signalled, RAN2 can consider introducing a MAC CE instead of using the RRC message. In RAN2#119bis-e, some companies commented that the gain for unicast transmission might not be large and would like to have it transmitted in a groupcast manner. We think that the groupcast option may also involve RAN1 (e.g. group-based RNTI) and all these can be further discussed and even RAN2 can check with RAN1 at some later stage.  
Proposal 1 Network can trigger handover by simply indicating target cell’s ID/index. The target cell’s configuration can be pre-configured to the UE, e.g. via CHO configuration. FFS on the triggering signaling, e.g. MAC CE or RRC message. FFS whether it can be sent in a groupcast manner and needs RAN1’s involvement. 
In RAN2#119bis-e, another signalling overhead enhancement on handover command was discussed and following agreement were made.
Agreements

1. RAN2 can further consider whether some information in the handover command that can be common to all UEs, can be delivered to UEs in common signalling and if there is real benefit (in terms of signalling overhead reduction) in this

In RAN2#121 meeting, there was some discussion on the gain and following was agreed.
1. Continue in the next meeting, to show the possible signalling gain of the proposal to have some common (C)HO configuration. FFS the number of cells that could be signalled. FFS whether broadcast or groupcast signalling could be used.

In RAN2#121bis-e meeting, following was captured in the chairman notes.
	· Postponed to the next meeting. Proponents need to show how this would work (when/where the information is broadcast, whether the UE (C)HO command is sent before/after the broadcast signalling, etc.). Focus on the quasi-Earth Fixed Cell case.


For the quasi-earth fixed cell case, a single target cell could be expected or assumed. To broadcast the target cell’s common configuration, e.g. servingCellConfigCommon, there are two options.
· Option 1: included in SIB19
· Option 2: using a new SIB
In the current RRC spec, servingCellConfigCommon contains ntn-Config which may be updated frequently (e.g. on the ephemeris and Common TA part) and also those configurations that are not so frequently updated (e.g. downlinkConfigCommon, uplinkConfigCommon). When broadcasted in SIB, we think the SI modification procedure should follow the same way as Rel-17 NR NTN. That is, the update of some configurations (e.g. ephemeris and Common TA parameters) should not trigger SI modification notification, while some other configurations should trigger SI modification notification. If option 1 is adopted, i.e. included in SIB19, the target cell’s configuration’s (e.g. downlinkConfigCommon, uplinkConfigCommon) update will trigger SI modification notification mainly to Rel-18 NTN UEs. However, this will also trigger Rel-17 NTN UEs to read SIB19, and this is not needed at all as Rel-17 NTN UEs cannot read the new parameters. To avoid impact to legacy UEs, we think option 2 is a clean approach.

Proposal 2 A new SIB is used to broadcast the target cell’s servingCellConfigCommon. 
Regarding when to broadcast these, we think it can be up to network’s implementation, e.g. before source cell wants to handover UEs to the target cell, or before satellite switching for the quasi-earth fixed cell scenario.
Proposal 3 When to broadcast the new SIB is up to network’s implementation, e.g. before satellite switching for the quasi-earth fixed cell scenario.
With the target cell’s servingCellConfigCommon broadcasted serving cell’s SIB, the handover command issued by the target cell does not need to include this part and thus save unicast signalling overhead. When UE receives the handover command, the final “complete” handover command would be composed of the broadcasted target cell’s servingCellConfigCommon and the target cell’s configuration within the received handover command. After acquiring this “complete” handover command, the remaining procedure would be no difference compared to the existing one. 
Proposal 4 UE acquires the “complete” handover command by combining the target cell’s servingCellConfigCommon broadcasted by the serving cell and the target cell’s configuration within the received handover command.
2.2 RACH-less handover
In the last RAN2 meeting, RACH-less handover was agreed to be supported for NTN for signalling overhead reduction during handover access.
Agreements:

1. Support RACH-less Handover in Rel-18.

2. RACH-less Handover in NR NTN is a L3 mobility procedure (FFS if this is combined with the unchanged PCI approach, if supported) and uses the LTE’s RACH-less Handover procedure as a baseline. FFS on TA acquisition

3. In NTN RACH-less handover, network indicates (implicitly or explicitly) whether NTA in the target cell is identical to the source cell or explicitly provided by the NW.

4. Support dynamic grant from the target cell for RACH-less PUSCH transmission to reduce random access congestion in the target cell. FFS whether to limit the solution to same feeder link/gateway scenario
In LTE RACH-less handover, UE will be indicated in handover command whether the target cell uses the same NTA with the source cell or uses NTA equal to 0. In NTN, NTA is part of UE’s full TA according to TTA formula defined in TS 38.211: [image: image2.png]Tra = (Npa + Npgofper + N2 + NEE )T



. For the handover case, UE will acquire the target cell’s ephemeris information and common TA in handover command. Normally NTA is TA adjustment by the base station based on UL reception, hence, without any early communication before handover, target cell is not supposed to provide any explicit TA value adjustment except to indicate NTA equal to 0, which simply means that the target cell does not adjust TA. Regarding early communication before handover, this may not be realistic for Rel-18 as this will require UE to communicate with two satellites even not at the same time and may be too complicated for UE’s implementation. For the FFS part on implicitly or explicitly, we fail to identify any implicit approach and therefore we suggest to adopt the same approach as in LTE, i.e. explicitly.

Proposal 5 In NTN RACH-less handover, network indicates explicitly whether NTA in the target cell is identical to the source cell or equal to zero (same as LTE RACH-less handover).
In LTE, when RACH-less HO fails, UE triggers RRC re-establishment. We think this deserves some enhancement in NR NTN. In NR NTN, RACH-less HO failure may be caused by the timing error or UL synchronization error, which can be overcome by the RACH-based HO. Therefore, we think fallback to RACH-based HO upon RACH-less HO failure should be supported. The details can be FFS, e.g. whether to have separate timer from T304 to control RACH-less HO.
Proposal 6 Upon RACH-less HO failure, fallback to RACH-based HO is supported. Details can be FFS.

In the last RAN2 meeting, combining RACH-less HO with time-based CHO was reached and following agreements were made.
1. Consider to support combining RACH-less HO with time-based CHO for NTN, taking into account the 1) validity of pre-allocated grant and potential waste of reserved resource; 2) when/how to provide dynamic grant in PDCCH.
So far in NR NTN, for both time-based CHO and location-based CHO, CHO execution condition is tightly associated with RSRP measurement. That is, even for time-based CHO, the CHO execution timing is unknown by the network. We think that this handover timing’s uncertainty would raise a lot challenges for the network implementation, e.g. for the case of pre-allocated grant, how long should the target cell maintain the validity of pre-allocated grant? And for the case of dynamic grant, when should the target cell start to send dynamic grant in PDCCH? In summary, enabling combination of RACH-less HO with time-based CHO will either cause CG or PDCCH resource waste (if network aggressively pre-allocates or schedule grant) or increase the RACH-less HO failure rate (if network pre-allocates or schedule grant too conservatively or too late). We think this kind of enhancement should not be considered in this release.

Proposal 7 RAN2 does not pursue combining RACH-less HO with time-based CHO for NTN.

3 Conclusion
Based on the discussion in section 2 we have following observations and proposals: 
Observation 1
In both cases of LEO’s high mobility and traffic offloading for overloaded cells, a large number of UEs need to be handed over to another cell within short period, which would creat a lot of signalling overhead with existing handover command.
Proposal 1 Network can trigger handover by simply indicating target cell’s ID/index. The target cell’s configuration can be pre-configured to the UE, e.g. via CHO configuration. FFS on the triggering signaling, e.g. MAC CE or RRC message. FFS whether it can be sent in a groupcast manner and needs RAN1’s involvement. 
Proposal 2 A new SIB is used to broadcast the target cell’s servingCellConfigCommon. 
Proposal 3 When to broadcast the new SIB is up to network’s implementation, e.g. before satellite switching for the quasi-earth fixed cell scenario.
Proposal 4 UE acquires the “complete” handover command by combining the target cell’s servingCellConfigCommon broadcasted by the serving cell and the target cell’s configuration within the received handover command.
Proposal 5 In NTN RACH-less handover, network indicates explicitly whether NTA in the target cell is identical to the source cell or equal to zero (same as LTE RACH-less handover).
Proposal 6 Upon RACH-less HO failure, fallback to RACH-based HO is supported. Details can be FFS.

Proposal 7 RAN2 does not pursue combining RACH-less HO with time-based CHO for NTN.
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