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1. Introduction
Below agreements are achieved in RAN2#119bis-e meeting:
	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
2. Send an LS to RAN1 (cc RAN4) listing the scenarios (intra-satellite, inter-satellite with same or different feeder links) and check with RAN1 in which scenarios RACH-less is possible (with no indication of RAN2 preference)
3. Continue the discussion (in future meeting) on group HO / “UE specific pre-configuration of the target cell + group HO” indication in the next meeting, also on the possible real benefits


In this paper, enhancements to reduce signalling overhead for intra-NTN handover are discussed, also considering the reply LS received from RAN1.
2. [bookmark: _Toc12718547]Discussion
2.1. [bookmark: OLE_LINK2]Signalling overhead reduction 
· On Group based mobility
RAN2 has agreed to investigate the benefits of group HO for signalling overhead reduction. The motivation to have group HO is that UE at certain area might have the need to handover to the same target cell due to movement of satellite, which is the reason R17 3GPP specified location-based and time-based triggered CHO where location threshold can be defined to trigger UE to perform CHO. 
Observation 1: The motivation to have group HO is that UE at similar location might handover to the same target due to movement of satellite which can be achieved by proper configuration of location/time-based CHO, an already supported feature in R17. 
Below are possible signalling options to support group HO:
· Opt1: group-signalling only
· Opt2: Dedicated signalling only
· Opt3: Group-signalling +dedicated signalling
It shall be noted that after HO to target cell, UE needs to initiate RACH to target cell to establish the connections. And a large of UE initiating RACH in the same time might lead to serious collision issues which can be avoid when consider group HO configuration. For option 1 it cannot resolve the RACH contention issue and it has large specs impact since new signalling will needs to be introduced. For opt2, since the signalling is still dedicated there is no gain in overhead reduction. Option 3 is the most complicated which also requires new signalling design. 
Observation 2: Options to support group HO either have little gain in reducing signalling overhead or has large specs impact (e.g., new common signalling might be needed)
As discussed above that by proper configuration of threshold, CHO can be used to handle the timing for UE to trigger HO to target. Bear this in-mind, RAN2 can further investigate methods to reduce the signalling overhead of CHO, which will have less specs impact comparing to define new group signalling to reduce signalling overhead. Therefore, below proposal is given:
Proposal 1: For signalling overhead reduction, RAN2 deprioritize the discussion on group HO.
In previous meeting, there are some discussion to use system information to broadcast common HO configuration (e.g., at least common cell configuration), which can saves the signalling to send multiple message to different UE with the same content. This is especially true for CHO as UE served by the same satellite or NTN will most likely have the same candidate cells (or at least share one or two candidate cell) and/or triggering conditions (e.g. location thresholds). 
Observation 3: Using system information to broadcast common HO configuration (e.g. common cell specific parameters) is helpful for signalling overhead reduction 
Even when system information is used, dedicated signalling should still be allowed for NW to adjust/modify the (C)HO configuration in system information to meet UE’s specific needs. For example, some UE -specifc information (e.g. C-RNTI, contention free resource ) might need to be configured for the (C)HO procedure. 
Observation 4: Dedicated signalling is helpful for provide or update HO configuration to provide UE specific configuration (e.g., contention free resource).
Based on above, it is proposed to use system information to broadcast H0O configuration for reducing signalling overhead. In addition, dedicated RRC signalling can be used to update/modify or release the configuration.
Proposal 2: System information can be used to broadcast (C)HO configuration.
Proposal 3: Dedicated RRC signalling can be used to modify or release the (C)HO configuration provided in system information.
· Index based handover command
Another mobility enhancement discussed is to allow pre-configuration of HO resource and NW can trigger HO though simple indication without configuring the resource again, therefore reduce the overhead to duplicate the signalling. It can be done with simple enhancement on CHO configuration that has been already supported in NTN. In NTN it is possible for NW to handover UE to CHO candidate cells before CHO is triggered, e.g., due to sudden change of satellite orbits or for load balancing purpose. In this case, if NW can trigger HO in CHO candidates with simple indication (e.g., PCI or candidate cell index) in handover command while the other parameters ( e.g. the cell specific parameters and the UE specific parameters) are omitted, then the signaling overhead can be reduced significantly. 
Observation 5: NW might handover UE to CHO candidate cells before CHO is triggered due to sudden change of orbits or other purpose, e.g., load balancing.
Observation 6: When handover UE to one of CHO candidate target cells, the CHO configuration stored in UE can be easily reused therefore only information used to identify CHO candidate cell (e.g., PCI or candidate cell index) is needed, which can help reduce signalling overhead of HO command significantly.
With the reduction of the payload size, the reception failure of the handover command can be reduced, which would in return reduce the RLF rate and handover failure rate. 
Observation 7: Reduced HO command size also helps improving the successful rate of reception of RRCReconfigurtaion message therefore improves overall HO performance.
Thus, we understand if the network wants to trigger a conventional handover to one of the configured CHO candidate cells, one target cell indication (e.g. candidate cell identity or index) can be included in the conventional HO command and UE should apply the corresponding condRRCReconfig.
Proposal 4: The CHO candidate target cell identity or index can be included in the HO command to trigger conventional handover to this cell thus the detailed configuration would be omitted and UE should apply the condRRCReconfig stored for this cell.
2.2. PCI unchanged solution
PCI unchanged is a solution proposed to address the feeder-link switch case when two satellite are connected to the same gNB as shown below:
[image: ]
It assumes that PCI can be used for the same coverage regardless the feederlink switch which saves UE from trigger HO procedure provided it doesn’t involve L3 mobility. However, UE still needs to perform UL synchronization due to change of UE-gNB RTT. Also whether PCI 1 can be reused still requires RAN1 confirmation, e.g., whether it is possible that beams from different satellite covering the same area can be have the same PCI without causing confusion, does UE sees them as the same beam or different beam? However since RAN1 is not included as the group for mobility enhancements, this use case shall be considered as low priority or not pursued.
Observation 8: PCI unchanged solution only applies to limited scenarios with questionable feasibility, which requires RAN1 study and confirmation. However RAN1 is not involved for mobility enhancements study in R18.  
Proposal 5: PCI unchanged is not pursued in R18
2.3. LS on RACH-less HO 
------------------------------------------------ LS R1-2212997 -----------------------------------------------
	For mobility enhancement in Rel-18 NR NTN, RAN2 has discussed RACH-less handover. RAN2 would like to check with RAN1 in which of the following listed scenarios RACH-less handover is possible.

(1) Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB
(2) Intra-satellite handover with different feeder links, i.e., with gateway/gNB switch
(3) Inter-satellite handover with gateway/gNB switch
(4) Inter-satellite handover with same gateway/gNB

ACTION:	RAN2 respectfully asks RAN1 to provide response to the above question.



RAN1 response
For scenario (1), from RAN1 perspective the RACH-less handover is possible, assuming the following notes can be satisfied, when UE UL transmission synchronization can be maintained by applying pre-compensation using the assistance information, e.g., epoch time, ephemeris, common TA, of the target cell. 
For scenario (2)-(4), from RAN1 perspective the RACH-less handover may be possible, assuming the following notes can be satisfied, when UE UL transmission synchronization can be maintained by applying pre-compensation using the assistance information, e.g., epoch time, ephemeris, common TA, of the target cell. 
Note 1: RAN1 assumes that the RAN4 UL synchronization requirement specified in Table 7.1C.2-1 of TS38.133 applies to the first UL transmission in the target cell.
Note 2: gNB is expected to provide valid assistance information of the target cell to UE.
Note 3: gNB is expected to ensure the UE can perform the UL transmission while respecting common TA and UE processing time.
------------------------------------------------ LS R1-2212997 -----------------------------------------------
Reply LS has been received from RAN1 in R1-2212997 [1] as given above. Regarding above note 2/3, it is about proper NW configuration which is also assumed for R17 therefore them shall be satisfied. While note 1 is RAN4 specified requirement for UE to perform uplink optimization which is the premise for UE to connects to NTN. Based on the reply it is confirmed by RAN1 that RACH -less HO is feasible with proper NW configuration. Our interpretation is that with existing pre-compensation mechanism RACH-less handover shall be able to be supported. Considering RACH-less HO helps in sense of reduce access delay, it is proposed to support RACH-less HO.
Observation 9: Reply LS has been received from RAN1 in R1-2212997 indicating RACH-less HO is feasible with proper UL synchronization, which can be obtained by proper NW and UE’s implementation. 
Proposal 6: RACH-less HO is supported in NTN.


3. Conclusion and proposals 
Based on the analysis in previous sections, the following observations and proposals are given: 
Signalling overhead reduction 
Observation 1: The motivation to have group HO is that UE at similar location might handover to the same target due to movement of satellite which can be achieved by proper configuration of location/time-based CHO, an already supported feature in R17. 
Observation 2: Options to support group HO either have little gain in reducing signalling overhead or has large specs impact (e.g., new common signalling might be needed)
Observation 3: Using system information to broadcast common HO configuration (e.g. common cell specific parameters) is helpful for signalling overhead reduction 
Observation 4: Dedicated signalling is helpful for provide or update HO configuration to provide UE specific configuration (e.g., contention free resource).
Proposal 1: For signalling overhead reduction, RAN2 de-prioritize the discussion on group HO.
Proposal 2: System information can be used to provide (C)HO configuration.
Proposal 3: Dedicated RRC signalling can be used to modify or release the (C)HO configuration provided in system information.
Observation 5: NW might handover UE to CHO candidate cells before CHO is triggered due to sudden change of orbits or other purpose, e.g., load balancing.
Observation 6: When handover UE to one of CHO candidate target cells, the CHO configuration stored in UE can be easily reused therefore only information used to identify CHO candidate cell (e.g., PCI or candidate cell index) is needed, which can help reduce signalling overhead of HO command significantly.
Observation 7: Reduced HO command size also helps improving the successful rate of reception of RRCReconfigurtaion message therefore improves overall HO performance.
Proposal 4: The CHO candidate target cell identity or index can be included in the HO command to trigger conventional handover to this cell thus the detailed configuration would be omitted and UE should apply the condRRCReconfig stored for this cell.
PCI unchanged solution
[bookmark: _GoBack]Observation 8: PCI unchanged solution only applies to limited scenarios with questionable feasibility, which requires RAN1 study and confirmation. However RAN1 is not involved for mobility enhancements study in R18.  
Proposal 5: PCI unchanged is not pursued in R18
RACH-less HO 
Observation 9: Reply LS has been received from RAN1 in R1-2212997 indicating RACH-less HO is feasible with proper UL synchronization, which can be obtained by proper NW and UE’s implementation. 
Proposal 6: RACH-less HO is supported in NTN.
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