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1. Introduction
[bookmark: _Toc12718547]In this paper, miscellaneous HO enhancements for intra-NTN handover are discussed considering the latest agreements made in RAN2#121.  
2. Discussion
2.1. [bookmark: OLE_LINK2]Signalling overhead reduction 
	Agreements RAN2#121
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.
2. For location-based CHO for earth-moving cells we follow the solution being investigated for cell reselection to allow the UE to derive the serving cell’s reference locations as the cells move. FFS whether the same mechanism can also be used for the candidate cell’s reference location



· On group-based mobility
There are two parts relevant to group -based signalling, one is to use common signalling to providing (C)HO configurations, another is to use group-based HO command to trigger HO. For CHO since the HO execution is done by evaluating the configuration received, only first part is needed to be considered.
[bookmark: OLE_LINK3]On common signalling to provide (C)HO configuration
Common C(HO) configuration have been discussed for several meetings while no consensus have been made, and the main concerns are the actual gain can be achieved. In our understanding the main target scenarios for this enhancement is quasi-fixed scenarios, where the HOs is caused due to switch of satellites, and since UEs are served by the same satellite, the neighboring cells will be most likely the same. In this case common signalling can be used to avoid repeat the same common cell configurations to UEs. 
Observation 1: For UE serves by the same satellite the neighboring cells will be most likely the same, therefore using common signalling can reduce the overhead to repeat the same configurations, e.g. the common cell configurations that are shared among UEs.
In NTN since the neighboring cells are limited, the same set of candidate cells can be configured for UE served by the same satellite, and there is no need to further divide UEs into different groups. In this case, at least for the common part of neighboring cells, e.g., servingCellCommon, configuration of candidate cells(e.g., time and reference location threshold associated to the same candidate) can be broadcast to UEs.
Observation 2: The NTN neighboring cells are limited which makes it possible to broadcast to UEs served by the same serving cells with the same set of candidate cells without further divisions. 
On top of the broadcast configurations, 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 3: Dedicated signalling is helpful for provide or update (C)HO configuration broadcast to provide UE specific configuration (e.g., security keys, or contention free resource).
To avoid impact to legacy UEs, a new SIB can be introduced for broadcast the common (C)HO configurations.
Observation 4: Use new SIB for provide common CHO configuration can avoid impact on legacy UEs.
Based on above, below proposals are given:
Proposal 1: A new SIB is introduced to broadcast common (C)HO configurations.
Proposal 2: Dedicated RRC signalling can be used to modify or release the (C)HO configuration provided in system information.
On group-based HO command 
As for CHO, since the candidate cells are the same, while the rest of configuration provided by RRCReconfiguration are the UE-specifc, there is no need to introduce additional group-cast signalling. While for HOs, since UE may need to assigned with different target cells among all the neighboring cells broadcast, either dedicated or group-based HO command may be used to trigger UE to handover to targets.
In case group-based HO command is used, dedicated configuration is still needed to provide UE with UE-specific parameters the total signalling size is the same, but the difference is whether it is carried by separate dedicated RRC messages or in one common message. If fgroup-based HO command is used RAN2 may need more time to discuss the additional issues (e.g., RACH congestion, common signalling design, RNTI to be used) while the gain is not so obvious.
Observation 5: Dedicated configuration are still needed regardless it is included in separate dedicated RRC messages or in one common message, therefore the overall signalling overhead is still similar, while extra specs work and discussion will be needed to address additional issues (e.g., RACH congestion, common RNTI design and etc.)
[bookmark: OLE_LINK4]Therefore based on above analysis it is proposed RAN2 to postpone the decision to support group-based HO command before clearly gains are shown compared to the extra specs work required. 
Proposal 3: RAN2 postpone the decision to support group-based HO command before clearly gains are shown compared to the extra specs work required. 

· Index based handover command
Last meeting RAN2 has discussed the possibility to allow NW to trigger HO to CHO candidate cells by simply provide target cell identity or CHO index but not agreements have been achieved. The gain of this enhancement is obvious since almost all of the HO configuration can be omitted while companies still have questions on the target scenarios for this enhancements. 
[bookmark: OLE_LINK1]In NTN Time-based and/or location-based CHO can be configured to UE to trigger UE handover to target cell considering the satellite trajectories. And to avoid long service interruption, the triggering condition is normally set during the period when source and target cell are partially overlapped, which makes it possible to trigger CHO earlier without jeopardize the successful completion of HO to target.
Observation 6: The triggering timing configured for distanced/time-based CHO is normally set during the period when source and target cell are partially overlapped, which makes it possible to trigger CHO earlier without jeopardize the successful completion of HO to target.
Assuming the originally triggered timing is set as T2, while before T2 there is a sudden increase of connections to current source (e.g., due to shut-down of TN in case of disaster) In this case it shall be allowed for NW to trigger UEs to CHO target cells before the triggering time configured to offload the traffic load from source to target.
Observation 7: In case there is sudden increase of connection load to source (e.g., in case disaster when TN is not available) NW can handover UE to CHO candidate cells before CHO is triggered to off-load traffic from source.
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 8: 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
	Working Assumption: 
In quasi-earth fixed cell case, for hard satellite switch in the same SSB frequency and same gNB (no key change), satellite switching without PCI changing (not requiring L3 mobility) is supported.



RAN2 has agreed on working assumption that it is possible to support satellite switch without changing PCIs for quasi-fixed scenario. In this case, since the satellite switch timing is predictable and is common for all UEs within the cell, system information (e.g., SIB19) can be used to indicate UE when the switch will happens. 
[bookmark: OLE_LINK5]Observation 9: The switch timing for PCI unchanged scenarios is predictable and is common for all UEs within the cell, therefore it is feasible to use system information (e.g., SIB19) to inform UE the satellite switch timing.
After the satellite switch, UE needs to obtain the DL synchronization to new satellite and regain UL synchronization if needed, where UE is needed to be informed with timing such actions are performed. And there are two options can be considered for this purpose:
· Opt1: Explicit indication plus legacy t-service
· Opt2: New indication to indicate the satellite switch timing
Observation 10: There are two options can be considered to indicate the time when UE needs to start switching to the up coming satellite:
· Opt1: Explicit indication plus legacy t-service
· Opt2: New indication to indicate the satellite switch timing
For option 1, since t-service has been introduced in R17 to indicate the time current serving cell will stop provide service, it is possible to reuse this information to indicate the time when the current serving cell will stop provide service. However, to allow UE to know that the PCI shall remains unchanged after service link switch, additional indication can be used together to inform UE that the same PCI is used, which can be easily done by introducing a one-bit indication in SIB19. Since legacy t-service is only used for idle/inactive UEs to initiate neighboring cell measurements while for PCI unchanged it is for connected mode UEs, therefore there shall be no confusions at UE is the same IE is reused. 
Observation 11: Option 1 reuse Legacy field t-service to indicate when current serving cell will stop provide service to current area where additional indication (e.g.,one-bit indication) is used to inform UE to keep the same PCI after serving link switch.
For option 2, a new t-service like IE is introduced, where the presence of this IE can be considered as implicit indication to UE that the same PCI is used. As discussed above, the switch timing is the same for UEs within the same cell coverage, once the configuration is given for UE supports this feature it will starts to switch to new satellite at the time indicated, there is no need to introduce UE dedicated signalling. While for UE not supporting this feature, it will just ignores the configuration. This option may be more flexible since it is possible for NW to configure a switch timing slightly earlier to allow more time for UE to switch to the up-coming satellite, also the configuration can be independent from time-based cell reselection, which is cleaner .  
Observation 12: Option 2 using a new t-service like IE to indicate the satellite timing where the presence of this new IE can be considered as implicit indication to UE that the same PCI is used, which is more future proofing and flexible.
Therefore, it is proposed to adopt option 2 to indicate UE that the satellite switch timing without changing PCI.
Proposal 5: In NTN, a new t-service like IE is introduced in system information (e.g.,SIB19) to indicate the time when UE needs to start switching to the up coming satellite, where the presence of this IE is used as implicit indication that the same PCI is used after the satellite switch.
During the switch, since there could be minor interruption, UE is not expected to transmits any uplink data before regain synchronization to target satellite. Also, UE needs to reacquire new SIB19 from target in order to obtain necessary assisting information for performing pre-compensation. Whether there is a need to perform RACH to fine-tuning TA may relevant to whether there is any uplink data arriving for transmission. i.e., UE triggers RACH when there is UL data arrival. While for arrival of DL data, it is possible for NW to use PDCCH order to trigger UE to perform RACH which is legacy behavior. 
Observation 13: Below UE actions are expected in case hard satellite switch without changing PCI: 
· Flush HARQ buffer and stop uplink transmissions if any until regain uplink synchronization to target
· Reacquire SIB19 from target satellite to obtain necessary assisting information for synchronization
· Initiate RACH to fine-tuning TA, which is needed only when there is any UL data arriving or can be trigger by PDCCH order in case DL data arrival
According to current specs, UE will stop UL transmission and flush HARQ, and reacquire SIB19 when T430 expires which is the same behaviors as described in the first two bullets in above observation. It is also noticed the third bullet in above observation is similar to the existing triggering condition for RACH when TAT time expires but there is DL/UL data arriving. Therefore the simplest method to capture behaviors described in above observation in specs is to assume T430 and TAT timer as expired at the timing indicated by NW as discussed in observation 12.
Proposal 6: If provided with the new IE as discussed in P5 (the IE indicate the time when UE needs to start switching to the up coming satellite), UE consider TimeAlignmentTimer timer and T430 as expired at the time indicated by the new IE received.
For soft satellite switch without changing PCIs, there could be interference issues due to maintaining both service link to current satellite and the up-coming satellite iat the same time. As point out by other contributions [2], this issue may be addressed by proper beam configuration, but the feasibility needs to be  checked with RAN1 first.After receiving RAN1 confirmation, RAN2 can further study if the same solutions adopted for hard satellite switch can be reused.
Observation 14: RAN2 can study if the same solutions adopted for hard satellite switch can be reused after RAN1 confirms the feasibility to support soft satellite switch without changing PCI.
Therefore, it is proposed to send LS to RAN1 to check with the feasibility on oft satellite switch without changing PCI.
Proposal 7: Send an LS to RAN1 asking if  it is feasible to support soft satellite switch without changing PCI.
3. Conclusion and proposals [To be updated]
Based on the analysis in previous sections, the following observations and proposals are given: 
· Signalling overhead reduction 
On common signalling to provide (C)HO configuration
Observation 1: For UE serves by the same satellite the neighboring cells will be most likely the same, therefore using common signalling can reduce the overhead to repeat the same configurations, e.g. the common cell configurations that are shared among UEs.
Observation 2: The NTN neighboring cells are limited which makes it possible to broadcast to UEs served by the same serving cells with the same set of candidate cells without further divisions. 
Observation 3: Dedicated signalling is helpful for provide or update (C)HO configuration broadcast to provide UE specific configuration (e.g., security keys, or contention free resource).
Observation 4: Use new SIB for provide common CHO configuration can avoid impact on legacy UEs.
Based on above, below proposals are given:
Proposal 1: A new SIB is introduced to broadcast common (C)HO configurations.
Proposal 2: Dedicated RRC signalling can be used to modify or release the (C)HO configuration provided in system information.
On group-based HO command
Observation 5: Dedicated configuration are still needed regardless it is included in separate dedicated RRC messages or in one common message, therefore the overall signalling overhead is still similar, while extra specs work and discussion will be needed to address additional issues (e.g., RACH congestion, common RNTI design and etc.)
Proposal 3: RAN2 postpone the decision to support group-based HO command before clear gains are shown compared to the extra specs work required. 
Index based handover command
Observation 6: The triggering timing configured for distanced/time-based CHO is normally set during the period when source and target cell are partially overlapped, which makes it possible to trigger CHO earlier without jeopardize the successful completion of HO to target.
Observation 7: In case there is sudden increase of connection load to source (e.g., in case disaster when TN is not available) NW can handover UE to CHO candidate cells before CHO is triggered to off-load traffic from source.
Observation 8: 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
Observation 9: The switch timing for PCI unchanged scenarios is predictable and is common for all UEs within the cell, therefore it is feasible to use system information (e.g., SIB19) to inform UE the satellite switch timing.
Observation 10: There are two options can be considered to indicate the time when UE needs to start switching to the up coming satellite:
· Opt1: Explicit indication plus legacy t-service
· Opt2: New indication to indicate the satellite switch timing
Observation 11: Option 1 reuse Legacy field t-service to indicate when current serving cell will stop provide service to current area where additional indication (e.g.,one-bit indication) is used to inform UE to keep the same PCI after serving link switch.
Observation 12: Option 2 using a new t-service like IE to indicate the satellite timing where the presence of this new IE can be considered as implicit indication to UE that the same PCI is used, which is more future proofing and flexible.
Observation 13: Below UE actions are expected in case hard satellite switch without changing PCI: 
· Flush HARQ buffer and stop uplink transmissions if any until regain uplink synchronization to target
· Reacquire SIB19 from target satellite to obtain necessary assisting information for synchronization
· Initiate RACH to fine-tuning TA, which is needed only when there is any UL data arriving or can be trigger by PDCCH order in case DL data arrival
Observation 14: RAN2 can study if the same solutions adopted for hard satellite switch can be reused after RAN1 confirms the feasibility to support soft satellite switch without changing PCI.
Proposal 5: In NTN, a new t-service like IE is introduced in system information (e.g.,SIB19) to indicate the time when UE needs to start switching to the up coming satellite, where the presence of this IE is used as implicit indication that the same PCI is used after the satellite switch.
Proposal 6: If provided with the new IE as discussed in P5 , UE consider TimeAlignmentTimer timer and T430 as expired at the time indicated by the new IE.
[bookmark: _GoBack]Proposal 7: Send an LS to RAN1 asking if it is feasible to support soft satellite switch without changing PCI.
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