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Discussion and Decision
1 Introduction
NTN specific mobility enhancement is one objective in R18 WI and RAN2 has made some progress on NTN specific handover enhancement in previous RAN2 meeting. 
This contribution gives our view on the following proposed solutions for the NTN specific handover enhancements: 

1> Group handover

2> Subsequent CHO scheme

3> Satellite change without PCI change
4> HO congestion mitigation
5> RACH-less HO.
2 Discussion

2.1 Group handover
Group handover is to trigger a group of UEs to perform the handover at the same time, and the group scheme can be applied on two parts: 

· Part 1: The configuration of target cell (i.e., candidate cell) is provided in groupcast/broadcast way;

· Part 2: The group HO indication to trigger UE to perform HO is provided in groupcast/broadcast way. 
For Part 1, since the configuration of the target cell or candidate cells includes the UE dedicated configuration, which is different for each UE, it’s infeasible to provide the entire configuration of target/candidate cells in the groupcast/broadcast way. 
For part 2, if the group of UEs have been pre-configured the candidate cell’s configuration via UE dedicated configuration, the group HO indication is just to trigger the group of UE to perform the handover at the same time. Upon receiving the group HO indication, UE can apply the stored configuration of the target cell by itself.  
Using the group handover scheme with combining the UE specific pre-configuration of the target cell and the group HO indication (as described in Figure-1), it can provide the following benefits compared with the legacy HO:

1> The time point when UE performs the handover is still controlled on the network.
2> The signaling overhead of HO indication used to trigger handover is relatively small.
With the above benefits, the scheme with combining the UE specific pre-configuration of the target cell and group HO indication should be agreed as the solution.  
Proposal 1: Consider the group handover scheme of UE specific pre-configuration of the target cell + group HO command as the solution to optimize the HO signaling overhead in NTN. 
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Figure-1. UE specific pre-configuration of the target cell + group HO” indication
2.2 Subsequent CHO scheme

In last RAN2 meeting, it was agreed that the target cell for handover can be predicted. 
	RAN2 confirms that at least for the moving cell case the next serving cells can be largely predicted in NTN (at least for UEs not at the cell edge) thanks to the existence of predefined satellite orbits and negligible UE’s mobility in comparison to satellite’s motion (we can further discuss at the next meeting whether this applies to idle mode UEs as well)


Because the orbit of the satellite is planned in advance, in the moving cell scenario, the cells to be covered in the fixed geographical area on the ground can be known in advance. From UE perspective, if UE stays in one area for long time, the target cell to be hand overed to later can be known in advance. 
Observation 1: For the moving cell, the target cell for subsequent handover can be predicted in NTN. 

Based on observation 5, the subsequent CHO scheme is feasible and should be considered in NTN moving cell deployment. With the subsequent CHO scheme, one CHO command can be used for subsequent N handovers, which can reduce the signaling cost of N-1 handovers. 
Proposal 2: Subsequent CHO should be considered for the HO in NTN moving cell deployment. 
2.3 Satellite switching without PCI change
In last meeting, RAN2 made the working assumption that satellite switching without PCI change can be supported with some restrictions (e.g. same SSB frequency, same gNB). 

	· 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.


Figure-2 provides one example of the applicable scenario according to our understanding. Both SAT-1 and SAT-2 provides the same configuration when cover the same geography area. 
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Figure-2. Scenario of Satllite switching without PCI change
In SAT switching scenario, when the serving satellite of cell-1 switches from SAT-1 to SAT- 2, since the location of SAT-2 is different from that of SAT-1, the service link is also changed, and all of the L1 operation for initial access to target cell is also required, e.g. DL timing acquisition, UL TA acquisition, etc. 
Observation 2: Handover related L1 operation (e.g. DL timing, UL sync acquisition) is still needed in satellite switching without PCI change scenario.  
With the serving satellite change, since all L2 and L3 functions are located in ground part of gNB, with the restriction of no gNB change, UE doesnot need to perform the handover related L2 and L3 operation.

Observation 3: Handover related L2 operation is not needed in satellite switching without PCI change scenario.  

Since the serving cell’s configuration is not changed, UE is not possible to detect the satellite/service link switching by itself. Without network ‘s help, UE will continue to monitor the cell’s RS and maintain the connecton according to the previous service link/ satellite’s information, and the UE connection may be broken. 

Observation 4: UE’s RRC connection may be broken if it doesnot know the serving satellite of serving cell changes.  
Based on observation 2, 3 and 4, if the serving satellite changes but the current serving cell remains unchanged, network should inform UE to resync in current serving cell with the new serving satellite via new service link. Therefore, intra-cell service link switching procedure should be introduced. 
Figure-1 provides a general framework of this procedure. 
· Step 1: Network sends the service link switching command to UE, in which network can optionally indicate the RACH for initial access via the new service link, and may indicate the active time for switching;
· Step 2: UE suspends the data transmission/reception;
· Step 3: UE applies the new SAT’s configuration;

· Step 4: UE acquires DL timing on target service link; 

· Step 5: UE performs RACH on target service link if it is indicated in the command;

· Step 6: UE resumes the data transmission upon the initial access/UL sync on target service link success. 
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Figure-3. Scenario of satellite switching without PCI change

Proposal 3: Introduce intra-cell service link switching procedure as described in Figure-3:
· NW sends the service link switching command to UE;

· UE operation upon receiving the command:
· Suspend the UL/DL transmission;
· Perform the initial access via the new service link using the new SAT location;

· Resume the data transmission upon the initial access success.   

2.4 HO congestion mitigation
When a largen number of UEs perform HO almost at the same time, HO congestion will occur. To mitigate it, one possible way is to scatter the RACH initiation from UE(s) so that to distribute the HO load.
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Figure-4. HO load distribution 

Proposal 4: Consider the mechanism to mitigate the HO congestion, e.g., delay HO with a random time. 
2.5 RACH-less HO
Based on RAN1 and RAN4’s feedback, RAN2 agreed to support RACH-less HO for all 4 scenarios. 
	RAN2#121 Agreements on RACH-less HO
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


As RAN2 agreed to use LTE RACH-less HO procedure as baseline, we provide the NR NTN specific RACH-less procedure in Figure-5. The general procedure can be described as below:
· Step 1: Network indicates RACH-less HO type and provide the TA config of target cell in HO command; optionally, network can provide Type-1 CG configuration for the first UL transmission in target cell;
NOTE: UE can acquire the NTN-config of target cell via HO command or via the neighbor cell config in SIB19. 
· Step 2: Based on TA config in HO command and target cell’s NTN-config, UE derives TTA value of target cell, and starts monitoring the PDCCH in target cell. 

· Step 3: UE performs the first UL transmission via PUSCH in target cell according to the dynamic grant received in target cell or the Type-1 CG configuration provided in HO command. 
· Step 4: When UE receives the MAC CE for confirmation from network in target cell, UE can assume the initial access in target cell is successful and start the data transmission/reception as usual.  
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Figure-5. RACH-less HO procedure

Proposal 5: Agree the NR specific RACH-less produce as described in Figure-5. 
For the TA configuration provision and usage for the target cell, in legacy LTE RACH-less handover, network explicitly indicates whether to reuse the absolute TA value of source PCell/PSCell or of one particular TAG for the access in target cell, and UE operation is to apply the indicated value directly for the first UL PUSCH transmission. 

But in NTN, the absolute TA value (TTA) is calculated based on 4 components: the usage of NTA and NTA,offset are same as that used in TN network, which is known in NW side; and the other two components are NTN specific components (i.e. NTA-UE and NTA-COMMON), are just calculated by UE itself. 
· NTA-UE is calculated based on UE location and ephemeris-info of serving satellite. It reflects the service link propagation delay.
· NTA-COMMON is derived according to Delaycommon, and the calculation is based on NTN-Config of serving satellite. It reflects the feeder link propagation delay. 
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Observation 5: In NTN cell, the absolute TA value (TTA) in NTN is calculated based on NTA, service link delay (i.e. NTA-UE) and feeder link delay (i.e. NTA-COMMON); NTA is known in network side; NTA-UE and NTA-COMMON can be calculated by UE. 
Based on NTN specific UL TA value calculation, in RACH-less HO, network can indicate UE which TA component of the source cell can be reused in the TA calculation in target cell. 

Table-1. Delay/TA change of each scenario 
	Scenario
	Delay situation 
	 TA calculation for target cell
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	* Service link delay is same

* Feeder link delay is same

* Relative TA in cell is same
	NTA-UE same as source cell
NTA-COMMON same as source cell
NTA same as source cell
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Scenario 2: Intra-satellite handover with different feeder links




	* Service link delay is same

* Feeder link delay is different
* Relative TA in cell is same
	NTA-UE is same

NTA-COMMON tp be recalculated

NTA is same
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Scenario 3: Inter-satellite handover with gateway/gNB switch




	* Service link delay is different

* Feeder link delay is different

* Relative TA in cell is different
	NTA-UE to be recalculated

NTA-COMMON to be recalculated

NTA =0
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Scenario 4: Inter-satellite handover with same gateway/gNB




	* Service link delay is different

* Feeder link delay is different

* Relative TA in cell is different
	NTA-UE to be recalculated

NTA-COMMON to be recalculated

NTA =0


According to the analysis in Table-1, in order to support all scenarios, network can explicitly indicate which TA component of source cell can be reused for the target cell’s TA calculation. Or NW can explicitly indicate the scenario, and UE can base HO scenario to determine whether the service link delay or feeder link delay of source cell can be reused directly. 

Proposal 6: In NTN specific RACH-less HO command, network can explicitly indicate whether feeder link delay or service link delay of the source cell can be reused for target cell’s TA derivation.

3 Conclusion
According to the analysis in section 2, we propose that:
<Group handover>
Proposal 1: Consider the group handover scheme of UE specific pre-configuration of the target cell + group HO command as the solution to optimize the HO signaling overhead in NTN. 
<Subsequent CHO scheme>
Observation 1: For the moving cell, the target cell for subsequent handover can be predicted in NTN. 

Proposal 2: Subsequent CHO should be considered for the HO in NTN moving cell deployment. 

<Satellite switching without PCI change>
Observation 2: Handover related L1 operation (e.g. DL timing, UL sync acquisition) is still needed in satellite switching without PCI change scenario.  

Observation 3: Handover related L2 operation is not needed in satellite switching without PCI change scenario.  

Observation 4: UE’s RRC connection may be broken if it doesnot know the serving satellite of serving cell changes.  
Proposal 3: Introduce intra-cell service link switching procedure as described in Figure-3:

· NW sends the service link switching command to UE;

· UE operation upon receiving the command:

· Suspend the UL/DL transmission;

· Perform the initial access via the new service link using the new SAT location;

· Resume the data transmission upon the initial access success.   
<HO congestion mitigation>
Proposal 4: Consider the mechanism to mitigate the HO congestion, e.g., delay HO with a random time. 

<RACH-less HO>
Proposal 5: Agree the NR specific RACH-less produce as described in Figure-5. 

Observation 5: In NTN cell, the absolute TA value (TTA) in NTN is calculated based on NTA, service link delay (i.e. NTA-UE) and feeder link delay (i.e. NTA-COMMON); NTA is known in network side; NTA-UE and NTA-COMMON can be calculated by UE. 
Proposal 6: In NTN specific RACH-less HO command, network can explicitly indicate whether feeder link delay or service link delay of the source cell can be reused for target cell’s TA derivation.

