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Introduction

Below are agreements that had been made from previous meetings[1]:
	122
In NTN RACH-less handover, NW either indicates NTA in the target cell is identical to the source cell, or the NTA explicitly provided by the NW is 0. RAN2 will not discuss the case where NTA does not equal to 0

Come back to the proposal to broadcast the target cell’s servingCellConfigCommon (as common (C)HO signalling) after feedback from RAN3

Send al LS to RAN3 asking whether, in case target cell’s servingCellConfigCommon is broadcast in the source cell (as common (C)HO signalling), the target cell’s servingCellConfigCommon can be transferred to the source cell in the inter-gNB HO case in R18

Group handover related to P1~P4 from R2-2304736 is not supported in Rel-18.

From RAN2 perspective synchronization among source and target cells is not an issue in NTN RACH-less HO

Release pre-allocated UL grant after RACH-less HO completion

LTE approach (of confirming the HO completion) is reused for both pre-allocated grant and dynamic grant. FFS any enhancement to the confirmation of RACH-less HO completion, e.g. the NW does not send the UE Contention Resolution Identity MAC CE, and sends PDCCH/PDSCH addressed to C-RNTI

Remove “FFS how to perform RACH-less UL synchronization to NTN target cell”, RAN2 assumes the UL sync handling in the target cell is the same in RACH-based HO and RACH-less HO, except how to acquire NTA (FFS on the spec impact , if any)


In this contribution, we will provide our views based on last meeting agreements. 
Discussion
In moving cell scenario, a UE even in static or low mobility states still have handover requirements. Refer to the technique report [2], the quoted table below, Table 1, shows the minimum and maximum time of handover, the range is about 6 seconds to 2 minutes. That is, a handover from UE is required at least about every 2 minutes in moving cell scenario.

The following sections provide our views on how to reduce signaling overhead for high handover rate in moving cell. Based on above explanation, the legacy handover procedure contains many signaling exchange between UE and network, therefore it can be a starting point of enhancement from both sides.
Table 1: Time to HO for min/max cell diameter and varying UE speed

	Cell Diameter Size (km)
	UE Speed (km/hr)
	Satellite Speed (km/s)
	Time to HO 

(s)

	50 

(lower bound)
	+500
	7.56 (NOTE 1)
	6.49

	
	-500
	
	6.74

	
	+1200
	
	6.33

	
	- 1200
	
	6.92

	
	Neglected
	
	6.61

	1000 

(upper bound)
	+500
	
	129.89

	
	-500
	
	134.75

	
	+1200
	
	126.69

	
	- 1200
	
	138.38

	
	Neglected
	
	132.28


Observation 1  In Rel-18 moving cell scenario, UE in static or low mobility states still have handover requirements, which increases the amount of handover times.
Common pre-configuration for NTN-NTN hanodver

Subsequent service link switch with the same gNB

Common configuration
While the cell is moving with time, not only handover is required by UE but also satellite handovers, that is, the handover includes both service link handover and feeder link handover. For moving cell handover enhancement, RAN2 should consider both service link handover and feeder link handover scenarios.

Proposal 1  For moving cell handover enhancements, RAN2 should consider both service link handover and feeder link handover scenarios.

Compare to UE movings, the satellite’s moving speed is faster than UE and the upcoming satellite would be the same orbital as serving satellite, both satellites are connecting to the same gNB or ground gateway (GW), that is, the UE is connect to the same gNB after service link swtich. 
Figure 1 depicts the above observed scenario, the configurations will be the same or similar to before and after service link switch, the most configurations can be reused and UE can performs re-synchronization to the same gNB after satellite swtiched.
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Figure 1 The service link switch with the same gNB/GW

Steps:

At T0, the UE is served by satellite A which is connect to gNB.
At T1, the UE have changed to served satellite B which is connect to the same gNB. 
Note: both the satellite A and satellite B are the same trajectory.

Observation 2  For moving cell, there exist a scenario that the UE is connect to the same gNB/GW after service link switch, the configurations would be the same or similar to before and after service link switch.
Proposal 2  RAN2 should consider to perform re-synchronization for the case that the service link switch results in UE connecting to the same gNB.

Nowaday’s conditional handover (CHO) is through pre-configuration and UE starts evaluation for neighbor cells based on execution condition, once there is a cell has satisifed the execution condition the UE applies configuration provided in pre-configuration and release all pre-configuration after successful CHO, the network will pre-configures UE once again which may contains similar configurations as previous configured. In case of connecting to the same gNB after service link switch and in order to avoid signaling overhead for frequently service link switch, RAN2 should consideres to introduce a new common pre-configuration for such case. The common pre-configuration will not be released after service link instead it can be modified or released by network re-configuraion. Detailly, the common pre-configuration that is correspoding to a gNB configurations, both UE and network can reuse it and UE just perform re-synchronization through new served satellite.
Proposal 3  RAN2 to introduce a new common pre-configuration for frequently service link switch to avoid re-configuration signaling overhead. The common pre-configuration is correspoding to a gNB configurations.

Proposal 4  The common pre-configuration will not be released after service link switchs except that the network performs modify or release.
On the other hand, the pre-configured common configuration can also contains re-synchronization information, random access resources and/or configured grants, RACH-less indication...etc, which will be used to execute re-synchronization.

Proposal 5  The common configuraion can also contains re-synchronization information, i.e. random access resources and/or configured grants, RACH-less indication, for re-synchronization execution.
Triggers for applying common configurations
The legacy CHO was tirggered when the execution condition is satisfied, then the UE will executes conditional re-configuration, which can be a basedline for common configuration tirggering.

Proposal 6  The legacy CHO execution condition can be a baseline for common configuration triggering.
The execution condition can be configured with common configuration through pre-configuration, that is, the pre-configuration includes execution condition, common configuration and/or re-synchronization information. The UE shall evaluates execution condition for neighbor upcoming cell, when the execution condition is satisfied then it will applies the common configuration and/or ues re-synchronization information performs random aceess or UL date transmission to the same gNB. The execution condition can reuses current measurement events, i.e. location-base, measurement events A3/A5...etc.
Proposal 7  The execution condition can be configured together with common configuration through pre-configuration, which reuses the legacy measurement events.
Another alternative approach is that, to combine the legacy measurement with common configuration, the network configures UE measurements through measurement control and provide common configuration via re-configuration. The UE performs measurement as legacy and when the reporing criteria is satisfied the UE triggers measuremnt report and it applies common configuration for service link switch. Alternatively whether UE to report measurement report can be configured by netowrk, i.e. a indication configured in measuremnt control.
Proposal 8  The execution condition can be the legacy measuremnt events, the network configurs UE measurements through measurement control, then UE applies common configuration for service link swtich while it has satisfied reporing criteria.
Base on the above approachs, the network can also trigges UE to apply common configuraion throught signaling, i.e. paging, where the signaling indicate that UE to perform re-synchronization to the same gNB through the upcoming satellite. When UE has received paging with re-synchronization indication, it shall applies common configuraion and perform re-synchronization.

Proposal 9  For applying common configuration that can be triggered by network through paging which indicate UE to perform re-synchronization.
Proposal 10  RAN2 to adapt both UE-based and network-based common configuration triggering.  
Subsequent feeder link switch
Feeder link switch preconfiguration
In addition to the above section analysis, there is another scenario that need to be take into consideration is feeder link swtichs. Compare to service link switch, the feeder link switch will results in handover to differnet gNB. 

Observation 3  In addition to service link switch, there is another feeder link switch need to be take into consideration, which will change to a new gNB.
For feeder link switch, it can uses the similar approach as introduced in the above section for the service link switchs, i.e. the pre-configuration for feeder link switchs, which won’t be released after handover and only be modified or released by network. The differnece of pre-configration between service link switch and feeder link switch are configuration contents, the former one are common configurations that to be use to re-synchronization to the same gNB, the later one are different configurations compare to the serving gNB, i.e. delta configuration.
Proposal 11  For feeder link switch, RAN2 can introduce pre-configuration for further feeder link switch which is similar to the above introduced service link switch. 
Triggers for applying feeder link pre-configurations
There can be more than one feeder link switch pre-configurations for a UE and each of them are identified through indexes. The network can use signaling, i.e. paging, to request UEs to perform feeder link swtich to a specific gNB with the index. When a UE has received a paging message with an index for feeder link switch indication, it will applies the index indicated pre-configuration and perform feeder link switch. Alternatively, the pre-configued feeder link configuration can include a timer, when the timer has expired the UE will apply corresponded configuration and perform feeder link switch automously.

Proposal 12  There can have more than one feeder link switch pre-cofiguraion and identified through indexes.
Proposal 13  The execution of feeder link switch can be triggered by network signaling or by a timer.
Subsequent swtich between feeder link and service link

As dipict as blow figure 2, because of satellites are moving that result in part of UEs will occure subsequent switchs between feeder link and service link which are connecting to two gNBs.

Observation 4  In moving cell scenario, UEs will occure subsequent switchs between feeder link and service link which are connecting to two gNBs.

Proposal 14  RAN2 should further consider the scenario that UE will occure subsequent switchs between feeder link and service link.
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Figure 2 Satellite switchs between service link and feeder link.
Steps:

T0, the UE is served by satellite A which is connect to gNB1
T1, the satellite A had moving forward and the upcoming satellite B is going to replace the coverage that was convered by satellite A. When satellite A moving that had triggered feeder link switch from gNB1 to gNB2, the served UEs will need to handover accordingly. At the same time, the UEs near to the coverage edge are preparing for service link switch hadnover back to gNB1.
For subsequent feeder link and service link swtichs, if UE is using the legacy CHO to handover between gNBs it will results in signaling overhead to network, because once the UE had performs feeder link switch the network needs to re-configure new CHO to UE, then the UEs that are close to the boundary of the satellite coverage will perform service link switch soon, after UE had switched the gNB need to configures UE CHO once again. 
As we had introduced two approachs in above sections, both the common configuration for service link swtich and feeder link pre-configuration can avoid signaling overhead. The UE will keeps those pre-configurations and won’t release them after handover. Once RAN2 adapt these two approachs it can reduce singlaing overhead and processign time. It can be observed that, the subsequent switchs are handovers between the specific gNBs, the configurations almost be the same.
Observation 5  The legacy CHO approach will results in network signaling overhead for subsequent feeder link and service link swtichs.

Proposal 15  RAN2 to adpat common configuration for service link swtich and feeder link pre-configuration can reduce signaling overhead and UE processing time for subsequent handovers between gNBs.
Conclusion

Based on the outcome of the above discussion, we would like to suggest the following proposals:

Observation 1  In Rel-18 moving cell scenario, UE in static or low mobility states still have handover requirements, which increases the amount of handover times.
Subsequent service link switch with the same gNB
Proposal 1  For moving cell handover enhancement, RAN2 should consider both service link handover and feeder link handover scenarios.

Observation 2  For moving cell, there exist a scenario that the UE is connect to the same gNB/GW after service link switch, the configurations would be the same or similar to before and after service link switch.
Proposal 2  RAN2 should consider to perform re-synchronization for the case that the service link switch results in UE connecting to the same gNB.

Proposal 3  RAN2 to introduce a new common pre-configuration for frequently service link switch to avoid re-configuration signaling overhead. The common pre-configuration is correspoding to a gNB configurations.

Proposal 4  The common pre-configuration will not be released after service link switchs except that the network performs modify or release.

Proposal 5  The common configuraion can also contains re-synchronization information, i.e. random access resources and/or configured grants, RACH-less indication, for re-synchronization execution.

Proposal 6  The legacy CHO execution condition can be a baseline for common configuration triggering.

Proposal 7  The execution condition can be configured together with common configuration through pre-configuration, which reuses the legacy measurement events.

Proposal 8  The execution condition can be the legacy measuremnt events, the network configurs UE measurements through measurement control, then UE applies common configuration for service link swtich while it has satisfied reporing criteria.

Proposal 9  For applying common configuration that can be triggered by network through paging which indicate UE to perform re-synchronization.
Proposal 10  RAN2 to adapt both UE-based and network-based common configuration triggering. 
Subsequent feeder link switch

Observation 3  In addition to service link switch, there is another feeder link switch need to be take into consideration, which will change to a new gNB.

Proposal 11  For feeder link switch, RAN2 can introduce pre-configuration for further feeder link switch which is similar to the above introduced service link switch.

Proposal 12  There can have more than one feeder link switch pre-cofiguraion and identified through indexes.
Proposal 13  The execution of feeder link switch can be triggered by network signaling or by a timer.
Subsequent swtich between feeder link and service link

Observation 4  In moving cell scenario, UEs will occure subsequent switchs between feeder link and service link which are connecting to two gNBs.

Proposal 14  RAN2 should further consider the scenario that UE will occure subsequent switchs between feeder link and service link.

Observation 5  The legacy CHO approach will results in network signaling overhead for subsequent feeder link and service link swtichs.

Proposal 15  RAN2 to adpat common configuration for service link swtich and feeder link pre-configuration can reduce signaling overhead and UE processing time for subsequent handovers between gNBs.
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