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Last meeting, RAN2 agree to support RACH-less handover as following 

	1. Support RACH-less Handover in Rel-18 for NR-NTN .
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 this contribution we further discuss some details to support RACH-less handover, and also discuss to support RACH-less CHO. 
Discussion
RACH-less HO

The purpose of RACH procedure during handover is to obtain TA for uplink synchronization and obtain the very initial UL grant in target cell. To skip RACH, in LTE following RACH-skip IE is introduced to configure the TA at target cell and optionally configure a periodical UL grants for initial UL transmission used at target cell. 

	RACH-Skip-r14 ::=					SEQUENCE {
	targetTA-r14					CHOICE {
		ta0-r14							NULL,
		mcg-PTAG-r14						NULL,
		scg-PTAG-r14						NULL,
		mcg-STAG-r14					STAG-Id-r11,
		scg-STAG-r14					STAG-Id-r11
	},
	ul-ConfigInfo-r14				SEQUENCE {
		numberOfConfUL-Processes-r14			INTEGER (1..8),
		ul-SchedInterval-r14			ENUMERATED {sf2, sf5, sf10},
		ul-StartSubframe-r14			INTEGER (0..9),
		ul-Grant-r14					BIT STRING (SIZE (16))
	}																OPTIONAL	-- Need OR
}





as above for LTE, target TA could be configured as 0 or same as the TA value used on one of its source PTAG or STAG. However in NTN we do not expect to support DC/CA, and it is also not possible to have TA value as 0, which is typically for small cell scenario. Instead, based on following RAN1 response on feasibility of RACH-less handover, we believe UE shall acquire the SIB19 (via broadcast or via conditional RRCReconfiguration) of targe cell and then re-calculate its initial TA in target cell , and hence gain it uplink synchronization. 

	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.



There is no need of explicit target TA configuration:

Proposal 1: no need to explicitly configure Targe TA for RACH-less handover in NTN, UE shall acquire/apply SIB19 of the target cell to calculate NTA and gain uplink synchronization.

In LTE, periodical UL grant can be optionally configured, otherwise UE shall monitor the PDCCH of target eNB. UE will attempt to access the target cell at the first available PUSCH occasion either dynamical scheduled or pre-allocated. Similarly, in NTN there is no reason to limit to dynamic grant only:

Proposal 2: pre-allocated UL grants can be optionally configured for RACH-less handover in NTN, if not configured, UE shall monitor the PDCCH of target gNB


In LTE RACH-less handover procedure, apart from target TA and initial PUSCH occasion, it further include following aspects:
· If MAC indicates the successful reception of a PDCCH transmission addressed to its C-RNTI, it means handover success 
· If T304 expire, declare handover failure, no other error case handing 
· UE will release rach-Skip particularly the pre-allocated UL grants after handover success or failure
All these aspects can be reused for NTN without change

Proposal 3: RAN2 confirm that for RACH-less handover in NTN:
· If MAC indicates the successful reception of a PDCCH transmission addressed to its C-RNTI, it means handover success 
· If T304 expire, declare handover failure, no other error case handing 
· UE will release rach-Skip particularly the pre-allocated UL grants after handover success or failure

Regarding FFS whether to limit the solution to same feeder link/gateway scenario, we do not see reason to limit the applicable scenario. For all scenarios, based on RAN1 reply LS, UE can gain UL synchronization equally by applying pre-compensation using the assistance information of target cell and satellite. For all scenarios, there is no difference in terms of getting the initial UL grant. Targe cell shall make sure UE have either pre-configured UL grant or dynamically scheduled grant after handover execution. Target cell can do it because the handover execution time and then the dynamic scheduling time is foreseeable. But when to dynamically schedule the first UL grant may be a valid concern for RACH-less CHO, as discussed in next section. 

Proposal 4: RACH-less handover can be appliable to all NTN scenarios

RACH-less CHO
In addition to support RACH-less handover, we believe enabling RACH-less CHO is very important for NTN scenario. In NTN, considering the very frequent handovers (in earth moving cell scenario) and the large amount UEs handover at the same time (in quasi-earth fixed cell scenario), CHO is very important and fundamental feature. With CHO, measurement report and subsequent handover command signalling could be saved. Instead, the execution condition and RRC configuration can be pre-configured far before the handover time. This also reduce the handover interruption, which would be longer in NTN then TN scenario. If we only support RACH-less handover, MW will be forced to choose either avoid RACH via RACH-less handover or avoid signalling around handover time via RACH-based CHO, then handover issues in NTN scenario would be solved in half way. 

Technically speaking, RACH-less conditional handover will be supported once RACH-skip is introduced in RRCReconfiguration for handover case, because the pre-prepared RRC configuration at candidate cell is defined as a container contain the whole RRCReconfiguration.


Moreover, in the case of service link change, where handover happens around T-service, which is known by both gNB and UE via configured time-based condition. It is very easy that gNB know when the handover will happen and when to dynamically schedule the UE at target cell without any enhancement 


Proposal 5: Confirm to support RACH-less CHO in Rel-18 for NR-NTN, at least for CHO configured with CondEvent T1


Apart from timer-based CHO, there is uncertainty on whether/when UE will hand over to the pre-prepared cells, it is difficult to decide when to send dynamic grants from target cell to UE, or if per-allocated grant is used, when it will be used in real, and in worst case, the pre-allocated grant might be not used and wasted, this is main difference from RACH-less handover. See following figure on RACH-less HO and RACH-less CHO procedure and the main difference as highlighted: 
 
[image: ]


Figure 1: RACH-less HO 

[image: ]
Figure 2: RACH-less CHO 

Support of RACH-CHO apart from CHO with CondEvent T1 will benefit other NTN scenarios including earth moving cell. We only need to make NW aware of the CHO execution timing. When CHO execution condition is fulfilled or is going to fulfilled, UE can report to the source cell ( current serving cell) that UE will execute CHO to the selected target cell. Source gNB then inform target gNB/cell the upcoming CHO of the UE (if it is inter-gNB CHO) to the target cell. this would be helpful for target cell to start dynamic scheduling for the UE at right time, or know when the pre-configured CG will be used in real.



Figure 3: CHO notification
Proposal 6: Introduce CHO notification to support RACH-less CHO 

Summary
[bookmark: OLE_LINK3]In this contribution, we discuss details to support RACH-less HO and RACH-less CHO, in order to make RACH-less CHO feasible in all NTN scenario, we particularly propose to introduce CHO notification from UE to NW. 

For RACH-less HO:

Proposal 1: no need to explicitly configure Targe TA, UE shall acquire/apply SIB19 of the target cell to calculate NTA and gain uplink synchronization.
Proposal 2: pre-allocated UL grants can be optionally configured, if not configured, UE shall monitor the PDCCH of target gNB
Proposal 3: RAN2 confirm:
· If MAC indicates the successful reception of a PDCCH transmission addressed to its C-RNTI, it means handover success 
· If T304 expire, declare handover failure, no other error case handing 
· UE will release rach-Skip particularly the pre-allocated UL grants after handover success or failure
Proposal 4: RACH-less handover can be appliable to all NTN scenarios

For RACH-less CHO:

Proposal 5: Confirm to support RACH-less CHO in Rel-18 for NR-NTN, At least for CHO configured with CondEvent T1
Proposal 6: Introduce CHO notification to support RACH-less CHO
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