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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2 #121bis-e, RAN2 has achieved the following agreements about RACH-less procedure:
	Agreements:
1. In Rel-18 we don’t aim at RACH-less HO for NTN-TN mobility
2. For initial UL transmission in RACH-less HO, support pre-allocated grant in RACH-less HO command
3. NTN RACH-less HO is supported for Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB;
4. NTN RACH-less HO can be supported for intra-satellite handover with different feeder links, i.e., with gateway/gNB switch, inter-satellite handover with gateway/gNB switch, and inter-satellite handover with same gateway/gNB.
5. RAN2 confirms the general UE procedure for NTN RACH-less HO 
1) receive a RACH-less HO command which can include pre-allocated grant optionally. FFS N_TA is optional. (RRC)
2) start timer T304 for the target cell (RRC)
3) perform DL and UL synchronization, and start timer T430. FFS how to perform RACH-less UL synchronization to NTN target cell. (RRC, MAC)
4) start time alignment timer (MAC)
5) monitor target cell PDCCH for dynamic grant if pre-allocated grant is not configured in RACH-less HO command (MAC, PHY)
6) send initial UL transmission including RRCReconfigurationComplete message using the available UL grant (RRC, MAC, PHY)
7)  consider RACH-less HO is completed upon receiving NW confirmation. FFS how to confirm RACH-less HO is successfully completed. (RRC, MAC)
8) stop timer T304 for the target cell. (RRC)
FFS whether to release UL grant if pre-allocated after RACH-less HO completion
FFS RACH-less HO failure handling, e.g. whether UE fallback to RACH-based HO to the target cell
FFS procedure for RACH-less HO combined with PCI unchanged or CHO if supported
6. The pre-allocated grant is provided as type-1 CG
7.  Send an LS to RAN1 informing RAN2 agreements on NTN RACH-less HO and check RAN1 views on the following aspects:
1) whether the pre-allocated grant is provided with association to SSBs; if so, whether a RSRP threshold is configured for SSB selection.
2)  to monitor target cell PDCCH for dynamic grant for initial UL transmission, whether beam indication can be provided in RACH-less HO command.
3) power control for initial UL transmission.
8. At least for pre-allocated grant, for the confirmation of RACH-less HO completion we reuse of LTE approach, i.e., UE Contention Resolution Identity MAC CE is used but UE ignores the content of this field. FFS if anything else is needed for dynamic grant.
9. Consider to support combining RACH-less HO with time-based CHO for NTN, taking into account the 1) validity of pre-allocated grant and potential waste of reserved resource; 2) when/how to provide dynamic grant in PDCCH.



In this paper, we will continue discussing the remaining issues.
2. Discussion
2.1 [bookmark: _Ref131674149]Applicable scenarios
In LTE, asynchronous RACH-less solution was excluded in RAN2 #95 meeting [1]. Compared with synchronous RACH-less, asynchronous scenario additionally requires the timing offset between source eNB and target eNB and according to RAN3 LS [2] there is no such information exchange:
	Q3: In the UE based TA calculation, would the timing offset between source and target eNBs in asynchronous case be acquired by the target eNB and would this estimation be accurate for the calculation of TA? (RAN3/RAN4)
Answer:
There is no information exchanged, today, related to timing offset, between source and target eNBs in asynchronous case over any RAN3 interfaces.


In LTE RACH-less, both UE based TA calculation and eNB based calculation were discussed, and the ultimate conclusion is to only consider the RACH-less solution where TA value of source cell is reused for target cell or TA = 0, meaning that neither UE nor the eNB needs to perform the TA calculation.
In NR RACH-less, a general principle is to take the LTE RACH-less as a baseline. One difference with the LTE RACH-less is that in NTN scenario, the UE can calculate the TA difference based on ephemeris. But note that the above RAN3 LS is also targeted at UE based TA calculation, i.e., the same issue with NR NTN. If asynchronous scenario is to be supported, there needs to be additional efforts in RAN3 interface, or the UE needs to calculate the timing offset by itself (e.g., based on SFTD measurements), either way brings more complexity compared with the synchronous RACH-less solution.
Proposal 1: Asynchronous RACH-less solution is not considered in NR NTN.
2.2 UL grant
· Issue1: Whether to release UL grant if pre-allocated after RACH-less HO completion 
In last RAN2 meeting, RAN2 confirmed the general UE procedure for NTN RACH-less HO and FFS whether to release UL grant if pre-allocated after RACH-less HO completion. 
In LTE RACH-less, after RRC layer confirms the successful handover, RRC layer will release rach-skip, as stated in TS 36331 [3]:
	1>	if MAC indicates the successful reception of a PDCCH transmission addressed to C-RNTI and if rach-Skip is configured:
2>	stop timer T304;
2>	if daps-HO is configured for any DRB:
3>	stop timer T310 for the source PCell, if running;
3>	for each DAPS bearer trigger UL data switching, as specified in TS 36.323 [8];
2>	release rach-Skip;
2>	apply the parts of the CQI reporting configuration, the scheduling request configuration and the sounding RS configuration that do not require the UE to know the SFN of the target PCell, if any;
2>	apply the parts of the measurement and the radio resource configuration that require the UE to know the SFN of the target PCell (e.g. measurement gaps, periodic CQI reporting, scheduling request configuration, sounding RS configuration), if any, upon acquiring the SFN of the target PCell;


In TS36321 (Section 5.20) [4], it is specified that when the pre-allocated uplink grant configuration is released by RRC, the corresponding pre-allocated uplink grant shall be discarded. Refer to the above specification, it is clear that after RACH-less handover has been completed successfully, UE will release the pre-allocated grant. In NR NTN RACH-less, the same principle can be reused.
Proposal 2: Release pre-allocated UL grant after RACH-less HO completion.
· Issue2:  The confirmation of RACH-less HO completion in the case of dynamic grant
In last RAN2 meeting, it was agreed that for pre-allocated grant, for the confirmation of RACH-less HO completion we reuse of LTE approach, i.e., UE Contention Resolution Identity MAC CE is used but UE ignores the content of this field. FFS if anything else is needed for dynamic grant.
The difference between the dynamic grant and the pre-allocation grant lies in the manner in which the UE obtains the uplink grant. After the UE obtains the uplink grant, the UE can send RRCConnectionReconfigurationComplete message to confirm the handover to the target gNB. When the target gNB receives such message regardless of the grant type the gNB knows the handover is successful and can send the confirmation of RACH-less HO completion to the UE. In our understanding nothing else is needed for dynamic grant to confirm the HO completion compared to the pre-allocated grant.
Proposal 3: LTE approach (of confirming the HO completion) is reused for both pre-allocated grant and dynamic grant: UE Contention Resolution Identity MAC CE is used but UE ignores the content of this field.
2.3 TA acquisition
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command;   is UE self-estimated TA to pre-compensate for the service link delay;  is network-controlled common TA, and may include any timing offset considered necessary by the network;  is a fixed offset used to calculate the timing advance.
NTA is update based on TA Command field in msg2/msgB and MAC CE TA command as follows:
· When TAC ( in msg2/msgB is received:  , where   is the TAC field in msg2/msgB
· When TACs ( provided within the MAC CE is received:  , where  is the TAC field received in MAC CE  command
In LTE, RACH-less is supported only when TA value of the source cell is reused for the targeted cell, or TA=0. In TS 36.331, it is indicated whether target cell TA is 0 or the NTA of any source TAG is reused.
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
}
For NR NTN intra-satellite HO scenario, the target cell TA is identical to the source cell, as already included in the RAN2 #121 agreement:
1. 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.
It is impossible for the UE TA to be 0 in NTN scenarios. Therefore, the agreement does not mention TA = 0 case. However, since the exact wording was changed to “NTA” rather than “TA” based on company comments, for the NTA part, it is still possible that NTA = 0, and in our understanding, the latter half of the agreement “explicitly provided by the NW” mainly refers to the case that NW will configure NTA = 0 to the UE. If the NW configures a non-zero NTA value, it means the target cell needs to estimate the TA using uplink signals (e.g., SRS) transmitted by the UE. Actually “eNB based TA calculation” has been discussed in LTE RACH-less, and was not adopted because some companies have concerns that the TA value forwarded from the target eNB could expire during the HO, and also the TA value forwarding mechanism requires extra work in RAN1/2/3/4.
RAN2 has agreed to uses the LTE’s RACH-less Handover procedure as a baseline. We think RAN2 should not discuss the case where NTA does not equal to zero based on the aforementioned reasons. The ultimate decision is up to RAN1, as also suggested by RAN4 in the LS (R4-2303239):
	RAN4 assumes the determination of the value for NTA for the different scenarios is up to RAN1.


Proposal 4: In NTN RACH-less handover, NW either indicates NTA in the target cell is identical to the source cell (i.e. intra-satellite handover), or the NTA explicitly provided by the NW is 0. RAN2 will not discuss the case where NTA does not equal to 0.
2.4 RACH-less failure handling
In RAN2 #121bis-e offline discussion [5], when talking about the general procedure for NTN RACH-less, some companies raised the comment about RACH-less failure handling, e.g., whether it is possible for UE to fall back to RACH based HO if RACH-less HO condition cannot be met.
RACH-less failure means UE can’t successfully access to the target cell with RACH-less procedure, such as the target gNB can’t decode the initial UL transmission from UE successfully or UE doesn’t receive the confirmation of HO completion from the network before T304 expires. After T304 expires UE will perform reestablishment procedure. If RACH-based HO is performed after the RACH-less HO failure, it cannot be guaranteed that UE can handover to the target cell successfully, and in that case the additional time taken for performing RACH is wasted and the handover is still failed. Hence, RAN2 should clarify the real benefit of such approach compared to reestablishment. On the other hand, introducing such fall back mechanism introduces additional UE complexity.
Proposal 5: The benefit of falling back to RACH-based HO after RACH-less failure needs to be further justified, compared with initiating reestablishment when T304 expires. Otherwise, RAN2 de-prioritizes the RACH-less failure discussion in Rel-18.
2.5 RACH-less combined with time-based CHO 
In the last meeting, the offline discussion touched the feasibility of combining RACH-less HO with time-based CHO for NTN, taking into account the 1) validity of pre-allocated grant and potential waste of reserved resource; 2) when/how to provide dynamic grant in PDCCH.
From our perspective, RACH-less can combine with time-based CHO but the combination maybe not be effective. For time-based CHO, the source gNB will provide time-based CHO execution condition to UE including T1 and time duration, UE will execute handover procedure during T1 and T1+ duration if CHO execution condition is fulfilled. If RACH-less is supported, the target gNB needs to pre-allocate UL grant which is a set of periodic resources to UE from the time when the target gNB receives the conditional handover request message. A more efficient way for the target gNB is to activate the pre-allocated UL grant at T1 until UE informs successfully handover to the target. The UE will execute the CHO between T1 and T1 + duration after UE receives the conditional handover command, but the precise time of HO execution can’t be predicted, meaning that there may be a long time between T1 and the actual execution time which will lead to a waste of the reserved UL grant. 
A similar issue also exists in the dynamic grant case if RACH-less combination with time-based CHO. The simple way for the target gNB is to schedule the dynamic grant from T1 and continue scheduling until the target gNB receives UL data from UE. This is also a waste of the PUSCH resource.
But for the PCI unchanged combined with RACH-less, the real handover execution time is clear, e.g., t-service, so there is no resource waste issue. RACH-less combined with PCI-unchanged can be further discussed after RAN1 gives the feedback.
Proposal 6: RACH-less combination with time-based CHO can work but it PUSCH resources are wasted.
3. [bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Conclusion
[bookmark: _Toc423020280]In this paper, we discuss RACH-less HO, and provide the following proposals:
Proposal 1: Asynchronous RACH-less solution is not considered in NR NTN.
Proposal 2: Release pre-allocated UL grant after RACH-less HO completion.
Proposal 3: LTE approach (of confirming the HO completion) is reused for both pre-allocated grant and dynamic grant: UE Contention Resolution Identity MAC CE is used but UE ignores the content of this field.
Proposal 4: In NTN RACH-less handover, NW either indicates NTA in the target cell is identical to the source cell (i.e. intra-satellite handover), or the NTA explicitly provided by the NW is 0. RAN2 will not discuss the case where NTA does not equal to 0.
Proposal 5: The benefit of falling back to RACH-based HO after RACH-less failure needs to be further justified, compared with initiating reestablishment when T304 expires. Otherwise, RAN2 de-prioritizes the RACH-less failure discussion in Rel-18.
Proposal 6: RACH-less combination with time-based CHO can work but it PUSCH resources are wasted.
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