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Introduction 
In RAN2#121 meeting, the following agreements were achieved to support RACH-less handover in NTN:
Agreements:
1. Support RACH-less Handover in Rel-18.
2. [bookmark: _Hlk131498890]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 paper, we further discuss the detail of NTN RACH-less handover.
Discussion 
The following Table 1 provides an overview on LTE RACH-less design (since it was agreed to be used as a baseline for the corresponding NTN RACH-less mechanism), as well as, implications specific to the NTN RACH-less mechanism.
Table 1 RACH-less handover design
	Topics of Interest
	LTE RACH-less
	NTN RACH-less

	Motivation
	Latency reduction of handover procedure
	Latency reduction of handover procedure

	Target scenario
	1. Small cell where TA can be 0
2. Intra-eNB handover
3. Target cell has the same TA of current TAG.
	(1)	Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB
(2)	Intra-satellite handover with different feeder links, i.e., with gateway/gNB switch
(3)	Inter-satellite handover with gateway/gNB switch
(4)	Inter-satellite handover with same gateway/gNB
As mentioned by RAN2 LS [1]

	Security key change
	Supported
	Supported

	How to obtain TA
	1. Small cell with TA=0
2. Same TA for intra-eNB handover
3. The current TA of a TAG of a cell group can be reused
	According to current RAN2 agreement, i.e., “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”, this agreed behaviour for NTN is aligned to LTE related operation.
In our view, UE autonomous TA can also be considered (as a discussion point in section 2.1).

	How to obtain UL grant
	Pre-allocated to the UE in RRC message (optional);
Or UE monitors the PDCCH of the target cell if UL grant is not received
	Dynamic grant is supported for NTN according to current RAN2 agreement, i.e., “4.	Support dynamic grant from the target cell for RACH-less PUSCH transmission to reduce random access congestion in the target cell. 
 In our view, pre-allocated UL-Grant can also be considered (as a discussion point in section 2.2).

	How to trigger RACH-less handover
	Upon receiving RRCConnectionReconfiguration message including rach-skip field
	In our view, we can follow LTE approach to support direct handover. And, the combination of RACH-less and CHO can also be considered (as a discussion point in section 2.3).

	How to confirm RACH-less handover is completed successfully
	upon receiving UE contention resolution identity MAC CE in target cell
	FFS following LTE or some new approaches can be considered (as a discussion point in section 2.4)



After comparing the LTE RACH-less and current RAN2 agreements for NTN RACH-less, we see there are still some aspects in which we can have more considerations as below.
How to obtain TA
Besides network indicates whether to reuse source TA or provide the TA value directly to UE, UE can still calculate the target TA itself. According to RAN4 LS [2], RAN4 confirmed “the timing requirement specified in Table 7.1C.2-1 of TS 38.133 applies to the first UL transmission, including PUCCH, PUSCH, SRS, PRACH, and msgA, in the target cell”, which means the uplink TA calculated by UE can be applied to PUSCH for RACH-less handover, and not only for PRACH specified in R17 NR NTN.
Proposal 1: Target TA can be calculated by UE for NTN RACH-less handover (considering RAN4 inputs provided in the timing requirements). 
Note that there are several pre-requisites that need to be met for UE calculated TA for RACH-less handover, e.g., mentioned by RAN4 LS [2] as below:
	· At least one SSB is available at the UE during the last 160 ms.
· UE is provided with information such that the UE has valid  and  upon handover execution.
· The network and UE have a common understanding of NTA component upon HO execution.


Also, RAN1 LS mentions [3]:
	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.



It means in order to support UE autonomous TA for RACH-less, source gNB needs to provide the necessary reference signal and assistance information. Considering UE autonomous SMTC adjustment and neighbour cell measurement have been specified, the assistance information above can be provided by source gNB. The only new requirement is “At least one SSB is available at the UE during the last 160 ms”.
Proposal 2: To support UE autonomous TA for NTN RACH-less (as per Proposal 1), network needs to provide necessary reference signal and assistance information as mentioned by RAN1 and RAN4 LSs.

How to obtain UL-Grant
In RACH-less handover, the steps of Msg1 and Msg2 of RACH procedure are skipped, and UE sends RRCReconfigurationComplete message directly to target cell.  Regarding the UL-Grant, it can be pre-allocated in handover command by target cell, or UE can monitor the PDCCH in target cell to obtain the UL-Grant. Since LTE RACH-less is the baseline, the pre-allocated UL-Grant can also be supported in NTN.
Proposal 3: pre-allocated UL-Grant can be provided to UE in handover command by target cell.

How to trigger RACH-less handover 
Similar to LTE, the RACH-less handover can be triggered by a handover command including a rach-skip field in which target TA and UL-Grant are configured.
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
}

Proposal 4: Similar to LTE, the RACH-less handover can be triggered by a handover command including a rach-skip field in which target TA and UL-Grant are configured.

And in NR NTN, the main handover mechanism is CHO, and time/location/eventA4 based CHO have been specified for NTN handover. In our understanding, it is also important and in a way necessary to combine the RACH-less and CHO to get the benefits of both mechanisms. Since the enhancement of CHO is when/how to trigger handover, and the enhancement of RACH-less is about how to execute the handover, the combination of them can be supported naturally without conflicts. The only spec impact is the configuration of a CHO candidate cell includes a rach-skip field. 
Observation 1: Combining the usage of CHO (which enables when/how to trigger handover) and RACH-less (which focus on how to execute the handover) can provide the most benefit without any conflicts.
[bookmark: _Hlk131503877]Proposal 5: To support the combine usage of RACH-less and CHO. If so, the configuration of a CHO candidate cell should be able to include a rach-skip field.
[bookmark: _Hlk131622979]One potential issue of the combination of RACH-less and CHO is, if pre-allocated UL-Grant is supported. For this scenario, there may be a waste of pre-allocated uplink resource, as the uplink resource has to be reserved for a long time (i.e., before the CHO is triggered). One solution that can be considered is a time window can also be configured as the validity duration of the pre-allocated UL-Grant as illustrated in Figure 1, which means if the UE can’t get access to a candidate cell within this validity duration, it can’t apply this pre-allocated UL-Grant.


Figure 1: validity duration of pre-allocated UL-Grant
Proposal 6: If proposal 5 is agreed and pre-allocated UL-Grant in the combination of RACH-less and CHO is supported, a validity duration of the pre-allocated UL-Grant can also be configured to avoid long/unnecessary reservation of pre-allocated uplink resource.
A similar issue could happen in case of dynamic UL-Grant, when the target cell does not know when the UE is likely to handover, and it also does not know when to send PDCCH for uplink scheduling accordingly. All the uplink resource allocated to a UE before it can monitor the PDCCH in target cell has to be wasted. So the validity window mechanism can also be applied to dynamic UL-Grant as well to avoid waste of uplink resource.
Proposal 7: If proposal 5 is agreed and dynamic UL-Grant in the combination of RACH-less and CHO is supported, a validity duration of monitoring PDCCH for uplink scheduling can also be configured to avoid long/unnecessary reservation.
How to confirm RACH-less handover is completed successfully
In LTE “UE Contention Resolution Identity MAC CE” is used to confirm RACH-less handover is successfully completed. I.e., when UE receives this MAC CE in target cell, it stops T304, and this is specified as two steps in LTE MAC and RRC specs respectively as below. 
	36.321 
[bookmark: _Toc124534968][bookmark: _Toc52536217][bookmark: _Toc46500308][bookmark: _Toc37256369][bookmark: _Toc37256215][bookmark: _Toc29242958]5.3.1    DL Assignment reception
-    if the MAC entity is configured with rach-Skip or rach-SkipSCG and a UE Contention Resolution Identity MAC control element for this TTI has been received on the PDSCH indicated by the PDCCH of the SpCell addressed to the C-RNTI:
-     indicate to upper layer the successful reception of a PDCCH transmission addressed to the C-RNTI.
 36.331
[bookmark: _Toc115702072][bookmark: _Toc46482980][bookmark: _Toc46481746][bookmark: _Toc46480512][bookmark: _Toc37081886][bookmark: _Toc36938907][bookmark: _Toc36846254][bookmark: _Toc36809890][bookmark: _Toc36566481][bookmark: _Toc29343230][bookmark: _Toc29342091][bookmark: _Toc20486799]5.3.5.4         Reception of an RRCConnectionReconfiguration including the mobilityControlInfo by the UE (handover)
 1> if MAC successfully completes the random access procedure; or
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; 



Since there is no contention during RACH-less, the MAC CE body is ignored by UE, which means only the MAC CE subheader (i.e., the LCID) is actually used for this purpose.
	36.321
[bookmark: _Toc124535051][bookmark: _Toc52536298][bookmark: _Toc46500389][bookmark: _Toc37256450][bookmark: _Toc37256296][bookmark: _Toc29243034] 6.1.3.4         UE Contention Resolution Identity MAC Control Element
The UE Contention Resolution Identity MAC control element is identified by MAC PDU subheader with LCID as specified in table 6.2.1-1. This control element has a fixed 48-bit size and consists of a single field defined as follows (figure 6.1.3.4-1)
-    UE Contention Resolution Identity: If this MAC control element is included in response to an uplink CCCH transmission, then this field contains the uplink CCCH SDU if the uplink CCCH SDU is 48 bits long. If the CCCH SDU is longer than 48 bits, this field contains the first 48 bits of the uplink CCCH SDU. If this MAC control element is included in response to an uplink DCCH transmission (i.e. the MAC entity is configured with rach-Skip or rach-SkipSCG), then the MAC entity shall ignore the contents of this field. 



The intention is to confirm the RRCReconfigurationComplete message is received by target cell successfully. Compared to LTE RACH-less approach, we are also considering whether other solutions could be more efficient, e.g., the reception of any DL PDSCH with corresponding PDCCH addressed to the UE’s C-RNTI in target cell, or the usage of C-RNTI MAC (which would introduce with less signalling overhead, as the six bytes of UE Contention Resolution Identity MAC CE are transmitted but ignored by UE). On other hand, if RAN2 does not have sufficient time to prioritize enhancing this step, following LTE approach could also be an easy way to go.
Proposal 8: RAN2 to discuss how UE determines when RACH-less handover is completed successfully, considering the following options:
Option 1: reuse of LTE approach, i.e., UE Contention Resolution Identity MAC CE is used but UE ignores the content of this field.
Option 2: the reception of any DL PDSCH with corresponding PDCCH addressed to the UE’s C-RNTI in target cell.
Option 3: the reception of UE’s C-RNTI MAC CE.

Conclusion
In this paper, we discuss the NTN RACH-less handover enhancements, and we have the following observation:
Observation 1: Combining the usage of CHO (which enables when/how to trigger handover) and RACH-less (which focus on how to execute the handover) can provide the most benefit without any conflicts.
And we propose:
Proposal 1: Target TA can be calculated by UE for NTN RACH-less handover (considering RAN4 inputs provided in the timing requirements). 
Proposal 2: To support UE autonomous TA for NTN RACH-less (as per Proposal 1), network needs to provide necessary reference signal and assistance information as mentioned by RAN1 and RAN4 LSs.
Proposal 3: pre-allocated UL-Grant can be provided to UE in handover command by target cell.
Proposal 4: Similar to LTE, the RACH-less handover can be triggered by a handover command including a rach-skip field in which target TA and UL-Grant are configured.
Proposal 5: To support the combine usage of RACH-less and CHO. If so, the configuration of a CHO candidate cell should be able to include a rach-skip field.
Proposal 6: If proposal 5 is agreed and pre-allocated UL-Grant in the combination of RACH-less and CHO is supported, a validity duration of the pre-allocated UL-Grant can also be configured to avoid long/unnecessary reservation of pre-allocated uplink resource.
Proposal 7: If proposal 5 is agreed and dynamic UL-Grant in the combination of RACH-less and CHO is supported, a validity duration of monitoring PDCCH for uplink scheduling can also be configured to avoid long/unnecessary reservation.
Proposal 8: RAN2 to discuss how UE determines when RACH-less handover is completed successfully, considering the following options:
Option 1: reuse of LTE approach, i.e., UE Contention Resolution Identity MAC CE is used but UE ignores the content of this field.
Option 2: the reception of any DL PDSCH with corresponding PDCCH addressed to the UE’s C-RNTI in target cell.
Option 3: the reception of UE’s C-RNTI MAC CE.
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