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Introduction
At RAN2#121 (February 2023) and RAN2#121-bis (April 2023) the following NTN-related agreements on RACH-less handover were made [1][2][3]:
	Agreements
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.



	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



	Agreements via email – from offline 109:
1.	NTN RACH-less HO is supported for Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB;
2.	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.
3.	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
4.	The pre-allocated grant is provided as type-1 CG
5.	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



	Agreements online:
1.	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
2.	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.



[bookmark: _Hlk510705081]Discussion
At RAN2#121 meeting [1], it was agreed to support RACH-less handover (HO), which is based on the working principle of LTE’s RACH-less HO for terrestrial networks. This paper discusses several aspects of this procedure left for further study.
TA acquisition
For RACH-based HO, the eNB/gNB estimates the timing advance (TA) based on the random access (RA) preamble transmitted by the UE. The TA value is later transmitted to the UE as part of the RA response in Msg2 of the RACH procedure. In RACH-less HO, the UE is required to perform uplink (UL) synchronization without RA; that means to self-estimate the TA value for the first UL transmission.
The applicability of the RACH-less HO to NTN scenarios is not straightforward because the TA varies upon the scenario. RAN1, as part of their LS response in [4], evaluated the feasibility of RACH-less HO in four potential scenarios:
	1. Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB
1. Intra-satellite handover with different feeder links, i.e., with gateway/gNB switch
1. Inter-satellite handover with gateway/gNB switch
1. Inter-satellite handover with same gateway/gNB



In [4], RAN1 stated that RACH-less HO is possible for scenario (1) and may be possible for scenario (2), (3) and (4), assuming the UE has valid information to perform UL synchronization. 
Observation 1: RACH-less HO can be possible in NTN scenarios, assuming the UE has valid information to conduct the first UL transmission in the target cell.
Additionally, RAN4 in [5] confirmed that the requirements for the first UL transmission include that UE is provided with  and  upon HO execution as well as gNB and UE have a common understanding of . The values of  and  are not uncertain since the former can be acquired/updated via SIB19, while the latter is UE self-estimated based on UE location and satellite ephemeris (in SIB19). However, target cell’s  is uncertain for the UE if there is no RA response (i.e., Msg2, RAR). 
The following agreement was taken in RAN2#121 (February 2023) to satisfy timing requirement listed by RAN4:
	Agreement	
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.



That means three cases can be supported. First and second refer to source and target cell having the same  value or this value being zero (i.e.,  or ). In these cases, the UE is only required to re-acquire common TA and UE-specific TA for first UL transmission. The third case refers to source cell and target cell having different  values. In that case, the network (NW) should explicitly provide target cell’s  so the UE can configure RACH-less HO. 
In the email discussion [3], the agreement below was reached, leaving as FFS whether  should be optional or not:
	Agreements via email – from offline 109:
1.	receive a RACH-less HO command which can include pre-allocated grant optionally. FFS N_TA is optional. (RRC)



As part of the email discussion, several companies argued that  value should not be indicated if it is zero and, therefore, should be optional and up to NW configuration. In LTE RACH-less HO – baseline procedure agreed in meeting RAN2#121 (see [1]) -  is always indicated (see below in RACH-Skip-r14 field). Therefore,  should be always indicated (even when it is zero) as it is in LTE RACH-less HO. Furthermore, as in baseline LTE RACH-less HO,  can be indicated as part of UE-dedicated signaling, i.e., HO command, or broadcast/multicast since all UEs in the cell will require the same information to access the upcoming cell. 
	 TS 36.331
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Observation 2:  can be indicated whether as part of dedicated signalling (such as the HO command) or broadcast (e.g., in SIB).
Proposal 1: Regardless of the NTN scenario, RAN2 to decide that  is always indicated, as it is in LTE RACH-less HO (baseline).
UL synchronization to target cell
In email discussion [3], the high-level procedure was discussed with the following agreement regarding the DL and UL synchronization upon timer T430 inititation:
	Agreements via email – from offline 109: 
	3.	perform DL and UL synchronization, and start timer T430. FFS how to perform RACH-less UL synchronization to NTN target cell. (RRC, MAC)



During RACH procedure, RAR includes UL grant so NW and UE have common understanding on the UL resources for UL transmissions. In LTE’s RACH-less HO, the UL grant can be ”pre-allocated” in HO command (see RACH-skip-r14 field above). In that way, upon HO command reception, the UE can send initial UL transmission.  
Observation 3: In LTE’s RACH-less HO, serving cell indicates in HO command the UL resources pre-allocated by the target cell.
In NR, configured grant (CG) can be used to pre-allocate UL resources. The UL grant can be configured following two schemes: type-1 and type-2. For type-1 CG, the grant is configured and activates via RRC, while type-2 CG can help to mitigate the signalling storm since the grant is configured via RRC but is later activated by PDDCH. 
During discussions at RAN2#121 (see [1]) and email thread in [3], the following agreements were made:
	Agreements:
2.	For initial UL transmission in RACH-less HO, support pre-allocated grant in RACH-less HO command



	Agreements via email – from offline 109:
4.	The pre-allocated grant is provided as type-1 CG



In [3], it was also proposed type-2 CG but most of the companies supported only type-1 CG such the agreed procedure would be aligned with LTE’s baseline mechanism. 
On ther other hand, support for dynamic grant was also agreed as part of the discussions in [2] to reduce RA congestion in target cell. For this case, the UE monitors target cell’s PDCCH to receive a dynamic UL grant for initial transmission. However, it is still unclear how (and for how long) the UE will monitor PDCCH.
Proposal 2: RAN2 to further clarify how exactly UL synchronization is conducted in RACH-less HO (including pre-allocated and dynamic grant).
RACH-less HO completion
During email discussion #109 (see [3]), it was discussed how successful RACH-less HO completion should be indicated. Later, the following online agreement was taken:
	Agreements via email – from offline 109:	
7.	consider RACH-less HO is completed upon receiving NW confirmation. FFS how to confirm RACH-less HO is successfully completed. (RRC, MAC)
Agreements online:
1.	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



The agreement considers to reuse the LTE mechanism by confirming HO completion via “UE contention resolution identity MAC CE”. Due to lack of time in this release, we think there is no need for further exploration since still many aspects are pending. 
Proposal 3: Regardles of whether configured or dynamic UL grant is used, RAN2 to decide to reuse LTE mechanism for confirmation of RACH-less HO completion. 
Pre-allocated UL grant release
One aspect that was left for discussion in the next meeting was the release of the pre-alloacted UL grant upon RACH-less completion.
	Agreements via email – from offline 109:
FFS whether to release UL grant if pre-allocated after RACH-less HO completion



The specification should ensure that the UE is provisioned with the required time and frequency resources so it can access the target cell. Whether the configured UL grant is released or not should be up to the NW implementation to decide.
Proposal 4: After RACH-less HO completion, it is up to network implementation whether the pre-allocated UL resources are released or not (i.e. resources are kept by the UE until not explicitly released by the NW).
RACH-less HO failure
In [3], the aspect of what to do in case of RACH-less HO failure was left open for further discussion.
	Agreements via email – from offline 109:
FFS RACH-less HO failure handling, e.g. whether UE fallback to RACH-based HO to the target cell



It might be the case where the UE fails to access the target cell using RACH-less HO due to, e.g., variable radio propagation conditions, target cell congestion, synchronization failure or expiration of validity timers. In that case, the UE requires a fallback solution. 
Observation 4: the UE can declare RACH-less HO failure due to e.g., variable radio conditions.
Regardless of the NTN deployment, after RACH-less HO failure it is likely that target cell is still available, i.e., cell coverage did not move away yet, and has a valid UE context. In our view, in case of HO failure, the UE should fallback to conventional RRC connection re-establishment procedure. 
Proposal 5: Upon RACH-less HO failure, the UE should fallback to conventional RRC connection re-establishment procedure.

RACH-less HO combined with CHO or unchanged PCI
Finally, the following agreements were made regarding the combination of RACH-less HO with conditional HO (CHO) procedure.
	Agreements via email – from offline 109:
FFS procedure for RACH-less HO combined with PCI unchanged or CHO if supported



	Agreements online:
2.	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 Rel-17, the CHO procedure was agreed as the baseline HO procedure since it allows configuration of the target cell in advance and allows mitigation of all UEs accessing at the same time the target cell. However, the CHO execution is unknown. This arises potential issues when combining with RACH-less HO. If the UE is configured with a pre-allocated UL grant, the UL resources might be unnecessary reserved for an unknown period, while if the UE is configured with a dynamic UL grant, the NW might not know when to provide the dynamic grant in PDCCH. Another issue might be the validity of NTA. Since CHO execution is unknown, The NTA provisioned to the UE might become invalid by the time the UE attempts to access the target cell. 
Observation 5: joint usage of RACH-less and CHO adds further complexity.
Observation 6: Dynamic UL grant can be less expensive configuration in terms of resources as compared with pre-allocated UL grant but it can increase service interruption.
Despite the most straightforward option for RAN2 should be to not support joint usage of RACH-less and CHO due to the added complexity, it is true that the combination of RACH-less with time-based CHO may be feasible. When time-based CHO is configured, the NW knows that UE will attempts to access target cell between T1 and T2. If time window T1-T2 is small enough and close to t-Service, the waste of allocated UL resources can be mitigated. However, in our view, such combination does not show major differences with a conventional HO and, hence, it does not provide significant gains.
Observation 7: In order to work, time-based CHO must be configured and triggered in a similar manner as conventional HO. Therefore, there is no relevant gain combining RACH-less with time-based CHO.    
Proposal 6: RAN2 to further discuss the joint usage of RACH-less and time-based CHO in NTN. In particular, if there is a significant gain in comparison to the conventional HO. 
Finally, the combination of RACH-less HO and PCI unchanged topic has also been considered in some papers. In our view, it is still unclear how unchanged PCI can work with RACH-less HO since the latter requires RRC signaling (i.e., L3 mobility). RAN2 should wait for RAN1 response to further discuss the applicability of unchanged PCI to other features.
Proposal 7: The decision whether to  combine RACH-less HO and unchanged PCI shall be postponed until response from RAN1 is received.
Conclusion
In this document we have made the following proposals and observations:
Observation 1: RACH-less HO can be possible in NTN scenarios, assuming the UE has valid information to conduct the first UL transmission in the target cell.
Observation 2:  can be indicated whether as part of dedicated signalling (such as the HO command) or broadcast (e.g., in SIB).
Observation 3: In LTE’s RACH-less HO, serving cell indicates in HO command the UL resources pre-allocated by the target cell.
Observation 4: the UE can declare RACH-less HO failure due to e.g., variable radio conditions.
Observation 5: joint usage of RACH-less and CHO adds further complexity.
Observation 6: Dynamic UL grant can be less expensive configuration in terms of resources as compared with pre-allocated UL grant but it can increase service interruption.
Observation 7: In order to work, time-based CHO must be configured and triggered in a similar manner as conventional HO. Therefore, there is no relevant gain combining RACH-less with time-based CHO.    

Proposal 1: Regardless of the NTN scenario, RAN2 to decide that  is always indicated, as it is in LTE RACH-less HO (baseline).
Proposal 2: RAN2 to further clarify how exactly UL synchronization is conducted in RACH-less HO (including pre-allocated and dynamic grant).
Proposal 3: Regardles of configured UL grant, RAN2 to decide to reuse LTE mechanism for confirmation of RACH-less HO completion. 
Proposal 4: After RACH-less HO completion, it is up to network implementation whether the pre-allocated UL resources are released or not (i.e. resources are kept by the UE until not explicitly released by the NW).
Proposal 5: Upon RACH-less HO failure, the UE should fallback to conventional RRC connection re-establishment procedure.
Proposal 6: RAN2 to further discuss the joint usage of RACH-less and time-based CHO in NTN. In particular, if there is a significant gain in comparison to the conventional HO.
Proposal 7: The decision whether to  combine RACH-less HO and unchanged PCI shall be postponed until response from RAN1 is received.
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