Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 Meeting #123	R2-2307612
Toulouse, France, 21 - 25 August 2023

[bookmark: _GoBack]Agenda Item:	7.4.2.1
Source:	Huawei, HiSilicon
[bookmark: _Hlk142581582]Title:	RACH-less LTM and early TA acquisition
Document for: Discussion
Introduction
L1/L2-triggered mobility (LTM) aims at reducing the latency during cell switch. RACH-less cell switch is one essential technology that helps reducing the handover latency. In this contribution, we analyse how to achieve RACH-less LTM cell switch.
Discussion
UL grant and beam alignment in RACH-less
In RACH-less LTM, the UE needs to send an UL message to let the target cell/DU know that this UE is coming so an UL grant should be provided to the UE, either as a configured grant (CG) or as a dynamic grant (DG). In addition, beam alignment between the UE and the target cell/DU should be completed in order to allow successful transmission of UL and DL messages. RAN2 had the following agreement in RAN2 #122:
	RAN2 #122 meeting
· Dynamic grant can be used for RACH-less LTM, for the first UL data transmission to the target cell:
- the UE monitors PDCCH for dynamic scheduling from the target cell, upon LTM cell switch. 
- upon cell switch decision, R2 assumes that the source DU informs the target DU about the selected beam, so that the target DU can start scheduling dynamic UL grant. 
· Configured grant can be used for RACH-less LTM, for the first UL data transmission to the target cell, the UE selects the configured grant occasion, which is associated with the beam indicated in the LTM MAC CE (as set by source cell). FFS further optimization


Configured grant & beam alignment
In the configured grant solution, CG occasions are associated with beams, which is similar to Rel-17 CG-SDT. In CG SDT, the UE compares the SSB RSRP with a configured threshold. If the RSRP of the SSB associated with a particular CG occasion is lower than the threshold, the UE considers this CG occasion as invalid. The motivation of this comparison is to select a good beam. However, in LTM, the source DU has indicated a good beam in the LTM cell switch MAC CE. Therefore, the UE does not need to evaluate the RSRP of the indicated beam. RAN2 needs to define the configuration of the (beam, CG) association and that the UE shall use a CG occasion associated with the indicated beam to transmit the first UL message (RRCReconfigurationComplete).
Observation 1: In the CG based RACH-less LTM procedure, the UE does not need to check the RSRP of the indicated beam in the LTM cell switch MAC CE before using the CG occasion.
Proposal 1: Define the association between CG occasion and beam in RRC and specify that the UE uses a CG occasion associated with the indicated beam in MAC.
After UE successfully accesses the target cell, there is no need to use the association between CG occasions and beams. Either the UE does not use the CG resources for RACH-less after successful cell switch, or the CG resources can be used without the associated beams. In LTE RACH-less, the UE releases the CG resources autonomously, without an explicit RRCReconfiguration message for CG resources release. This UE autonomous release can be re-used for LTM, as anyway, at subsequent LTM to the same cell, the resource will be applied again.
Proposal 2: The UE releases by itself the CG resources for RACH-less LTM, after LTM completion.
As described in the agreement and in the above analysis, CG occasions are associated with beams (option 1). Another possible option of CG-based procedure is that there is no association between CG occasion and beam (option 2). In Option 2, the UE uses the closet CG occasion that can be used with the indicated beam in the LTM cell switch MAC CE. This requires the source DU to notify a beam direction to the target DU so that the target DU knows from which beam it should try to receive uplink signals. Option 2 not only needs F1AP interaction but also needs CG resource reservation. Since dynamic grant-based RACH-less LTM only requires F1AP interaction and does not need CG resource reservation, option 2 looks worse than simply using dynamic grants.
Dynamic grant & configured grant co-existence
In the configured grant procedure (above option 1), there is no need to have a notification from the source DU to the target DU for LTM to be executed unlike in the dynamic grant procedure. However, if we allow that the target DU uses dynamic grant for RACH-less even it has provided configured grant, the notification from the source DU to the target DU (via the CU) is still needed. After receiving the notification, the target DU can decide whether to just wait for the CG transmission from the UE or directly send a dynamic grant to the UE. Therefore, when dynamic grant and configured grant procedure co-exists, the F1 notification from the source DU to the target DU (via) the CU is always needed.
The motivation of allowing dynamic grant and configured grant co-existence for a UE is to save handover latency in some cases. For instance, when the F1 interaction is very fast, the target DU can directly send dynamic grant to the UE and this dynamic grant will come earlier than an available configured grant occasion. Therefore, we can give the flexibility to the target DU to decide whether to send a dynamic grant even if configured grant has been provided. The UE starts monitoring PDCCH after receiving the LTM cell switch MAC CE, even if it has a configured grant. The UE shall use the first available grant, which is either a configured grant or a dynamic grant.
Proposal 3a: During RACH-less LTM, the UE shall use the first available grant, which is either a configured grant or a dynamic grant.
Proposal 3b: For RACH-less LTM, RAN2 assume the source DU always informs target DU about the selected beam, to give the target DU the possibility to use a dynamic grant even if CG is configured. 
UE behaviour during RACH-less execution
Normally if SR is triggered but the UE has no valid PUCCH resource for the SR, the UE triggers RACH. In LTE RACH-less, before T304 expires, the UE does not trigger RACH in the above case, because the UE can wait for a dynamic grant for target cell access. In LTM, we can re-use this rule to avoid unnecessary triggered RACH.
Proposal 4: Before RACH-less LTM procedure completion, the UE shall not trigger RACH (when the UE has no valid PUCCH resource for triggered SRs), as in LTE RACH-less.
When the UE is indicated to perform RACH-less procedure, the UE starts a timer (e.g., T304) to monitor the procedure. When the timer expires, the UE can do fast recovery to a candidate cell (similarly to CHO) by RACH. So there is no need to introduce RACH-less fallback to RACH procedure anymore.
Proposal 5: If RACH-less LTM execution is not successful:
-	the UE performs cell selection
-	if the selected cell is an LTM candidate, the UE initiates RACH-based LTM to this candidate.
-	if the selected cell is not an LTM candidate, the UE performs RRC-reestablishment
No other optimization is considered (e.g. no fallback from RACH-less to RACH-based for the same cell).
Early TA acquisition
In the RACH-less procedure, the UE needs a valid TA to send the first UL message. RAN1 is discussing UE-based TA measurement as described in the LS [1] as shown below. 
	R1-2306259
RAN1 has confirmed the following working assumption, which was made in RAN1#112:

Working Assumption
From RAN 1 perspective, UE-based TA measurement (UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA value for the current serving cell) is supported. 
· Corresponding UE capability is to be introduced to support UE-based TA measurement
· For a UE reports support of this capability, configuration of UE-based TA measurement is supported
· FFS: other impacts on RAN1 spec

RAN1 respectfully asks RAN4 to analyze the feasibility of supporting this mechanism.


However, there is no detail on what the conditions to apply this method are so it would be difficult to have any RAN2 work to configure and/or trigger the usage of this method. In addition, the feasibility will be further analysed by RAN4.
Observation 2: RAN2 needs to wait for RAN1 on how to configure/trigger the UE to derive TA to candidate cell.
Proposal 6: Postpone work on the UE-based TA measurement method until RAN4 confirms the feasibility.
In the PDCCH ordered early RACH without RAR method, the network determines the TA validity and if the TA is still valid, the source DU includes the TA value in the LTM cell switch MAC CE. The network may trigger PDCCH ordered early RACH towards more than one candidate cell, record those TA values towards different candidate cells and check the validity of those TAs.
	RAN2 #122 meeting
For early TA acquisition for candidate Cells
· For PDCCH ordered early TA acquisition without RAR, there is no need for UE to maintain the TA timer for candidate cell (i.e. it is NW implementation to determine the TA validity), TA is given in the cell switch MAC CE (when available in the network). 
· RAN2 doesn’t see a need for a solution with RAR in for Rel-18. 


In subsequent LTM, in the intra-DU case, the DU has the TA value for a previous serving cell and other candidate cells towards which early RACH was performed and the DU knows whether those TAs are still valid or not, e.g. by maintaining a network side timer. If the UE switches back to a previous cell within a short period of time, the DU can indicate that TA to the UE and a RACH-less cell switch is performed. In the inter-DU case, another PDCCH order would need to be triggered for early TA acquisition unless the source DU can provide the TA values to the target DU.
Observation 3: There is no need for the UE to maintain the TA values for candidate cells, i.e. the network can maintain and evaluate whether the TA values of previous serving cells and candidate cells towards which the UE has performed early RACH are still valid and, if so, indicate the TA value in the LTM MAC CE for subsequent LTM. 
Observation 4: The source DU can provide the TA values/timer information of candidate cells to the target DU.
Conclusion
This contribution makes the following proposals:
Handling of configured grant
Proposal 1: Define the association between CG occasion and beam in RRC and specify that the UE uses a CG occasion associated with the indicated beam in MAC.
Proposal 2: The UE releases by itself the CG resources for RACH-less LTM, after LTM completion.
Selection of configured or dynamic grant
Proposal 3a: During RACH-less LTM, the UE shall use the first available grant, which is either a configured grant or a dynamic grant.
Proposal 3b: For RACH-less LTM, RAN2 assume the source DU always informs target DU about the selected beam, to give the target DU the possibility to use a dynamic grant even if CG is configured. 
UE behaviour at execution
Proposal 4: Before RACH-less LTM procedure completion, the UE shall not trigger RACH (when the UE has no valid PUCCH resource for triggered SRs), as in LTE RACH-less.
Proposal 5: If RACH-less LTM execution is not successful:
-	the UE performs cell selection
-	if the selected cell is an LTM candidate, the UE initiates RACH-based LTM to this candidate.
-	if the selected cell is not an LTM candidate, the UE performs RRC-reestablishment
No other optimization is considered (e.g. no fallback from RACH-less to RACH-based for the same cell).
UE-based TA measurement
Proposal 6: Postpone work on the UE-based TA measurement method until RAN4 confirms the feasibility.
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