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1	Introduction
LTM (L1/L2 Triggered Mobility) is introduced in Rel-18. In this contribution, we discuss remaining issues related to MAC for LTM.
[bookmark: _Toc499559238][bookmark: _Toc147158671][bookmark: _Toc61387172]2	Discussion
[bookmark: _Hlk166158282]2.1	Triggering RACH-based LTM when the UE is configured for UE-based TA acquisition
According to the current MAC CR, when UE-based TA measurement is not configured, the source cell sets the TA value in LTM cell switch MAC CE to “FFF” to trigger RACH-based LTM. However, when UE-based TA is configured, the source cell is not able to directly trigger RACH-based LTM. Instead, it is the UE who determines whether to perform RACH-less or RACH-based LTM by checking whether it has successfully measured a TA. In RAN2 #125bis meeting [1], RAN2 discussed whether to allow the network to directly trigger RACH-based LTM when UE-based TA measurement is configured.
	RAN2 #125bis
P1 in R2-2403280 ("NW can trigger LTM cell switch over RACH regardless of if the UE-based TA estimation is configured.") can be further discussed.



The case is unusual when the network configures UE-based TA measurement but it wants to directly trigger RACH-based LTM. If the network configures UE-based TA measurement to a UE, it means that the network expects the UE to perform RACH-less cell switch. When the source cell triggers LTM cell switch, it determines a target cell and a target beam, and sends that information in the LTM cell switch MAC CE to the UE. If we design an indicator in the LTM cell switch MAC CE to tell the UE to always perform RACH-based procedure, regardless of whether it has obtained a TA or not, this makes UE’s previous work on TA measurement useless.
Besides, the case that was raised in RAN2#125bis was that the network wants the UE to go to the target cell but it does not have any good beam to provide in the LTM cell switch command MAC CE. However, TCI state is a mandatory field of the LTM CSC MAC CE and RAN1 agreed that the UE shall follow the indicated TCI state. If the network indicates a TCI state that is not suitable, most likely the UE will fail to receive PDCCH after LTM cell switch, so there is no point in triggering the cell switch to that target cell.
For LTM, the UE provides L1 measurement reports and this is how the network triggers LTM cell switch. If the network does not have any good beam for a candidate cell, there is no clear reason to trigger LTM cell switch to that candidate target cell. Even if the network would use L3 measurement reports, these include beam results and should allow the network to provide a suitable beam.
In conclusion, we do not see any use case in which the network needs to trigger RACH for LTM cell switch while it has configured the UE to perform UE-based TA measurement.
Observation 1:	When the network configures UE-based TA measurement, the need to trigger RACH-based LTM cell switch, even though the UE has successfully measured a TA, is unclear.
Observation 2:	For initial PDCCH reception after cell switch, the UE uses the beam indicated in the LTM CSC MAC CE, so if the indicated beam is not good, the UE will miss PDCCH and RLF will eventually occur.
Proposal 1:	Keep the current MAC procedure: when UE-based TA measurement is configured, the UE determines RACH-based or RACH-less cell switch by checking whether it has successfully measured a TA for the target cell.
2.2	unifiedTCI-StateType for TCI state in MAC CE
In RAN2 #125bis meeting, RAN2 postponed the following issue:
	RAN2 #125bis
Postponed: (expecting input from R1 and update to RRC): whether to specify in MAC that the unifiedTCI-StateType in the MAC CE refers to the field in LTM-TCI info (rather than in the target configuration).



In the current MAC, the TCI state ID in LTM cell switch MAC CE refers to ltm-DL-OrJointTCI-StateToAddModList, and the UL TCI state ID refers to ltm-UL-TCI-StatesToAddModList. The two lists are defined in LTM-TCI-Info. Therefore, it is reasonable that the unifiedTCI-StateType for the TCI states in the LTM cell switch MAC CE refers to the field in LTM-TCI-Info. 
However, according to previous RAN1 agreements, the candidate TCI states are a subset of the TCI states of the initial UL/DL BWP of the candidate SpCell. The benefit is that if the UE activates a candidate cell TCI state before cell switch, the UE can simply reuse the QCL information and UL spatial relationship of previously activated TCI state after cell switch. To achieve this benefit, the value of unifiedTCI-StateType in LTM-TCI-Info should be the same with the unifiedTCI-StateType in candidate cell configuration (ltm-CandidateConfig).

	Agreement
UE may expect that:
· For a candidate cell, the configuration of an LTM TCI state in ltm-DL-OrJointTCI-StateToAddModList-r18 and ltm-ul-TCI-ToAddModList-r18 is same as its counterpart in dl-OrJointTCI-StateList-r17 and ul-TCI-ToAddModList-r17 of the first active BWP in ServingCellConfig, at least in terms of TCI state ID, the corresponding qcl-Type1 and qcl-Type2 for the DL or joint TCI state or referenceSignal for the UL TCI state. 
· The LTM TCI state(s) in ltm-DL-OrJointTCI-StateToAddModList-r18 and ltm-ul-TCI-ToAddModList-r18 of a candidate cell is a subset of serving cell TCI state(s) in dl-OrJointTCI-StateList-r17 and ul-TCI-ToAddModList-r17 of the same cell.



Proposal 2a:	In MAC: capture that the unifiedTCI-StateType for the TCI states in the LTM cell switch MAC CE refers to the field in LTM-TCI-Info.
Proposal 2b:	In RRC: capture that the unifiedTCI-StateType in LTM-TCI-Info should be the same with the unifiedTCI-StateType in candidate cell configuration (ltm-CandidateConfig).
2.3	LTM with MIMO two TA
RACH-less cell switch: UE-based TA measurement
In RAN2 #125 meeting, RAN2 agreed that LTM with MIMO two TA is supported. Specifically, the UE checks with which TAG ID the indicated TCI state is associated with and then knows for which TAG the indicated TA value in the LTM cell switch MAC CE is.
	RAN2 #125
· For LTM with MIMO two TA,
-	Use post-email discussion to discuss the TP with outcome of endurable TP for next meeting, aiming to reuse the MIMO design as much as possible;
-	To use option 2, not signal additional info but use the mapping from TCI state to TAG ID to understand the applicable TAG, in the TP. 


In UE-based TA measurement, the UE can derive one TA by itself e.g., the UE derives the TA by measuring SSB from TRP1 of the target cell. However, it is possible that the network indicates a TCI state which actually maps to TRP2 of the target cell. In this case, if the UE directly uses the derived TA of TRP1, but uses the beam direction of TRP2, this may cause RACH-less procedure failure, because of a wrong TA.
Therefore, before initiating the RACH-less LTM cell switch procedure, the UE should check whether the derived TA is for the TAG of the TCI state indicated by LTM cell switch MAC CE. If it is not the case, the UE can initiate RACH.
Proposal 3:	If the UE measured TA does not match with the TAG associated with the TCI state indicated in the LTM cell switch MAC CE, the UE does not apply the measured TA.
The TP is shown below:
	[bookmark: _Toc155999699]5.18.35	LTM Cell Switch Command
The network may instruct the UE to perform LTM cell switch procedure by sending the LTM Cell Switch Command MAC CE described in clause 6.1.3.75.
The MAC entity shall:
1>	if the MAC entity receives an LTM Cell Switch Command MAC CE on a Serving Cell:
2>	indicate to upper layers that the LTM cell switch procedure is triggered and the Target Configuration ID included in the MAC CE;
2>	if the MAC reset operation as specified in clause 5.12 is performed, as requested by upper layers:
3>	if Timing Advance Command value (hexa-decimal) is not set as FFF:
4>	process the received Timing Advance Command (see clause 5.2);
4>	consider the RACH-less LTM cell switch to be ongoing;
4>	if the MAC entity is associated with SCG:
5>	indicate to upper layers to skip the Random Access procedure for this LTM cell switch.
3>	else if the Timing Advance measurement is configured as specified in TS 38.331 [5] and the UE has successfully measured the Timing Advance for the indicated LTM target for the PTAG associated with the TCI state indicated by LTM Cell Switch Command MAC CE:
4>	process the measured Timing Advance (see clause 5.2);
4>	consider the RACH-less LTM cell switch to be ongoing.
4>	if the MAC entity is associated with SCG:
5>	indicate to upper layers to skip the Random Access procedure for this LTM cell switch.
3>	if TCI state information is included:
4>	consider the SSB corresponding to the indicated TCI state as the one used for configured uplink grant selection for the initial uplink transmission towards the candidate cell for RACH-less LTM cell switch (as in clause 5.8.2);
4>	indicate to lower layers the information regarding the TCI state information included in the LTM Cell Switch Command MAC CE.



RACH-based cell switch
A similar issue was raised in [2] for the RACH-based case: if the TAG of the indicated TCI state in LTM cell switch MAC CE is different from the TAG indicated by RAR, what should the UE do. According to the RAN1 agreement, in RACH-based LTM cell switch, the UE uses the indicated TCI state after RACH procedure. In the above case, the UE may obtain a TA for TRP1 but use a TCI state associated with TRP2. When this issue happens, the network knows because the target cell knows which TCI state is included in the LTM MAC CE. To solve this issue, after successful RACH, the target cell can immediately trigger a PDCCH order to let the UE obtain a second TA for TRP2. Then the target cell may further indicate a TCI state associated with TRP1, so the UE has two TAs and two TCI states for two TRPs. While this introduces some delay, if the time between early RACH and cell switch is not that long, most likely, the SSB associated with the indicated TCI state is from the same TA like the SSB selected for early RACH.Proposal 4:	In the unlikely case where the TAG of the indicated TCI state in the LTM cell switch MAC CE is different from the TAG indicated by RAR (in LTM with RACH), the target cell can immediately trigger a PDCCH order to let the UE obtain a second TA, so there is no need for any restriction or modification of UE behaviour.
2.4	UL grant handling during ongoing RACH-less procedure
In RAN2 #125bis meeting, RAN2 postponed the following issue:
	RAN2 #125bis
Postpone: Discuss in the next meeting whether to specify the UE behaviour when the UE receives a grant for a retransmission or new transmission on a HARQ process not used for the first PUSCH transmission during RACH-less LTM cell switch.


RAN2 agreed that even though CG resources for RACH-less LTM cell switch are configured, the target cell still can send a dynamic grant (DG) to the UE. The benefit is that in some cases, the target cell can allocate a DG very quickly so that the UE does not need to wait for next CG occasion, which reduces the LTM cell switch interruption time.
Since CG and DG co-existence is supported, it is possible that the UE just sends the first UL message via CG by HARQ process ID #1 and later receives a DG for scheduling the first UL message by HARQ process ID #2. Some companies think that the UE cannot use the DG because the target cell may have not received the first UL message via CG, and the first UL message is RRCReconfigurationComplete message, which is essential for LTM cell switch.
However, even with a CG only, the first UL message may not the RRCReconfigurationComplete message. For instance, when the UE performs LTM cell switch without RLC re-establishment, the UE may have buffered DRB data in RLC. If the next CG occasion comes shortly after the LTM CSC so that the RRCReconfigurationComplete message is not generated yet, the UE will send DRB data to the target cell first. If the network successfully receives and decodes the first UL message, even though it is not the RRCReconfigurationComplete message, the LTM cell switch is still successful.
Observation 3:	In RACH-less LTM cell switch, the first UL message to the target cell can be DRB data. If the network successfully receives and decodes the first UL message (DRB data), the network can send feedback (PDCCH addressed by C-RNTI) to make the UE consider LTM cell switch complete. This case can happen e.g. when the UE performs does not perform RLC re-establishment.
In the DL assignment reception procedure specified in TS 38.321 clause 5.3.1:
	2>	if the downlink assignment has been received on the PDCCH for the MAC entity's C-RNTI after the first PUSCH transmission to the Serving Cell; and
2>	if the downlink assignment is for a new transmission:
3>	if there is an on-going RACH-less handover procedure:
4>	indicate to upper layers the successful completion of RACH-less handover.
3>	else if there is an ongoing RACH-less LTM cell switch:
4>	consider the LTM cell switch to be successfully completed and indicate it to upper layers.


If the UE performs a first UL PUSCH transmission, e.g. using CG on HARQ process #1, and, while LTM cell switch is not considered complete, receives an UL grant for a new transmission on a different HARQ process (e.g. #2) and uses this HARQ process to transmit UL data, if the network can decode that UL transmission successfully, even though it has not received an RRCReconfigurationComplete message before, the network can consider the LTM cell switch as complete and indicate this to the UE using a DL assignment. If the network cannot decode the UL transmission via the DG by HARQ process ID #2, the network can send an UL grant for retransmission, regardless whether it already has received a complete message or not.
Observation 4:	In RACH-less LTM cell switch, if the UE performs a first UL PUSCH transmission using CG on HARQ process #1, receives a DG for a new transmission on HARQ process #2 and uses it to transmit other UL data, if the network can decode the second UL transmission but not the first one, the network knows that the UE has arrived and, if it sends any DL assignment, the UE will consider LTM cell switch complete.
Currently, the UL Grant reception procedure in TS 38.321 clause 5.4.1 specifies that:
	2>	if the uplink grant has been received on the PDCCH for the MAC entity's C-RNTI after the first PUSCH transmission to the Serving Cell; and
2>	if the uplink grant is for a new transmission on the same HARQ process used for the first PUSCH transmission to the Serving Cell:
3>	if there is an on-going RACH-less handover procedure:
4>	indicate to upper layers the successful completion of RACH-less handover.
3>	else if there is an on-going RACH-less LTM cell switch:
4>	consider the LTM cell switch to be successfully completed and indicate it to upper layers.


Then if the network successfully receives the transmission using the DG and sends a further UL grant for HARQ process #2, this will not make the UE consider the LTM cell switch as complete, so the UE still does not apply DRX and monitors PDCCH during measurement gaps and T304 is still running.
A possible enhancement would be to modify the above procedure so that the UE also considers the LTM cell switch as complete, but the network could also send a DL assignment to the UE, possibly with any MAC CE.

Proposal 5:	During ongoing RACH-less LTM cell switch, the UE can perform UL transmission according to any received dynamic grant for new transmission, even if the grant is for a HARQ process which is not the one used for the first PUSCH transmission to the new SpCell. This does not require any specification change.
[bookmark: _Hlk166162533]2.5	CFRA resource in LTM cell switch MAC CE
In TS 38.321 clause 6.1.3.75, there is the following description:
	-	PRACH Mask index: This field indicates the RACH occasion(s) associated with the SS/PBCH indicated by 'SS/PBCH index' for the PRACH transmission of the contention-free Random Access Resources. It indicates a subset of RACH occasion(s) from the rach-ConfigDedicated for the UL carrier (indicated by S/U field), (if provided, otherwise it indicates a subset of RACH occasion(s) from the rach-ConfigCommon for the UL carrier (indicated by S/U field) in the UL BWP configuration of firstActiveUplinkBWP-Id as specified in TS 38.331 [5]. When the repetition number field is not set to 0, the UE ignores this field. The length of the field is 4 bits;



If UE#1 is in an SpCell controlled by DU#1, UE#2 is in an SpCell controlled by DU#2 and both UE#1 and UE#2 have an LTM candidate configuration with the same SpCell controlled by DU#3, if rach-configDedicated is included in the LTM candidate configurations of UE#1 and UE#2 and some (RA occasion, RA preamble) are included in both, when DU#3 receives a RA preamble, it cannot know which UE is coming before receiving the notification from DU#1 and even then, as the notification does not include any information about the RA occasion and RA preamble, it cannot match the received RA preamble with the UE easily. Even if RAN3 would add such information to the notification, DU#1 and DU#2 could trigger the cell switch for UE#1 and UE#2 at the same time using the same RA preamble and occasion, in which case DU#3 cannot know whether it has successfully received RA preambles from both.
Observation 5:	CFRA resources in rach-ConfigDedicated for different UEs for the same LTM candidate SpCell must not have any overlap (preambles and occasions must be different).
In the above scenario, DU#3 has no way to inform DU#1 or DU#2 that they should only use a subset of resources in rach-ConfigDedicated, or of rach-ConfigCommon, so there is no reason for DU#1 or DU#2 to indicate CFRA resources in the LTM CSC MAC CE, that would be a subset of resources in rach-ConfigDedicated.
Observation 6:	For inter-DU LTM cell switch, rach-ConfigDedicated is needed for contention-free RACH-based LTM and there is no use to indicate CFRA resources in the LTM CSC MAC CE.
In the intra-DU LTM cell switch case, the DU entirely controls the usage of RA resources. Therefore, even if the UE is configured with rach-ConfigDedicated (which may be useful if the UE has moved to another DU and needs to be switched back to the same DU), there is no reason to restrict CFRA resources to the resources in rach-ConfigDedicated.
Observation 7:	For intra-DU LTM cell switch, any resources in rach-ConfigCommon could be used for contention-free RACH-based LTM.
Proposal 6:	In the LTM CSC, the "PRACH Mask index" indicates a subset of RACH occasion(s) from the rach-ConfigCommon, even when rach-ConfigDedicated is configured.
2.6	RA resources for LTM recovery
MCG RLF or LTM cell switch failure should be a rather infrequent procedure, so there is no need to have it highly optimized and for simplicity, CBRA could always be used.
Proposal 7:	For recovery of RLF / reconfiguration with sync failure via LTM, the UE performs CBRA to the selected PCell.3	Conclusion
This contribution makes the following proposals:
Triggering of RACH-based LTM when the UE is configured for UE-based TA acquisition
Proposal 1:	Keep the current MAC procedure: when UE-based TA measurement is configured, the UE determines RACH-based or RACH-less cell switch by checking whether it has successfully measured a TA for the target cell.
unifiedTCI-StateType for TCI state in MAC CE
Proposal 2a:	In MAC: capture that the unifiedTCI-StateType for the TCI states in the LTM cell switch MAC CE refers to the field in LTM-TCI-Info.
Proposal 2b:	In RRC: capture that the unifiedTCI-StateType in LTM-TCI-Info should be the same with the unifiedTCI-StateType in candidate cell configuration (ltm-CandidateConfig).
LTM with MIMO 2TA
Proposal 3:	If the UE measured TA does not match with the TAG associated with the TCI state indicated in the LTM cell switch MAC CE, the UE does not apply the measured TA.
Proposal 4:	In the unlikely case where the TAG of the indicated TCI state in the LTM cell switch MAC CE is different from the TAG indicated by RAR (in LTM with RACH), the target cell can immediately trigger a PDCCH order to let the UE obtain a second TA, so there is no need for any restriction or modification of UE behaviour.
UL grant handling during ongoing RACH-less procedure
Proposal 5:	During ongoing RACH-less LTM cell switch, the UE can perform UL transmission according to any received dynamic grant for new transmission, even if the grant is for a HARQ process which is not the one used for the first PUSCH transmission to the new SpCell. This does not require any specification change.
CFRA resource in the LTM cell switch MAC CE
Proposal 6:	In the LTM CSC, the "PRACH Mask index" indicates a subset of RACH occasion(s) from the rach-ConfigCommon, even when rach-ConfigDedicated is configured.
CFRA resources for LTM recovery
Proposal 7:	For recovery of RLF / reconfiguration with sync failure via LTM, the UE performs CBRA to the selected PCell.4	Reference
1. [bookmark: _Ref162376067]RAN2 #125bis Chair notes.
1. [bookmark: _Ref165216420]R2-2402613, Discussion on remaining issues for LTM with MIMO two TA, vivo.
