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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
2.1	DRX and measurement gaps
In RAN2 #124 meeting [1], RAN2 agreed that the UE monitors PDCCH during on-going RACH-less procedure, despite DRX configuration and/or measurement gap configuration. This is to ensure that the UE does not delay LTM RACH-less execution because of DRX or measurement gap. 
	RAN2 #124
· During on-going RACH-less LTM cell switch the UE monitors PDCCH, e.g. despite DRX configuration and/or measurement gap configuration.


However, in RAN2 #125 meeting, whether the DRX and measurement gap configuration is applied before or after cell switch completion was discussed [2]. The controversial part is the following RRC procedure:
	TS 38.331 v18.0.0
1>	if reconfigurationWithSync was included in spCellConfig of an MCG or SCG and when MAC of an NR cell group successfully completes a Random Access procedure triggered above; or,
1>	if sl-PathSwitchConfig was included in reconfigurationWithSync included in spCellConfig of an MCG, and when successfully sending RRCReconfigurationComplete message (i.e., PC5 RLC acknowledgement is received from target L2 U2N Relay UE); or,
1>	if rach-LessHO was included in reconfigurationWithSync included in spCellConfig of an MCG, and upon indication from lower layers that the RACH-less handover has been successfully completed; or,
1>	if reconfigurationWithSync was included in spCellConfig of an MCG or SCG and the RRCReconfiguration message is applied due to an LTM cell switch execution and upon an indication from lower layer that the LTM cell switch execution has been successfully completed:
2>	stop timer T304 for that cell group if running;
2>	if sl-PathSwitchConfig was included in reconfigurationWithSync:
3>	stop timer T420;
3>	release all radio resources, including release of the RLC entities and the MAC configuration at the source side;
3>	reset MAC used in the source cell;
2>	if rach-LessHO was included in reconfigurationWithSync and cg-NTN-RACH-Less-Configuration was configured:
3>	release the uplink grant configured for RACH-less handover in cg-NTN-RACH-Less-Configuration;
NOTE 2b:	PDCP and SDAP configured by the source prior to the path switch that are reconfigured and re-used by target when delta signalling is used, are not released as part of this procedure.
2>	stop timer T310 for source SpCell if running;
2>	apply the parts of the CSI reporting configuration, the scheduling request configuration and the sounding RS configuration that do not require the UE to know the SFN of the respective target SpCell, if any;
2>	apply the parts of the measurement and the radio resource configuration that require the UE to know the SFN of the respective target SpCell (e.g. measurement gaps, periodic CQI reporting, scheduling request configuration, sounding RS configuration), if any, upon acquiring the SFN of that target SpCell;


One understanding to the above highlight sentences is that the UE only applies configurations requiring SFN (e.g., DRX and measurement gap) after LTM completion, so the DRX and measurement gap does not have impacts on UE PDCCH monitoring behaviour during on-going RACH-less procedure. However, in NR, the UE usually needs to acquire the target cell SFN to perform either RACH or RACH-less procedure, as shown in the following specifications.
	· For RACH-based handover, SFN is needed to determine the RACH occasion: (TS 38.211)
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· For CG RACH-less handover, SFN is needed to determine the CG occasion: (TS 38.321)
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· For DG RACH-less handover, SFN is needed to determine the PDCCH monitoring occasion: (TS 38.213)
[image: ]


Observation 1:	For RACH-based handover, SFN is needed to determine the RACH occasion. For CG RACH-less handover, SFN is needed to determine the CG occasion. For DG RACH-less handover, SFN is needed to determine the PDCCH monitoring occasion.
The UE can acquire the target cell SFN during executing Reconfiguration with sync procedure by reading the MIB, which means the UE can acquire the SFN before handover completion. Then after the UE applies the lower layer configurations, e.g., RACH configuration, CG configuration, search space and CORESET configurations, the UE is able to perform RACH-based handover or RACH-less handover. 
Observation 2:	The UE acquires the target cell SFN and can apply configurations requiring SFN before successful handover completion.
According to the above observations, the DRX and measurement gap configurations may be applied before successful completion. In this case, the sentences in MAC specification are needed to ensure that the UE can monitor PDCCH during on-going RACH-less procedure, despite DRX and measurement gap.
Proposal 1:	RAN2 confirms that the DRX configuration and measurement gap configuration may be applied during on-going RACH-less LTM cell switch. But, as in the current MAC specification, during on-going RACH-less LTM, UE considers DRX Active Time and monitors PDCCH during measurement gap.
2.2	UL TCI State in LTM cell switch MAC CE
LTM uses the unified TCI framework for beam indication. In separate TCI mode, the network can indicate one DL TCI state and one UL TCI state to the UE. In LTM, the UE measures the DL RS from candidate cells. After the UE reports the measurement results, the network is able to select one good DL TCI state for the candidate cell. However, how the network selects a good UL TCI state is not clear. In RAN2 #125 meeting, RAN2 had one postponed issue on whether the UL TCI state field is needed in the LTM cell switch MAC CE.
The selection of an UL TCI state is possible for the network in some cases, e.g., when the UE reports the PHR, and MPE (Maximum Permissible Exposure) value is included in the PHR. In Rel-17, the UE can report MPE per RS in Enhanced Single Entry PHR MAC CE (clause 6.1.3.48 in MAC) and Enhanced Multiple Entry PHR MAC CE (clause 6.1.3.49 in MAC). By this information, the network may know which UL beam is not suitable for the UE to use in the serving cell. In intra-DU case, the DU may deduce which UL beam in candidate cell is not suitable as well, and can indicate another UL beam to the UE.
Observation 3:	The network can select a UL TCI state for candidate cells by network implementation, e.g., by reading PHR from the UE.
In addition, when we consider the future potential enhancement, the UE may send some uplink signals to the network and the network is able to identify a good UL TCI state for the candidate cell.
Proposal 2:	Keep the “UL TCI state ID” field in the LTM cell switch MAC CE.
2.3	Msg1 repetition number indication in LTM cell switch MAC CE
In RAN2 #125 meeting, RAN2 agreed that Msg1 repetition can be supported in CFRA resource indicated by LTM cell switch MAC CE. As for how to indicate the Msg1 repetition number, there are two options as shown below [3]:
	RAN2 #125
· Aim to support also MSG1 repetition for CFRA. Determine the impact offline. 

R2-2401828, Postponed issue list for LTM MAC corrections
Issue 5: How to implement the “Aim to support also MSG1 repetition for CFRA. Determine the impact offline. ” [Implementation Issue]
Option 1: Msg1 repetition number is indicated by the LMT Cell switch MAC CE (See the TP discussed in [Post125][515][feMob] 38321 as in section 2)
Option 2: The Msg1 repetition number is configured in reconfigurationWithSync as the same as R18 CE.


The CFRA resource in LTM cell switch MAC CE is transmitted by the source cell to the UE, but the CFRA resource content is actually from the target cell. E.g., in intra-DU case, if the source cell knows the preamble/RO mask/SSB ID those information of the target cell, it should also know a repetition number. So it can put the repetition number in LTM cell switch MAC CE as in Option 1. In addition, it is possible that the network does not include CFRA resource by RRC pre-configuration (in RACH-ConfigDedicated). In this case, it is not possible for the UE to know the Msg1 repetition number by Option 2.
Proposal 3:	Msg1 repetition number is indicated by the LTM Cell Switch MAC CE.
2.4	CFRA indicated by LTM MAC CE fallback to RRC configured CFRA or fallback to CBRA
There is another postponed issue related to CFRA indicated by LTM cell switch MAC CE [3].
	R2-2401828, Postponed issue list for LTM MAC corrections
Issue 6: CFRA indicated by LTM MAC CE fallback to RRC configured CFRA or fallback to CBRA [Technical Issue]
In the current MAC version, the MAC CE based CFRA will fallback to the RRC configured CFRA (e.g. RACH-ConfigDedicated in ReconfigurationWithSync) if the SSB indicated by LTM Cell switch MAC CE whose RSRP is not above the threshold
This may be problematic since one motivation of introducing MAC CE based CFRA is for saving the CFRA resources by sharing a CFRA resource pool among different UEs. If NW indicates CFRA by MAC CE, the RRC configured CFRA may become “contention” RACH resource. If UE uses this “RRC configured CFRA” but actually there could be contention, the MAC procedure may not handle this well (e.g. Msg3 UL grant may have collision among UEs)
Potential TP is given in section 3, if RAN2 agree that CFRA indicated by LTM MAC CE will fallback to CBRA.


If the network wishes to dynamically allocate CFRA resources for a UE, the network can refer to resources from rach-ConfigCommon for the UL carrier. If a candidate cell provides CFRA resources by RRC pre-configuration in RACH-ConfigDedicated, these resources are reserved for this UE, until the network explicitly releases them by RRC.  Therefore, if the UE is configured with CFRA resources in RRC, there is no use for the network to indicate CFRA resources by the LTM cell switch MAC CE. .
Proposal 4:	The network does  not include CFRA resources both in the RRC configuration and in the LTM cell switch MAC CE for a UE. In the description of "PRACH Mask index" in TS 38.321, remove the reference to rach-ConfigDedicated (rach-ConfigCommon is always used)).
Proposal 5:	If the CFRA resources indicated in the LTM cell switch MAC CE are not suitable, the UE performs CB RACH. No change to TS 38.321 is needed.
2.5	LTM with MIMO two TA
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 indicate 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 6:	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.


	[bookmark: _Toc155999848]6.1.3.75	LTM Cell Switch Command MAC CE
The LTM Cell Switch Command MAC CE is identified by MAC subheader with eLCID as specified in Table 6.2.1-1b. It has a variable size with following fields (Figure 6.1.3.75-1):
-	R: Reserved bit, set to 0;
-	Target Configuration ID: This field indicates the index of candidate target configuration to apply for LTM cell switch, corresponding to ltm-CandidateId minus 1 as specified in TS 38.331 [5]. The length of the field is 3 bits;
-	Timing Advance Command: This field indicates whether the TA is valid for the LTM target cell (i.e. the SpCell corresponding to the target configuration indicated by Target Configuration ID field). If the value of this field is set to FFF, this field indicates that no valid timing adjustment is available for the PTAG of the LTM target cell; otherwise, this field indicates the index value TA used to control the amount of timing adjustment that the MAC entity has to apply in TS 38.213 [6], and that the UE can skip the Random Access procedure for this LTM cell switch. The length of the field is 12 bits. If tag-Id-ptr is configured for the TCI state indicated by the TCI state ID field in the LTM target cell and tag-Id-ptr is set to value n1, this field indicates the TA for the TAG indicated by the tag2-Id of the LTM target cell; otherwise, this field indicates the TA for the TAG indicated by the tag-id of the LTM target cell;
-	TCI state ID: This field indicates and activates the TCI state for the LTM target cell (i.e. the SpCell of the target configuration indicated by the Target Configuration ID field). The TCI state is identified by TCI-StateId in ltm-DL-OrJointTCI-StateToAddModList as specified in TS 38.331 [5]. If the value of unifiedTCI-StateType in the configuration indicated by Target Configuration ID field is joint, this field is for joint TCI state, otherwise, this field is for downlink TCI state. The length of the field is 7 bits;
-	UL TCI state ID: This field indicates and activates the uplink TCI state for the LTM target cell (i.e. the SpCell of the target configuration indicated by the Target Configuration ID field). The most significant bits of UL TCI state ID are considered as reserved bits and the remainder 6 bits indicate the TCI-UL-StateId in ltm-UL-TCI-StatesToAddModList as specified in TS 38.331 [5]. This field is included if the value of unifiedTCI-StateType in the configuration indicated by Target Configuration ID field is separate. The length of the field is 8 bits;
-	C: This field indicates the presence of the contention-free Random Access Resources fields. If the value of this field is set to 1, the following fields are present: including Random Access Preamble index field, S/U field, SS/PBCH index field, PRACH Mask index field and Repetition number field. If the value of this field is set to 0, Random Access Preamble index field, SS/PBCH index field, PRACH Mask index field and Repetition number field are absent, and S/U field is considered as Reserved field.
-	S/U: This field indicates which UL carrier to transmit the PRACH of the contention-free Random Access Resources. If the value of this field is set to 1, SUL is used; otherwise, NUL is used. The length of the field is 1 bit;
-	Random Access Preamble index: This field indicates the Random Access Preamble index of the contention-free Random Access Resources. This field should not be set to 0b000000. The length of the field is 6 bits;
-	SS/PBCH index: This field indicates the SS/PBCH that shall be used to determine the RACH occasion for the PRACH transmission of the contention-free Random Access Resources. The length of the field is 6 bits;
-	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]. The length of the field is 4 bits;


Figure 6.1.3.75-1: LTM Cell Switch Command MAC CE
NOTE:	If UE receives the LTM Cell Switch Command MAC CE with Target Configuration ID as invalid, as specified in TS 38.331 [5], the procedue of handling LTM Cell Switch Command MAC CE in clause 5.18.35 does not apply.



3	Conclusion
This contribution makes the following proposals:
DRX and measurement gaps
Proposal 1:	RAN2 confirms that the DRX configuration and measurement gap configuration may be applied during on-going RACH-less LTM cell switch. But, as in the current MAC specification, during on-going RACH-less LTM, UE considers DRX Active Time and monitors PDCCH during measurement gap.

UL TCI state in LTM cell switch MAC CE
Proposal 2:	Keep the “UL TCI state ID” field in the LTM cell switch MAC CE.

Msg1 repetition number in LTM cell switch MAC CE
Proposal 3:	Msg1 repetition number is indicated by the LTM Cell Switch MAC CE.

Fallback to RRC CRA resources or CBRA
Proposal 4:	The network does not include CFRA resources both in the RRC configuration and in the LTM cell switch MAC CE for a UE. In the description of "PRACH Mask index" in TS 38.321, remove the reference to rach-ConfigDedicated (rach-ConfigCommon is always used)).
Proposal 5:	If the CFRA resources indicated in the LTM cell switch MAC CE are not suitable, the UE performs CB RACH. No change to TS 38.321 is needed.

MIMO two TA and UE measured TA
Proposal 6:	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.
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Table 6.3.3.2-2: Random access configurations for FR1 and paired spectrum/supplementary uplink..
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