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1	Introduction
This document discusses some of the remaining issues related to LTM cell switch procedure. Specifically, the paper focuses on the remaining MAC aspects, such as enabling RACH-based LTM, design of MAC CE CSC command and handling of the CFRA resources. 
2	Discussion
2.1	MAC aspects of LTM cell switch
2.1.1	LTM cell switch over RACH 
In RAN2#124 we have agreed on the following:
	[bookmark: _Hlk158208191]Procedure assumptions: At LTM cell switch: UE uses TA from the network if it is provided (target TA or TA=0 or TA=same as src). If not provided and the UE is configured for UE based TA, then UE based TA is used. If the UE does not have/cannot derive the TA for target, the cell switch uses RACH. (FFS if more details need to be considered).  



Current LTM cell switch procedure prevents NW from triggering RA procedure towards target cell when the UE-based TA estimation is configured. We have already agreed that the exact time when the UE performs TA measurements is left to UE implementation. This implies that the UE-based TA estimate may not always be accurate – furthermore, NW may have other reasons to issue access towards target cell over RACH (e.g., to acquire proper SSB for the target cell). It is even not possible to enforce RA with including CFRA preamble into the LTM CSC MAC CE. In the current TS 38.321  [1], the following procedure and structure for LTM CSC MAC CE is captured.

	[bookmark: _Toc155999699]5.18.35	LTM Cell Switch Command
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:
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.






Figure 1: LTM Cell Switch command MAC CE
Observation 1: Current LTM cell switch procedure does not allow NW to trigger LTM cell switch over RACH when UE-based TA estimation is configured. 
This modelling does not only limit the usefulness of the UE-based TA estimation feature but effectively kills the whole feature since NW would not configure a feature which limits its options for decision making for the handover. Obviously, NW should have the call of enforcing target cell access through RACH in any scenario – and this would increase the usability of the UE based TA-estimation feature as well. This can be enabled by an indication in the LTM CSC MAC CE.
Proposal 1: NW can trigger LTM cell switch over RACH regardless of if the UE-based TA estimation is configured.
2.1.2	TAC in LTM CSC MAC CE
As can be seen from Fig. 1 above, the Timing Advance Command reserves 2 bytes from the LTM CSC MAC CE always regardless of whether LTM is performed over RACH. This makes little sense as the need for RACH can be determined from the first byte already (e.g., through C bit). When RACH is not indicated by the NW, the TAC can be present and the value FFF indicates the usage of the UE-based TA estimate (when configured) as in the current procedure. Furthermore, TAC field should be placed after the TCI state ID fields in the MAC CE.
Proposal 2: The TAC field in the LTM CSC MAC CE is only present when NW does not indicate LTM cell switch over RACH, otherwise it is absent. TAC field is also placed after the TCI state ID fields in the MAC CE.
2.1.3	TCI state ID(s) in LTM CSC MAC CE
As can be seen from Fig. 1 above, separate TCI state ID fields are present in the current LTM CSC MAC CE where the other is 7 bits long (DL/joint) and the other 8 bits long (UL) with the following statement: “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 makes no sense and is not how MAC CEs are modelled, instead, reserved bit(s) shall be used.
Proposal 3: Two R bits are included as the rightmost bits in the byte of UL TCI state ID.
2.1.4	MAC reset
Currently, the MAC procedure for LTM cell switch states the following:
	5.18.35	LTM Cell Switch Command
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:



It is hard to understand what the “as requested by upper layers” refers to here. Naturally, the MAC reset is triggered by the RRC procedure, but one cannot write specification text such that an operation is known to take place before an action. Hence, this condition needs to be changed to such that the operation is performed when upper layers request the MAC reset.
Proposal 4: Change the MAC reset operation in the LTM cell switch procedure to “upon request by upper layers, perform the MAC reset as specified in clause 5.12:”.
2.1.5	RACH-less LTM cell switch and CFRA resources
In the current handover procedure over RACH, when the UE completes the RA procedure, it discards any CFRA resources (except CFRA for BFR) so that the CFRA resources are not hold up by the UE and used, e.g., for scheduling request purposes in the target cell:
	[bookmark: _Toc37296184][bookmark: _Toc46490310][bookmark: _Toc52752005][bookmark: _Toc52796467][bookmark: _Toc155999616]5.1.6	Completion of the Random Access procedure
Upon completion of the Random Access procedure, the MAC entity shall:
1>	discard any explicitly signalled contention-free Random Access Resources for 2-step RA type and 4-step RA type except the 4-step RA type contention-free Random Access Resources for beam failure recovery request, if any;
1>	flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer and the MSGA buffer.
Upon successful completion of the Random Access procedure initiated for DAPS handover, the target MAC entity shall:
1>	indicate the successful completion of the Random Access procedure to the upper layers.



Since the reconfigurationWithSync may include RACH-ConfigDedicated with CFRA resources for the LTM target cell, these CFRA resources would not be discarded in case of RACH-less LTM cell switch since no RA procedure is enforced. Hence, the CFRA resources would remain in UE configuration and UE would utilize those CFRA resources for any RA procedure trigger in the target cell. This is not intentional and not expected by the NW.
Proposal 5: UE discards the CFRA resources configured for the LTM target cell if RACH-less cell switch is performed.
2.1.6	UnifiedTCI-StateType in the LTM Cell Switch Command
Currently, the presence of UL TCI state in the cell switch command is linked with the UnifiedTCI-StateType in the target cell configuration. This instead should be based on newly introduced unifiedTCI-StateType in the LTM-TCI-Info of the relevant LTM-Candidate [R2-2401575]. Linking the parameter to the target cell configuration may incur some delay to process and apply the indicated beam. 
6.1.3.75	LTM Cell Switch Command MAC CE
<omitted Text>
-	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;
<omitted Text>


Proposal 6: The TCI State ID and UL TCI State ID fields in LTM Cell Switch Command MAC CE should refer to LTM-TCI-Info to determine unifiedTCIStateType instead of target cell configuration.

2.1	LTM Recovery aspects
In RAN2#123 and RAN2#125 we have agreed the following:
	RAN2#123
Upon an LTM cell switch failure (i.e., supervision timer expiry) or RLF, fast recovery similar to CHO:
a)	UE performs cell selection. 
b)	If selected cell is an LTM candidate cell, UE performs RACH-based LTM cell switch on the selected cell (network-controlled). 
c)	If selected cell is not an LTM candidate cell, UE transmits RRC re-establishment request. 

RAN2#125
Confirm that LTM recovery is RACH based (should be explicitly captured somewhere, e.g. at least in Stage-2).


The LTM recovery procedure is triggered when the NW triggers LTM cell switch with the LTM CSC MAC CE and the UE fails in connecting to the target cell. As described also by the above agreement, in this case, the UE would start with performing the cell selection procedure. Then, if the selected cell is an LTM candidate, the UE would perform RACH-based LTM cell switch procedure towards that cell. If the LTM recovery process is successful, the UE will keep the LTM configurations that were initially given by the NW. 
The UE may have been given pre-provisioned CFRA resources for the selected cell used for LTM recovery. Hence, when RA procedure is triggered upon the cell switch procedure, UE applies the CFRA resources in the RA procedure which may be problematic and unexpected by the NW since the NW indicated LTM cell switch procedure towards different target cell. NW may have already initiated reassigning the CFRA resources for another UE. Furthermore, it is also questionable what happens with the CFRA resource possibly given in the LTM CSC MAC CE upon LTM cell switch failure and LTM recovery procedure trigger.
Observation 2: Further specification effort is needed to indicate to the UE which resources it should use to perform random access to the target cell. 
A simplified illustration of the problem is depicted in the below figure.
[image: A screen shot of a cell phone
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Figure 2: CFRA preamble collision during LTM recovery procedure.
Observation 3: It is not sufficient to only specify that LTM recovery can be RACH-based.
When the UE is configured with LTM recovery procedure, the UE should know which resources it needs to use for this purpose. From this viewpoint, two options are possible: i) UE uses indicated CFRA resources; ii) UE uses CBRA resources. In our view, both are relevant.  In RAN2#121bis we have agreed the following: 
	RAN2#121bis
From RAN2 perspective, to enable shared preamble resource among multiple UEs, it is beneficial that the information that identifies the allocated CFRA resource (i.e., SS/PBCH index, RACH occasion, and Random Access Preamble index) can be indicated in the PDCCH order (as legacy intra-cell PDCCH order).



Based on the current agreements, the UE is also configured a pool of CFRA resources which it can possibly use for LTM recovery purpose. We think this pool is sufficient and there is no need for the NW to configure additional dedicated CFRA resources for LTM recovery. 
Proposal 7: Dedicated CFRA/CBRA resources for LTM recovery are not explicitly configured to the UE in addition to CFRA/CBRA resources for regular LTM handover.  
Nevertheless, it is still possible to support CFRA-based LTM recovery with minimal specification impact. As we discussed above, UE is configured with CFRA resources which can be shared with other UEs. Then, upon cell switch command the NW indicates to the UE which CFRA resource it should use for LTM HO. Based on the current specification, the UE is not aware if the CFRA resource that it was given as part of rach-ConfigDedicated is shared with other UEs or not. 
Observation 4: UE is not aware if the CFRA resources that were given as part of rach-ConfigDedicated are shared with other UEs or not.
Proposal 8: NW indicates to the UE if the CFRA preambles are shared with other UEs or not. 
Proposal 9: If preambles that are not shared with other UEs are given as part of rach-ConfigDedicated, the UE uses one of them for LTM recovery procedure. Otherwise, LTM recovery is CBRA-based. 

4	Conclusions
This document has made the following observations:
Observation 1: Current LTM cell switch procedure does not allow NW to trigger LTM cell switch over RACH when UE-based TA estimation is configured. 
Observation 2: Further specification effort is needed to indicate to the UE which resources it should use to perform random access to the target cell. 
Observation 3: It is not sufficient to only specify that LTM recovery can be RACH-based.
Observation 4: UE is not aware if the CFRA resources that were given as part of rach-ConfigDedicated are shared with other UEs or not.
And proposed the following:
Proposal 1: NW can trigger LTM cell switch over RACH regardless of if the UE-based TA estimation is configured.
Proposal 2: The TAC field in the LTM CSC MAC CE is only present when NW does not indicate LTM cell switch over RACH, otherwise it is absent. TAC field is also placed after the TCI state ID fields in the MAC CE.
Proposal 3: Two R bits are included as the rightmost bits in the byte of UL TCI state ID.
Proposal 4: Change the MAC reset operation in the LTM cell switch procedure to “upon request by upper layers, perform the MAC reset as specified in clause 5.12:”.
Proposal 5: UE discards the CFRA resources configured for the LTM target cell if RACH-less cell switch is performed.
Proposal 6: The TCI State ID and UL TCI State ID fields in LTM Cell Switch Command MAC CE should refer to LTM-TCI-Info to determine unifiedTCIStateType instead of target cell configuration.
Proposal 7: Dedicated CFRA/CBRA resources for LTM recovery are not explicitly configured to the UE in addition to CFRA/CBRA resources for regular LTM handover.  
Proposal 8: NW indicates to the UE if the CFRA preambles are shared with other UEs or not. 
Proposal 9: If preambles that are not shared with other UEs are given as part of rach-ConfigDedicated, the UE uses one of them for LTM recovery procedure. Otherwise, LTM recovery is CBRA-based. 
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