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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Until RAN1 #114 meeting, majority of key issues for L1 enhancements for inter-cell beam management were discussed and reached consensus [1], such as for, beam indication within cell switch command, QCL source of the TCI state before/during cell switch, the detail format of L1-RSRP measurement report, etc. However, some remaining issues of a few agreements/conclusions reached so far are still FFS or not clear. In this paper, we will further discuss three remaining issues for beam activations/indications in Rel-18 L1/L2-triggered mobility (LTM).   
Discussion 
Rel-18 L1/L2-triggered mobility (LTM) targets to reduce the overall handover (HO) latency from different aspects of the LTM procedure, including L1 measurement, measurement report, and cell switch triggering, as exemplified in Figure 1 per the discussions and agreements reached in RAN1 and RAN2 so far. The LTM procedure may be an inter cell cross transmission and reception point (TRP) mobility procedure, in which a source cell may be a source Distributed Unit (DU) associated with a first TRP, a target/candidate cell may be a target DU associated with a second TRP, and a control node Central Unit (CU) may be the parent node of the source DU and target DU. In the LTM preparation phase, the CU determines the candidate DUs/cells and notifies them. Each candidate DU/cell provides its pre-configuration parameters to the CU via a container. Then, the CU normally passes the pre-configuration containers of all the candidate DU/cells to the source DU/cell for radio resource control (RRC) pre-configuration for UE and then the source DU may transmit an RRC pre-configuration message to UE. Based on the pre-configuration parameters, for instance, including a measurement configuration IE, UE can perform L1 measurement and send measurement reports of the LTM candidate cells to the source cell. The source cell, based on the L1 measurement reports and other possible criteria, issues a cell switch command to UE when a triggering condition is met. To obtain early TA values for candidate cell(s), the source cell may trigger a contention free random-access procedure based on PDCCH order before issuing the cell switch command. In this case, UE can obtain early TA values for candidate cell(s) based on random access response (RAR) or the cell switch command both from source cell/DU. Upon receiving a low layer command (LTM triggering command for cell switch, i.e., MAC CE) from the source cell/DU, UE may perform random access channel (RACH)-less access to the target DU based on the early TA value(s) obtained before. To further reduce the LTM latency, the target cell TA can be determined, without early RACH procedure, at UE by adjusting the current source cell TA with the timing difference, between the source reference signal and the target reference signal (RSTD), and a network adjustment factor, which is called “UE based TA determination”. After that, UE can perform the RACH-less access to the target cell using the determined target TA value by UE (i.e., UE based TA determination) for UL transmission to the target cell. The details of “UE based TA determination” are discussed in our companion contribution [2].  
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Figure 1: Example components for Rel-18 LTM procedure

[bookmark: _Ref129681832]UE Behaviors for Beam Indication Field for the RACH-based Handover 
Regarding beam activation and indications, the below agreement was reached in RAN1 #114 meeting:
	Agreement
Confirm the following working assumption achieved in RAN-112bis-e.
Agreement
On top the confirmed working assumption, on the presence of beam indication within cell switch command, at least for scenario 2 following is supported:
· A field to indicate 1 joint or 1 pair of UL and DL unified TCI State index for the target cell field is always present in the cell switch command.
· FFS UE behaviour for the beam indication field for the RACH-based handover scenario after cell switch command 



According to the above agreement, an open issue is about the UE behaviors for the beam indication field for the RACH-based handover scenario after cell switch command. To clarify the UE behaviors, the following FL proposal was proposed during offline session in RAN1#114 meeting. However, due to the lack of time, the proposal was not discussed in the RAN1 meeting.
	FL Proposal 1: In R18 LTM and when beam is indicated together with cell switch command, for the scenario where the UE needs to perform RACH-based handover after receiving cell switch command, UE follows the beam indication provided in the cell switch command during and after RACH procedure until a new TCI state is indicated by the target cell.
Note: It does not imply that UE needs to use the indicated beam to perform recovery if RACH based cell switch fails.



In last RAN1 meeting, the open issue was discussed again, and FL final suggestion [3] is to postpone the decision until RAN1#115 meeting as RAN2 is discussing the same issue. Before receiving feedback from RAN2, we try to analyze different options based on the above FL proposal.
In the FL proposal, UE always follows the beam indication provided in the cell switch command during and after RACH procedure until a new TCI state is indicated by the target cell. The benefit of the proposed mechanism is the simplification for UE to just apply the beam provided by cell switch command. In general, the contention-free random access (CFRA) procedure is used for UE to access the target cell during handover because of its low latency. Additionally, in legacy specification, if the CFRA resources associated with SSBs/CSI-RSs have been explicitly provided in rach-ConfigDedicated and at least one SSB/CSI-RS with SS/CSI-RSRP above rsrp-ThresholdSSB/CSI-RS amongst the associated SSBs/CSI-RSs is available, UE may select a beam (i.e., SSB/CSI-RS) with SS/CSI-RSRP above rsrp-ThresholdSSB/CSI-RS amongst the associated SSBs/CSI-RSs, which means UE would select a beam by itself during CFRA procedure for the target cell after receiving cell switch command for RACH-based handover. If the beam selected by UE itself during CFRA procedure is the same as the beam provided by cell switch command, no doubt, there will be no impacts on transmission/reception performances if the proposed mechanism applied by UE. However, if the beam selected by UE itself during CFRA procedure is different from the beam provided by cell switch command, two important issues need to be considered. 
The first issue is that always following the beam, provided in the cell switch command, by UE may damage transmission/reception performances for the target cell, since the beam selected recently by UE itself during CFRA procedure may be much better than that provided by cell switch command before, especially when channel quality is pretty much changed from last L1-RSRP measurement report. The second issue is that, according to the current standard, if the first PUSCH transmission for the target cell is scheduled by a RAR UL grant, UE uses the same RS resource (i.e., the beam selected by UE itself during CFRA procedure) as for the corresponding PRACH transmission to determine the pathloss for the first PUSCH transmission. In case of the beam selected by UE itself being different from the beam provided by cell switch command, the pathloss measurement RS will not align with transmission beam according to the FL proposal, which is contradictory to the baseline of beam specific power control. To solve the two issues, a straightforward approach is following the beam selected by UE itself during and after CFRA procedure if the beam selected by UE itself is different from the beam provided by cell switch command. Instead, if the performance reduction because of the first issue is not much severe (i.e., the channel quality is not much changed after receiving cell switch command) and the second issue is solved by enhancements of UE legacy behaviors during CFRA procedure, always following the beam provided in the cell switch command can also be supported. For instance, the second issue can be solved by selecting a beam, by UE during the CFRA procedure, same as the beam provided by cell switch command. Therefore, based on the above discussions and analysis, we have the following observation and proposals: 
Observation 1: If the beam selected by UE itself during PRACH procedure is different from the beam provided by cell switch command, always following the beam provided in the cell switch command by UE may damage transmission/reception performances for the target cell, and result in misalignment between pathloss measurement RS and transmission beam.
Proposal 1: Support always following the beam provided in the cell switch command for LTM if UE selects a beam, during PRACH procedure, same as the beam provided in cell switch command.

Beam Application Time for TCI State Indicated by CSC 
Regarding beam application time for TCI state indicated by Cell Switch Command (CSC), there were a lot of discussions in last RAN1 meeting and the below conclusion was reached as in final FL summary [3]:
	[Conclusion]
The received comments can be categorized into two as below, 
· RAN1 part should be discussed without RAN4 reply LS, i.e.
· UE capability is introduced, and network configures BAT depending on that
· RAN1 to postpone the whole discussion until RAN4 reply LS is available.
Given the situation above, it is not easy to provide the guidance for the next meeting. Companies are encouraged to further consider this issue based on the outcome of RAN4 October meeting.


According to the reply LS [4] from RAN4 to RAN1, the below information in the reply LS shows that RAN4 already discussed the beam application time and RAN4 do not define beam application time. Additionally, current cell switch delay defined in RAN4 can cover the TCI state application time, and there is no need to include additional beam application time component in the cell switch delay requirements.
	“RAN4 would like to thank RAN1 and RAN2 for the LS in R1-2306259 and R2-2309250. RAN4 further discussed the beam application time and kindly asks RAN1 and RAN2 to consider following agreements for their future work on specification.
RAN4 do not define beam application time. If the definition of beam application time is needed from RAN1’s perspective, RAN4 understands that it would be only specified by RAN1. Current cell switch delay defined in RAN4 can cover the TCI state application time, and there is no need to include additional beam application time component in the cell switch delay requirements.”


The reply LS explicitly mentioned that there is no need to include additional beam application time component in the cell switch delay requirements from RAN4 perspective. In our understanding, the same rule is also applicable to RAN1, even RAN4 didn’t clearly claim that, because the beam application time can be completely absorbed by the cell switch delay defined in RAN4. According to the definition of cell switch delay in RAN4, LTM cell switch delay (DLTM defined in RAN4) is the delay from the end of the last TTI containing the MAC-CE command for cell switch until the time the UE transmits the first UL message on the target cell. In that sense, UE can apply the TCI state provided by CSC after cell switch delay defined in RAN4. However, for the scenario where the UE needs to perform RACH-based LTM after receiving CSC, UE may apply the TCI state according to the output of the above first issue. Therefore, based on the above discussions and analysis for the reply LS from RAN4, we have the following observation and proposals: 
Observation 2: Current cell switch delay defined in RAN4 can cover the TCI state application time, and there is no need to include additional beam application time component in the cell switch delay requirements. The same rule can also be applicable to RAN1 because the beam application time can be completely absorbed by the cell switch delay defined in RAN4.
Proposal 2: Do not support to define beam application time for LTM from RAN1 perspective.
Proposal 3: UE can apply the TCI state provided by Cell Switch Command (CSC) after cell switch delay for LTM.

Beam Activation and Indication for Multiple Cells for CA
Regarding beam activation, the below agreement was reached in RAN1 #114 meeting:
	Agreement
TCI state activation by MAC CE before cell switch command for one or more than one candidate cells is allowed.


For beam indication for multiple cells for CA, two mechanisms specified in current standard can be considered as baseline for LTM. The first mechanism is the same as simultaneousTCI-UpdateList defined in Rel-17, which can be reused for TCI state activation and indication for LTM as discussed in previous RAN1 meetings. More specifically, as described in current standard, a UE configured with dl-OrJoint-TCIStateList with activated TCIState or UL-TCIState can receive DCI format 1_1/1_2 providing indicated TCIState or UL-TCIState for a CC or all CCs in the same CC list configured by simultaneousTCI-UpdateList1-r17. For LTM case, simultaneousTCI-UpdateList for LTM can be provided separately from serving cell configuration and candidate cell configuration. Additionally, a TCI state indicated in the cell switch command is applied to multiple cells included in the list of simultaneous TCI state update of the indicated target cell if the cell list configured. However, the first mechanism can only support that the same TCI state is applied to all the multiple cells of the simultaneousTCI-UpdateList.
Instead, if different TCI states need to be supported for the multiple cells for CA, the second mechanism in current standard, used for TCI states indicated by single DCI for multiple TRPs, can be considered as baseline. Such as, in current standard, when a UE supports two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' the UE may receive an activation command, the activation command is used to map up to 8 combinations of one or two TCI states to the codepoints of the DCI field 'Transmission Configuration Indication'. The UE is not expected to receive more than 8 TCI states in the activation command. For LTM case, one or multiple MAC CEs can be used to activate different TCI states for each of the multiple cells for CA according to the agreement above, and map different combinations of multiple TCI states for the multiple cells to the same codepoints of the TCI state indication field 'Transmission Configuration Indication' of the cell switch command, which is as exemplified in Figure 2. After receiving the cell switch command, the 'Transmission Configuration Indication' bitfield of cell switch command may indicate a respective TCI state for each of the multiple cells for CA.
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Figure 2: TCI state activation and indication for multiple cells for CA in Rel-18 LTM procedure

Therefore, based on the discussions above, we have the following proposal:
Proposal 4: Support that simultaneousTCI-UpdateList mechanism defined in Rel-17 can be reused for TCI state activation and indication for multiple cells for CA in Rel-18 LTM if same TCI state applied for the multiple cells.
Proposal 5: Support that the mechanism used for TCI states indicated by single DCI for multiple TRPs can be considered as baseline for TCI state activation and indication for multiple cells for CA in Rel-18 LTM if different TCI states applied for the multiple cells.

Conclusions
Based on above discussions, we have the following observations and proposals:
Observation 1: If the beam selected by UE itself during PRACH procedure is different from the beam provided by cell switch command, always following the beam provided in the cell switch command by UE may damage transmission/reception performances for the target cell, and result in misalignment between pathloss measurement RS and transmission beam.
Proposal 1: Support always following the beam provided in the cell switch command for LTM if UE selects a beam, during PRACH procedure, same as the beam provided in cell switch command.
Observation 2: Current cell switch delay defined in RAN4 can cover the TCI state application time, and there is no need to include additional beam application time component in the cell switch delay requirements. The same rule can also be applicable to RAN1 because the beam application time can be completely absorbed by the cell switch delay defined in RAN4.
Proposal 2: Do not support to define beam application time for LTM from RAN1 perspective.
Proposal 3: UE can apply the TCI state provided by Cell Switch Command (CSC) after cell switch delay for LTM.
Proposal 4: Support that simultaneousTCI-UpdateList mechanism defined in Rel-17 can be reused for TCI state activation and indication for multiple cells for CA in Rel-18 LTM if same TCI state applied for the multiple cells.
Proposal 5: Support that the mechanism used for TCI states indicated by single DCI for multiple TRPs can be considered as baseline for TCI state activation and indication for multiple cells for CA in Rel-18 LTM if different TCI states applied for the multiple cells.
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