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1. Introduction
In this contribution, we discuss some issues related to beam management in Rel-18 LTM, including beam indication, beam measurement and beam report. In Rel-18 mobility WID [1], RAN Plenary has agreed to specify a L1/L2 triggered mobility procedure, aiming to reduce latency in mobility/handover. In previous RAN1 meetings [2] [3] [4] [5], RAN1 has made some agreements with respect to LTM, as shown in the followings. In subsequent sections, we discuss and provide our opinions on these related issues. 
	
RAN1 #112b(e)
Agreement
· Periodic and semi-persistent report on PUCCH are also supported for gNB scheduled L1-measurement reporting.

RAN1 #113
Agreement
· For the beam selection for SSB based L1-RSRP measurement report,
· The inclusion of current SpCell in the L1 measurement report is configurable.
· new UE capability(ies) are introduced and details can be discussed in UE feature

RAN1 #114
Agreement
· TCI state activation by MAC CE before cell switch command for one or more than one candidate cells is allowed

RAN1 #114b
Conclusion
· For the necessity of Padding bit in the L1 measurement report for LTM in the case where the report size is less than 12-bits, no enhancements are specified in the spec

Conclusion 
· No specific specification change in RAN1 is pursued for scenario 3 for LTM (i.e. Beam indication after cell switch command) 

Agreement
· For the LTM L1 measurement report, 
· When a UE is configured is configured with SpCellInclusion, the SpCell measurements are the entries in the LTM-CSI-SSB-ResourceSet where the PCI and frequency information [SSB frequency/ARFCN] of the candidate cell is equal to the PCI and frequency information [SSB frequency/ARFCN] of the current SpCell.




2. Discussion
2.1.  Beam indication

	RAN1 #114
Agreement
In R18 LTM, on the QCL source of the TCI state before/during the cell switch command, 
· SSB or TRS can be configured in a TCI state for the candidate cell(s) before/during cell switch command
· Whether the TRS can be used for the candidate cell(s) before/during cell switch command is up to UE capability



On the other hand, we should also discuss which QCL type information can be provided by TRS and SSB as QCL source for TCI state for LTM. 
For TRS as QCL source RS, it is clear we can use the legacy design as below:
· TRS as QCL source RS for QCL-TypeA and QCL-TypeD 
However, for SSB as QCL source RS, QCL-TypeA may not be able to be provided by SSB. Instead, we suggest SSB only provide QCL-TypeC and QCL-TypeD for a TCI state for LTM. 
Proposal 1: For SSB as QCL source RS of TCI state for a LTM candidate cell, QCL-TypeC and QCL-TypeD are provided. 
Regarding TA acquisition for LTM, it is possible that no TA value is indicated in the CSC. Under such case, UE may need to perform RACH procedure in target cell to acquire TA value. In RAN1#113, the following issue has been brought that if a RACH procedure is performed in target cell, whether to follow the beam identified from the RACH procedure or follow the indicated TCI state in the CSC. 
Our views are UE should still follow and apply the indicated TCI state in the CSC. After UE completes LTM procedure, the target cell has become the serving cell. Accordingly, we should follow existing procedure we have for serving cell. Currently, UE shall not change or discard the indicated unified TCI state in response to performing a RACH procedure. In conclusion, we propose the followings. 
Proposal 2: When unified TCI state(s) is indicated in cell switch command, if UE needs to perform RACH-based handover after receiving cell switch command, UE follows the indicated unified TCI state(s) in the cell switch command after RACH procedure, until a new TCI state is indicated by the target cell. 
Another one left issue in RAN1#113 is about whether to deactivate TCI states in serving cell after reception of TCI activation for candidate cell(s). The following two alternatives were on the table: 
· Alt 1: TCI state activation for LTM does not deactivate the activated TCI states for legacy beam management and vice versa. 
· Alt 2: TCI state activation for LTM may deactivate the activated TCI states for legacy beam management and vice versa. 
We believe it actually mainly depends on UE capability of supported active TCI states. If the number of activated TCI states in serving cell and the number of activated TCI state(s) for candidate cell(s) is larger than UE capability, it is impossible to go with Alt 1. For example, when UE only supports one active TCI state, UE cannot perform Alt 1 to maintain activated TCI states in serving cell. Hence, we suggest we should first check whether the total number of activated TCI states across serving cell and candidate cell(s), and then discuss which Alts to adopt. 
Proposal 3: Upon receiving TCI state activation for LTM, if the number of activated TCI state(s) in serving cell and activated TCI state(s) for candidate cell(s) is larger than UE capability, UE deactivates activated TCI states in serving cell. 
· FFS when to deactivate activated TCI state(s) in serving cell if the number of activated TCI state(s) in serving cell and activated TCI state(s) for candidate cell(s) is less than or equal to UE capability. 
	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. 


According to RAN4’s LS reply (R1-2310795) [6] shown above. RAN4 does not see the need to further define a TCI state application time (beam application time) for LTM beam indication. The cell switch delay defined in RAN4 has accommodated the beam application time. Hence, we should reflect RAN4’s decision in RAN1 SPEC on when to apply the TCI state indicated in LTM cell switch command. 
Proposal 4: Make SPEC change to reflect RAN4’s LS that TCI state indicated in LTM cell switch command is applied from a first slot after the cell switch delay.
2.2.  Beam measurement and report
For the NW to better decide whether to trigger a LTM and which candidate cell serve as target cell, UE should perform L1-RSRP measurement and report to the NW. Currently, L1-RSRP measurement only relies on measuring SSB(s) from candidate cell(s). However, when receiving PDSCH in serving cell, there is chance that PDSCH in serving cell and SSB(s) from candidate cell(s) are overlapped. Hence, the corresponding UE behaviour is needed to be clarified. In our opinions, PDSCH rate-matching around SSB(s) from candidate cell(s) should be supported. Otherwise, SSB(s) from candidate cell(s) can be dropped or UE may not be able to measure L1-RSRP for LTM. 
Proposal 5: Support PDSCH rate-matching around SSB(s) from candidate cell(s) for L1-RSRP measurement for LTM. 
So far, RAN1 has completed the main structure of CSI measurement and report for LTM. Only L1-RSRP is reported by UE in a CSI report for LTM, i.e., only beam report is supported for LTM (no L1-SINR or channel measurement related report). In addition, such beam report for LTM is also transmitted via a PUCCH or PUSCH in the serving cell. Different from legacy beam report, the beam report for LTM can comprise more than one candidate cells, each of which is reported with one or more beams. 
In legacy, there is a CSI report priority value calculation equation, which is to calculate a CSI priority value of a CSI report. This CSI priority value can be used when one or more CSI reports are to be multiplexed or overlapped. A CSI report with higher priority actually has a lower CSI priority value. Since we have introduced a beam report for LTM, which is way different from legacy CSI report in serving cell, a modification to existing CSI report priority value calculation equation is necessary. 
Current CSI priority value calculation equation is actually built based on the following principles
1. CSI priority is firstly determined by its time domain behaviour: Aperiodic CSI report > SP CSI report on PUSCH > SP CSI report on PUCCH > periodic CSI report; 
2. CSI priority is then determined by its report quantity: CSI report with L1-RSRP/SINR > CSI report without L1-RSRP/SINR; 
3. [bookmark: _GoBack]CSI priority is then determined by serving cell ID: CSI report for a serving cell with lower cell ID > CSI report for a serving cell with larger cell ID; 
4. CSI priority is then determined by its report configuration ID: CSI report with lower report configuration ID > CSI report with larger report configuration ID.  
From our perspective, beam report for LTM should be more important than CSI report for serving cell, since beam report for LTM can also carry information of serving cell, if configured. The network also relies on this beam report for LTM to judge whether to trigger a LTM. For example, if the LTM beam report shows the tendency that cell quality of serving cell is decreasing, the network may trigger a LTM procedure via the CSC. With that said, we suggest before comparing time domain behaviour of CSI report(s), UE should first determine CSI report priority based on whether a CSI report is for LTM or for serving cell. A CSI report for LTM has higher priority (i.e., lower CSI priority value) than a CSI report for serving cell. 
Proposal 6: When calculating CSI priority value, a CSI report for LTM has higher priority (i.e., lower CSI priority value) than a CSI report for serving cell. 
2.3.  UE behaviour after receiving CSC
For Rel-18 LTM procedure, beam indication is performed by a field in a CSC, where the CSC is carried in a PDSCH scheduled by a scheduling DCI. Hence, different from legacy behaviour, beam indication for LTM is not indicated by a DCI field. However, we notice the scheduling DCI for CSC may also carry a TCI field, e.g., DCI format 1_1 or 1_2. Therefore, in certain slot, UE can receive two beam indications, where one is for LTM indicated by CSC and the other is for serving cell indicated by TCI field in the scheduling DCI. This would result in unclear UE behaviour. RAN1 should discuss and clarify UE behaviour on how to interpret the TCI field in a DCI scheduling CSC. In our views, since the CSC has initiated a LTM procedure, there is no benefit to process and apply information in the TCI field. 
Proposal 7: UE does not apply beam indication from the TCI field in a DCI format 1_1/1_2, if the DCI format 1_1/1_2 schedules a PDSCH carrying a LTM CSC.
2.4.  Conclusion
According to the above discussion(s), we have the following observation(s) and proposal(s). 
Proposal 1: For SSB as QCL source RS of TCI state for a LTM candidate cell, QCL-TypeC and QCL-TypeD are provided. 
Proposal 2: When unified TCI state(s) is indicated in cell switch command, if UE needs to perform RACH-based handover after receiving cell switch command, UE follows the indicated unified TCI state(s) in the cell switch command after RACH procedure, until a new TCI state is indicated by the target cell. 
Proposal 3: Upon receiving TCI state activation for LTM, if the number of activated TCI state(s) in serving cell and activated TCI state(s) for candidate cell(s) is larger than UE capability, UE deactivates activated TCI states in serving cell. 
· FFS when to deactivate activated TCI state(s) in serving cell if the number of activated TCI state(s) in serving cell and activated TCI state(s) for candidate cell(s) is less than or equal to UE capability. 
Proposal 4: Make SPEC change to reflect RAN4’s LS that TCI state indicated in LTM cell switch command is applied from a first slot after the cell switch delay.
Proposal 5: Support PDSCH rate-matching around SSB(s) from candidate cell(s) for L1-RSRP measurement for LTM. 
Proposal 6: When calculating CSI priority value, a CSI report for LTM has higher priority (i.e., lower CSI priority value) than a CSI report for serving cell. 
Proposal 7: UE does not apply beam indication from the TCI field in a DCI format 1_1/1_2, if the DCI format 1_1/1_2 schedules a PDSCH carrying a LTM CSC.
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