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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, beam report and BFR. 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], 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 #110b(e)
Agreement
· For Rel-18 L1/L2 mobility, L1 intra-frequency measurement for candidate cell is supported
· At least the following aspects are for RAN1 further study:
· RAN1 assumes Rel-17 ICBM CSI measurement as starting point.
· Whether and how to apply relaxation for the restrictions imposed on the Rel-17 intra-frequency L1 non-serving cell measurement defined in 9.13.2 of TS38.133, where RAN4 impact is foreseen, e.g.
· SFN offset alignment compared with serving cell
· BWP setting, i.e. non-serving cell SSB should be covered by serving cell active BWP
· Introduction of symbol level gap or SMTC for larger Rx timing difference (i.e. larger than CP length) 
· Commonality with intra-frequency L3 measurement
· Commonality with L1 inter-frequency measurement for measurement configuration
· Send an LS to RAN4 (CC RAN2) 
· RAN1 to ask RAN4 if the restriction on e.g., SFN offset alignment, BWP setting and Rx timing difference, etc, described in 9.13.2 of TS38.133 for intra-frequency L1 non-serving measurement can be relaxed or not. 
· RAN1 assumes Rel-17 ICBM CSI measurement as starting point.

Agreement
· For candidate cell measurement for Rel-18 L1/L2 mobility, 
· L1-RSRP is supported for intra-frequency candidate cell measurement.
· Further study the following measurement quantities for candidate cell measurement
· L1-RSRP for inter-frequency (if supported)
· L1-SINR for intra-frequency and inter-frequency (if supported)
· FFS: to assess the use case and the benefit of UL measurement instead of/in addition to DL L1 measurement, which includes:
· How the UL measurement result is used, e.g. handover decision
· Signals/channels used for UL measurement, e.g. SRS
· Spec impact including other WGs, e.g. definition of gNB measurement, interface to transfer RS configuration or measurement results
· Note: The next discussion will take place based on companies’ contribution in future meeting.

RAN1 #111
Agreement
· For Rel-18 LTM, L1 inter-frequency measurement is supported from RAN1 point of view.

Agreement
· Regarding the potential RAN1 enhancements to reduce the handover delay / interruption for Rel-18 LTM
· Support at least DL synchronization for candidate cell(s) based on at least SSB before cell switch command
· Further study the necessary mechanism, e.g. signaling and UE capability

Agreement
· For gNB scheduled L1 measurement report for Rel-18 LTM, report as UCI is supported
· Semi-persistent report on PUSCH, and aperiodic report on PUSCH are supported
· FFS: periodic and semi-persistent PUCCH
· In a single report instance, report for serving cell and candidate cell(s) for intra-frequency and/or inter-frequency can be included. 




2. Discussion
2.1.  Beam indication
Beam indication framework
In previous RAN1 meetings, RAN1 has discussed some scenarios regarding timing of beam indication, and had the following results. 
	RAN1 #110b(e)
Agreement
-       From RAN1 perspective, the following scenarios can be considered for Rel-18 L1/L2 mobility for beam indication timing. This will be updated depending on further RAN1 assessment and RAN2 decision on the time chart
-       Scenario 1: Beam indication before cell switch command
-       Scenario 2: Beam indication together with cell switch command
-       Scenario 3: Beam indication after cell switch command
-       Interested companies are encouraged to further study the validity of the scenarios and the potential spec impact.

RAN1 #111
Agreement
· For beam indication timing for Rel-18 LTM, 
· Support Scenario 2: Beam indication together with cell switch command, 
· For Rel-17 unified TCI framework, 
· Beam indication indicates TCI state for each target serving cell
· FFS: Scenario 1: Beam indication before cell switch command
· FFS: Scenario 3: Beam indication after cell switch command
· FFS: Activation of TCI state(s) of target serving and/or candidate cell(s). 



So far, only Scenario 2 (beam indication together with CSC) is agreed to support. However, it is unclear that what does it mean by “together with”. From the wordings, two interpretations are possible as shown in the following options. 
· Option 1: Beam indication is indicated in the CSC (i.e., be part of contents of the CSC); 
· Option 2: Beam indication is indicated by the DCI scheduling a PDSCH carrying the CSC (e.g., via TCI field). 
Obviously, these two options would lead to different directions on the beam indication design and impact on the whole LTM procedure. At this timing, RAN1 should clarify first which options (either one or both) could be adopted in the following design. 
Proposal 1: For beam indication timing, RAN1 to discuss and confirm which one option below can be supported in Scenario 2 (Beam indication together with cell switch command): 
· Option 1: Beam indication is indicated in the CSC
· Option 2: Beam indication is indicated by the DCI scheduling a PDSCH carrying the CSC 
In our perspective, we think both Option 1 and Option 2 should be supported in Scenario 2 (Beam indication together with cell switch command), since in these two options, beam indication and CSC can be transmitted in the same slot.  Based on this, we have the following proposal. 
Proposal 2: Both the following options are supported for beam indication for LTM: 
· Option 1: Beam indication is indicated in the CSC
· Option 2: Beam indication is indicated by the DCI scheduling a PDSCH carrying the CSC 
Meanwhile, whether to support Scenario 1 and Scenario 3 are still under debate. In our views, we think both Scenario 1 and Scenario 3 show their advantages. It could be possible that network cannot prepare or determine which beam to indicate right at the same time of sending a CSC. If we only allow Scenario 2, it could result in decreasing NW scheduling flexibility and increasing latency of completing LTM. 
Proposal 3: The following scenarios are supported for beam indication for LTM:  
· Scenario 1: Beam indication before cell switch command
· Scenario 3: Beam indication after cell switch command 
Regarding beam indication framework for target/candidate cell(s), the following agreements on beam indication framework have been achieved in previous RAN1 meetings.
	RAN1 #110b(e)
Agreement
· RAN1 to further study if the beam indication of candidate cell(s) L1/L2 mobility should be designed for a specific TCI framework below, and their potential RAN1 spec impact. 
· Option A:  Beam indication for Rel-18 L1/L2 mobility is designed based on Rel-17 TCI framework mechanism
· Option B: Beam indication for Rel-18 L1/L2 mobility is designed based on Rel-15 TCI framework mechanism 
· Option C: Beam indication for Rel-18 L1/L2 mobility is designed based on both Rel-15 and Rel-17 TCI framework mechanisms 

RAN1 #111
Agreement
· The beam indication of candidate cell(s) for Rel-18 LTM should be designed based on the following:
· Beam indication for Rel-18 LTM is designed based on Rel-17 unified TCI framework, if both serving cell and candidate cell support Rel-17 unified TCI framework 
· FFS: whether/how to design mechanism for Beam indication for Rel-18 LTM when at least one from serving cell and candidate cell supports only Rel-15 TCI framework.
· Note: How and whether to indicate the new serving cell(s) and timing for beam indication are separately discussed 



According to the WID, the L1/L2 triggered mobility in Rel-18 should be designed based on enhanced ICBM. Currently, ICBM is built on top of Rel-17 unified TCI state framework. Therefore, the beam indication framework for L1/L2 mobility should be built only based on Rel-17 unified TCI framework, which is aligned with option A. Consequently, we should not support that a candidate cell or the serving cell performing LTM procedure is configured with Rel-15 TCI framework. It not only violates the WID for Rel-18 mobility enhancement, but also complicates the whole LTM procedure, which could end up with over-designing the LTM. 
Proposal 4: For beam indication for Rel-18 LTM, do not support Rel-15 TCI framework is configured in at least one of serving cell and candidate cell. 

Enhancement on unified TCI framework
Compared to Rel-17 inter-cell BM, which does not allow serving cell change, the Rel-18 mobility enhancement should support the serving cell change after the UE receives beam indication or CSC. As mentioned above, the beam indication for Rel-18 mobility enhancement should be based on the unified TCI framework as well. However, since the serving cell change is allowed in Rel-18 LTM, the indicated TCI should be applied to the non-UE dedicated signals. Whether the serving cell should be changed or not can be based on whether the indicated TCI is applied to non-UE dedicated signals or not. 
Moreover, for beam indication with serving cell change, it could require the UE to update RRC parameters based on the configuration for the target cell. Thus, it is necessary to introduce a new action delay for beam indication in such case. 
Proposal 5: For Rel-18 mobility, the indicated unified TCI, associated with a neighbouring cell SSB and applied to dedicated signals, can also be applicable to non-UE dedicated signals; 
· If the indicated unified TCI is applied to non-UE dedicated signals, UE shall assume the serving cell should change, 
· Otherwise, UE shall not assume the serving cell should change. 
Proposal 6: Support introducing a new beam application delay for unified TCI indication with serving cell change.
In addition, current unified TCI indication supports L1 ACK. There is no L2/L3 ACK mechanism as the handover procedure. It is possible to have a situation that misunderstanding between the gNB and UE on the ACK/NACK status for the unified TCI indication. There can be the following two cases: 
· Case 1: UE transmits an ACK for the TCI indication, but gNB decodes it as NACK/DTX
· Case 2: UE transmits a NACK/DTX for the TCI indication, but gNB decodes it as an ACK
Then, the NW and UE could have misunderstanding on the serving cell. Some fallback operation should be studied with regard to the potential incorrect detection of ACK/NACK for unified TCI indication.
Proposal 7: Study fallback operation with regard to incorrect detection of ACK/NACK for unified TCI indication that requires serving cell change.
2.2.  Beam measurement and report
Report content
Regarding measurement unit for selecting a target/candidate cell in LTM procedure, we have the following agreement. Currently, we only support L1-RSRP for intra- and inter-frequency measurement. 
	RAN1 #110b(e)
Agreement
· For candidate cell measurement for Rel-18 L1/L2 mobility, 
· L1-RSRP is supported for intra-frequency candidate cell measurement.
· Further study the following measurement quantities for candidate cell measurement
· L1-RSRP for inter-frequency (if supported)
· L1-SINR for intra-frequency and inter-frequency (if supported)
· FFS: to assess the use case and the benefit of UL measurement instead of/in addition to DL L1 measurement, which includes:
· How the UL measurement result is used, e.g. handover decision
· Signals/channels used for UL measurement, e.g. SRS
· Spec impact including other WGs, e.g. definition of gNB measurement, interface to transfer RS configuration or measurement results
· Note: The next discussion will take place based on companies’ contribution in future meeting.
RAN1 #111
Agreement
· For candidate cell measurement for Rel-18 LTM, 
· SSB based L1-RSRP is supported for intra-frequency measurement
· SSB based L1-RSRP is supported for inter-frequency measurement from RAN1 point of view
· FFS: L1-SINR, CSI-RS based L1-RSRP


However, for inter-frequency mobility, usually SINR/RSRQ is more useful than RSRP, since the interference level for different frequency could be quite different. If a target/candidate cell is only selected based on RSRP, it is possible that the interference level for a target/candidate cell is so large that the overall SINR is small. Then, the performance in target/candidate cell can get degraded. Therefore, both L1-RSRP and L1-SINR based beam measurement and report for inter-frequency mobility should be supported.
Proposal 8: Support L1-SINR based beam measurement and report for inter-frequency measurement for Rel-18 LTM.

Measurement gap 
The time difference between the downlink signals from the source cell and target cell may be larger than a CP. Then, for beam measurement and report, it is possible that the UE cannot receive the downlink signals from two cells simultaneously. Instead, a L1 measurement gap can be considered when the UE is configured to measure downlink signals from neighbouring cell(s). 
Compared to the measurement gap (MG) used for L3 measurement, the duration for L1 MG can be much smaller. The inter-cell beam measurement does not require the UE to perform blind detection. Since inter-cell BM is utilized, the two cells should have some kind of synchronization. Therefore, the L1 MG can be defined in symbol-level. With regard to L1-RSRP/L1-SINR report and CBD, the L1 MG can be introduced for the corresponding SSB/CSI-RS from the neighbouring cells configured for L1-RSRP/L1-SINR report or CBD.
Proposal 9: Support introducing symbol-level L1 measurement gap for SSB/CSI-RS from the neighbouring cells configured for L1-RSRP/L1-SINR report or CBD.

Beam report mechanism 
In RAN1 #110b, the following agreement on beam report mechanism for L1/L2 mobility was achieved. 
	RAN1 #110b(e)
Agreement
· For L1 measurement report for Rel-18 L1/L2 mobility, further study the following mechanisms:
·  Report as UCI on PUCCH or PUSCH
· Periodic report on PUCCH, semi-persistent report on PUCCH/PUSCH, and aperiodic report on PUSCH
· Potential enhancements to Rel-17 ICBM report format to accommodate Rel-18 scenarios, e.g.
· Inter-frequency measurement, if supported
· Increasing the maximum number of reported beams, which is 4 for Rel-17 ICBM
· Flexible size beam report, e.g., two-part UCI (e.g., the 1st part contains the best beam/cell and the number (e.g., N) of reported beams/cells, the 2nd part contains the rest (N-1) beams/cells
· Reducing the reporting overhead by e.g. choosing beams/cells per frequency or across frequencies to report (FFS how)
· Report on MAC CE 
· Both gNB scheduled and/or UE initiated (if supported) report are studied


The beam report for Rel-17 ICBM is transmitted as UCI on PUCCH/PUSCH. For SCell BFR, the beam failure recovery request (BFRQ) report is transmitted by MAC CE, where only new beam index is reported. For mobility enhancement, both beam report as UCI or beam report on MAC CE could have use cases. The beam report on UCI can be used for NW-triggered beam report and beam report on MAC CE can be used for BFR-like beam report. Since BFR-like beam report has already been defined, it is unnecessary to define another framework for event-triggered beam report. Further UE-triggered beam report should be based on BFR framework.
Proposal 10: Support beam report as UCI on PUCCH/PUSCH for NW-triggered beam report.
Proposal 11: Support to extend the SCell BFR framework with new event definition for event-triggered beam report.
Proposal 12: Do not support a new framework other than SCell BFR for UE-triggered/event-triggered beam report.
2.3.  Beam failure recovery
In Rel-17, after receiving the BFR response, the UE can update the beam for the channels that share the indicated unified TCI based on the reported new beam. However, the indicated unified TCI should be only applicable for dedicated signals with regard to inter-cell BM. If inter-cell mobility is considered, the UE can update the beam for the channels including both dedicated channels and non-dedicated channels if the new beam is associated with a target cell, which requires a serving cell change. Further, the 28 symbols delay to update the beam could be insufficient for UE to switch to the new serving cell. Some additional delay for serving cell change should be introduced.
Proposal 13: Support the UE updates the beam for channels including both dedicated and non-dedicated channels based on the newly reported beam requiring serving cell change after 28+X symbols after the UE receives the BFR response, 
· X is the delay for serving cell change. 
2.4.  Conclusion
According to the above discussion(s), we have the following observation(s) and proposal(s). 
Proposal 1: For beam indication timing, RAN1 to discuss and confirm which one option below can be supported in Scenario 2 (Beam indication together with cell switch command): 
· Option 1: Beam indication is indicated in the CSC
· Option 2: Beam indication is indicated by the DCI scheduling a PDSCH carrying the CSC 
Proposal 2: Both the following options are supported for beam indication for LTM: 
· Option 1: Beam indication is indicated in the CSC
· Option 2: Beam indication is indicated by the DCI scheduling a PDSCH carrying the CSC 
Proposal 3: The following scenarios are supported for beam indication for LTM:  
· Scenario 1: Beam indication before cell switch command
· Scenario 3: Beam indication after cell switch command 
Proposal 4: For beam indication for Rel-18 LTM, do not support Rel-15 TCI framework is configured in at least one of serving cell and candidate cell. 
Proposal 5: For Rel-18 mobility, the indicated unified TCI, associated with a neighbouring cell SSB and applied to dedicated signals, can also be applicable to non-UE dedicated signals; 
· If the indicated unified TCI is applied to non-UE dedicated signals, UE shall assume the serving cell should change, 
· Otherwise, UE shall not assume the serving cell should change. 
Proposal 6: Support introducing a new beam application delay for unified TCI indication with serving cell change.
Proposal 7: Study fallback operation with regard to incorrect detection of ACK/NACK for unified TCI indication that requires serving cell change.
Proposal 8: Support L1-SINR based beam measurement and report for inter-frequency measurement for Rel-18 LTM.
Proposal 9: Support introducing symbol-level L1 measurement gap for SSB/CSI-RS from the neighbouring cells configured for L1-RSRP/L1-SINR report or CBD.
Proposal 10: Support beam report as UCI on PUCCH/PUSCH for NW-triggered beam report.
Proposal 11: Support to extend the SCell BFR framework with new event definition for event-triggered beam report.
Proposal 12: Do not support a new framework other than SCell BFR for UE-triggered/event-triggered beam report.
Proposal 13: Support the UE updates the beam for channels including both dedicated and non-dedicated channels based on the newly reported beam requiring serving cell change after 28+X symbols after the UE receives the BFR response, 
· X is the delay for serving cell change. 
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