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1. Introduction
[bookmark: _Hlk30969022]The Rel-18 WID on further NR mobility enhancement [1] includes the following RAN1-centric objectives:
	· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Timing Advance management [RAN1, RAN2]


In this contribution, we will discuss the potential enhancements of beam measurement/reporting and beam indication that are necessary for supporting L1/L2-based inter-cell mobility.
2. L1 Measurement and Reporting for LTM
Regarding the beam measurement and reporting for LTM, it was agreed to support SSB-based L1-RSRP measurement:
	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


In addition to SSB, the CSI-RS based L1-RSRP shall also be supported for LTM. To support inter-cell mobility, the system needs the measurement of neighbor cells. In Rel-17, the CSI framework introduce L1-RSRP measurement and reporting on SSBs associated with non-serving cell PCI, which can be used for L1 measurement of neighbor cell for L1/L2-based inter-cell mobility. In addition to SSB for inter-cell mobility, the CSI-RS for mobility of neighbor cell shall also be included in L1 measurement for inter-cell mobility.
[bookmark: _Hlk118404645]Proposal 1: Support L1-RSRP measurement and reporting of CSI-RS of candidate cells for LTM. 
The L1-RSRP measurement is not filtered. Such measurement could be feasible for beam management, but not suitable for inter-cell mobility. The large variation in one-shot L1-RSRP measurement could cause ping-pong problem to cell selection in L1/L2-based inter-cell mobility. To avoid that, some filtering shall be applied on the L1-RSRP measurement for inter-cell mobility.
[bookmark: _Hlk118404649]Proposal 2: Supported filtered L1-RSRP measurement of candidate cell for LTM.
As stated in the WI [2], the procedure of L1/L2 based inter-cell mobility are applicable to both intra-frequency and inter-frequency scenario, and source and target cells may be synchronized or non-synchronized. For measuring the SSB or CSI-RS for mobility of a neighbor cell, SMTC and Measurement gap for L1 mobility measurement shall be considered.  SMTC for measuring SSB of neighbor cell shall be introduced for L1 measurement, for the same reason of SMTC being introduced for L3 mobility measurement. Measurement gap shall be introduced for measuring SSB or CSI-RS for mobility of neighbor cell for instance for the scenarios of inter-frequency or different numerologies.
[bookmark: _Hlk118404666]Proposal 3: Support SMTC and measurement gap for L1-RSRP measurement of candidate cell for LTM.
In current design, the measurement gap for mobility measurement is requested and configured through RRC signaling. That has large overhead and latency so that it is not proper for L1 mobility measurement. To resolve the issue, L1/L2-based measurement gap configuration is needed. 
[bookmark: _Hlk118404825]Proposal 4: Support L1/L2-based measurement gap activation for L1 measurement of candidate cells for LTM.
It was agreed to study the reporting mechanism for measurement reports of Rel-18 L1/L2 mobility. There exist two alternatives: the first one is reusing the current CSI reporting framework and like the CSI reporting, the measurement reports of L1/L2 mobility are reported as UCI in PUCCH or PUSCH. Another alternative is using MAC CE. It was agreed that the L1 measurement for LTM is reported through UCI:
	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. 


As specified in current specification, intra-cell L1 measurement is configured as follows: the gNB configure the RS resources for measurement and the gNB also indicate the number of reported RS resources to the UE. However, the L1 measurement of candidate cells for LTM is different from intra-cell L1 measurement. The difference is that for L1 measurement of candidate cells, the UE shall only report the candidate cell and beams that satisfy some condition, for example the beams with L1-RSRP larger than some threshold. Thus, the number of reported beams in one report instance would be dynamic but not fixed and the size of UCI payload carrying one report instance would be variable. Therefore, the UCI carrying L1 measurement of candidate cells can be a two-part UCI. The first part has fixed size and is used to indicate the number of information bits in the second part.
[bookmark: _Hlk118404846]Proposal 5: Support 2-part UCI for L1 measurement reporting of candidate cells for LTM.
The UE initiated L1 measurement reporting was discussed in RAN1 and it was agreed to further study that:
	Agreement 
· For L1 measurement report for Rel-18 L1/L2 mobility, if UE event triggered report for L1 measurement is supported based on further study
· At least the following aspects may be considered 
· How to define UE event and exact definition of events,
· Report container
· Resource allocation/assignment for UE event triggered report 
· Necessity of indication to gNB when the condition UE event is met, and how
· Necessity to define the condition to start/stop the reporting, 
· Contents of the report/reporting format, PCI, RS ID, measurement result etc.
· The interaction with filtered L1 measurement results (if supported) 
· Support of simultaneous configuration of both UE event triggered and any of periodic/semi-persistence/aperiodic reporting, and solutions when both of them are configured.
· Report destination, whether the report is sent to serving cell only or can be sent to one or more candidate cell(s).
· Benefit when L3 measurement is involved


The L1 beam measurement seems to be same for the function of intra-cell beam management and LTM. But there actually exists fundamental difference between these two functions:
· For intra-cell beam management, the gNB needs to know which beam(s) are the best beams no matter what the real L1-RSRP value. Therefore, every measurement instance is useful to the system.  The UE shall report the measurement result by following the reporting schedule configured by the system. The UE always report the L1-RSRP (or L1-SINR) of the best K beams, no matter what the absolute beam quality is.
· In contrast, for LTM, only the measurement results that indicates a potential handover is useful to the system. When the L1-RSRP measurement of candidate cells is too slow to trigger handover, such measurement results are not needed by the system and thus the UE does not need to report that to the system. For example, if the beam quality of all candidate neighbor cells is not good enough to trigger the handover, the UE does not need to report such measurement results to the gNB.  
Therefore, a traditional gNB-configured UE beam reporting method is not applicable to measurement for LTM, otherwise it would result in huge waste of uplink resource. Since serving cell beam measurement is supported in current specification. The new UE-initiated reporting only needs to support the measurement of candidate cells.
[bookmark: _Hlk126100124][bookmark: _Hlk118404866]Proposal 6: Support UE-initiated reporting of L1 measurement of candidate cells for L1/L2 mobility.
For UE-initiated reporting, MAC-CE message is a natural choice since the reporting would not be regular. When the condition is met, the UE can request uplink grant and then report the measurement results through a MAC CE. Regarding the UE event/condition for reporting, we can consider the following options:
· The L1-RSRP of candidate cell beam is better than some threshold.
· The L1-RSP of candidate cell beam is a offset better than that of the serving cell.
The UE shall report the following information when the event is met:
· For each candidate cell that meets the event condition, the UE shall report the indicator of this cell, indicator of beam(s) of the best L1-RSRP and the corresponding L1-RSRP measurement.
· Here differential L1-RSRP reporting can be considered. The differential L1-RSRP can be calculated among the beams of each cell.
Regarding the reporting destination, the UE shall only report the LTM measurement to the serving cell, not any non-serving cell, since the UE has not established the connection with any candidate cell yet.
[bookmark: _Hlk126100130]Proposal 7: For UE-initiated reporting of L1 measurement of candidate cells for L1/L2 mobility:
· The report is carried in MAC CE.
· The UE event is defined as the L1-RSRP of candidate cell beam is better than some threshold or offset better than the serving cell.
· The UE shall report the indicator of candidate cell, indicator of reported beam and corresponding L1-RSRP measurement.
· The report is sent to the serving cell.

It was agreed that DL synchronization to candidate cell(s) shall be supported before cell switch command:
	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


It is true the achieving DL synchronization to one candidate cell before the command of switching to that cell is sent can reduce the handover latency in LTM. However, completing synchronization to non-serving cell while connecting to the serving cell would increase the UE complexity. The number of non-serving cell that the UE is capable of synchronizing to would be UE capability. Thus in UE capability reporting, the UE shall report the maximal number of candidate cells that it can support synchronization before cell switch command. And when the gNB configure more candidate cells for LTM than the UE capability, the gNB shall indicate the UE which one(s) of the configured candidate cells for LTM the UE shall do synchronization to before the cell switch command.
[bookmark: _Hlk126100136] Proposal 8: DL synchronization for candidate cells before cell switch command is UE capability and the UE reports the maximal number of candidate cells that the UE is capable of doing DL synchronization before cell switch command.
[bookmark: _Hlk126100145]Proposal 9: When the number of configured candidate cells for LTM is larger than UE capability, the gNB shall indicate the candidate cell(s) that the UE shall do DL synchronization to before cell switch command.
3. Beam Indication for LTM
Regarding the beam indication, the following pertinent agreement was made:
	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). 


As in the agreement, the scenario of beam indication together with cell switch command is supported. Regarding the other scenarios 1 and 3, in our view, we do not need to support them. For the scenario 3, the beam indication after cell switch command can be considered as system implementation, which can be supported by the current intra-cell beam management. Thus, we do not need any extra enhancements for supporting Scenario 3. Regarding the Scenario 1, it seems that indicating beam before cell switch is not necessary, yet beam indication together with cell switch command can support the LTM sufficiently.
[bookmark: _Hlk126100152]Proposal 10: For beam indication timing for Rel-18 LTM, do not support Scenarios 1 and 3.
In our view, the best choice for cell switch command is a MAC CE command. Such a MAC CE command indicates the cell switch and also indicate the TCI state for the target cell, which can be a joint TCI state or a pair of DL TCI state and UL TCI state. For intra-cell beam management, the TCI state is indicated through DCI and before the DCI indication, TCI states are activated through activation MAC CE command. Activating the TCI state before ahead can reduce the latency of applying the indicated TCI state. In contrast, that is not necessary for beam indication of LTM. 
[bookmark: _Hlk118405593]Proposal 11: One joint TCI state of target cell or one pair of DL TCI state and UL TCI state of target cell are indicated in the cell switch MAC CE command.
In the inter-cell beam management of Rel-17, the UE can receive UE-specific PDCCH/PDSCH and transmit PUSCH/PUCCH to the TRP of a non-serving cell while the UE-common PDCCH/PDSCH is still connected to the serving cell. In Rel-18, when the L1/L2 based inter-cell mobility is supported, we shall consider the issue of coexisting of the operations of inter-cell management and L1/L2 based inter-cell mobility. 
An example is shown in Fig.1 to illustrate the issue of co-existing. As shown in the example, at first the UE is in in Cell 1. The UE receives the common channel from cell1 and UE-specific channel from cell 1 too. Then through the inter-cell beam management operation specified in Rel-17, the gNB can indicate TCI state(s) associated with the Cell 3 to the UE as defined in unified TCI framework. Then later on, the UE is commanded to handover to the Cell 2 and the system can indicate one TCI state associated with Cell 2 to the UE. The UE then can switch the reception of UE common PDCCH/PDSCH with the indicated TCI state for inter-cell mobility. In such scenario, there exist the beam indication of both inter-cell beam management and inter-cell mobility:
· The beam indication on UE-specific PDCCH/PDSCH, PUSCH and PUCCH is conducted through the function of inter-cell beam management.
· The beam indication of the function of inter-cell mobility. The TCI state in this beam indication shall be applied to at least UE-common PDCCH/PDSCH.
Therefore, we shall consider the issue of how to deal with these two types of beam indication. For this issue, we have two different alternatives:
· Alt1: the beam indication of inter-cell mobility can over-ride the beam indication of inter-cell beam management. In other word, the TCI state indicated for inter-cell mobility shall be applied to UE-specific PDCCH/PDSCH, PUSCH and PUCCH. In the example of Fig.1, the UE is connected to Cell 1 at first. Through inter-cell beam management, the UE applies TCI states of Cell 3 on the UE-specific PDCCH/PDSCH, PUSCH and PUCCH, i.e., the UE receives/transmits the UE-specific PDCCH/PDSCH, PUSCH and PUCCH from/to the TRP if Cell 3. When the UE handovers to Cell 2 and the UE is indicated with a TCI state associated with the Cell 2, the UE would apply the indicated TCI state associated with the Cell 2 on both UE-common PDCCH/PDSCH and UE-specific PDSCH/PDCCH, PUSCH and PUCCH. With this alterative, the beam indication of inter-cell mobility would switch the TCI state on UE-specific PDCCH/PDSCH, PUSCH and PUCCH.
· Alt 2: the beam indication of inter-cell mobility and the beam indication of inter-cell beam management are operated independently and separately.  The beam indication of inter-cell mobility does not impact the beam indication of inter-cell beam management. The TCI state indicated for inter-cell mobility is only applied to UE-common PDCCH/PDSCH, but not on UE-specific PDCCH/PDSCH, PUSCH and PUCCH. In the example of Fig.1, the UE is connected to Cell 1 at first. Through inter-cell beam management, the UE applies TCI states of Cell 3 on the UE-specific PDCCH/PDSCH, PUSCH and PUCCH, i.e., the UE receives/transmits the UE-specific PDCCH/PDSCH, PUSCH and PUCCH from/to the TRP if Cell 3. When the UE handovers to Cell 2 and the UE is indicated with a TCI state associated with the Cell 2, the UE would apply the indicated TCI state associated with the Cell 2 only on UE-common PDCCH/PDSCH. The TCI state(s) for UE-specific PDSCH/PDCCH, PUSCH and PUCCH are still indicated by the signaling of inter-cell beam management. 
In our view, the Alt 2 shall be supported because it can support the co-existing of both functions. The L1/L2 based inter-cell mobility shall not impact the operation of inter-cell beam management.
[image: ]
Figure 1 Co-existing of inter-cell beam management and L1/L2 based inter-cell mobility

[bookmark: _Hlk114598808]Proposal 12: The beam indication shall support the coexist of the operations of inter-cell beam management and L1/L2 based inter-cell mobility:
· The TCI state(s) indicated through inter-cell beam management is applied to UE-specific PDCCH/PDSCH, PUSCH and PUCCH, as specified in Rel-17
· The TCI state indicated in inter-cell mobility is applied to UE-common PDCCH/PDSCH.
4. Conclusions
In this contribution, we presented our views on beam management for L1/L2-based inter-cell mobility. Accordingly, the following proposals were made:
Proposal 1: Support L1-RSRP measurement and reporting of CSI-RS of candidate cells for LTM. 
Proposal 2: Supported filtered L1-RSRP measurement of candidate cell for LTM.
Proposal 3: Support SMTC and measurement gap for L1-RSRP measurement of candidate cell for LTM.
Proposal 4: Support L1/L2-based measurement gap activation for L1 measurement of candidate cells for LTM.
Proposal 5: Support 2-part UCI for L1 measurement reporting of candidate cells for LTM.
Proposal 6: Support UE-initiated reporting of L1 measurement of candidate cells for L1/L2 mobility.
Proposal 7: For UE-initiated reporting of L1 measurement of candidate cells for L1/L2 mobility:
· The report is carried in MAC CE.
· The UE event is defined as the L1-RSRP of candidate cell beam is better than some threshold or offset better than the serving cell.
· The UE shall report the indicator of candidate cell, indicator of reported beam and corresponding L1-RSRP measurement.
· The report is sent to the serving cell.
Proposal 8: DL synchronization for candidate cells before cell switch command is UE capability and the UE reports the maximal number of candidate cells that the UE is capable of doing DL synchronization before cell switch command.
Proposal 9: When the number of configured candidate cells for LTM is larger than UE capability, the gNB shall indicate the candidate cell(s) that the UE shall do DL synchronization to before cell switch command.
Proposal 10: For beam indication timing for Rel-18 LTM, do not support Scenarios 1 and 3.
Proposal 11: One joint TCI state of target cell or one pair of DL TCI state and UL TCI state of target cell are indicated in the cell switch MAC CE command.
Proposal 12: The beam indication shall support the coexist of the operations of inter-cell beam management and L1/L2 based inter-cell mobility:
· The TCI state(s) indicated through inter-cell beam management is applied to UE-specific PDCCH/PDSCH, PUSCH and PUCCH, as specified in Rel-17
· The TCI state indicated in inter-cell mobility is applied to UE-common PDCCH/PDSCH.
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