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1. Introduction
[bookmark: _Hlk30969022]The Rel-18 WID on further NR mobility enhancement [1] includes the following RAN1-centric objectives of L1 enhancements for inter-cell beam management and timing advance management. In this contribution, we will discuss a few remaining issues related with beam measurement/reporting and beam indication for LTM.
2. Discussions
[bookmark: _Hlk126100152]Before cell switch, the system can activate one or more TCI states of candidate cells. One remaining issue is whether those TCI states shall be deactivated after the UE switches to the target cell. The gNB can use MAC CE to activate one or more TCI states for LTM of candidate cells. Once activated, the UE is supposed to track those TCI states. Once the UE receives the cell switch command and switch to the target cell, the UE should not continue tracking those TCI states. The reasons are:
· The TCI state for LTM activation is only for the cell switch. After the UE switches to the target cell, the procedure for LTM shall be reset and the previous activation shall be flushed.
· The activation command could activate TCI state(s) of the target cell and also TCI state(s) of candidate cells other than the target cell. After UE switches to the target cell, the activated TCI states of other candidate cells would be useless and thus the UE can stop track them. 
· About the active TCI states of the target cell, after the UE switches to the target cell, the beam indication is back to general intra-cell beam management. The serving gNB would send MAC CE to activate TCI states that will be indicated by DCI beam indication and map them to the DCI codepoints.
[bookmark: _Hlk142250342]Proposal 1: After the LTM cell switch command, the UE shall assume the activated TCI states of candidate cells other than the TCI state indicated in cell switch command are deactivated.
Another pending issues is the beam application time for TCI state indicated in the MAC-CE cell switch command:
	Agreement
For the beam application time for Rel-18 LTM,
· Beam application time is supported, and starts after the last symbol of the PUCCH or PUSCH carrying the HARQ-ACK for the PDSCH which carries MAC-CE containing cell switch command with the beam indication for the target cell(s)
· FFS: reference SCS, i.e. serving cell and/or target cell
· At least the following components are further studied to define the beam application time
· Whether TCI state activation is received before/together with cell switch command
· Legacy values, i.e.  and BeamAppTime-r17
· RF retuning time when inter-frequency switch is performed, which is up to RAN4
· Whether the target cell is one of the current serving cells


To consider the beam application time for LTM, we shall first consider the whole procedure of LTM mobility latency. The TCI state(s) indicated in cell switch command are applied on the first DL/UL reception/transmission in the target cell. The components of LTM mobility latency are:
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Figure 1: LTM latency components
As shown in the figure, the indicated TCI state(s) shall be applied to the first DL reception and UL transmission in the new target cell.  We might meet various scenarios for the latency between the first DL/UL reception/transmission and the LTM cell switch command:
· Case 1: the UE achieves DL and UL synchronization to the target cell before the cell switch command. Thus, the latency between the cell switch command and the first data in new cell is Tcmd+Tprocessing,2, which includes the time for processing the LTM cell switch MAC CE command and time for UE processing after cell switch command, which may include the L2/L3 reconfiguration, RF tuning, baseband retuning, security check, etc.
· Case 2: the UE achieves DL synchronization of the target cell before the cell switch command. The latency between cell switch command and the first data is Tcmd+Tprocessing,2+ Tsearch+ TΔ +Tmargin.
· Case 3: the UE needs to conduct both DL synchronization and UL synchronization of the target cell. The latency between the cell switch command and the first data in the new cell would be: Tcmd+Tprocessing,2+ DL synchronization time + UL synchronization time.
In either of those scenarios, the TCI state indicated in the MAC CE cell switch command shall be applied to the first data in the new cell. Defining a application time seems not needed since the latency in either scenarios would be sufficient for beam application.
[bookmark: _Hlk146739988]Proposal 2: There is no need to define the beam application time for TCI state indicated in MAC CE cell switch command of LTM.
[bookmark: _Hlk146739992]Proposal 3: The TCI state(s) indicated in the MAC CE cell switch command shall be applied starting from the first slot containing the first DL reception/ UL transmission in the new cell.
One pending issue is the UE behavior for beam indication field in case of RACH-based handover:
	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


In LTM, RACH-based handover happens when the UL synchronization is not obtained and the MAC CE cell switch command does not indicate a valid TA value. The purpose of the RACH is to obtain the UL synchronization.  Even with RACH-based handover, the TCI state(s) indicated in the cell switch command is still valid TCI state(s) for the new cell. Thus, the UE shall apply those TCI states in the new cell after the RACH procedure is finished.
[bookmark: _Hlk146739997]Proposal 4: In RACH-based handover, the UE shall apply the TCI state(s) indicated in the MAC CE cell switch command after the RACH procedure is finished.
The beam indication of LTM for the mTRP case is still a pending issue:
	Agreement
· At least for Rel-17 unified TCI framework based beam indication included in cell switch command (i.e. scenario 2), beam indication applies to signals/channels that follow or are configured to follow Rel-17 unified TCI at the target cell(s) 
· FFS: beam indication for mTRP case


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.2 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.
[bookmark: _Hlk134732329][bookmark: _Hlk114598808][bookmark: _Hlk146740004]Proposal 5: For the beam indication of LTM in the case of inter-cell mTRP:
· 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(s) indicated in MAC CE cell switch command is only applied to UE-common PDCCH/PDSCH.
It was agreed that TRS of candidate cell can be configured in the TCI state before/during LTM:
	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


Whether/how to track one LTM TCI state with TRS of candidate cell is remaining issue. In our view, the UE should not be requested to track or measure any TRS of one candidate cell before the UE switch to that cell. In case one TCI state with TRS of candidate cell is activated before LTM, the UE can measure/track the SSB that is the QCL source of that TRS.
[bookmark: _Hlk146740009]Proposal 6: For a TCI state with TRS of candidate cell before/during cell switch command, the UE may measure the SSB that is the QCL source of that TRS for tracking the TCI state.
3. Conclusion
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: After the LTM cell switch command, the UE shall assume the activated TCI states of candidate cells other than the TCI state indicated in cell switch command are deactivated.
Proposal 2: There is no need to define the beam application time for TCI state indicated in MAC CE cell switch command of LTM.
Proposal 3: The TCI state(s) indicated in the MAC CE cell switch command shall be applied starting from the first slot containing the first DL reception/ UL transmission in the new cell.
Proposal 4: In RACH-based handover, the UE shall apply the TCI state(s) indicated in the MAC CE cell switch command after the RACH procedure is finished.
Proposal 5: For the beam indication of LTM in the case of inter-cell mTRP:
· 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(s) indicated in MAC CE cell switch command is only applied to UE-common PDCCH/PDSCH.
Proposal 6: For a TCI state with TRS of candidate cell before/during cell switch command, the UE may measure the SSB that is the QCL source of that TRS for tracking the TCI state.
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