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1 Introduction

In RAN1#114 meeting [1], the following agreements were achieved for L1/L2 based inter-cell mobility. But there are still some issues and unclear behaviors if the agreements are followed.

	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

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




In this contribution, we provide our views on the remaining issue on L1 enhancements for inter cell beam management.

2 Discussion
In the last meeting, it was agreed that the beam indication field should be always in the cell switching command. But the UE behaviors in the RACH-based scenario after cell switching command needs further clarification. 

	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 the RACH less HO scenario, the UE can follow the beam indication in the cell switch command for further scheduling from the target cell. Both uplink or downlink transmission can follow gNB’s scheduling. And the UE can detect the PDCCH following the beam indication in the cell switch command. But in the RACH based scenario for cell switching, when the UE has not acquired the TA for the uplink transmission, two cases would happen. One is that due to lack of the uplink TA information, a UE oriented RACH procedure, i.e. CBRA would be triggered by the UE. In the legacy behavior, the beam direction for UE oriented random access or PRACH transmission should follow UE’s determination after the detection of the SSBs. For this case, UE should follow the same behavior for the PRACH transmission. Though UE have received the beam indication within the cell switching command, the UE can trigger a CBRA either to the target cell as indicated in the cell switching command or to the other candidate cells. The other case is that, when the UE has received cell switching command but without indicated TA, the target cell can trigger a PDCCH order RACH for the UE to acquire TA. The UE can monitor the PDCCH following the indicated beam in the cell switch command. 
Observation 1:

Two cases would happen after the UE received the cell switching command in the RACH-based handover scenarios

· A UE oriented PRACH transmission, e.g. CBRA, triggered by UE for TA acquisition after cell switching. 

· A target cell triggered PDCCH ordered PRACH would happen after the cell switching.
Proposal 1:
When a UE oriented PRACH transmission happened after cell switching, the beam direction of PRACH transmission should depends on UE’s decision.

Proposal 2:

If a PDCCH ordered RACH is triggered by the target cell, the UE should follow the indication from the PDCCH for the PRACH transmission. The UE should follow the beam indication for the PDCCH monitoring. 
In addition, as it was concluded in RAN2 that [2]
	· Will have CFRA resource related information field in LTM cell switch MAC CE (unless serious issues are found). 



The CFRA resource related information field is included in LTM cell switch MAC CE. If the PDCCH ordered PRACH transmission can be triggered in the LTM cell switch command, the UE can use the indicated beam for the PRACH transmission to the target cell.
Proposal 3:

If the PDCCH ordered PRACH transmission can be triggered in the LTM cell switch command, the UE can use the indicated beam for the PRACH transmission to the target cell.
	Agreement
· TCI state activation by MAC CE before cell switch command for one or more than one candidate cells is allowed




It was agreed that the TCI states from more than one candidate cell can be activated. During the meeting, the UE behavior for the activated TCI states after cell switching was discussed but no conclusion was achieved. Since the cell switching command will indicate the target cell to the UE. It is feasible and efficient that the UE only monitor the TCI states from the target cell and drop or not track the other TCI states from the other cells. There is no need for UE to drop all the TCI states except the one indicated in the cell switching command. 
Proposal 4:

The UE can still track the activated TCI states from the serving cell and drop the TCI states from other cells. 
2.1 Beam measurement 
	Agreement (113)
For the configuration of SSB based L1-RSRP measurement, 

· periodicity of SSB, SSB position in burst are provided as time domain information for intra- and inter- frequency




Both intra-frequency and inter-frequency have been supported for L1/L2 mobility from RAN1 point of view. For L1 measurement, it has been agreed to use SSB as the measurement RS and L1-RSRP was supported. During the RAN plenary meeting, the WID was down scoped with only SSB based L1 measurement is supported. Whether to support the L1-SINR based on SSBs are still open. Compared with L1-RSRP, L1-SINR can provide additional information about the interference level, which is also useful for gNB to make the cell switching decision.
Proposal 5: 
For candidate cell measurement for Rel-18 LTM, support L1-SINR as report quantity.

2.2 Beam indication
For the mTRP scenario, whether to support the multiple TRP scenario was discussed online. From our perspective, the working group should firstly define a basic framework and functions for the LTM and then move to other more complicated scenarios. From this point, the multiple TRP scenario is not urgent at this phase. On the other side, the multiple TRPs are still under one certain cell. The UE can determine which cell to be switched to according to the cell switch command and then determine which specific TRP to be accessed based on the beam indication. In addition, UE has to take the L1 measurement based on SSBs. Once multiple SSBs are sent from different TRPs, serving cell can decide which TRPs for UE to access based on the SSB L1-RSRP. It seems whether the candidate cell has one TRP or multiple TRPs is transparent to the UE and serving cells. It should be further clarified the motivation to support multiple TRPs in LTM.
Proposal 6: 

It should be further clarified the motivation to support multiple TRPs in LTM.
In the previous meeting, details about the beam indication were discussed. And some proposals from FL were discussed but without conclusions. 
	Agreement（113）

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. [image: image2.png]subframe.
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 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
Cell switching time, which is defined by RAN2 and RAN4, may or may not include the potential components of beam application time above. 

Send an LS to RAN2 and RAN4 to ask their feedback.




The beam application time is supported for Rel-18 LTM. But the reference SCS is still open. The beam application time could be based on serving cell’s reference SCS, since before the beam indication and cell switching command UE is working under the serving cell. And another option could be considering the minimum value of the SCS of serving cell and candidate cell as reference SCS.

Proposal 7:

Two options can be considered for the reference SCS for beam application time. 

· Option 1: serving cell SCS

· Option 2: the minimum value of the SCS of serving cell and the target cell.
2.3 DL synchronization to candidate cell(s)

The DL synchronization to the candidate cell(s) was discussed in the last meeting. There was no consensus due to that the group have different understanding about the basic assumptions and the working procedures. 
	[RAN1#112bis-e]
FL Proposal 1: For DL synchronization timing when Rel-17 unified TCI is used for LTM beam indication:

Two-step timing DL synchronization procedure is defined:
· Step 1: UE maintains DL synchronization (to find frame boundary and for TA management) with SSB [after L1 measurement]
· Total number of SSBs and candidate cells in step 1 is a UE capability 

· Details of the UE capability will be handled during UE capability session

· FFS: how and when candidate cells and SSB in candidate cell are determined

· FFS: Timing of Step 1 synchronization

· E.g., after L1 measurement

· Step 1 does not imply UE will derive QCL-TypeA properties from the SSBs used for L1 measurement.

· Step 2: UE starts DL synchronization for PDSCH/PDCCH reception with the QCL source of the activated TCI states 

· Total number activated TCI states and/or QCL sources used in Step 2 is a UE capability

· Details of the UE capability will be handled during UE capability session

· FFS: scenarios where Step 2 is applicable

· FFS: how the TCI state(s) are activated

· FFS: QCL source and QCL type details.

· FFS: When DL synchronization for PDSCH/PDCCH reception is complete

[Conclusion at RAN1#112]

The following FL proposal was made and discussed:

· Companies are encouraged to study the following aspects related to the DL synchronization and TCI state activation when Rel-17 unified TCI is used for LTM beam indication:

· Timing to perform DL synchronization

· Alt.1 Two-step DL synchronization procedure

· UE maintains DL synchronization (to find frame boundary and for TA management) with SSB after L1 measurement and then

· gNB activates TCI state(s), and then the UE starts DL synchronization (for PDSCH/PDCCH reception) with the QCL source of the TCI states

· Alt.2-1 One-step DL synchronization procedure

· UE maintains DL synchronization with SSB after L1 measurement

· Alt.2-2 One-step DL synchronization procedure

· gNB activates TCI state(s), and then UE starts DL synchronization with the QCL source of the TCI states

· Necessity for DL synchronization for TA: whether and how DL synchronized is performed before TA 

· Applicability of CSI-RS (if agreed) in addition to SSB

· RAN1 spec impact (UE capability, configuration, activation etc)

· Timing of TCI state activation, i.e. whether TCI state activation is performed before TCI state indication or together with TCI state indication. 




It was agreed that at least the TCI state activation of a candidate cell is received before the reception of beam indication of the candidate cells. With this agreement, the DL synchronization procedure seems more clear.
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Figure 1 The assumed procedure of DL synchronization and LTM
With the TCI state activation, the Step 2 (of the 2-step Sync) is more feasible. With that, the UE can focus on at least one of the candidate cells for DL synchronization. If the UE lose the DL synchronization with the candidate cell during the measurement procedure, it can re-acquire the DL synchronization. Whether the UE can maintain the DL synchronization is not that important. As illustrated in the step 2 of the Figure 1, the Step 1(of the 2-step sync) for DL synchronization is only useful for the L1 measurement and reporting.
With the above understanding, both Alt1 2 step DL sync procedure and the Alt 2-2 from the RAN1#112 conclusion can work. The difference between Alt 2-2 and Alt 1 is that in Alt 2-2 UE are mandated to perform the DL synchronization after the TCI state activation which seems not necessary. If the UE can acquire and maintain the DL sync during the L1 measurement, it does not need to perform the DL synchronization after the TCI activation again.

Observation 2:
Both Alt1 2 step DL sync procedure and the Alt 2-2 from the RAN1#112 conclusion can work.
· Alt.1 Two-step DL synchronization procedure

· UE maintains DL synchronization (to find frame boundary and for TA management) with SSB after L1 measurement and then

· gNB activates TCI state(s), and then the UE starts DL synchronization (for PDSCH/PDCCH reception) with the QCL source of the TCI states

· Alt.2-2 One-step DL synchronization procedure

· gNB activates TCI state(s), and then UE starts DL synchronization with the QCL source of the TCI states

In summary, after the L1 measurement, UE can maintain DL synchronization. But how many candidate cells and how long can UE maintain DL synchronization depends on UE’s capabilities or implementation. After the TCI activations, whether UE need to perform DL synchronization depends on UE’s implementation. 

Proposal 8:

After the L1 measurement, UE can maintain DL synchronization. But how many candidate cells and how long can UE maintain DL synchronization depends on UE’s capabilities or implementation.
Proposal 9:
After the TCI activations, whether UE need to perform DL synchronization depends on UE’s implementation.
Proposal 10:
2-step DL synchronization for LTM can be supported.
· Step 1: UE maintains DL synchronization after L1 measurement.
· Step 2: UE starts to acquire QCL information for PDSCH/PDCCH reception based on the activated TCI states.

3 Conclusion

In this contribution, we provide our views on the remaining issue on L1 enhancements for inter cell beam management. The observations and proposals are summarised as follows.
Observation 1:

Two cases would happen after the UE received the cell switching command in the RACH-based handover scenarios

· A UE oriented PRACH transmission, e.g. CBRA, triggered by UE for TA acquisition after cell switching. 

· A target cell triggered PDCCH ordered PRACH would happen after the cell switching.
Observation 2:
Both Alt1 2 step DL sync procedure and the Alt 2-2 from the RAN1#112 conclusion can work.

· Alt.1 Two-step DL synchronization procedure

· UE maintains DL synchronization (to find frame boundary and for TA management) with SSB after L1 measurement and then

· gNB activates TCI state(s), and then the UE starts DL synchronization (for PDSCH/PDCCH reception) with the QCL source of the TCI states

· Alt.2-2 One-step DL synchronization procedure

· gNB activates TCI state(s), and then UE starts DL synchronization with the QCL source of the TCI states

Proposal 1:

When a UE oriented PRACH transmission happened after cell switching, the beam direction of PRACH transmission should depends on UE’s decision.

Proposal 2:

If a PDCCH ordered RACH is triggered by the target cell, the UE should follow the indication from the PDCCH for the PRACH transmission. The UE should follow the beam indication for the PDCCH monitoring. 

Proposal 3:

If the PDCCH ordered PRACH transmission can be triggered in the LTM cell switch command, the UE can use the indicated beam for the PRACH transmission to the target cell.
Proposal 4:

The UE can still track the activated TCI states from the serving cell and drop the TCI states from other cells. 
Proposal 5: 

For candidate cell measurement for Rel-18 LTM, support L1-SINR as report quantity.

Proposal 6: 

It should be further clarified the motivation to support multiple TRPs in LTM.

Proposal 7:

Two options can be considered for the reference SCS for beam application time. 

· Option 1: serving cell SCS

· Option 2: the minimum value of the SCS of serving cell and the target cell.
Proposal 8:

After the L1 measurement, UE can maintain DL synchronization. But how many candidate cells and how long can UE maintain DL synchronization depends on UE’s capabilities or implementation.

Proposal 9:
After the TCI activations, whether UE need to perform DL synchronization depends on UE’s implementation.

Proposal 10:
2-step DL synchronization for LTM can be supported.

· Step 1: UE maintains DL synchronization after L1 measurement.

· Step 2: UE starts to acquire QCL information for PDSCH/PDCCH reception based on the activated TCI states.
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