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Introduction
In Rel-18 work item “Further NR mobility enhancements”, supporting L1L2-triggered mobility (LTM) is one of the topics. The goal of LTM is to enable a serving cell change via L1/L2 signalling in order to reduce the latency, overhead and interruption time.
RAN1 has completed its work by the RAN1#114 [1]. However, there are still some remaining issues to be addressed in the maintenance phase. We address some remaining issues as captured in Feature Lead (FL) summary from previous meeting [2].   
Discussion
On scenario 3 (beam indication after cell switch command)
In previous meeting, the following is concluded:
	Conclusion 
· No specific specification change in RAN1 is pursued for scenario 3 for LTM (i.e. Beam indication after cell switch command) 



The discussion stemmed mainly from the two questions:
· Whether scenario 3 is supported or not in Rel-18
· If supported, whether beam indication field in cell switch command needs to be present or not for scenario 3. 
The above conclusion did not provide any answer. We propose the following:
Proposal 1. Scenario 3 for LTM (i.e. beam indication after cell switch command) is supported in Rel-18
· Beam indication field in the cell switch command is absent for scenario 3.

Beam indication
One open issue that has been discussed by previous two meetings is, for the RACH-based cell switch, whether or not UE should follow the indicated TCI state in the cell switch command. Note that in legacy handover, it is the UE who determines the SSB beam and then select the corresponding RACH occasion to send PRACH. On the other hand, for LTM, it has been agreed that TCI state indication would be always present in the cell switch command regardless of RACH-less or RACH-based cell switch. Then UE behavior needs to be clarified.
The following options have been identified in the previous meeting. See FL summary [2].
	[FL Proposal 5-4-1a-v4]
· In Rel-18 LTM and when TCI-state field is included in the cell switch command, for the scenario where the UE needs to perform RACH-based LTM after receiving cell switch command,
· Opt.1: During and after RACH procedure until a new TCI state is indicated by the target cell, a UE follows the indicated TCI-state in the cell switch command. 
· Opt.2: During and after RACH procedure until a new TCI state is indicated by the target cell, a UE follows the SSB identified during a recent RACH procedure. 
· Opt.3: During RACH procedure, a UE follows the SSB identified during a recent RACH procedure.
· After RACH procedure until a new TCI state is indicated by the target cell, a UE follows the indicated TCI-state in the cell switch command
· Opt.4: CFRA with Opt.1 and CBRA with Opt.2. 
· Opt.5: During RACH procedure, a UE follows the SSB of the indicated TCI-state in the cell switch command. 
· After RACH procedure until a new TCI state is indicated by the target cell, a UE follows the indicated TCI-state in the cell switch command


  
Option 1 is intended to be a simple solution to align the UE behavior for RACH-less and RACH-based cell switch, in the sense that as long as the beam is indicated in the cell switch command, UE would follow the indicated beam. However, in the discussion, two issues have been brought out by companies for this option:
· Issue 1: TCI state indicated in the cell switch command can be associated with a TRS (Note that we have an agreement that TRS can be configured in TCI state of candidate cells and it is up to UE capability to use it before/during cell switch). It is unclear how UE could perform RACH based on a TRS beam.  
· Issue 2: For CBRA, it seems more natural to let UE choose the PRACH beam instead of following the indicated one in cell switch command.
Option 5 is trying to resolve the above issue 1, meaning that the root QCL source (which is a SSB) is used for RACH procedure. After RACH procedure, UE then follows the TRS associated with the previously indicated TCI state in the cell switch command. However, it does not resolve issue 2.
Option 4, on the other hand, is trying to resolve issue 2. But having two different solutions for CFRA and CBRA is not preferable in our opinion.
With the above analysis, the options to be considered remains Option 2 and Option 3. Both options suggest to follow the legacy SSB beam determination in RACH procedure. The difference is that, Option 3 further suggests to use the indicated TCI state after RACH is completed. This seems to make sense, considering that the indicated beam could be narrow beam such as TRS that could be more suitable for data transmission. If Option 2 is taken, it means that UE would completely ignore the beam indicated in the cell switch command in case of RACH-based cell switch. This seems contradict to making the field mandatory for both RACH-based and RACH-less cell switch.
Proposal 2. In R18 LTM and when beam is indicated together with cell switch command, for the scenario where the UE needs to perform RACH-based handover after receiving cell switch command, Opt. 3 is selected:
·  Opt.3: During RACH procedure, a UE follows the SSB identified during a recent RACH procedure.
· After RACH procedure until a new TCI state is indicated by the target cell, a UE follows the indicated TCI-state in the cell switch command.
Another open issue for beam indication is, which TCI state pool the TCI state indicated in the cell switch command refers to: LTM TCI state configured under LTM-Candidate-r18 or TCI state configured under target cell’s ServingCellConfig. 
The proponents of indicating TCI state from target cell’s ServingCellConfig have the mindset of separating the functionality between LTM TCI states from that of beam management (BM) TCI states. Then the argument is that, the LTM TCI states configured under LTM-Candidate-r18 is for pre-sync before cell switch, and the TCI state indicated in the cell switch command is for BM in the target cell once the cell switch is completed. So it should refer to the TCI states configured inside the target cell configuration, i.e. under ServingCellConfig. 
Although we support the view of separating the functionality between LTM TCI states and BM TCI states, we would like to point out that the cell switch command is sent from serving DU to the UE, where the serving DU knows the LTM-Candidate-r18 (but not ServingCellConfig) configuration according to RAN3. The ServingCellConfig is encapsulated in a container passing from target DU to the UE and transparent to the serving DU. Therefore, serving DU cannot indicate a TCI state inside ServingCellConfig (at least directly). 
There were some proposals in the previous meeting to define some mapping rules between two TCI state pools. For example, if one TCI state of LTM pool (i.e. configured under LTM-Candidate-r18) is indicated in the cell switch command, it means the same ID in the BM TCI state pool (i.e. configured under ServingCellConfig) would be used in the target cell after cell switch. From our opinion, this works only if the TCI states with the same ID in two pools have the same configuration. Otherwise, UE needs to change to an “unknown” beam immediately after cell switch, which does not make sense. The BM TCI state with the same ID as LTM TCI state is unknown to UE because UE only measures and tracks the LTM TCI state before the cell switch. On the other hand, it becomes unnecessarily restrictive if two TCI state pools need to be identical. 
Alternatively, instead of introducing any mapping between two pools, the LTM TCI state indicated in the cell switch command would be used in the target cell after cell switch temporally, without mapping to any TCI state configured inside ServingCellConfg of the target cell. Such temporal beam usage will end until a new BM TCI state in the target cell (i.e. current new serving cell) is indicated by legacy MAC CE and PDCCH signaling.  
The following proposal summarizes the discussion above.
Proposal 3. For the TCI state indication in the cell switch command, 
· It is associated with the LTM TCI state pool of the target cell, i.e. configured under LTM-Candidate-r18
· UE uses the indicated TCI state in the cell switch command until a TCI state in the new serving cell is indicated.


Retaining activated TCI states after cell switch
In the previous meeting, it has been intensively discussed whether or not to retain the previously activated TCI states. No consensus has been achieved. In order not to repeat the same discussion in this meeting, we propose to take the simplest operation as the basic UE capability: to drop all previously activated LTM TCI states except the one in the cell switch command (that would be used in the new serving cell). 

More capable UE can retain more activated TCI states. As a separate UE capability, previously activated LTM TCI states for candidate cells can be retained. This is beneficial for the subsequent LTM cell switch. In this sense, there is no need to distinguish between the target cell and other candidate cells, because the target cell could become candidate cell again in the future after subsequent cell switch. As another UE capability, UE retains previously activated LTM TCI states only for the target cell. They would be used for BM after cell switch.   

Proposal 4. Following UE capabilities are defined to handle the previously activated TCI states after a LTM cell switch
· Type 1: UE deactivates all activated LTM TCI states other than the one indicated in cell switch command (basic UE capability)
· Type 2: UE retains the activated LTM TCI states only for the target cell 
· Type 3: UE retains the activated LTM TCI states for all candidate cells  

  
Conclusion
In this paper, we have discussed some remaining issues for L1 enhancement for LTM. The proposals are as follows.
Proposal 1. Scenario 3 for LTM (i.e. beam indication after cell switch command) is supported in Rel-18
· Beam indication field in the cell switch command is absent for scenario 3.
Proposal 2. In R18 LTM and when beam is indicated together with cell switch command, for the scenario where the UE needs to perform RACH-based handover after receiving cell switch command, Opt. 3 is selected:
·  Opt.3: During RACH procedure, a UE follows the SSB identified during a recent RACH procedure.
· After RACH procedure until a new TCI state is indicated by the target cell, a UE follows the indicated TCI-state in the cell switch command.
Proposal 3. For the TCI state indication in the cell switch command, 
· It is associated with the LTM TCI state pool of the target cell, i.e. configured under LTM-Candidate-r18
· UE uses the indicated TCI state in the cell switch command until a TCI state in the new serving cell is indicated.
Proposal 4. Following UE capabilities are defined to handle the previously activated TCI states after a LTM cell switch
· Type 1: UE deactivates all activated LTM TCI states other than the one indicated in cell switch command (basic UE capability)
· Type 2: UE retains the activated LTM TCI states only for the target cell 
· Type 3: UE retains the activated LTM TCI states for all candidate cells  
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