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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.
In previous RAN1 meeting, some progress has been achieved regarding the L1 measurement configurations and beam indication. Some other topics have been discussed but no consensus. The discussion is captured in Feature Lead (FL) summary [1].   
In this paper, we provide our views on some remaining issues in [1]. 
Discussion
L1 measurement and reporting
The following is the offline consensus in previous meeting:
	Offline consensus in RAN1#112:
· For L1 measurement reporting for LTM,
· At maximum [4] beams (4 is a starting point, FFS: the values and UE capabilities) from candidate cell(s) [and serving cells] configured for measurement & reporting can be reported in a single report instance
· FFS whether the configured candidate cell(s) can be activated
· FFS how to choose the beams to be reported from multiple candidate cells, e.g. from all configured/activated candidate cells, from each candidate cell, from each group of candidate cells, from selected candidate cells 
· [Additionally/At least]1 beam from the serving cell is included in the report instance
· FFS: always included or depending on the gNB configuration



In the offline discussion, it was pointed out that the blue highlighted part is the most important issue, and the agreement on the numbers such as 4 beams, is meaningless without knowing how to choose the beams to be reported. Therefore, Feature Lead suggests to firstly resolve the blue highlighted part in this meeting (RAN#112bis-e).
We discuss these two FFS points separately below:
· FFS whether the configured candidate cell(s) can be activated
One motivation to introduce activation/deactivation of candidate cells comes from the limitation on the number of beams that UE is able to simultaneously measure. Although such capability discussion has not started yet for Rel-18 UE supporting LTM, we can obtain some insights by examining the existing Rel-15/16/17 UE beam measurement capability. 
For Rel-15/16, beam management can only be done within serving cells. The basic UE is mandatorily required to be able to measure 8 number of SSB/CSI-RS (one-port) per slot across all serving cells in total. (see 38.306 for the parameter maxNumberSSB-CSI-RS-ResourceOneTx, and also NR UE FG 2-24). Advanced UE can report other values such as 16,32,64. (see NR UE FG 2-24). On the other hand, inter-cell beam management (ICBM) has been introduced in Rel-17. For Rel-17 UE supporting ICBM (optional feature by itself), the maximum number of SSB resources configured to measure L1-RSRP within a slot with PCI(s) same as or different from serving cell PCI across all CC can be {1,2,4,8}. (see NR UE FG 23-1-2).

For Rel-18 UE supporting LTM, capability of Rel-17 ICBM can be a starting point. It can be debated whether the minimum requirement is 1 SSB measurement per slot for both serving cell and candidate cell, or 1 SSB for serving cell and 1 for candidate cell (i.e. minimum is 2). Some companies have been proposing that the L1 measurement report for LTM always includes one measurement from serving cell. If this is the case, minimum 2 (or larger) SSB measurement per slot needs to be supported. Higher capability can be further discussed, but it is not expected a dramatic increase in the capability for Rel-18 UE supporting LTM from the UE complexity and power consumption point of view. Note that measurement can be dominant part of the power consumption when longer DRX periodicity is configured.

Regarding the number of configured LTM candidate cells by RRC, it is reasonable to have more than one to avoid frequent RRC reconfiguration. If the number of candidate cells is 4, or 8, it seems already reasonable to introduce activation/deactivation of candidate cell to reduce the UE burden, seeing the UE capability of ICBM. 
For the signaling aspect, MAC CE is preferred because of shorter latency than RRC and being less costly than DCI. 
Observation 1: Candidate cell activation/deactivation by MAC CE can avoid frequent RRC reconfiguration and at the same time cope with the UE capability to perform L1 measurement.
If activation/deactivation of candidate cells is introduced, UE behavior needs to be clearly defined. There could be the following different options:
Option 1: A candidate cell can either be activated or deactivated (i.e. two states)
In this option, UE is only required to measure the activated candidate cells. In other words, UE is not required to measure any RRC-configured L1 measurement object in the deactivated candidate cells. In the activated cells, what beams to measure depends on the RRC configuration, which is an ongoing discussion on L1 measurement configuration. For example, the RRC configuration may indicate exactly which SSB(s) of which cell(s) for UE to measure (e.g. providing PCI, SSB periodicity and position in burst), or indicate UE to do autonomous detection with no/minimum information regarding SSB to measure. 
Further, for the activated candidate cell, UE should maintain tracking for at least one of the SSB beams. The “tracking” means that UE constantly performs DL synchronization to the SSB beam, including e.g. obtaining DL timing reference, adjusting the spatial filter for DL reception, such that the UE is ready for the reception of DL control and data channel using the tracked SSB beam. However, it is up to UE to select the suitable beam for tracking, because UE has better knowledge.  
Option 2: A candidate cell can be activated, deactivated, or neither activated nor deactivated (i.e. three states)   
In this option, UE is not required to measure deactivated cells, which is the same as option 1. On the other hand, UE can measure and report both activated cells and neither-activated-nor-deactivated cells. The difference between these two states is that, for the activated cell, UE needs to maintain tracking of at least one SSB beam (up to UE selection). But for the neither-activated-nor-deactivated cells, UE does not need to maintain tracking. 
Compared to option 1, option 2 allows UE to measure and report a cell that is not limited to activated cell (i.e. neither-activated-nor-deactivated). This provides more efficiency for UE’s autonomous SSB detection.
Therefore, we propose to study the above two options. We summarize the options into the following proposal.
Proposal 1: RAN1 to further discuss following options for candidate cell activation/deactivation by MAC CE.
	
	Activated candidate cell
	Deactivated candidate cell
	Cells neither activated nor deactivated

	Option 1
	· UE measures RRC-configured L1 measurement objects
· UE maintains tracking of at least one SSB (up to UE selection)
	· UE is not required to measure any RRC-configured L1 measurement objects

	·  Not applicable 

	Option 2
	· same as Option 1
	· same as Option 1
	· UE measures RRC-configured L1 measurement objects


 
· FFS how to choose the beams to be reported from multiple candidate cells, e.g. from all configured/activated candidate cells, from each candidate cell, from each group of candidate cells, from selected candidate cells 
For the reporting, we think it is better to give some degree of freedom to UE, similar to L3 reporting. For example, it is not efficient and not required for UE to report all configured/activated candidate cells. One way is that UE can report best N beams (FFS: N). Another way is that UE can report N beams that above a pre-defined threshold.  

DL synchronization to candidate cell(s) before cell switch
In the previous meeting, FL suggested to discuss the relationship between DL sync and TCI state activation in the following two agreements. The reason is that, the details of DL synchronization were not clarified in the agreement while TCI activation is also used for DL synchronization, and hence there was no common understanding on the difference between these two DL synchronizations.
	[RAN1#111]
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

	[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). 




The following alternatives were discussed in the offline discussion. 
· 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 sync) 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
In our opinion, the group should first achieve the same understanding on the meaning of “DL synchronization” in the above context. To our understanding, it refers to the fact that UE needs to achieve pre-synchronization with the candidate cells before cell switch command in order to avoid interruption during the cell switch from current serving cell to candidate cell. To realize this, the pre-synchronization can include, e.g. obtaining DL timing reference at candidate cell, adjusting the spatial filter for PDCCH/PDSCH reception for the candidate cell, etc, such that the communication in the target cell can immediately kicked off after cell swich command. It has similar meaning as the “tracking” that has been mentioned in section 2.1. Therefore, we suggest to use “tracking” to avoid confusion. 
Another confusing point of the above alternatives is that, especially comparing alt 2-1 and alt 2-2, the usages of the RS (e.g. SSB) and TCI state are mixed together. In fact, TCI state is eventually linked to a certain RS. Therefore, from the functionality perspective, the tracking (or “DL synchronization” in the above interpretation) can be done by either RS or TCI state. 
We imagine the tracking (or “DL synchronization” in the above interpretation) is performed in the following way: If no beam level activation is indicated, UE should maintain tracking of at least one beam of each activated candidate cell, as explained in Section 2.1. The selection of the tracked beam is up to UE. On the other hand, if beam level activation is indicated (the beam can be represented by RS or TCI state), UE should maintain tracking of the activated beams. Regarding the signalling of beam activation, MAC CE can be considered, similar to the existing TCI state activation using MAC CE. 
To summarize, we have the following proposals:
Proposal 2: RAN1 to use “beam tracking” instead of DL synchronization to refer to the process by which UE is prepared for receiving DL control and data transmitted by the tracked beam of candidate cell.  
Proposal 3: Beam level activation can be indicated on top of the candidate cell activation. 
· If beam is activated, UE needs to maintain tracking of the activated beam;
· If no beam activation is indicated, UE maintains tracking of at least one beam of the activated cell.  
  
Conclusion
In this paper, we have discussed the issues related to L1 measurement and reporting, and DL pre-synchronization to candidate cells before cell switch. We have the following observation and proposals:
Observation 1: Candidate cell activation/deactivation by MAC CE can avoid frequent RRC reconfiguration and at the same time cope with the UE capability to perform L1 measurement.
Proposal 1: RAN1 to further discuss following options for candidate cell activation/deactivation by MAC CE.
	
	Activated candidate cell
	Deactivated candidate cell
	Cells neither activated nor deactivated

	Option 1
	· UE measures RRC-configured L1 measurement objects
· UE maintains tracking of at least one SSB (up to UE selection)
	· UE is not required to measure any RRC-configured L1 measurement objects

	·  Not applicable 

	Option 2
	· same as Option 1
	· same as Option 1
	· UE measures RRC-configured L1 measurement objects


 
Proposal 2: RAN1 to use “beam tracking” instead of DL synchronization to refer to the process by which UE is prepared for receiving DL control and data transmitted by the tracked beam of candidate cell.  
Proposal 3: Beam level activation can be indicated on top of the candidate cell activation. 
· If beam is activated, UE needs to maintain tracking of the activated beam;
· If no beam activation is indicated, UE maintains tracking of at least one beam of the activated cell.    
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