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Introduction
In RANP#94e meeting, a new WID on NR mobility enhancement was approved [1]. The study of L1/L2 based inter-cell mobility for latency reduction was specified within RAN1’s working scope.
	1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· 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]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]


In this contribution, we would like to provide our views on the procedure as well as L1/L2 signaling design to support Rel-18 L1/L2 based inter-cell mobility.
Discussion
L1 measurement RS
On L1 measurement RS for Rel-18 L1/L2 triggered mobility (LTM), FL proposal with suggestion on down selection of two alternatives is captured in RAN1#112 meeting [2]. 
	[FL proposal 5-1-7-v1] coffee (Mon) – Tue
FL note: after discussion steps above, FL intends to consolidate this FL proposals including down selection
Alt 1: Simple solution without CSI-RS
· CSI-RS is not introduced for LTM L1 measurement (at least in Rel-18)
· L1-SINR without CSI-RS is [further considered/introduced]
· For SSB-based L1-RSRP measurement and reporting: 
· SSB information for candidate cells (for both intra- and inter- frequency) is not managed under ServingCellConfig of the serving cells. Instead, SSB information (at least frequency, ID and SCS) can be obtained from other IEs (FFS for the details, Option 2 and 3 are on the table)
· For measurement report configuration for candidate cells, at least cell ID, frequency information and SCS for SSB are configured to a UE (FFS how, and MG and SMTC are up to RAN4) under ServingCellConfig for the serving cell.
· i.e. SSB IDs are NOT configured under the measurement report configuration, while a UE can obtain the information from other IE (FFS the details)
· In the L1 measurement report, SSB ID is explicitly included
Alt 2: Full flexible solution with CSI-RS
· CSI-RS is introduced for LTM L1 measurement
· L1-SINR with/without CSI-RS is [further considered/introduced]
· For L1-RSRP measurement and reporting: 
· SSB and CSI-RS information for candidate cells (for both intra- and inter- frequency) is managed under ServingCellConfig of the serving cells. Thus, the necessary information to receive SSB and CSI-RS (FFS: the details) are provided by IE(s) associated with the ServingCellConfig
· For measurement report configuration for candidate cells, at least cell ID, frequency information, SCS for SSB and RS identifier are configured to a UE (FFS how, MG and SMTC are up to RAN4) under ServingCellConfig for the serving cell.
· In the L1 measurement report, information to identify the measured RS is included.


The major concern between above two alternatives is whether or not to support CSI-RS as L1 measurement RS. From our point of view, since the target of Rel-18 L1/L2 based inter-cell mobility specified in WID is for mobility latency reduction, and CSI-RS is more flexible thus friendly to latency reduction compared to periodic SSB. Therefore, we think it is necessary to consider CSI-RS as L1 measurement RS. As the first step, at least CSI-RS for mobility from non-serving cell (NSC) can be considered.
Proposal 1 : Support at least CSI-RS for mobility as L1 measurement RS for Rel-18 LTM.
UE event triggered report
For UE event triggered report, below agreement was achieved in RAN1#111 meeting [3]. In this sub section, we would like to go details on the sub-bullets, especially those with red.
	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


2.2.1 Definition of events 
In Rel-15/16, L3 events A1 to A5 are defined in TS 38.331 [4] for inter-cell mobility management. When triggering condition of L3 events satisfied, UE reports to NW and then possibly triggers L3 handover procedure. From latency perspective, L3 filtered RSRP reporting normally takes more time than the L1-RSRP reporting due to the nature of time domain filtering. Therefore, we believe it is beneficial to introduce UE event triggered report with L1 measurement for latency reduction. Once such L1 events happened, UE triggers corresponding L1 reporting and then possibly triggers L1/L2 mobility management. As for the exact definition of L1 events, straightforward extension of L3 events can be considered as below:
· 	Event L1-1: Serving (with L1 metric) becomes better than absolute threshold.
· 	Event L1-2: Serving (with L1 metric) becomes worse than absolute threshold.
· Event L1-3: Neighbor (with L1 metric) becomes amount of offset better than PCell/PSCell.
· 	Event L1-4: Neighbor (with L1 metric) becomes better than absolute threshold.
· 	Event L1-5: PCell/PSCell (with L1 metric) becomes worse than absolute threshold1 AND Neighbor/SCell (L1 metric) becomes better than another absolute threshold2.
Next, we express corresponding UE behaviors on measurement and report for each of the newly defined L1 events. 
For event L1-1, similar as L3 event A1, since serving cell (SC) is good enough, there is no need on L1 measurement and report.
For event L1-2 where SC is getting worse, similar procedure with that in L3 event A2 can be reused. That is, UE starts/keeps measuring L1 RS for mobility and report on proper resources or occasions. In this event, measurements are based on RRC configuration.
For event L1-3/L1-4/L1-5, different from that in event L1-2, UE can select L1 RS for measurement since UE knows which NSC to measure. In these cases, the overhead of measurement is reduced.
Proposal 2 : Above definitions of L1 event can be further studied.
2.2.2 Report container
Regarding measurement report container, we support reporting as both UCI and MAC CE.
· Alt.1: Report on PUCCH
If report on PUCCH with UCI, legacy Rel 15/16 can be reused directly. However, as there is no explicit confirmation like PUCCH NACK on the failure of PUCCH receiving, UE would not be indicated a failure reception of previous UCI report. Considering this, setting a maximum transmission number of UCI on PUCCH as implicit indication of UCI report failure is beneficial. When UE achieves the maximum transmission without expected change from gNB, UE assumes failed synchronization with the serving cell, then new initial access will be trigged.
· Alt.2: Report on PUSCH 
If report on PUSCH, report container can be UCI or MAC CE. When reported as UCI, RS index from NSC can be contained. If reported as MAC CE, TCI state associated with the RS index can be additionally included. Different from that in Alt.1, PUSCH have implicit indication on successful PUSCH reception. thus, maximum transmission of PUSCH is not needed. 
Proposal 3 : Support report container as UCI and MAC CE in UE event triggered report. 
2.2.3 	Contents of report 
Going into the contents of report, from our perspective, it can include but not limited to the followings:
· Expected DL beam from NSC
For expected DL beam report, two methods can be considered. The first one is using UCI to report the RS index (ID) corresponding to the beam, like CRI and SSBRI. The second method is reporting RS ID of the beam or TCI state of the beam on MAC CE.
· L1 measurement metric
L1 measurement metric refers to L1-RSRP or L1-SINR, and it is determined by NW pre-configuration in legacy NR. However, if the decision of measurement metric can be decided by UE, then UE can report the metric together with measurement results to NW. This allows UE the flexibility in switching measurement metric without RRC reconfiguration, therefore friendly to latency reduction.
· 	[Physical cell ID (PCI)]
It relies on NW configurations whether PCI needs to be reported or not. When L1 RS from NSC is configured within the RS sets from SC, NW could not differentiate which cell the RS is coming from by the reported RS ID in this case. Then, UE needs to report associated PCI additionally. However, when NW can recognize cell information based on reported RS ID, then UE would not need to report PCI. For example, if CSI-RS resource from SC is configured with ID from 0 to N-1, while that from NSC is configured with ID from N to M-1, NW can differentiate SC and NSC directly through RS ID. In this scenario, PCI reporting is not needed.
· Event index
Event index can be regarded as an enhanced UE report. If NW is provided with event index in UE reporting, NW can do mobility management more precisely since event index can provide information on specific scenarios. This would be benefit at least to the overhead reduction of measurement and signalling.
In Table.1, we summarize contents of report in the form of NR specification, where yellow highlighted are optional to report. It is also worth noting that, UE triggered L1 report with RS index and measurement metric from NSC can be reported together with that for SC.
Table 1: Mapping order of non-serving cells for CRI/RSRP or SSBRI/RSRP reporting
	CSI report number
	CSI fields

	CSI report #n
	CRI or SSBRI #1 as in Table 6.3.1.1.2-6, if reported

	
	CRI or SSBRI #2 as in Table 6.3.1.1.2-6, if reported

	
	CRI or SSBRI #3 as in Table 6.3.1.1.2-6, if reported

	
	CRI or SSBRI #4 as in Table 6.3.1.1.2-6, if reported

	
	RSRP #1 as in Table 6.3.1.1.2-6, if reported

	
	Differential RSRP #2 as in Table 6.3.1.1.2-6, if reported

	
	Differential RSRP #3 as in Table 6.3.1.1.2-6, if reported

	
	Differential RSRP #4 as in Table 6.3.1.1.2-6, if reported

	
	PCI #1, if needed

	
	PCI #2, if needed

	
	PCI #3, if needed

	
	PCI #4, if needed

	
	Event index #1, if needed

	
	Event index #2, if needed

	
	Event index #3, if needed

	
	Event index #4, if needed


Proposal 4 : For UE event triggered report, at least expected DL beam from NSC, L1 measurement metric, PCI, and event index can be considered as report content.
2.2.4 Hybrid L3 and L1 measurement 
For the last bullet on benefits when L3 measurement is involved, we are positive on this and propose following the procedure of hybrid L3 and L1 measurement.
Recalling to L3 event A2 when SC is not good enough, we would like to add two UE behavior for better mobility management. The first one is UE starts to measure L1 RS for mobility and report. The second one is if UE already measured/monitored L1 RS without reporting, then UE can report in proper resources or occasions. In this case, since UE has no idea on which NSC is better, it is unable for UE to select proper RS for measurement but only to follow RRC configuration. By adding L1 measurement and/or report on top of L3 measurement, UE can get prepared in advance for potential fast switching, which is beneficial for latency reduction required in Rel-18 LTM.
Furthermore, in L3 events A3/A4/A5 where NSC is getting better than SC. Similarly, UE behavior like that in event A2 can be added. However, since UE knows which neighbor cell is getting better in these cases, UE can select associated L1 RS for measurement instead of all RS configured by RRC. This will further reduce the overhead of measurement thus latency compared to that in event A2.
Proposal 5 : Based on L3 measurement event, L1 measurement and report can be added for latency reduction in Rel-18 mobility enhancement.
[bookmark: _Hlk68181041]TCI activation 
In RAN1#111 meeting [3], an agreement on beam indication timing together with TCI activation is captured as below.
	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). 


In previous RAN1#112 meeting [5], beam indication was discussed further, while TCI activation is still under discussion. In this section, we express our perspectives on TCI state activation of NSC targeting different channels.
· TCI state activation for PDCCH/CORESET 
In TCI state activation of PDCCH/CORESET for NSC by MAC CE, the associated target cell ID and CORESET ID of the activated TCI state need to be indicated. In target cell ID indication, either PCI index in Figure 1(a) or physical PCI value with 10 bits in Figure 1(b) can be considered.


(a) PCI-Index


(b) PCI value
Figure 1: 	TCI state activation for PDCCH/CORESET by MAC CE
· TCI state activation for PDSCH. 
Similar to legacy TCI activation for PDSCH with at most 8 TCI codepoints in MAC CE, to provide further flexibility in mobility management, the activation of TCI state for NSC can also contain at most 8 TCI codepoint as shown in Figure 2. 


Figure 2: TCI state activation for PDSCH by MAC CE 
Proposal 6 : For TCI state activation of target serving and/or candidate cell(s), PCI index or physical PCI value can be included in MAC CE.
Beam indication 
Based on UE reporting, NW could response with beam indication for target cell(s). It is agreed in RAN1#112 meeting to use same MAC CE for LTM triggering for beam indication [5]. 
	Agreement
· The agreement on scenario 2 (Beam indication together with cell switch command) at RAN1#111 is further clarified as the following:
· Beam indication for the target cell(s) is conveyed in the MAC CE used for LTM triggering for scenario 2


In DL beam indication signaling by MAC CE, the mainly conveyed information is QCL relationship between two RS. In order to support QCL indication over a wider range of channels/signals between SC and NSC, it is beneficial to consider both direct and indirect QCL indication.
· Alt.1: Direct QCL indication 
Like QCL indication between CSI-RS and PDCCH/PDSCH DMRS from SC, we give following two options/examples of direct QCL indication. A corresponding illustration is shown in Figure 3.
· Option-1: 
CSI-RS for mobility/SSB for mobility from NSC -> PDCCH DMRS/PDSCH DMRS from NSC
· Option-2: 
CSI-RS for mobility/SSB for mobility from NSC -> PDCCH DMRS/PDSCH DMRS from SC



(a) Alt.1                                                            (b) Alt.2
Figure 3: Direct QCL indication within Alt.1
· Alt.2: Indirect QCL indication 
Indirect QCL indication means using extra RS to deliver the QCL relation from source RS to target RS. Taking SSB for illustration, when UE enters RRC connected state after initial access, SSB with limited time and frequency resource (20PRB and 4 OFDM symbols) would not be enough to serve as QCL source RS. Thus, an intermediate RS which is QCL-Type D with the SSB can be used to deliver the QCL relationship to other RS like PDCCH/PDSCH DMRS. We list three options/examples under this mode below and illustrate them with SSB as an example in Figure 4.
· Option-1: 
SSB/CSI-RS for mobility from NSC -> TRS/CSI-RS for CSI from NSC -> DMRS (PDCCH/PDSCH) from NSC
· Option-2: 
SSB/CSI-RS for mobility from NSC -> TRS/CSI-RS for CSI from NSC -> DMRS (PDCCH/PDSCH) from SC
· Option-3: 
SSB/CSI-RS for mobility from NSC -> TRS /CSI-RS for CSI from SC -> DMRS (PDCCH/PDSCH) from SC
[image: ] [image: ] [image: ]
     (a) Option-1                                              (b) Option-2                                         (c) Option-3
Figure 4: Indirect QCL indication within Alt.2 
Proposal 7 : For beam indication of candidate cell(s) for Rel-18 LTM, both direct and indirect QCL indication can be considered.

Conclusions
Finally, allow us to repeat our proposals to draw attention.
Proposal 1 : Support at least CSI-RS for mobility as L1 measurement RS for Rel-18 LTM.
Proposal 2 : Above definitions of L1 event can be further studied.
Proposal 3 : Support report container as UCI and MAC CE in UE event triggered report.
Proposal 4 : For UE event triggered report, at least expected DL beam from NSC, L1 measurement metric, PCI, and event index can be considered as report content.
Proposal 5 : Based on L3 measurement event, L1 measurement and report can be added for latency reduction in Rel-18 mobility enhancement.
Proposal 6 : For TCI state activation of target serving and/or candidate cell(s), PCI index or physical PCI value can be included in MAC CE.
Proposal 7 : For beam indication of candidate cell(s) for Rel-18 LTM, both direct and indirect QCL indication can be considered.
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