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[bookmark: OLE_LINK3]Introduction
In RAN#100 meeting, revised WID on Further NR mobility enhancements was approved [1]. In this WID, one of the objectives is to study L1/L2 based inter-cell mobility including L1 measurement and reporting, beam indication, dynamic switch mechanism, which aims to reduce handover latency, interruption time and overhead. The detailed objective on L1/L2 based inter-cell mobility is formulated as follows:
	
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
· Note 2: Only SSB-based L1 measurement is supported in this release.
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 3: FR2 specific enhancements are not precluded, if any.
Note 4: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG, prioritizing MCG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized



In this contribution, we elaborate our views on remaining open issues, such as TCI state activation, TCI state indication and dynamic cell switch for Rel-18 L1/L2 triggered mobility (LTM). 
Discussion
[bookmark: OLE_LINK15][bookmark: OLE_LINK21][bookmark: OLE_LINK18]2.1	TCI state
2.3.1	TCI state activation
In previous meetings, RAN1 has agreed that TCI states for one or more candidate cells can be activated before cell switch command and then a TCI state from activated TCI states is indicated in cell switch command, where TCI state contains up to 2 qcl-Types and each qcl-type and QCL source RS is provided by QCL-Info of the TCI state. To complete TCI state activation related design, the issues mentioned in the following sub-sections need to be further clarified.
2.3.1.1	Relationship TCI state activation and DL synchronization
Regarding DL synchronization, RAN1 has agreed to support DL synchronization for candidate cell(s) based on at least SSB before cell switch command in RAN1#111 meeting. Further, according to the latest WID, it has been agreed that only SSB-based L1 measurement is supported in this release, which implies CSI-RS based measurement is not supported for candidate cell. With this information, an intuitive feeling is that at least fine DL synchronization cannot be achieved based on CSI-RS in Rel-18 LTM. However, if TRS can be configured as QCL source RS in the activated TCI states, we think that a potential approach to achieve fine DL synchronization is after receiving cell switch command. 
Proposal 1: TRS-based fine DL synchronization can be achieved if TRS is configured as QCL source RS in the activated TCI state and after receiving cell switch command.
2.3.1.2	SSB or TRS indicated in TCI state for tracking
In RAN1#113 meeting, RAN1 has agreed that TRS tracking for candidate cells is not supported before and during cell switch command. However, in RAN1#114 meeting, a consensus has been achieved on supporting SSB or TRS configured as QCL source RS in TCI state for candidate cell(s) before or during cell switch command and whether TRS can be configured as QCL source RS in TCI state depends on UE capability. With these conclusions, an issue on whether the previous agreement on TRS tracking not to be supported before or during cell switch command is allowed to be reversed should be discussed and clarified first. For this issue, if SSB is configured as QCL source in TCI state, then UE only tracks SSB indicated in activated TCI state until TRS associated with SSB is tracked after receiving cell switch command. If TRS is configured as QCL source in TCI state, then UE is only allowed to track SSB associated with the TRS indicated in activated TCI state before and during cell switch command while tracking the TRS until after receiving cell switch command. Another case is that if SSB and TRS are configured as two QCL sources in a TCI state, UE only needs to track the SSB in activated TCI state before or during receiving cell switch command while perform TRS tracking after receiving cell switch command based on the corresponding TRS indicated in TCI state indicated in cell switch command, where SSB in the TCI state is mandatory while TRS is optional and specific CSI-RS resource corresponding to the TRS in TCI state is obtained by serving cell configuration corresponding to target cell index indicated in cell switch command.
Proposal 2: In order not to violate the following agreement made in RAN1#113 meeting, the following should be supported for a given TCI state in LTM:
· Before/during receiving cell switch command, the UE only needs to track SSB indicated in activated TCI state.
· After receiving cell switch command, the UE can identify a TRS based on TRS indicated in indicated TCI state in the target cell, and then track the corresponding TRS. 
Note that SSB and TRS are configured as two QCL sources in the TCI state, where SSB is mandatory while TRS is optional.
	Conclusion_RAN1#113
There is no consensus to introduce additional mechanism to support the following procedures prior to and joint with the reception of L1/L2 cell switch command aiming at the reduction of handover delay/interruption in Rel-18 LTM
-        TRS tracking for candidate cells 
FFS: Whether/How the QCL reference information of TCI states of the candidate cell should be mapped to the source SSB
Note: At least for the candidate cells which are current serving cells, TRS tracking prior to cell switch command is supported


2.3.1.3	How to handle with activated TCI state after receiving cell switch command
For scenario 2(Beam indication together with cell switch command), RAN1 has agreed that one or multiple TCI states can be activated by MAC CE before cell switch command and indicate a TCI state for UE to receive or transmit DL or UL from/to target cell. For activated TCI states other than the indicated TCI state, RAN1 has discussed how to handle with them after receiving cell switch command but no consensus. To be specific, the following potential alternatives are provided in previous meetings:
· Alt-1: retain the activated TCI states only for target cell
· Alt-2: retain all activated TCI states for candidate cells and target cell
· Alt-3: deactivate all activated TCI states other than indicated TCI state
· Alt-4: up to UE capability.
Before discussing the above alternatives, we should first clarify one issue on relationship between TCI state list provided in RRC pre-configuration before cell switch command and TCI state list included in serving cell configuration corresponding to target cell index indicated in cell switch command. In our views, at least the former should be a subset of the latter. 
As for whether UE needs to retain activated TCI state before cell switch command, we don’t identify a strong necessity and significance. On the one hand, it’s because activated TCI states before cell switch command can only provide wide beam information since only SSB is supported, while after cell switch command, fine beam information is required and can be obtained from TCI state configured for target cell. On the other hand, the previously maintained TCI state may no longer be suitable for the current target cell after a period of time. With these considerations, we don’t think that it makes sense to retain all activated TCI states for candidate cells and target cell. Instead, network can activate or deactivate all activated TCI states for candidate cell and even include target cell after switching to target cell, which can be achieved by MAC CE TCI state activation or deactivation signaling without any additional spec impact.
Proposal 3: Support activating or deactivating all activated TCI states for candidate cells and target cell other than indicated TCI state for target cell after switching to target cell, which is achieved by MAC CE TCI state activation or deactivation signaling.  
2.3.2	TCI state indication
2.3.2.1	TCI state for CORESET#0/Type 0A/1/2-PDCCH CSS sets 
Reason for change:
In Rel-17 ICBM, CORESET#0 and CORESETs (other than CORESET#0) associated at least with CSS sets other than Type3-PDCCH CSS sets can follow Rel-17 unified TCI state only if RRC parameter “followUnifiedTCI-State” is set to “enabled”. If RRC parameter “followUnifiedTCI-State” is not provided or set to “enabled”, the reception of these channels depends on SSB which the UE identified during most recent random access procedure not initiated by a PDCCH order. However, in Rel-18 LTM, a TCI state is always indicated in cell switch command to provide beam information for reception or transmission DL/UL from/to target cell regardless of RRC parameter “followUnifiedTCI-State”. Thus, it is unnecessary to continue following the rule specified in Rel-17 ICBM for Rel-18 LTM’s channels/signals.  
Summary of change:
Clarifying that CORESET#0 and CORESETs (other than CORESET#0) associated at least with CSS sets other than Type3-PDCCH CSS sets should directly follow Rel-17 unified TCI state indication indicated in cell switch command regardless of RRC parameter “followUnifiedTCI-State”.
Consequence if not approved:
Unnecessary restriction on CORESET#0 and CORESETs (other than CORESET#0) associated at least with CSS sets other than Type3-PDCCH CSS sets follow TCI state indicated in cell switch command.
Based on the above consideration, we have the following text proposal for TS 38.213 V18.0.0.
Text Proposal 1: To adopt the following changes in section 10.1, TS38.213
	[bookmark: _Toc130394897][bookmark: _Toc29894858][bookmark: _Toc29917312][bookmark: _Toc45699213][bookmark: _Toc36498186][bookmark: _Toc20311598][bookmark: _Toc29899157][bookmark: _Toc12021486][bookmark: _Toc26719423][bookmark: _Toc29899575][bookmark: _Ref491466492][bookmark: _Ref491451763]10.1	UE procedure for determining physical downlink control channel assignment 
<Unchanged part is omitted>
For a CORESET with index 0,
[bookmark: _Hlk99980026]-	if the UE is provided TCI-State and if followUnifiedTCI-State = 'enabled' for the CORESET except for L1/L2-triggered mobility, the UE assumes that a DM-RS antenna port for PDCCH receptions in the CORESET and a DM-RS antenna port for PDSCH receptions scheduled by DCI formats provided by PDCCH receptions in the CORESET are quasi co-located with the reference signals provided by the indicated TCI-State [6, TS 38.214]
-	else, the UE assumes that a DM-RS antenna port for PDCCH receptions in the CORESET is quasi co-located with
-	the one or more DL RS configured by a TCI state, where the TCI state is indicated by a MAC CE activation command for the CORESET, if any, or
-	a SS/PBCH block the UE identified during a most recent random access procedure not initiated by a PDCCH order that triggers a contention-free random access procedure, if no MAC CE activation command indicating a TCI state for the CORESET is received after the most recent random access procedure, or a SS/PBCH block the UE identified during a most recent configured grant PUSCH transmission as described in clause 19.
<Unchanged part is omitted>
For L1/L2-triggered mobility, or iIf a UE is provided followUnifiedTCI-State for a CORESET, other than a CORESET with index 0, associated at least with CSS sets other than Type3-PDCCH CSS sets, and if followUnifiedTCI-State is set as enabled, a DM-RS antenna port for PDCCH receptions in the CORESET and a DM-RS antenna port for PDSCH receptions scheduled by DCI formats provided by PDCCH receptions in the CORESET are quasi co-located with reference signals provided by the indicated TCI-State.
<Unchanged part is omitted>


2.3.2.2	TCI state for DM-RS of PDSCH and PDCCH
Reason for change:
In legacy specification, TRS is required as a reference RS for QCL-TypeA in a TCI state for the DM-RS of PDSCH and PDCCH. However, according to the previous RAN1 agreement, it has been agreed that TRS can be configured as QCL source RS in TCI state but UE cannot track TRS corresponding to TRS index indicated in TCI state before and during receiving cell switch command. Based on this, the following cases need to be defined for the DM-RS of PDSCH and PDCCH:
Case-1: TRS w.r.t QCL-TypeA and TRS w.r.t QCL-TypeD, if applicable
Case-2: SSB w.r.t QCL-TypeC + SSB w.r.t QCL-TypeD, if applicable
For Case-2, it can be applied for the DM-RS of PDSCH and PDCCH only if SSB is configured as QCL source in an indicated TCI state where QCL-TypeC w.r.t SSB is introduced since SSB cannot replace TRS to acquire wide-band channel property, which makes QCL-TypeA difficult to be estimated.
Besides, whether CSI-RS resource set or CSI-RS resource should be associated with a PCI of candidate cell, or PCI of candidate cell corresponding to CSI-RS resource set or CSI-RS resource can be implicitly determined based on associated SSB with a PCI of candidate cell can wait for the progress of the relevant RRC signaling architecture in RAN2. 
Summary of change:
Add “SSB w.r.t QCL-TypeC and SSB w.r.t QCL-TypeD, if applicable in a indicated TCI state for DM-RS of PDSCH and PDCCH”, “TRS w.r.t QCL-TypeA and TRS w.r.t QCL-TypeD, if applicable in indicated TCI state for DM-RS of PDSCH and PDCCH” in Clause 5.1.5 of TS 38.214 V18.0.0.
Consequence if not approved:
Incomplete functionality for QCL assumption of DMRS of PDSCH and PDCCH in Rel-18 LTM.
Text Proposal 2: To adopt the following changes in section 5.1.5, TS38.214 V18.0.0
	[bookmark: _Toc146641016][bookmark: _Toc20317986][bookmark: _Toc29674283][bookmark: _Toc27299884][bookmark: _Toc29673149][bookmark: _Toc29673290][bookmark: _Toc36645513][bookmark: _Toc45810558][bookmark: _Toc11352096]5.1.5	Antenna ports quasi co-location
<Unchanged part is omitted>
For the DM-RS of PDCCH, if the UE is configured with LTM-dl-OrJointTCI-StateList, the UE shall expect that an indicated TCI-State in cell switch command indicates one of the following quasi co-location type(s):
-	'typeA' with a CSI-RS resource in a LTM-NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with the same CSI-RS resource [where CSI-RS resource set may have a PCI different from the PCI of the serving cell], or
-	'typeC' with a SS/PBCH block and when applicable, 'typeD' with the SS/PBCH block where SS/PBCH block may have a PCI different from the PCI of the serving cell.
For the DM-RS of PDSCH, if the UE is configured with LTM-dl-OrJointTCI-StateList, the UE shall expect that an indicated TCI-State in cell switch command indicates one of the following quasi co-location type(s):
-	'typeA' with a CSI-RS resource in a LTM-NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with the same CSI-RS resource [where CSI-RS resource set may have a PCI different from the PCI of the serving cell], or
-	'typeC' with a SS/PBCH block and when applicable, 'typeD' with the SS/PBCH block where SS/PBCH block may have a PCI different from the PCI of the serving cell.
<Unchanged part is omitted>



2.3.2.3	TCI state indicated in cell switch command 
In RAN1#114 meeting, RAN1 confirmed that 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. With this conclusion, we need further to clarify relationship between indicated TCI state in cell switch command and RO for the case that CFRA is triggered by cell switch command, or RACH based procedure is done after cell switch command.
For the case that CFRA is triggered by cell switch command, RAN2 has agreed in #123bis meeting that similar information as legacy PDCCH order triggered RACH can be carried in cell switch command, such as SSB index, preamble index, etc, as follows. However, it is not clarified on relationship the TCI state always indicated in cell switch command and SSB index for CFRA triggered in the cell switch command.  
	P9: As to the CFRA resource related information in LTM MAC CE, it is the information similar to those in the legacy PDCCH order triggered RACH, including preamble index, UL/SUL indicator, SSB index, PRACH Mask index (FFS which config is referring to), and FFS on the Msg1 repetition number, and FFS additional info, 


For this issue, it will be discussed and decided in RAN2#124 meeting. But from RAN1 perspective, we think that a natural way is to indicate the same SSB index for CFRA as that indicated in TCI state in cell switch command since it is beneficial to avoid introducing additional UE behavior in RAN1, such as UE needs to ignore the indicated TCI state in cell switch command when CFRA is triggered by cell switch command. Instead, if SSB index for CFRA in cell switch command is different with that RS index indicated in TCI state indicated in the cell switch command, then it is necessary to further clarify whether SSB index for CFRA in cell switch command is from the activated TCI state list before cell switch command and this issue may need to be further evaluated or considered by RAN4 when defining requirement on HO delay.
For the case that RACH based procedure such as legacy CFRA or CBRA is done after receiving cell switch command, we prefer to reuse legacy RACH based procedure to avoid spec impact on legacy RACH based procedure, that is, UE selects a SSB to determine a random access occasion (RO) in which preamble (MSG 1) is transmitted.  
Proposal 4: For the case that CFRA is triggered by cell switch command, from RAN1 perspective
· If TCI state is indicated in cell switch command, SSB index for CFRA should be same as SSB index in the indicated TCI state.
· If TCI state is not indicated in cell switch command, a clarification on whether SSB index for CFRA in cell switch command is from the activated TCI state list before cell switch command is needed.
· Note: RAN4 needs to consider this case when specifying the relevant requirement on HO delay.
Proposal 5: For the case that RACH based procedure is done after cell switch command, UE follows SSB identified in the recent RACH based procedure such as legacy CFRA or CBRA.
2.3.2.4	Beam application time
In RAN1#113 meeting, the following agreement was achieved and send an LS to RAN2 and RAN4 to request their feedback on beam application time.
	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
· 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


In RAN2#123 meeting, an reply LS on beam application time in [2] was sent to RAN1 for providing RAN2’s understanding on beam application time, as follows: 
	RAN2 understands that there is no impact on RAN2 specifications with regard to beam application time, and RAN2 understands further that a requirement, if any, would be specified by RAN4.
RAN2 kindly ask RAN1 and RAN4 to decide the value of the beam application time.


In RAN4#108 meeting, RAN4 provides a preliminary response on beam application time in [3]. And during RAN4#108bis meeting, this issue was further discussed and reached a basic consensus in [4] that beam application time is not defined in RAN4 since it has been considered in cell switch delay.
	Beam application time (RAN4#108 meeting):
RAN4 is still discussing whether beam application time shall be considered in RAN4 cell switch delay requirements and the possible latency when UE is ready for PDCCH reception in the target cell in different scenarios. 
RAN4#108bis meeting
RAN4 do not define beam application time. If the definition of beam application time is needed from RAN1’s perspective, RAN4 understands that it would be only specified by RAN1. Current cell switch delay defined in RAN4 can cover the TCI state application time, and there is no need to include additional beam application time component in the cell switch delay requirements. 


Based on RAN4’s LS, we understand that cell switch delay is larger than or equal to beam application time and indicated TCI state in cell switch command can be applied until cell switch delay is met. Thus, we don’t think that it is necessary define additional beam application time on top of cell switch delay for the case that TCI state is indicated together with cell switch command. However, we think that it is still necessary to clarify when TCI state indicated in cell switch command will be applied in RAN1 spec, e.g., the indicated TCI state in cell switch command is applied starting from a first slot that at least 3Nsubframe,u_slot 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). Where the value of TCI state application time is 3Nsubframe,u_slot, which is aligned with the value of Tcmd specified in RAN4 #106bis-e meeting, that is Tcmd equals to THARQ+3ms, where THARQ is the timing between cell switch command and acknowledgement as specified in TS 38.213 and Tcmd is a time for processing L1/L2-command (HARQ and parsing) specified in TS 300 running CR for introduction of NR further mobility enhancements in [5].
Proposal 6: Indicated TCI state in cell switch command is applied starting from a first slot that at least 3Nsubframe,u_slot 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).
· Note: From RAN1 perspective, it is not necessary to define additional beam application time on top of cell switch delay for the case that TCI state is indicated together with the cell switch command.
2.2	Dynamic cell switch mechanism
For cell switch command, one remaining issue is whether and how indicated TCI state is applied for multiple cells. According to the agreements achieved in previous meetings, we noticed that TCI state indicated in cell switch command can be only applied for candidate cell index included in same cell switch command and there is no conclusion for multiple cells including CA scenario. 
However, according to LS from RAN2, RAN2 has agreed that SCell activation state is not indicated in cell switch command, but can be obtained based on RRC configuration. It means that SCell activation state can be obtained through RRC configuration configured before cell switch command or corresponding to target cell index indicated in cell switch command. With such information, TCI state for target cell indicated in cell switch command can be applied to a list of cells if target cel is in the list of cells, where the configuration of a list of cells can reuse Rel-17 RRC parameter “simultaneousU-TCI-UpdateList”.
Proposal 7: TCI state for target cell indicated in cell switch command can be applied to a list of cells if target cell is in the list of cells
· The list of cells can be configured by reusing Rel-17 RRC parameter “simultaneousU-TCI-UpdateList”.
Conclusion
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we will share our views on Rel-18 L1/L2 triggered mobility. The proposals and Text proposals are provided as follows:
Proposal 1: TRS-based fine DL synchronization can be achieved if TRS is configured as QCL source RS in the activated TCI state and after receiving cell switch command.
Proposal 2: In order not to violate the following agreement made in RAN1#113 meeting, the following should be supported for a given TCI state in LTM:
· Before/during receiving cell switch command, the UE only needs to track SSB indicated in activated TCI state.
· After receiving cell switch command, the UE can identify a TRS based on TRS indicated in indicated TCI state in the target cell, and then track the corresponding TRS. 
Note that SSB and TRS are configured as two QCL sources in the TCI state, where SSB is mandatory while TRS is optional.
	Conclusion_RAN1#113
There is no consensus to introduce additional mechanism to support the following procedures prior to and joint with the reception of L1/L2 cell switch command aiming at the reduction of handover delay/interruption in Rel-18 LTM
-        TRS tracking for candidate cells 
FFS: Whether/How the QCL reference information of TCI states of the candidate cell should be mapped to the source SSB
Note: At least for the candidate cells which are current serving cells, TRS tracking prior to cell switch command is supported


Proposal 3: Support activating or deactivating all activated TCI states for candidate cells and target cell other than indicated TCI state for target cell after switching to target cell, which is achieved by MAC CE TCI state activation or deactivation signaling.  
Proposal 4: For the case that CFRA is triggered by cell switch command, from RAN1 perspective
· If TCI state is indicated in cell switch command, SSB index for CFRA should be same as SSB index in the indicated TCI state.
· If TCI state is not indicated in cell switch command, a clarification on whether SSB index for CFRA in cell switch command is from the activated TCI state list before cell switch command is needed.
· Note: RAN4 needs to consider this case when specifying the relevant requirement on HO delay.
Proposal 5: For the case that RACH based procedure is done after cell switch command, UE follows SSB identified in the recent RACH based procedure such as legacy CFRA or CBRA.
Proposal 6: Indicated TCI state in cell switch command is applied starting from a first slot that at least 3Nsubframe,u_slot 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).
· Note: From RAN1 perspective, it is not necessary to define additional beam application time on top of cell switch delay for the case that TCI state is indicated together with the cell switch command.
Proposal 7: TCI state for target cell indicated in cell switch command can be applied to a list of cells if target cell is in the list of cells
· [bookmark: _GoBack]The list of cells can be configured by reusing Rel-17 RRC parameter “simultaneousU-TCI-UpdateList”.
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