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1 [bookmark: _Ref114840340]Introduction
L1/L2 mobility (LTM) is the main part of the Rel-18 work item [1]. In RAN1, we are in the maintenance phase of LTM: we are cleaning up the main parts.
In this contribution, we discuss remaining issues related to beam indication and measurements.
2.1	Beam indication
In the latest version of the running CR, RAN2 is using the name “candidate TCI state” for what was previously called “LTM TCI state”. We will use the former term in this contribution.
2.1.1	Beam and TA application time
In RAN1#113, the following was agreed:
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 [4], RAN4 provides the following feedback:
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. 

RAN4 thus states that the TCI state application time will be covered by the cell-switch delay requirements. There will be no explicit beam application time component in the cell-switch requirements: the beam application and the cell switch are parallel procedures. 
Based on the RAN4 LS, we propose:
[bookmark: _Toc158909952]RAN1 defines a beam application time.
During Rel-15, the application time for MAC CEs related to TCI states were defined by RAN1, and rules regarding requirements of time between DCI and PDSCH when TCI is included in DCI. The MAC CE rules defined by RAN1 were subsequently updated by RAN4. In Rel-17, there were also discussions on how to define the beam application time.
To handle these two cases, we propose to reuse the mechanism from Rel-17, where the beam application time is configured by the NW, based on UE capability:
[bookmark: _Ref142387721][bookmark: _Toc158909954]The beam application time for LTM is configured by the NW based on UE capability.
Since the cell switch command is carried by MAC CE, the beam indication cannot be as fast as in Rel-17. The MAC CE command latency would be a suitable lowest possible value:
[bookmark: _Toc158909955]The smallest value of the configurable beam application time for LTM that can be configured is .   
A related issue is when the UE should apply the TA of the target cell. This TA may either be provided explicitly in the LTM cell-switch MAC CE, or the UE may derive the new TA autonomously, i.e., using UE-based TA estimation. In either case, there is a need to specify when the UE applies the new TA. Since the TA is very much related to the beam the UE uses for transmission, we propose
[bookmark: _Toc158909956]The TA is updated when the new beam is applied.
Hence, the new beam and the new TA are applied at the same time, and transmissions that use the new beam would also use the new TA.
[bookmark: _Hlk158909856]2.1.2	Presence of the beam indication field in the LTM cell switch command
In RAN1#115, the following agreement was made:
Agreement
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 at least for CFRA triggered by cell switch command.

We note that this agreement was made at least for CFRA triggered by cell switch command.  To have a unified solution, we propose to extend this also to CBRA. With this extension, the UE would always follow the TCI state in the cell switch command:
[bookmark: _Toc158909957]After RACH procedure until a new TCI state is indicated by the target cell, a UE follows the indicated TCI-state in the LTM cell switch command.
2.1.3	Validity of the candidate TCI state
TCI states were defined already in Rel-15 to support the reception of DL signals. QCL rules were introduced for different types of reference signals. Also, spatial relations were defined in Rel-15 to support the transmission of UL signals in FR2. A comprehensive framework was designed on rules and signaling, and subsequently extended and optimized in Rel-16. In Rel-17, a larger redesign was performed, with the introduction of the common beam paradigm, signaling in DCI and inter-cell operation. Also, optimized signalling for CA operation was introduced. In Rel-18, the Rel-17 framework was extended to mTRP operation. All these operations rely on the TCI state, which is configured in the PDSCH configuration.
In RAN1#115, RAN1 made the unfortunate agreement
Agreement
The TCI state indicated in the cell switch command is associated with LTM TCI state pool of the target cell, i.e. configured under LTM-Candidate-r18.

This means that right after the LTM cell-switch has been executed, the procedures and mechanisms defined for the TCI states are not available. For example, the candidate TCI state may contain an SSB, which is not allowed for serving cell TCI states. On the other hand, a serving cell UL TCI state may contain SRS, which an UL candidate TCI state cannot. The serving cell TCI state may contain power control parameters, which the candidate TCI state cannot. Implicit determination of the RLM RS or BFD RS cannot be based on the candidate TCI state. Inter-cell operation or the signalling enhancements related to CA are not available for candidate TCI states:
[bookmark: _Toc158909953]There are many operations on TCI states that are not available for candidate TCI states. 
We note that the LTM TCI states were introduced to handle early DL synchronization of candidate cells: they were not introduced to facilitate communication after the execution of the LTM cell switch. We should thus not try to extend all the procedures in the RAN1 specifications to also use candidate TCI states. For example, there is no need to change the allowed QCL relations in section 5.1.5 in 38.214. Hence, we propose
[bookmark: _Toc158909958]Do not extend the RAN1 specification to allow a candidate TCI state where a TCI state is used.
In other words, the text in the last paragraph of clause 21 in 38.213 is sufficient:
Excerpt from 38.213, clause 12:
A UE can be provided by a MAC CE in a PDSCH reception on the serving cell [11, TS 38.321] a TCI-State and/or TCI-UL-State in LTM-dl-OrJointTCI-StateToAddModList and/or LTM-ul-TCI-ToAddModList indicating a unified TCI state [6, TS 38.214] for applicable receptions or transmissions on a candidate cell from the number of candidate cells. The UE applies the TCI-State and/or TCI-UL-State, if indicated by the MAC CE, from a first slot that is  after the last symbol of a PUCCH or PUSCH with HARQ-ACK information for the PDSCH providing the MAC CE, and is the SCS configuration for the TBD.

This means that the candidate TCI state is used until further notice. On the other hand, after execution of the LTM cell switch, the new RRC configuration is applied, and the specification related to serving cell TCI states apply.
2.1.4	State of pre-activated candidate TCI states
One issue that has been discussed from time to time during the LTM specification is what happens to the pre-activated candidate TCI states after the reception of the LTM cell-switch command. In our view, there are two options: 
The candidate TCI states remain activated until explicitly deactivated. This is the same paradigm as for serving cell TCI states and may simplify subsequent LTM execution.
All candidate TCI states except the indicated TCI states are deactivated once the LTM cell-switch command is received. This would remove the need for the UE to track candidate TCI states during parts of the connection. However, the peak complexity would not be reduced: once the candidate TCI states are pre-activated, the UE would have to track them.
From our point of view, either of the above solution is acceptable.
Solutions where a subset of the pre-activated are kept are not relevant.

1.1.5 The activation MAC CE 
[bookmark: _Hlk158909658]In [3], RAN2 has specified the Candidate Cell TCI States Activation/Deactivation MAC CE with the following content:


Figure 1: The content of the candidate cell TCI states Activation/Deactivation MAC CE.
Note that the MAC CE only allows activation/deactivation of TCI states for one candidate cell at a time. To activate TCI states corresponding to multiple candidate cells, multiple MAC CEs would have to be sent. This is unfortunate, and it breaks the paradigm of the earlier MAC CEs that activate TCI states, e.g., Unified TCI States Activation/Deactivation MAC CE. With these legacy MAC CEs, all the currently activated TCI states are replaced by the TCI states in the corresponding MAC CE. Any TCI state that is not included in the MAC CE is deactivated. It would be preferable to keep this paradigm also for the Candidate Cell TCI States Activation/Deactivation MAC CE. 
The current design of the MAC CE relies on the use of sending multiple MAC CEs, one per candidate cell. At first glance, this seems like a nice solution: it looks like it would be possible to send these MAC CEs in the same PDSCH. However, this is complicated by the fact that the UE only supports a limited number of activated candidate TCI states, and that the execution order of MAC CEs is not specified in the standard. Clearly, if the NW activates more candidate TCI states than the UE supports, the behaviour would be undetermined. The only way for the NW to ensure that the number of activated candidate TCI states does not exceed the maximum supported by the UE is to first deactivate candidate TCI states for one candidate, wait for the HARQ ACK, and then activate candidate TCI states for another candidate. This approach is unnecessarily cumbersome.
We propose to send an LS to RAN2 asking them to update the Candidate Cell TCI States Activation/Deactivation MAC CE:
[bookmark: _Toc158909959]Send an LS to RAN2 asking them to update the Candidate Cell TCI States Activation/Deactivation MAC CE so that a single MAC CE contains all the TCI states for all candidate cells that shall be activated. 
2.2	LTM measurements and reporting
Most issues for the LTM reporting have been resolved. Here we discuss two smaller issues that need to be fixed.
2.2.1	Priority rules for LTM reports
In RAN1#115, the following agreement was made:
Agreement
For the priority rule for CSI report, LTM CSI report is prioritized over legacy CSI report.

This clarifies the UE behaviour when an LTM CSI report collides with a legacy CSI report. However, it is still unclear what happens when two (or more) LTM CSI report collide. Here we note that it is difficult to determine based on its parameters which LTM CSI report is more important. A simple rule is to rely on the ltm-CSI-ReportConfigId: since different LTM reports have different ltm-CSI-ReportConfigId, the prioritization will be unique: 
[bookmark: _Ref146607573][bookmark: _Toc158909960]An LTM report with a lower ltm-CSI-ReportConfigId prioritized over an LTM report with a higher ltm-CSI-ReportConfigId.
Since the NW can freely configured the order of the LTM CSI reports, Proposal 7 provides the NW the possibility to achieve any type of prioritization.
2.2.2	Define measurement on SpCell
In RAN1#114bis, the following was agreed
Agreement
· For the LTM L1 measurement report, 
· When a UE is configured is configured with SpCellInclusion, the SpCell measurements are the entries in the LTM-CSI-SSB-ResourceSet where the PCI and frequency information [SSB frequency/ARFCN] of the candidate cell is equal to the PCI and frequency information [SSB frequency/ARFCN] of the current SpCell.

This was then captured in [6]:
Excerpt from Error! Reference source not found.:  
If a UE is configured with a [LTM-CSI-ReportConfig],
-	if the UE is configured with spCellInclusion, the UE shall report in a single reporting instance [noOfReportedRS-PerCell] different SSBRI for the current SpCell and each of the [noOfReportedCells] -1 candidate cells. Otherwise, the UE shall report in a single reporting instance [noOfReportedRS-PerCell] different SSBRI for each of the [noOfReportedCell] candidate cells. 
· where SSBRI k (k ≥ 0) corresponds to the configured (k+1)-th entry of the associated [ltm-CSI-SSB-ResourceList] in the corresponding [LTM-CSI-SSB-ResourceSet].
· if spCellInclusion is configured, SSB resources in [ltm-CSI-SSB-ResourceList] associated with the current SpCell are the entries where PCI [given by ltm-CandidatePCI] and frequency information [given by SSB frequency/ ARFCN-ValueNR] of the associated candidate cell (given in [ltm-CandidateIdList]) is equal to the PCI and frequency information [given by SSB frequency/ ARFCN-ValueNR] of the current SpCell.

During RAN1#114bis, there was a debate on the exact RRC parameters that would define the SpCell. 
In our understanding, the UE can determine the SSB frequency of the SpCell in two ways:
1. During RRC configuration with sync, the UE is provided ServingCellConfigCommon, which contains absoluteFrequencySSB.
After transition from Idle, the UE uses the SSB frequency from the cell reselection. Note that ServingCellConfigCommonSIB does not contain absoluteFrequencySSB.
In general, we cannot refer to a specific RRC parameter when determining the SpCell in the list of candidate cells. We thus propose to keep the general term “SSB frequency”:
[bookmark: _Toc158909961]The SpCell measurements are the entries in the LTM-CSI-SSB-ResourceSet where the PCI of the candidate cell, provided by ltm-CandidatePCI, is equal to the PCI of the SpCell, and the frequency information of the candidate cell, provided by ssbFrequency in LTM-SSB-Config, is equal to the SSB frequency of the SpCell.
2.3	RRC parameters
2.3.1	Beam application time
Referring to Proposal 1, the following parameter is needed:
[bookmark: _Ref142646558]Table 1: Beam application time
	Parameter name in the spec
	Description

	ltm-BeamApplicationTime
	Describes beam application time in ms. Preferably, this is configured as part of the LTM-Candidate



3	Conclusion
In the previous sections we made the following observations: 
Observation 1	RAN1 defines a beam application time.
Observation 2	There are many operations on TCI states that are not available for candidate TCI states.
Based on the discussion in the previous sections we propose the following:
Proposal 1	The beam application time for LTM is configured by the NW based on UE capability.
Proposal 2	The smallest value of the configurable beam application time for LTM that can be configured is .
Proposal 3	The TA is updated when the new beam is applied.
Proposal 4	After RACH procedure until a new TCI state is indicated by the target cell, a UE follows the indicated TCI-state in the LTM cell switch command.
Proposal 5	Do not extend the RAN1 specification to allow a candidate TCI state where a TCI state is used.
Proposal 6	Send an LS to RAN2 asking them to update the Candidate Cell TCI States Activation/Deactivation MAC CE so that a single MAC CE contains all the TCI states for all candidate cells that shall be activated.
Proposal 7	An LTM report with a lower ltm-CSI-ReportConfigId prioritized over an LTM report with a higher ltm-CSI-ReportConfigId.
Proposal 8	The SpCell measurements are the entries in the LTM-CSI-SSB-ResourceSet where the PCI of the candidate cell, provided by ltm-CandidatePCI, is equal to the PCI of the SpCell, and the frequency information of the candidate cell, provided by ssbFrequency in LTM-SSB-Config, is equal to the SSB frequency of the SpCell.
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