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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
One of objectives of the Rel-18 Mobility WI is to support L1/L2 signaling based mobility (LTM). LTM will be supported based on L1 measurement/report and shall be performed by sending a cell switch command (CSC) MAC CE. In this paper, we provide our views on the remaining issues on L1 measurement and beam indication aspects for LTM.
Discussion
Measurement and report configuration
[bookmark: OLE_LINK8]In RAN2 LS(R1-2310809/ R2-2311333), RAN2 inform RAN1 it will use LTM-CSI-ReportConfig other than CSI-ReportConfig to configure the L1 report for LTM. Based on the RRC parameter list provided in R1-2310676, one issue posed by using this is how to define the priority of beam report corresponding to different LTM-CSI-ReportConfig and the priority between LTM CSI and non-LTM CSI since both are report as a type of UCI. We think the priority rule specified for CSI reports in NR Rel-17 can be reused for two LTM CSI reports. Because LTM-CSI-ReportConfig for LTM and CSI-ReportConfig for non-LTM CSI has independent ID, how to involve both IDs in a same priority rule formula should be discussed. Considering that CSI report for LTM is more related to the handover decision making, it should have higher priority compared with legacy CSI. How to update the priority rule formula can be further discussed or up to editor.
Proposal 1 LTM CSI should have higher priority compared with non-LTM CSI.
Proposal 2 The principle of CSI reporting priority in R17 can be reused to determine the priority of a LTM CSI report.

To support inter-frequency measurement, the RF switching gap should be considered. This can be implemented by introducing RF switching gap for each of the CSI report configuration for LTM or directly configure multiple measurement gap.
With legacy CSI report configuration for LTM the UE shall firstly determine a DL slot for the reception of the candidate cell RS based on CSI reference resource framework and apply a gap for RF switching before and after the CSI reference resource to specify the UE and gNB behavior. Therefore, the RF switching gap should be explicitly determined to specify the UE behavior in physical layer, which is different from that for L3 measurement.
Two typical scenarios are identified as inter-frequency mobility as follows:
· Scenario 1: The frequency of the measured RS is not covered by any of the active BWPs of SpCell and Scells configured for a UE but is covered by some of the configured BWPs of SpCell and Scells configured for a UE.
· Scenario 2: The frequency of the measured RS is not covered by any of the configured BWPs of SpCell and Scells configured for a UE.
For scenario 1, the RF switching gap can be implemented by a BWP switching gap as illustrated in Figure 1. No specification change is required for this scenario. 


[bookmark: _Ref123652758][bookmark: OLE_LINK5]Figure 1 L1 measurement for scenario 1
For scenario 2, the UE requires an explicit RF switching gap to switch to the measurement frequency for candidate cell RS reception. Similar with scenario 1, the UE should complete the RF switching before the reception the of candidate cell RSs. An example is provided in Figure 2. A GAP is added before the reception of the RS in CMR and after the reception of the RS corresponding to the triggered CSI report for the RF to tune between the two frequencies.


[bookmark: _Ref127279128]Figure 2 L1 measurement for scenario 2

Another option is to introduce measurement gap for L1 measurement for LTM, and the RF switching gap is covered by each of the configured measurement gap. Each measurement gap is consisted of one or more continues DL slots and configured by RRC parameter, and each CSI report configuration for LTM is associated with a measurement gap to obtain the corresponding beam report. To reduce the measurement overhead, all the resources from different candidate cells configured for a CSI report for LTM can be covered by a same measurement gap.
Proposal 3 [bookmark: _Toc134709639][bookmark: _Toc134715321][bookmark: _Toc142319653][bookmark: _Toc142638387][bookmark: _Toc134705445]Consider the following two options for CSI report for LTM
· [bookmark: _Toc134709640][bookmark: _Toc134715322][bookmark: _Toc142319654][bookmark: _Toc142638388]Option 1: Introduce a RF switching gap for CSI report configured for LTM for inter-frequency measurement.
· [bookmark: _Toc134709641][bookmark: _Toc134715323][bookmark: _Toc142319655][bookmark: _Toc142638389]Option 2: A UE can be configured with multiple measurement gaps for L1 measurement for LTM, and each CSI report for LTM is associated with a measurement gap to obtain the corresponding beam report.

Beam measurement and beam report for LTM
RAN4 reached the following agreements on L1 measurement and beam report for LTM:
	Agreements@RAN4#107
· Whether to use final L3 measurement results for L1 measurement report
· Baseline: UE is NOT expected to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report
· UE shall support L1 measurements for at least [2 or 3] neighboring cells
· Introduce optional UE support to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report
· Note 1: No impact on RAN1/2 design is expected
· Note 2: the principles of the solution need to be agreed in RAN4 #108 meetings and the mechanism can be removed if no consensus reached on solution.



RAN4 agreed to introduce an optional UE feature to report L3 measurement results in L1 beam report but without expected RAN1 impact. However, from NW perspective, L3 measurement results, which corresponds to filtered RSRP, and L1 measurement result, which corresponds to L1-RSRP, is different and may correspond to different reference resources. For example, L3 measurement result is a more stable result for the NW to make the LTM decision, while L1 measurement results are more useful for beam activation and indication for candidate cells. As a result, it’s better to let the gNB know the reported measurement result is a L1 measurement result or a L3 measurement result. Therefore, we propose the following enhancements on the beam report.
· Option 1: If a UE reports a capability to report L3 measurement results in L1 beam report, gNB can configure a beam report for the UE and indicate the UE to report L1 RSRP or L3 filtered RSRP. 
· For example, the gNB can configure a CSI-ReportConfig with the parameter reportQuality set to SSBRI-FilteredRSRP
· Option 2: It’s up to UE to report L1 RSRP or L3 filtered RSRP in each beam report, but the UE needs to indicate the reported RSRP is a L1 RSRP or a L3 filtered RSRP. For example, a one-bit indication can be included in each beam report. If the UE indicates the reported RSRPs are L1 measurement results, all the reported RSRPs correspond to L1-RSRP. If the UE indicates the reported RSRPs are L3 measurement results, all the reported RSRPs correspond to L3 filtered RSRP.
Proposal 4 [bookmark: _Toc142319656][bookmark: _Toc142638390]Consider the following enhancements for the UE support to report L3 measurement results in L1 beam report
· [bookmark: _Toc142319657][bookmark: _Toc142638391]Option 1: If a UE reports a capability to report L3 measurement results in L1 beam report, gNB can configure a beam report for the UE and indicate the UE to report L1 RSRP or L3 filtered RSRP
· [bookmark: _Toc142319658][bookmark: _Toc142638392]Option 2: It’s up to UE to report L1 RSRP or L3 filtered RSRP in each beam report, but the UE needs to indicate the reported RSRP is a L1 RSRP or a L3 filtered RSRP.

TCI state mapping in target cell with early TCI activation
The following options can be considered for early TCI activation for candidate cells:
· Option 1: TCI states for a candidate cell are activated by a single MAC CE (multiple MAC CEs are needed for TCI states activation for multiple candidate cells) 
· This option apples to the case that separate TCI state pools are configured for different candidate cells and the feature of inter-cell beam management is not configured. 
· For separate TCI state, the TCI state should be activated per TCI state pair including a UL TCI state and a DL TCI state.
· Option 2: TCI states for multiple candidate cells are activated by a single MAC CE. 
· This option applies to the case that a single TCI state pool which contains TCI states for all candidate cells is configured and each TCI state is associated with a candidate cell index or a PCI. This option can be used when inter-cell beam management is configured. For example, one of the activated TCI states associated with one candidate cell can be used for DL transmission. 
· For separate TCI state, the TCI state should be activated per TCI state pair including a UL TCI state and a DL TCI state.
The motivation of the early TCI state activation is that the activated TCI states for a candidate cell can be directly used when the UE is indicated to switch to the candidate cell. In other word, one of the activated TCI states can be indicated by a DCI format 1_1/1_2 for the common TCI state for PDSCH/PDCCH reception. When more than one TCI state of a candidate cell are activated before LTM and the candidate cell is the target cell indicated by the LTM MAC CE, each of the activated TCI states are mapped to the TCI codepoint of the DCI format 1_1/1_2 of the target cell with the following example:
· For joint TCI, the first activated TCI state for a candidate cell is mapped to the 1st TCI codepoint, i.e., TCI codepoint value 000, of DCI format 1_1/1_2 of the target cell, the second activated TCI state for the candidate cell is mapped to the 2nd TCI codepoint, i.e., TCI codepoint value 001, of DCI format 1_1/1_2 of the target cell, and so on.
· For separate TCI, the first pair of activated TCI states (UL&DL) is mapped to the 1st TCI codepoint, i.e., TCI codepoint value 000, of DCI format 1_1/1_2 of the target cell, the second pair of activated TCI states (UL&DL) is mapped to the 2nd TCI codepoint, i.e., TCI codepoint value 001, of DCI format 1_1/1_2 of the target cell, and so on.
Proposal 5 [bookmark: _Toc142319662][bookmark: _Toc142638396]When more than one TCI state of a candidate cell are activated before LTM and the candidate cell is the target cell indicated by the LTM MAC CE, each of the activated TCI states is mapped to the TCI codepoint of the DCI format 1_1/1_2 of the target cell for DCI based beam indication in the target cell.

Application time of the LTM MAC CE
The cell switch command is carried by a MAC CE and a new beam for the target cell which is different from the beam used for source cell. One issue if when to apply the cell switch command. An example of the LTM timing is illustrated in Figure 1. 


[bookmark: _Ref139007447]Figure 3 Illustration of LTM timing
During the application time period, the UE needs to complete the following operation:
· Complete the necessary RRC updating, e.g., complete the decoding of candidate cell configuration corresponding to the target cell and prepare the LTM complete message. The required time is TRRC.
· Switch to the new Tx and Rx beam corresponding to the indicated TCI state(s). The required time is TBAT= BeamAppTime-r17.
· Complete the RF retuning at least for inter-frequency handover. The required time is TRF. TRF may equals to 0 for intra-frequency handover
Each of the above step may correspond to different time requirement. However, since the cell switch command is a MAC CE, the legacy application time for MAC CE, i.e.,   should be the baseline. The following behavior can be considered. 
When the UE send a PUCCH or PUSCH in slot n carrying the HARQ-ACK for the PDSCH which carries LTM MAC CE containing cell switch command, the MAC CE applies in the first slot after n+TLTM, where TLTM is determined by TLTM =  + min {TBAT, TRRC, TRF}, TRF may equals to 0 for intra-frequency handover. For simplify, the application time is defined by TLTM = , where the value of k can be a further discussed by involving RAN4. TLTM may be the number of symbols and are calculated based on the SCS of serving cell, e.g., the UL SCS of the serving cell or the smallest value of the SCS of the serving cell of and the SCS of the target cell.
Proposal 6 [bookmark: _Toc142319663][bookmark: _Toc142638397]The application time of the LTM MAC CE is determine by TLTM = , the value of k is FFS. And the TLTM is calculated based on the SCS of serving cell, e.g., the UL SCS of the serving cell or the smallest value of the SCS of the serving cell of and the SCS of the target cell.
Conclusion
In this contribution, we provide the following proposals:

Proposal 1	LTM CSI should have higher priority compared with non-LTM CSI
Proposal 2	The principle of CSI reporting priority in R17 can be reused to determine the priority of a LTM CSI report
Proposal 3	Consider the following two options for CSI report for LTM
· Option 1: Introduce a RF switching gap for CSI report configured for LTM for inter-frequency measurement.
· Option 2: A UE can be configured with multiple measurement gaps for L1 measurement for LTM, and each CSI report for LTM is associated with a measurement gap to obtain the corresponding beam report.
Proposal 4	Consider the following enhancements for the UE support to report L3 measurement results in L1 beam report
· Option 1: If a UE reports a capability to report L3 measurement results in L1 beam report, gNB can configure a beam report for the UE and indicate the UE to report L1 RSRP or L3 filtered RSRP
· Option 2: It’s up to UE to report L1 RSRP or L3 filtered RSRP in each beam report, but the UE needs to indicate the reported RSRP is a L1 RSRP or a L3 filtered RSRP.
Proposal 5	When more than one TCI state of a candidate cell are activated before LTM and the candidate cell is the target cell indicated by the LTM MAC CE, each of the activated TCI states is mapped to the TCI codepoint of the DCI format 1_1/1_2 of the target cell for DCI based beam indication in the target cell.
Proposal 6	The application time of the LTM MAC CE is determine by TLTM = 3Nslotsubframe,µ+k, the value of k is FFS. And the TLTM is calculated based on the SCS of serving cell, e.g., the UL SCS of the serving cell or the smallest value of the SCS of the serving cell of and the SCS of the target cell.
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