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[bookmark: OLE_LINK39][bookmark: OLE_LINK38][bookmark: OLE_LINK37]Introduction
In RAN2#125-bis meeting, we discussed the UE capability for L1 measurement and LTM capability. An LS is sent to RAN1 and RAN4 to ask for their views on whether to couple these capabilities.
	RAN2 discussed RAN1 and RAN4 feature lists associated with Rel-18 NR_Mob_enh2.  RAN2 discussed whether the following L1 measurement and reporting features are mandatory to support LTM or whether L3 measurement could be used.
	45-1
	Intra-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure

	45-1a
	Inter-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure



RAN2 made the following agreement:
· RAN2 makes no further assumptions whether L3 measurements can be used or not to trigger LTM.  
RAN2 would like to check the following with RAN1 and RAN4:
Question 1: Are the above intra-frequency and inter-frequency L1 measurement and reporting features (45-1 and 45-1a) prerequisites to support intra-frequency and inter-frequency LTM, respectively?
Question 2: The above features, 45-1 and 45-1a, from RAN1 and related RAN4 features (39-1, 39-2, 39-3-1, 39-3-2, 39-3-3, 39-3-4, 39-3-5, 39-3-6) are defined per BC for both intra-frequency and inter-frequency measurements.  RAN2 would like check with RAN1/4 for which BC (e.g. BC of current serving cells, BC including current serving cells and cell to be measured or something else) these capabilities are to be considered for L1 intra-frequency and inter-frequency LTM measurements?



In this contribution, we provide analysis and potential TPs for the decoupling UE capabilities for L1 measurement and LTM.
[bookmark: OLE_LINK8][bookmark: OLE_LINK30][bookmark: OLE_LINK10][bookmark: OLE_LINK19]Discussion
[bookmark: OLE_LINK28]Currently, the LTM UE feature list in TR 38.822 can be found as follows:
· 45-1      Intra-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure
· 45-1a    Inter-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure
· 45-2      Inclusion of current SpCell in the L1 measurement report
· 45-3      Beam indication with joint DL/UL LTM TCI states
· 45-3a    MAC-CE activated joint LTM TCI states
· 45-4      Beam indication with separate DL/UL LTM TCI states
· 45-4a    MAC-CE activated DL/UL LTM TCI states 
· 45-5      RACH-based early TA acquisition
· 45-5a    RACH-based early TA acquisition with simultaneous transmission
· 45-6      UE-based TA measurement
· 45-7      TA indication in cell switch command
In 38.306 UE capability CRs, the ltm-MCG-r18 is described as the basic MCG LTM capability. The UE supporting this feature shall also indicate support for intra-frequency L1 measurement and report (FG45-1). Meanwhile, if UE supports inter-frequency LTM, it shall also indicate support for inter-frequency L1 measurement and report (FG45-1a). That is to say, whether to support inter-frequency LTM is indicated directly by the FG45-1a. The support of LTM capability and L1 measurement capability is coupled.
Observation 1: In the latest 38.306 CR, whether UE supports inter-frequency LTM is indicated directly by the report of FG45-1a (capability of inter-freq L1 MR)
If the capability of L1 measurement and LTM is decoupled, then UE which supports basic MCG LTM capability does not need to support L1 measurement and report. In this case, UE may only perform L3 measurements and report to the network. Considering that RAN2 makes no further assumptions about whether L3 measurements can be used or not to trigger LTM, it is up to network implementation how to trigger the LTM execution. 
Observation 2: If the capabilities of L1 measurement and LTM are decoupled; a UE which only reports MCG LTM capability may perform L3 measurement report, and it is up to network implementation how to trigger the LTM execution.
Meanwhile, since the measurement (45-1, 45-1a) and LTM capability (ltm-MCG) are decoupled, the LTM capability also needs to be divided into two separate capabilities for inter-frequency and intra-frequency. Otherwise, it is not clear how could UE report the support of inter-frequency LTM.
Observation 3: If the capabilities of L1 measurement and LTM are decoupled, MCG LTM capability needs to be divided into two separate capabilities for inter-frequency and intra-frequency.
The FG45-3a/4a refers to the support of early TCI state activation. Currently, the early TCI state activation is decoupled with L1 measurement report (FG45-1 and 45-1a), and UE is assumed to also support inter-frequency early TCI state activation as long as 45-3a/4a is reported (no matter whether 45-1a is reported). If LTM capability is divided into two separate capabilities (for inter-frequency and intra-frequency), the early TCI state activation capability may also be separated (to intra & inter). This may be further discussed in RAN1/4.
Observation 4: If the LTM capability is divided into two separate capabilities for intra- and inter-frequency cases, the early TCI state activation capability should be divided into two separate capabilities for inter-frequency and intra-frequency cases. 
Therefore, we recommend RAN2 clarify the following in the case that RAN1 and RAN4 agree to decouple the L1 measurement and LTM capability
Proposal 1:  RAN2 to clarify and discuss the following understanding if the L1 measurement and LTM capabilities are decoupled:
1. A UE which only reports MCG LTM capability may not perform L1 measurement reporting, and it is up to network implementation how to trigger the LTM execution.
2. The MCG LTM capability is divided into two separate capabilities for inter-frequency and intra-frequency. 
Proposal 2: If proposal 1 is agreed, send an LS to RAN1 and RAN4 to ask them whether the early TCI state activation capability (45-3a/4a) should be divided into two separate capabilities for inter-frequency and intra-frequency.
Proposal 3: RAN2 to consider the text proposal for stage-2 spec provided in the Annex.

Conclusion
[bookmark: OLE_LINK40][bookmark: OLE_LINK11]We have the following observations:
Observation 1: In the latest 38.306 CR, whether UE supports inter-frequency LTM is indicated directly by the report of FG45-1a (capability of inter-freq L1 MR)
Observation 2: If the capabilities of L1 measurement and LTM are decoupled; a UE which only reports MCG LTM capability may perform L3 measurement report, and it is up to network implementation how to trigger the LTM execution.
Observation 3: If the capabilities of L1 measurement and LTM are decoupled, MCG LTM capability needs to be divided into two separate capabilities for inter-frequency and intra-frequency.
Observation 4: If the LTM capability is divided into two separate capabilities for intra- and inter-frequency cases, the early TCI state activation capability should be divided into two separate capabilities for inter-frequency and intra-frequency cases. 
It is proposed to discuss and decide on the following proposals:
Proposal 1:  RAN2 to clarify and discuss the following understanding if the L1 measurement and LTM capabilities are decoupled:
1. A UE which only reports MCG LTM capability may not perform L1 measurement reporting, and it is up to network implementation how to trigger the LTM execution.
1. The MCG LTM capability is divided into two separate capabilities for inter-frequency and intra-frequency. 
Proposal 2: If proposal 1 is agreed, send an LS to RAN1 and RAN4 to ask them whether the early TCI state activation capability (45-3a/4a) should be divided into two separate capabilities for inter-frequency and intra-frequency.
Proposal 3: RAN2 to consider the text proposal for stage-2 spec provided in the Annex.
.
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Annex: Text proposal
Note: The following text proposal is on top of the stage-2 CR [2] agreed after [Post125bis][512].

[bookmark: _Toc163030047]9.2.3.5.2	C-Plane Handling
[bookmark: _Hlk144816415]Cell switch command is conveyed in a MAC CE, which contains the necessary information to perform the LTM cell switch.
The overall procedure for LTM is shown in Figure 9.2.3.5.2-1 below. Subsequent LTM is done by repeating the early synchronization, LTM cell switch execution, and LTM cell switch completion steps without releasing other LTM candidate configurations after each LTM cell switch completion. The general procedure over the air interface is applicable to SCG LTM. Further details of SCG LTM can be found in TS 37.340 [21].


Figure 9.2.3.5.2-1. Signalling procedure for LTM
The procedure for LTM is as follows:
1.	The UE sends a MeasurementReport message to the gNB. The gNB decides to configure LTM and initiates LTM preparation.
2.	The gNB transmits an RRCReconfiguration message to the UE including the LTM candidate configurations.
3.	The UE stores the LTM candidate configurations and transmits an RRCReconfigurationComplete message to the gNB.
4a.	The UE performs DL synchronization with the LTM candidate cell(s) before receiving the cell switch command. The UE may activate and deactivate TCI states of LTM candidate cell(s), as triggered by the gNB.
4b.	The UE may perform UL synchronization with LTM candidate cell(s) before receiving the cell switch command, by using UE-based TA measurement, if configured, and/or by transmitting a preamble towards the candidate cell, as triggered by the gNB. When UE-based TA measurement is configured, UE acquires the TA value(s) of the candidate cell(s) by measurement. UE performs early TA acquisition with the candidate cell(s) as requested by the network before receiving the cell switch command as specified in clause 9.2.6. This is done via CFRA triggered by a PDCCH order from the source cell, following which the UE sends preamble towards the indicated candidate cell. In order to minimize the data interruption of the source cell due to CFRA towards the candidate cell(s), the UE does not receive random access response from the network for the purpose of TA value acquisition and the TA value of the candidate cell is indicated in the cell switch command. The UE does not maintain the TA timer for the candidate cell and relies on network implementation to guarantee the TA validity.
5.	The UE performs L1 measurements on the configured LTM candidate cell(s) and transmits L1 measurement reports to the gNB. L1 measurement should be performed as long as RRC reconfiguration (step 2) is applicable.
NOTE 1: The support of L1 measurement is not a prerequisite for UE to perform LTM cell switch. The determination of LTM execution triggering for UEs lacking L1 measurement capability relies on network implementation.
[bookmark: OLE_LINK74]6.	The gNB decides to execute cell switch to a target cell and transmits an LTM cell switch command MAC CE triggering cell switch by including a target configuration ID which indicates the index of the candidate configuration of the target cell, a beam indicated with a TCI state or beams indicated with DL and UL TCI states, and a timing advance command for the target cell, if available. The UE switches to the target cell and applies the candidate configuration indicated by the target configuration ID.
7.	The UE performs the random access procedure towards the target cell, if UE does not have valid TA of the target cell as specified in clause 5.18.35 of TS 38.321[6].
8.	The UE completes the LTM cell switch procedure by sending RRCReconfigurationComplete message to target cell. If the UE has performed a RA procedure in step 7 the UE considers that LTM cell switch execution is successfully completed when the random access procedure is successfully completed. For RACH-less LTM, the UE considers that LTM cell switch execution is successfully completed when the UE determines that the network has successfully received its first UL data.
The steps 4-8 can be performed multiple times for subsequent LTM cell switch executions using the LTM candidate configuration(s) provided in step 2.
The procedure over the air interface described in Figure 9.2.3.5.2-1 is applicable to both intra-gNB-DU LTM and inter-gNB-DU LTM. The overall LTM procedures over F1-C interface are captured in TS 38.401[4].
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