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Introduction
In the last meeting, we focused on UE feature and performance part, and some companies proposed many issues which not be discussed due to the limited time. In this contribution, we discuss L1/L2 triggered mobility (LTM) from the perspective of RRM based on the WF [1].
Discussion
1.1 general aspects and scenarios
	Issue 1-1-1-1: The value of additional time for DL synchronization when needed in the delay requirements for PDCCH ordered RACH before cell switch command

	Agreement in RAN4#109
· For FR2, one Tssb delay is always assumed before UE transmit PDCCH-ordered RACH.
· For FR1, when TCI state associated the PDCCH-order RACH has not been activated,
· one Tssb delay is always assumed before UE transmit PDCCH-ordered RACH.
· For FR1, when TCI state associated the PDCCH-order RACH is activated,
· If L1-RSRP measurement delay is less than or equal to 160ms, Tssb is not needed. UE is required to meet the UL Tx timing accuracy requirements
· If L1-RSRP measurement delay is more than 160ms, UE is allowed to transmit PDCCH-ordered RACH with or without one Tssb delay. No UE UL Tx timing accuracy requirement will be defined.



<Way Forward>: Further discuss the following option:
· Option 1 (Apple, CATT, MTK): In PDCCH ordered RACH delay, TSSB is:
· TSSB is the time to first SSB transmission after PDCCH-order RACH command is decoded by the UE when SSB is within active BWP
· TSSB is the time to first SSB transmission overlapped with MGL after PDCCH-order RACH command is decoded by the UE when SSB is outside active BWP.
· Option 1a (MTK): in the definition of TSSB, the PDCCH-order decoding time is assumed as 1 slot.
· the time to first SSB transmission after slot n+1, where slot n is the slot that UE receives PDCCH-order RACH command when SSB is within active BWP
· the time to first SSB transmission overlapped with MGL after slot n+1, where slot n is the slot that UE receives PDCCH-order RACH command when SSB is outside active BWP.
· Option 2 (vivo): For the time to wait for the 1st SSB transmission, Tfirst-SSB should be 
· the SSB periodicity of the candidate cell when SSB is within active BWP, or 
· the measurement gap periodicity when SSB is outside active BWP.
· TSSB-proc = 2 ms should be counted in TSSB



For the first issue, we should discuss the definiation of TSSB which has been agreed in previous meeting but no concensus on the exact value. In current spec, the description of Tfirst-SSB in MAC-CE based TCI state switch delay can be uesd as baseline, that is, Tfirst-SSB is time to first SSB transmission after MAC CE command is decoded by the UE. Different from legacy, we should consider the cases of SSB is within and outside active BWP for L1-RSRP measuremen. Therefore, the value of TSSB can be divide into two parts. We support that TSSB is the time to first SSB transmission after PDCCH-order RACH command is decoded by the UE when SSB is within active BWP, and TSSB is the time to first SSB transmission overlapped with MGL after PDCCH-order RACH command is decoded by the UE when SSB is outside active BWP.
In addition, as mentioned in R4-2405357, the time to the first SSB transmission would be a variant that depends on when the PDCCH-ordered RACH is decoded. In the timeline of TS 38.213, a variant delay is not good for gNB to predict which RACH occasion is used by UE. Therefor, we perfer to relax the TSSB with 2ms.
Proposal 1:  In PDCCH ordered RACH delay, TSSB is:
· TSSB is the time to first SSB transmission after PDCCH-order RACH command is decoded by the UE when SSB is within active BWP
· TSSB is the time to first SSB transmission overlapped with MGL after PDCCH-order RACH command is decoded by the UE when SSB is outside active BWP.
Proposal 2: TSSB-proc = 2 ms should be counted in TSSB.
	Issue 1-2-1: Whether and how to define timing requirements for UE based TA measurement
<Way Forward >: Further discuss the following options:
· Option 1 (CMCC, vivo): Define timing requirements for UE based TA measurement for LTM.
· Option 1a (CMCC): for UE autonomous TA adjustment for LTM, it is proposed that UE autonomously adjusts the TA based on twice of the DL timing difference if the DL timing difference is≥CP/4, and the UL timing requirements after one-shot autonomous TA adjustment is ±Te (similar as the UE transmit timing requirements for LPHAP defined in TS38.133 7.1.2.4).
· Option 2 (MTK, ZTE): Not to define requirements for UE based TA measurement in R18.
· Option 3 (Nokia): 
· It is ok not to define requirements for UE based TA measurement in R18 but discussions about no interruptions and transmit timing is still needed. If the requirements are to be introduced in rel-18, at least the issues listed in this contribution need to be taken into account (RSes, TA acquisition delay, etc.)
· Any UE based TA measurements shall not cause any impact to the network, for example, interruptions.
· existing transmit timing accuracy requirements shall apply.
· RAN4 should discuss which measurements are expected to be used when performing UE based TA measurements.
· RAN4 need to discuss how long the acquisition of the UE based TA takes after LTM candidate cell configuration, to the point where UE is expected to have estimated the TA.
· RAN4 should discuss requirements for the accuracy of the UE estimated TA.



For UE based TA measurement, we have discussed the feasibility in RAN4#108 meeting and sent LS R4-2314455 to RAN1. In the relpy LS,
we have the common understanding that UE based TA measurement is only feasible under the condition that serving cell and target cell are well synchronized. For example, in FR1, where the TAE between serving cell and candidate cell is within 260ns, UE may be able to derive the TA based on UE based TA measurement and may meet the UL transmit timing requirements under good SNR condition and may not cause any performance degradation at the gNB. But in RAN4’s requirements, the cell synchronization accuracy is 3us. Therefore, we perfer to support that not to define the requirements for UE based TA measurement because the applicable scenario is too limited. 
In addition, if we agree to define requirement for UE based TA measurement in R18, there are some issues need to be solved which are mentioned in option3. Considering core part of this work item has been closed, RAN4 should define the requirment in future release.. For option1, the scenario and condition are different in the two WIs and the requirement for R17 positioning could not be reused directly.
Observation 1: Existing requirement could not be reused for UE based TA measurement in LTM and core part of this work item has been closed,
2.3 Cell switch delay
· When TCI state is known, if UE receives early TCI state activation command at slot n, UE shall have activated the TCI state in slot n + THARQ + + TOk*(Tfirst-SSB + TSSB-proc) / NR slot length, where TOk=0 if the TCI state is already in previous active TCI state list, otherwise TOk=1.
· for intra-frequency and inter-frequency without gap:
· Tfirst-SSB is the time to first SSB occasion after slot n + THARQ +.
· for inter-frequency with gap:
· Option 1: Tfirst-SSB is the time to the first SSB occasion overlapped with MGL after slot n + THARQ +.
· Option 2: Tfirst-SSB is the time to first SSB occasion after slot n + THARQ +.
As to the value of Tfirst-SSB, some company clarified that UE would release the connection with serving cell (a hard handover procedure) when cell switch command is received. And the gap configuration from old serving cell is not applied for the target cell. So even if the target cell is an inter-frequency cell, gap is not used.
We have some concern, UE shall complete the activation of TCI state within the delay defined here after receiving a MAC CE indicating LTM candidate cell TCI state activation before cell switch command. In our understanding, TCI state activation would be finished before UE receives cell switch command, the gap configuration from old serving cell maybe can apply for the target cell.
Observation 2: TCI state activation would be finished before UE receives cell switch command, the gap configuration from old serving cell maybe can used.
	Issue 3-2-2-1: Extra time for PL-RS measurement
<Way Forward >: Further discuss the following options
· Option 1 (MTK): 
· For CBRA cell switch, no additional PL-RS measurement time is needed.
· For CFRA and RACH-less cell switch, both in FR1 and FR2, the cell switch requirements are only applicable to the case when target PL-RS is maintained, and UE does not need extra time to measure the PL-RS. 
· During cell switch, PL-RS is maintained provided:
	-	the target PL-RS is associated with or included in the UL or joint TCI states in the active TCI list for PUSCH/PUCCH/SRS transmissions
-	 Number of active UL TCI states (UL or joint TCI state) for PUSCH/PUCCH/SRS transmissions does not exceed UE capability ltm-MAC-CE-JointTCI-r18 or ltm-MAC-CE-SeparateTCI-r18
-	The target pathloss reference signal remains detectable during cell switch delay
-	SNR of the target pathloss reference signal≥-3dB
-	The associated SSBs with the target pathloss reference signal remain detectable during cell switch delay
-	SNR of the associated SSB ≥-3dB


· Option 2 (vivo):  The UL TCI activation delay is added into cell switch delay as follows.
· [bookmark: _Hlk163137240]TLTM-interrupt  = TLTM-RRC-processing + TLTM-processing + max(Tfirst-RS + TRS-proc, Tfirst_target-PL-RS + [2]*Ttarget_PL-RS + 2ms) + TLTM-IU
· Option 4 (Huawei, ZTE, Nokia): No additional delay or conditions are needed for PL-RS measurement.
· [bookmark: _Toc163482154]Option 4a (Nokia): The number of PL-RS the UE shall be able to maintain for LTM candidate cells should be added on top of the number of the 4 PL-RS the UE is expected to be able to keep track of for serving cells. RAN4 to discuss the exact number of LTM candidate cell PL-RS that the UE shall be able to maintain.
· Option 5 (Ericsson, QC): For the cell switch delay, no additional delay or conditions are needed for PL-RS measurement provided that the following condition are fulfilled:
· UE has reported L3-RSRP on the SSB associated with PL-RS before reception of LTM configuration and UE is configured to perform L3 or L1 measurements after LTM configuration.



The issue to discuss is whether extra time for PL-RS measurement is needed during cell switch.
In active uplink TCI state switching delay for unified TCI, additional time is needed for PL-RS measurement if the target PL-RS is not maintained.When uplink TCI state is activated, the UE is allowed a delay of NM* (Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms) for evaluating the path loss through PL-RS signals if the target PL-RS is not maintained by the UE. 
In legacy L3 HO, UE is supposed to use SSB as PL-RS to determine UL transmission power during RACH procedure and no additional PL-RS measurement time is needed. Therefore, similar principle can be used to RACH based cell switch and no additional PL-RS measurement time is needed. 
In the legacy unified TCI state framework, PL-RS can be either SSB or CSI-RS. Meanwhile, there were a lot of discussions in RAN4 and finally agreed to only consider maintained case in FR2 when the target PL-RS is SSB in R17 unified TCI state switching. 
For a cell with a different PCI, PL-RS is always SSB in the current requirements. Since it was agreed that UE is configured to measure and report the SSB based LTM in Rel-18, it makes sense that the PL-RS would also be configured to be an SSB. The UE will perform L1 measurements and can also be assumed to perform L3 measurements for the cell before TCI state activation or cell switch command, so it should have some understanding on the path loss already based on those measurements. Based on this, we think UE can derive PL from the L1-RSRP samples and no additional delay due to PL-RS is needed. 
Proposal 3: No additional delay for PL-RS tracking or conditions are needed in cell switch delay for PL-RS measurement.
	Issue 3-2-4-2: Condition on time gap between TCI state activation command and cell switch command for TLTM_RRC-processing =0
<Agreement>
· TLTM_RRC-processing in TS38.133 is zero, if the time gap from the slot where the UE received the candidate cell TCI state activation MAC CE to the slot where the UE received the LTM cell switch MAC CE is larger than THARQ+13ms, if the condition of ‘fast RRC processing’ is met by the candidate cell TCI state activation.
Issue 3-2-4-3: Condition on time gap between PDCCH-order and cell switch command for TLTM_RRC-processing =0
<Way Forward >: Further discuss the following options
· [bookmark: _Toc163482148]Option 1 (MTK, Nokia): 
· TLTM-RRC-processing = 0, if UE supports [Early processing of an LTM candidate cell RRC configuration] and has received PDCCH order for the target cell at least 10 ms before the LTM cell switch command.
· Option 2 (Ericsson, QC)
· The time gap from the slot where the UE received the PDCCH triggering the PDCCH-order PRACH transmission to the slot where the UE received the LTM cell switch MAC CE is larger than NT,2+10ms, if the condition of ‘fast RRC processing’ is met by the PDCCH-order PRACH transmission.



This issue is about the condition on time gap which can guarantee TLTM_RRC-processing =0. In previous meeting, we have consensus that both TCI state activation comand and PDCCH-order RACH can trigger early ASN.1 decoding and validity check on the candidate cell. In the last meeting, there is an agreement that TLTM_RRC-processing in TS38.133 is zero, if the time gap from the slot where the UE received the candidate cell TCI state activation MAC CE to the slot where the UE received the LTM cell switch MAC CE is larger than THARQ+13ms. In our understanding, THARQ+13ms include the time for UE to process the TCI state activation MAC-CE (THARQ+3ms) and to perform the 10 ms ASN.1 decoding and validity check. 
The same principles can be applied to PDCCH-order RACH, NT,2+10ms is reasonable where NT,2 is the PUSCH preparation time for UE processing and 10ms for UE to perform the 10 ms ASN.1 decoding and validity check.
Proposal 4: The time gap from the slot where the UE received the PDCCH triggering the PDCCH-order PRACH transmission to the slot where the UE received the LTM cell switch MAC CE is larger than NT,2+10ms, if the condition of ‘fast RRC processing’ is met by the PDCCH-order PRACH transmission.
2.3 Other
	Issue 2-1-1: L1-RSRP measurement on intra-f neighbor cell of deactivated SCC
<Way Forward >: Further discuss the following options:
· Option 1 (Apple, MTK): LTM intra-frequency L1-RSRP requirements defined in R18 are not applicable to neighbor cell on deactivated SCC.
· Option 1a (Apple): not define requirements in R18
· Option 1b (Apple): allow similar measurement relaxation as L3 measurement (e.g. following measCycleSCell)
· Option 2 (Ericsson, QC): If network configures cell on deactivate SCell frequency as a LTM candidate cell, UE should measure that cell using LTM L1-RSRP measurement period.
Issue 2-1-2: whether to consider L1-RSRP measurement on deactivated SCell
Online agreement
< Agreement>: 
· Conclude this issue in the next meeting. 



One of the open issues on L1 measurement is whether to consider L1-RSRP measurement on deactivated SCell. We have discussed this issue in previous meeting and reached consensus in RAN4#109 that this issue would be discussed in maintenance part if RAN1/2 agree to support L1-RSRP measurement on deactivated SCell.
	RAN4#109
Issue 2-3-1-2: whether to consider L1-RSRP measurement on deactivated SCell
<Agreement>
· Discuss this issue in maintenance part if RAN1/2 agree to support L1-RSRP measurement on deactivated SCell.



Based on RAN1/2 conclusions, LTM L1-RSRP measurement can be configured on any SSB frequency and   deactivated SCell as LTM candidate cell is supported. 
	RAN2#123bis
· Confirm that deactivated SCell as LTM candidate cell is supported


Observation 3:  L1-RSRP measurement on de-activated SCell is already supported by RAN1/2.
In the lasting meeting, we discussed this issue and there were two options.
· Option 1 (CMCC, Ericsson, QC, HW, vivo): Consider L1-RSRP measurement on deactivated SCell.
· Option 1a (Ericsson, QC): If network configures a deactivated SCell as a LTM candidate cell, UE should measure that cell using LTM L1-RSRP measurement period.
· Option 2 (ZTE, Nokia, vivo, Apple): RAN4 not to consider L1-RSRP measurement on deactivated SCell in R18.
It may have RAN2 spec impact and it is a new scenario which should not be discussed in R18 maintenance. Considering Rel-18 core part is already closed, some companies suggested that L1 measurement on de-activated SCC is discussed in Rel-19 Mob. or RRM enh. WI. In our understanding, if there is no impact on RAN2 spec, it’s acceptable to us to consider L1-RSRP measurement on deactivated SCell, such as existing UE capability is applicable. 
We have checked with our RAN2 colleague, if configure the deactivated SCell as an independent candidate PCell, then configure L1 measurement on this candidate cell, there is no additional impact on RAN2. In other words, LTM intra-frequency L1-RSRP requirements defined in R18 should be applicable to neighbor cell on deactivated SCC.
Prpposal 5: RAN4 not to consider L1-RSRP measurement on deactivated SCell in R18 unless there is no impact on RAN2.
Prpposal 6: If network configures a deactivated SCell as a LTM candidate cell, UE should measure that cell using LTM L1-RSRP measurement period. 
2.4 Reply LS to RAN2
	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?


RAN2 sent an LS [2] to RAN1 and RAN4, and RAN4 was asked to provide feedback on Question 2.In this contribution, we will provide our views on the draft reply LS to RAN2. Regarding Question 1, it should be discussed in RAN1 and we provide our understanding based on RAN4’s perspective. 
In TS 38.133, there is no restriction that intra-frequency and inter-frequency LTM shall based on intra-frequency and inter-frequency L1 measurement and reporting. For example, known conditions of target cell in the LTM cell switch including valid L1 or L3 measurement report, and the LTM cell switch can be finished without L1 measurement.
Observation 4: There is no restriction that intra-frequency and inter-frequency LTM shall based on intra-frequency and inter-frequency L1 measurement and reporting.
For RAN4 related features in question 2, RAN4 has a common understanding that the granularity of these UE features should be set as per BC without otherwise specified, which means such BC is band combination of current serving cells regardless of candidate cell.
Proposal 7: For 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, RAN4 understands that per BC is band combination of current serving cells.
Conclusions
In this contribution, we put forward the following proposals on L1/L2 triggered mobility.
Proposal 1:  In PDCCH ordered RACH delay, TSSB is:
· TSSB is the time to first SSB transmission after PDCCH-order RACH command is decoded by the UE when SSB is within active BWP
· TSSB is the time to first SSB transmission overlapped with MGL after PDCCH-order RACH command is decoded by the UE when SSB is outside active BWP.
Proposal 2: TSSB-proc = 2 ms should be counted in TSSB.
Observation 1: Existing requirement could not be reused for UE based TA measurement for LTM and core part of this work item has been closed.
Observation 2: TCI state activation would be finished before UE receives cell switch command, the gap configuration from old serving cell maybe can used.
Proposal 3: No additional delay for PL-RS tracking or conditions are needed in cell switch delay for PL-RS measurement.
Proposal 4: The time gap from the slot where the UE received the PDCCH triggering the PDCCH-order PRACH transmission to the slot where the UE received the LTM cell switch MAC CE is larger than NT,2+10ms, if the condition of ‘fast RRC processing’ is met by the PDCCH-order PRACH transmission.
Observation 3:  L1-RSRP measurement on de-activated SCell is already supported by RAN1/2.
Prpposal 5: RAN4 not to consider L1-RSRP measurement on deactivated SCell in R18 unless there is no impact on RAN2.
Prpposal 6: If network configures a deactivated SCell as a LTM candidate cell, UE should measure that cell using LTM L1-RSRP measurement period. 
Observation 4: There is no restriction that intra-frequency and inter-frequency LTM shall based on intra-frequency and inter-frequency L1 measurement and reporting.
Proposal 7: For 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, RAN4 understands that per BC is band combination of current serving cells.
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