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1. Introduction
In RAN4#104-e meeting, RAN4 has some initial discussion on L1/L2 based inter-cell mobility, and the related WF was approved in [1]. In this contribution, we would like to discuss the related issues and provide our proposals.
2. Discussion
RRM requirements to specify
	< Agreement>: Issue 3-1-1: L1/L2 inter-cell mobility delay requirements
Specify L1/L2 inter-cell mobility delay and analyse each component of L1/L2 inter-cell mobility delay.
<Way forward >: Issue 3-1-2: inter-cell mobility interruption requirements
Merged in issue 3-1-1.
<Way forward >: Issue 3-1-3: L1-RSRP measurement delay requirements
Come back to this issue after the procedure and supported scenario is clear.
< Agreement>: Issue 3-1-4: Timing management requirements
Wait for RAN1/2 input and then discuss whether and how to define timing management requirements.
<Way forward >: Issue 3-1-5: Timing requirements
· Revised Option 1 (Ericsson): Specify MRTD of serving cell and neighbour cell if covering the scenario that time offset of serving cell and neighbour cell is more than CP.
· Option 2 (Apple, QC, HW, Nokia) : FFS, need further clarification 


In legacy HO procedure, the HO delay is defined as the time between the time when the UE receives a RRC message including handover command and the time when the UE is ready to transmit the new uplink PRACH on the target cell. And according to RAN2 agreement on the L1/L2 based HO, the timeline can be the time from UE receives the cell switch command to UE performs the first DL/UL reception/transmission on the indicated beam of the target cell.
	RAN2 agreements captured in R2-2209257:
Assumption: HO interruption time for L1/L2-based inter-cell mobility is the time from UE receives the cell switch command to UE performs the first DL/UL reception/transmission on the indicated beam of the target cell. FFS if TRS tracking after HO and CSI RS measurement should also be included, i.e. the time to use a high-performance beam (can be clarified further).


 
Proposal 1: The timeline for L1/L2-based inter-cell mobility is the time from UE receives the cell switch command to UE performs the first DL/UL reception/transmission on the indicated beam of the target cell.
In legacy HO delay requirement, the following components are considered:
· RRC processing delay;
· Cell search delay;
· UE processing time;
· Fine timing tracking time;
· RACH uncertainty delay;
And for L1/L2 based inter-cell mobility, the HO command would be triggered by L1/L2 command, e.g. MAC/DCI command, thus, the delay of MAC/DCI decoding should be defined instead of RRC processing delay.
Observation 1: For L1/L2 based inter-cell mobility, the MAC/DCI decoding delay instead of RRC processing delay should be defined in HO delay requirement.
The L1/L2 based inter-cell mobility is based on L1 measurement reporting, thus, the target cell is known to UE, and no need to perform the cell search measurement.
Observation 2: For L1/L2 based inter-cell mobility, the delay of cell search is not needed in HO delay requirement.
UE processing time is the time for UE software processing and RF warm-up, as UE has already performed L1 measurement before receiving HO command, the RF warm-up delay may not be needed. However, the software processing time is still needed to load the parameters of target cell. Overall, the UE processing time can be reduced.
Observation 3: For L1/L2 based inter-cell mobility, the UE processing time can be reduced in HO delay requirement.
For fine timing tracking and RACH uncertainty delay, in our understanding, these procedures are still needed to consider in L1/L2 based mobility.
Observation 4: For L1/L2 based inter-cell mobility, fine timing tracking and RACH uncertainty delay need to be considered in HO delay requirement.
During the HO procedure, the beam information need to be indicated to perform fine timing tracking measurement or transmit RACH, according to the reported L1-RSRP measurement results, NW can configure the TCI state information. Thus, the active TCI state switching delay may need to be considered in HO delay requirement, and it is assumed that the active TCI state remains unchanged during the HO procedure.
Observation 5: For L1/L2 based inter-cell mobility, active TCI state switching delay need to be considered in HO delay requirement.
In summary, the HO delay for L1/L2 based inter-cell mobility should consider the following components:
· HO command processing delay, e.g. MAC/DCI decoding time;
· UE processing time, e.g. the software processing time;
· Fine timing tracking time;
· RACH uncertainty delay;
· Active TCI state switching time;
Proposal 2: For L1/L2 based inter-cell mobility, the HO delay should consider the following components:
· HO command processing delay, e.g. MAC/DCI decoding time;
· UE processing time, e.g. the software processing time;
· Fine timing tracking time;
· RACH uncertainty delay;
· Active TCI state switching time;

Scenarios
	<Way forward >: Issue 3-2-1: Whether to consider simultaneous Rx/Tx with both source cell and target cell
· Option 1 (MTK, Apple, vivo, HW, Ericsson): Not consider simultaneous Rx/Tx with both source cell and target cell.
· Option 2 (QC, Nokia): FFS, need further clarification
<Way forward >: Issue 3-2-2: Whether to consider simultaneous multi-panel in FR2
· Option 1 (MTK, Apple, vivo, QC, HW, LGE): Not consider simultaneous multi-panel in FR2
· Option 2 (Ericsson, Nokia): Consider simultaneous multi-panel in FR2
<Way forward >: Issue 3-2-3: Definition of intra-frequency/inter-frequency in inter-cell operation
· Option 1 (Apple, Ericsson, vivo, HW, Nokia): RAN4 to discuss the definition of intra-frequency/inter-frequency in inter-cell operation
· Option 1a (MTK): For SSB L1-RSRP measurement, follow the definition of L3 measurement. 
· Option 1b: For SSB L1-RSRP measurement, intra-frequency is defined as long as the SSB-based L1 measurement is performed within active BWP(s) of the UE.
· Option 2 (QC): discuss later
<Way forward >: Issue 3-2-4: Whether to cover inter-frequency
· Option 1 (MTK, vivo, QC, apple): Further discuss the necessity, feasibility, and pros/cons of specifying inter-frequency L1-RSRP measurement.
· Option 2 (CMCC, HW, Ericsson, Nokia): Yes 
<Way forward >: Issue 3-2-5: Whether to cover non-synchronous scenarios
· Option 1: Not consider non-synchronous scenarios.
· Option 2 (Ericsson, Nokia): Consider non-synchronous scenarios.
· Option 3 (Ericsson, HW): FFS
· Option 3a (Apple, MTK, vivo): discuss the definition of synchronous and non-synchronous
· Option 3b (Apple, QC, vivo, Nokia): wait for RAN2’s progress
<Way forward >: Issue 3-2-6: Whether to support L1 measurement on multiple cells with PCI different from serving cell
· Option 1(Apple, HW, vivo, Ericsson, MTK, Nokia): to discuss the number of supported cells with PCI different from serving cell.
· Option 1a: To discuss the number of supported cells with PCI different from serving cell on a FR2 band
· Option 1b: To discuss the total number of cells to be monitored on all bands
· Option 1c: To discuss the total number of cells to be monitored per frequency layer
· Option 2 (QC): discuss this issue later


This objective is to introduce the mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction purpose, in our understanding, the simultaneous Rx/Tx with both source cell and target cell is out of scope.
Proposal 3: For L1/L2 based inter-cell mobility, simultaneous Rx/Tx with both source cell and target cell is not considered.
	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
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 2: FR2 specific enhancements are not precluded, if any.
Note 3: 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
· 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




According to the description in WI [2], the procedure of L1/L2 based inter-cell mobility are applicable to both intra-frequency and inter-frequency operation and both synchronized and non-synchronized cases.
Proposal 4: For L1/L2 based inter-cell mobility, both intra-frequency and inter-frequency measurement need to be considered.
Proposal 5: For L1/L2 based inter-cell mobility, both synchronized and non-synchronized scenario need to be considered.
For the definition of L1-RSRP based intra-frequency and inter-frequency, in our understanding, the definition for L3 measurement can be reused, as the UE measurement behaviour should be consistent for L1 measurement and L3 measurement. 
Proposal 6: For the definition of SSB based L1 intra-frequency and inter-frequency, the definition of SSB based L3 intra-frequency and inter-frequency measurement can be reused.
3. Conclusion
In this contribution, we discuss the potential feasibility on the improvement in FR2 SCell/SCG setup delay and provide our proposals as follows.
Proposal 1: The timeline for L1/L2-based inter-cell mobility is the time from UE receives the cell switch command to UE performs the first DL/UL reception/transmission on the indicated beam of the target cell.
Observation 1: For L1/L2 based inter-cell mobility, the MAC/DCI decoding delay instead of RRC processing delay should be defined in HO delay requirement.
Observation 2: For L1/L2 based inter-cell mobility, the delay of cell search is not needed in HO delay requirement.
Observation 3: For L1/L2 based inter-cell mobility, the UE processing time can be reduced in HO delay requirement.
Observation 4: For L1/L2 based inter-cell mobility, fine timing tracking and RACH uncertainty delay need to be considered in HO delay requirement.
Observation 5: For L1/L2 based inter-cell mobility, active TCI state switching delay need to be considered in HO delay requirement.
Proposal 2: For L1/L2 based inter-cell mobility, the HO delay should consider the following components:
· HO command processing delay, e.g. MAC/DCI decoding time;
· UE processing time, e.g. the software processing time;
· Fine timing tracking time;
· RACH uncertainty delay;
· Active TCI state switching time;
Proposal 3: For L1/L2 based inter-cell mobility, simultaneous Rx/Tx with both source cell and target cell is not considered.
Proposal 4: For L1/L2 based inter-cell mobility, both intra-frequency and inter-frequency measurement need to be considered.
Proposal 5: For L1/L2 based inter-cell mobility, both synchronized and non-synchronized scenario need to be considered.
Proposal 6: For the definition of SSB based L1 intra-frequency and inter-frequency, the definition of SSB based L3 intra-frequency and inter-frequency measurement can be reused.
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