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1 	Introduction
RAN4#104-e had some discussion on the requirements to define and the scenarios to cover for R18L1/L2 mobility [1]. As L1/L2 inter-cell mobility delay requirements highly depend on RAN1/2’s progress, we will only provide our views on L1-RSRP measurement related issues in this Tdoc.
2 Discussion
2.1 General
RAN4#104-e has discussed whether to consider simultaneous Rx/Tx with both source cell and target cell. We would like to clarify that “simultaneous Rx/Tx” here refers to data but not measurement. The intension is to clarify that UE does not need to support simultaneous data reception or transmission on both source cell and target cell as DAPS handover.
Proposal 1: Not consider simultaneous data Rx/Tx with both serving cell and target cell during cell switch delay in R18 L1/L2 mobility.
We think R17 inter-cell beam management (ICBM) has already built a very good foundation for R18 L1/L2-based inter-cell mobility. In R17, RAN4 specified intra-frequency L1-RSRP measurement requirements on NSC, which is also needed in this WI. For R17 ICBM, RAN4 has agreed some basic rules as following:
· Do not define requirements for measurement on NSC inside SMTC for FR2 for the case “TSSB,NSC ≥ TSMTC”
· During the last 5s before L1-RSRP measurement is configured, the UE has sent a valid L3 measurement report for the cell with different PCI
· Timing offset between serving cell and the cell with different PCI from serving cell is within CP of the corresponding SCS
· For FR2, the requirement is applied to Nmax =1 and no requirement for Nmax >1.
RAN2 already agreed that ICBM is one scenario considered for L1/L2 mobility [2]. Intra-frequency L1-RSRP measurement requirements to be defined for neighbour cell in this WI can take R17 ICBM as a starting point. In last meeting, RAN4 also discussed whether to consider multi-panel/inter-frequency/non-synchronous/multiple cells. We suggest using the requirements for L1 measurement on NSC in R17 as a baseline and further discuss whether to consider multi-panel/inter-frequency/non-synchronous/multiple cells.
In our understanding, the relationship between L3 measurement and L1 measurement on a neighbor cell is the same for R17 ICBM and R18 L1/L2 mobility. To perform L1-RSRP measurement on a neighbor cell, UE needs to perform L3 measurement at first to find the suitable cells. L1-RSRP of neighbor cell is supposed to be performed after L3 inter-cell measurement. To avoid unnecessary configurations and power consumption for measurements, R18 L1/L2 mobility should follow the same rule as R17 ICBM that Network configures L1 measurement on a neighbor cell after receiving L3 measurement report on that cell.
Proposal 2: For intra-frequency L1 measurement on neighbor cell, use the requirements for L1 measurement on NSC in R17 as a baseline:
· FFS: whether to consider multiple neighbor cells in a frequency layer,
· FFS: whether to consider timing difference between neighbor cell and serving cell larger than a CP.
Proposal 3: For R18 L1/L2 mobility, Network shall configure L1 measurement on a neighbor cell after receiving L3 measurement report on that cell.
2.2 Single panel & multiple panel
In RAN4#104-e, we had some discussion on whether to consider multi-panel in FR2. The WF is as follows [1].
	<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


We would like to clarify that multi-panel here refers to “simultaneous reception from serving cell and a neighbour cell on the same FR2 band; and/or simultaneous reception of 2 TCI states from serving cell”. Since all the legacy RRM requirements are defined based on single panel assumption in FR2 and there is a R18 WI dedicated for multi-Rx chain DL reception [2], We don’t think it is a good idea to discuss multi-Rx in both multi-Rx chain DL reception WI and this WI. The discussions on RRM requirements related to multi-panel should wait for the outcome of multi-Rx chain DL reception WI. Therefore, we suggest focusing on single panel in R18 L1/L2 mobility. 
Proposal 4: Define RRM requirements assuming single panel in FR2-1.
2.3 Intra-frequency & inter-frequency
In RAN4#104-e, most of the companies hold the option that RAN4 should discuss the definition of intra-frequency and inter-frequency in inter-cell operation. The WF is as follows [1]:
	<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


In our view, the definitions of intra-frequency and inter-frequency may be different from the point of measurement and the point of cell switch. Take the scenario “the target PCell is a current SCell” as an example, from the point of measurement, the SCC is still an intra-frequency. But from the point of cell switch, this is inter-frequency cell switch. 
Observation 1: The definitions of intra-frequency and inter-frequency may be different from the point of measurement and the point of cell switch.
Since RAN2 is still working on the supported cell switch scenarios, RAN4 can discuss the definition of intra-frequency and inter-frequency from the point of measurement at this stage. As shown above, two options are proposed in RAN4#104-e:
· For SSB L1-RSRP measurement, follow the definition of L3 measurement. 
· 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.
We would like to recall the definition in previous releases at first. Now, all the SSB-based L1 measurement can be viewed as intra-frequency. For L1 measurement, to-be-measured RS is configured in the IE CSI-SSB-ResourceSet. As shown below, for serving cell, SSB to-be-measured is the one in ServingCellConfigCommon. For NSC with different PCI in R17 ICBM, SSB to-be-measured is the one in ServingCellConfig which is with the same centre frequency and SCS as SSB of serving cell.
	R16 38.331 
The IE CSI-SSB-ResourceSet is used to configure one SS/PBCH block resource set which refers to SS/PBCH as indicated in ServingCellConfigCommon.



	R17 38.331
The IE CSI-SSB-ResourceSet is used to configure one SS/PBCH block resource set which refers to SS/PBCH as indicated in ServingCellConfigCommon and ServingCellConfig.


In R18 L1/L2 mobility, we suggest aligning the definition with previous releases. That is: A measurement is defined as a SSB based intra-frequency L1 measurement provided the center frequency and SCS of the SSB of the neighbor cell is the same as SSB of the serving cell indicated in ServingCellConfigCommon.
Proposal 5: A measurement is defined as a SSB based intra-frequency L1 measurement provided the center frequency and SCS of the SSB of the neighbor cell is the same as SSB of the serving cell indicated in ServingCellConfigCommon.
The next issue is whether to cover L1 inter-frequency measurement in L1/L2-based inter-cell mobility. For inter-frequency L1-RSRP measurement, UE is supposed to measure in measurement gap (MG). Supposing using legacy MG, inter-frequency L1 measurement needs to share the measurement opportunities with other L3 measurements. Consider that UE cannot measure two cells of the same frequency at the same time due to beam direction toward different cells may be different for L1 measurement in FR2. Each L1 measurement occasion is further shared by different cells. The measurement delay of inter-frequency L1 measurement will be very long and the measurement delay of L3 measurement will be further enlarged. We have a rough calculation of the measurement delay of L1 inter-frequency measurement as shown in table 1. It can be observed that measurement delay of inter-frequency L1 measurement may be even longer than L3 measurement. The objective of L1/L2 mobility is mobility latency reduction. We doubt the benefit of L1 inter-frequency measurement if the measurement delay is even longer than L3 measurement.
Table 1
	
	Measurement Period (MP) equation
	Before L1 measurement configured
	After L1 measurement configured

	L1 inter-frequency
	Suppose measurement requirement of L1 is:
M*N*max(TSSB, TDRX, MGRP)*CSSF
	-
	CSSF=4
MP=128*MGRP

	L3 inter-frequency
	Mmeas_period_inter  Max(TDRX, MGRP, SMTC period)  CSSFinter
	CSSF=2
MP=80*MGRP
	CSSF=4
MP=160*MGRP

	Assumptions:
· two L3 inter-frequency layers to measure and two L1 inter-frequency cells to measure
· {TSSB, TDRX, SMTC period} ≤ MGRP
· M=4 (one more sample than intra-frequency L1 measurement)
· N=8
· Mmeas_period_inter =40 for handheld UE



Observation 2: The measurement delay of L1 inter-frequency measurement may be longer than L3 measurement.
Proposal 6: We suggest deprioritizing the discussion on L1 inter-frequency measurement.
2.4 Multiple cells
RAN4#104-e discussed the number of neighbor cells to perform L1-RSRP measurement on. The WF is as follows [1]:
	<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



As RAN4 needs more discussion on whether to cover inter-frequency L1 measurement, we suggest focusing on the number of intra-frequency neighbor cells to perform L1-RSRP measurement on at first.
· Single NR serving cell
When there is only one single NR serving cell, the issue to discuss is the total number of neighbor cells to measure on this intra-frequency layer in FR2. To our understanding, network can adjust the neighbor cell to measure based on measurement report from UE. The need to measuring L1-RS from multiple cells comes from the case that there are multiple intra-frequency cells better than serving cell, which seems not a typical case in real network. In addition, the more cells UE measures, the longer the measurement delay is. In our view, it is better to limit to single neighbor cell in FR2.

· FR2 intra-band CA
For FR2 intra-band CA, UE performs L3 measurement on neighbor cells of only one frequency layer of that FR2 band as shown in Fig.1. As L3 measurement is the premise of L1 measurement, UE would perform L1-RSRP measurement on neighbor cell of only one frequency of the FR2 band for FR2 intra-band CA.
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Fig.1
· FR2 inter-band CA
For L3 measurement on neighbor cells, UE measures only one frequency layer of each FR2 band. So it is reasonable that UE performs neighbor cell L1-RSRP measurement on only one frequency of each FR2 band. 
Proposal 7: For L1-RSRP measurement on neighbor cell, UE measures only one intra-frequency layer on each FR2-1 band in FR2-1 CA.
Proposal 8: For L1-RSRP measurement, UE measures only one neighbor cell on each intra-frequency layer in FR2-1.
· FR1 CA
In current spec, the number of aggregated bands can be up to five for FR1 inter-band CA. Even one CC per band, the number of intra-frequency layers can be up to 5. It would be better to put a limitation on the total number of neighbor cells that UE performs L1-RSRP measurement on, unless it will lead to very high complexity. 
Proposal 9: For FR1 CA, RAN4 needs to discuss the total number of neighbor cells to perform L1-RSRP measurement on.
2.5 Synchronous & Non-synchronous
RAN4#104-e discussed whether to cover non-synchronous scenarios. The WF is as follows [1]:
	<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


We suggest splitting the discussion into two parts. One is from the point of cell switch. Another is from the point of L1-RSRP measurement. For the former, RAN4 can wait for RAN1/2’s progress. For the latter, it is better to discuss the definition of synchronous and non-synchronous at first. In our understanding, synchronous means the timing offset of serving cell and neighbour cell within a CP which aligns with R17 ICBM. For FR1, if the timing difference of serving cell and neighbour cell is larger than a CP, either more FFTs are needed, or UE has to measure serving cell and different neighbour cells TDM-ly. More FFTs lead to much higher cost. Measurement in TDM fashion leads to much longer measurement delay and much more scheduling restriction. We suggest focusing on synchronous case from the point of L1 measurement. 
Proposal 10: From the point of L1-RSRP measurement, serving cell and neighbor cell are synchronous when the timing offset is within a CP. 
Proposal 11: From the point of L1-RSRP measurement, focus on synchronous case in R18 L1/L2 mobility.
3 Summary
In this paper, we provide some views on L1/L2 based inter-cell mobility. We have the following proposals and observations:
Proposal 1: Not consider simultaneous data Rx/Tx with both serving cell and target cell during cell switch delay in R18 L1/L2 mobility.
Proposal 2: For intra-frequency L1 measurement on neighbor cell, use the requirements for L1 measurement on NSC in R17 as a baseline:
· FFS: whether to consider multiple neighbor cells in a frequency layer,
· FFS: whether to consider timing difference between neighbor cell and serving cell larger than a CP.
Proposal 3: For R18 L1/L2 mobility, Network shall configure L1 measurement on a neighbor cell after receiving L3 measurement report on that cell.
Proposal 4: Define RRM requirements assuming single panel in FR2-1.
Observation 1: The definition of intra-frequency and inter-frequency may be different from the point of measurement and the point of cell switch.
Proposal 5: A measurement is defined as a SSB based intra-frequency L1 measurement provided the center frequency and SCS of the SSB of the neighbor cell is the same as SSB of the serving cell indicated in ServingCellConfigCommon.
Observation 2: The measurement delay of L1 inter-frequency measurement may be longer than L3 measurement.
Proposal 6: We suggest deprioritizing the discussion on L1 inter-frequency measurement.
Proposal 7: For L1-RSRP measurement on neighbor cell, UE measures only one intra-frequency layer on each FR2-1 band in FR2-1 CA.
Proposal 8: For L1-RSRP measurement, UE measures only one neighbor cell on each intra-frequency layer in FR2-1.
Proposal 9: For FR1 CA, RAN4 needs to discuss the total number of neighbor cells to perform L1-RSRP measurement on.
Proposal 10: From the point of L1-RSRP measurement, serving cell and neighbor cell are synchronous when the timing offset is within a CP. 
Proposal 11: From the point of L1-RSRP measurement, focus on synchronous case in R18 L1/L2 mobility.
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