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Introduction

In RAN #98 meeting, the revised WID on further NR mobility enhancements was approved [1]. One of the objectives is about L1/L2 based inter-cell mobility, the details are duplicated as following:

	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




In last meeting, there is discussion on L1/L2 based inter-cell mobility, and a WF was approved [2]. This contribution provides further discussion on L1-RSRP measurement for L1/L2 based inter-cell mobility.

Discussion 
2.1 Applicability rule for L1-RSRP measurement
One of the open issues is the known cell condition for L1-RSRP measurement. The known cell considtion of Rel-17 L1-RSRP measurements for a cell with different PCI from serving cell can be use as baseline. The cell with different PCI from serving cell is considered as known if the following conditions are met in this requirement: The UE has sent a valid L3 measurement report during the last 5 seconds, and the SSB from the cell with different PCI remains detectable according to the cell identification requirements specified in clause 9.2. The known cell condition of Rel-17 ICBM can be used as baseline to define known cell for L1-RSRP measurement for Rel-18 LTM, but update are also needed. One difference is that not only intra-frequency cell switch but also inter-frequency cell switch are considered, the conditions need to be updated accordingly to cover inter-frequency case. The other difference is that this is for L1-RSRP measurment, not for cell swich procedure after triggered. Since it only has impact on UE behaviour on whether to perform L1-RSRP measurement for unknown cell, no need to consider the measurement report as one of the conditions.  

Proposal 1: for L1-RSRP measurement for neighbour cell, target cell is considered as known if the following conditions are met:

The UE has performed L3 measurement on the target cell during the last [5] seconds, and

The SSB from the target cell remains detectable according to the cell identification requirements specified in clause 9.2 and 9.3.

In previous meeting, it was agreed that before L1-RSRP measurement, UE should achieve frame/slot/symbol level synchronization including acquiring SSB index information (on which symbols the RS to-be-measured) of the to-be-measured neighbour cell, otherwise cell detection delay and SSB index acquisition delay are needed [3]. 

For the issue how to get SSB index information (on which symbols the RS to-be-measured) of the to-be-measured neighbor cell before L1-RSRP measurement, the wayforword in last meeting was diplicated as following:

	Issue 2-1-4: How to get SSB index information (on which symbols the RS to-be-measured) of the to-be-measured neighbor cell before L1-RSRP measurement?

<Way Forward>

Common understanding: If deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter is enabled, UE can derive SSB index according to serving cell timing.
FFS: deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter is not enabled.


For intra-frequency measurement, if deriveSSB-IndexFromCell is enabled, UE can derive SSB index according to serving cell timing, no additional time for reading SSB index is needed. Similarly, for inter-frequency measurement, if deriveSSB-IndexFromCellInter-r17 is enabled, UE can derive SSB index of neighbour cell according to serving cell timing, no additional time for reading SSB index is needed.

	deriveSSB-IndexFromCell

This field indicates whether the UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell. If this field is set to true, the UE assumes SFN and frame boundary alignment across cells on the serving frequency as specified in TS 38.133 [14].

	deriveSSB-IndexFromCellInter

If this field is present, UE assumes SFN and frame boundary alignment between the reference serving cell indicated by ServCellIndex and all neighbour cells in this MeasObjectNR as specified in TS 38.133 [14]. This field also indicates that the UE can utilize the timing of the reference serving cell indicated by ServCellIndex to derive the index of SS block transmitted by all inter-frequency neighbour cells on the frequency indicated by the MeasObjectNR. When this field is included, the network should set deriveSSB-IndexFromCell to true.


For the case that deriveSSB-IndexFromCell and deriveSSB-IndexFromCellInter-r17 are not enabled, if UE performed L3 measurement with SSB index reading on the candidate cell, no additional time is needed.

Proposal 2: If deriveSSB-IndexFromCell and deriveSSB-IndexFromCellInter-r17 are not enabled, but UE performed L3 measurement with SSB index reading on the candidate cell, no additional time is needed 
For the case that deriveSSB-IndexFromCell and deriveSSB-IndexFromCellInter-r17 are not enabled, and UE performed L3 measurement without SSB index reading on the candidate cell, UE need to perform time index detection. And the requirements for time period for time index detection in legacy spec TS38.133 can be used as baseline. 
Proposal 3: If deriveSSB-IndexFromCell and deriveSSB-IndexFromCellInter-r17 are not enabled, and UE performed L3 measurement without SSB index reading on the candidate cell, additional time for time index detection is needed. 

2.2 measurement capability
	Issue 2-3-1: Intra-frequency layers to measure
<Way Forward> 
For L1-RSRP measurement on neighbour cell, UE measures only one intra-frequency layer within a band in FR2

FFS: whether to prioritize the discussion on a single layer (for neighbor cell) for intra-frequency L1 measurement.


With the similar approach as L3 measurement that UE measures only one frequency layer of each FR2 band for L3 measurement on neighbor cells, in last meeting, it was agreed that for L1-RSRP measurement on neighbour cell, UE measures only one intra-frequency layer within a band in FR2 [2]. 

As for whether to prioritize the discussion on a single layer (for neighbor cell) for intra-frequency L1 measurement, we do not see the necessity. Firstly, CA is one of the target sceanrios for this feature, e.g. role switch between PCell and one of the configured SCells in MCG or PCell switch to a current SCell in MCG are agreed as supported scenarios [3]. It is not a good way to prioritize single layer case. Secondly, we understand the concern to support CA is about how to specify L1 measurement delay requirements. For L3 measurement, the measurement delay is scaled with the number of CC, similar approach can be used for L1 measurement. In detail, additional scaling factor (i.e., number of intra-frequency layers) is to be scaled on top of measurement period specified for single frequency layer. As for the number serving carriers, no need to specify new requirements, the requirements specified in clause 3.6.2 of TS38.133 can be reused. 
Proposal 4: it is not preferred to prioritize the discussion on a single layer for intra-frequency L1 measurement. Both single layer and CA scenario need to be considered.
2.2 Intra-frequency L1-RSRP Measurement delay
For Rel-17 ICBM, the number of cells with PCI different from seving cells Nmax = 1 for FR2 and Nmax = maxNrofAdditionalPCI for FR1. The related measurement delay requirements are duplicated as following. M=1 if higher layer parameter timeRestrictionForChannelMeasurement is configured, and M=3 otherwise. N= 8. P is the sharing factor between MG and SSB occasions for FR1, and P is sharing factor among MG, SMTC and SSB occasions for FR2. 
Table 9.13.4.1-1: Inter-cell L1-RSRP measurement period TL1-RSRP_Measurement_Period_SSB_CDP for known cells with different PCIs in FR1

	Configuration
	TL1-RSRP_Measurement_Period_SSB_CDP (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TSSB_CDP)

	DRX cycle ≤ 320ms
	max(TReport, ceil(K *M*P)*max(TDRX,TSSB_CDP))

	DRX cycle > 320ms
	ceil(M*P)*TDRX

	Note 1:
TSSB_CDP is the periodicity of the SSB-Index configured for inter-cell L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.

Note 2:
K = 1.5.


Table 9.13.4.1-2: Inter-cell L1-RSRP measurement period TL1-RSRP_Measurement_Period_SSB_CDP for known cells with different PCIs in FR2

	Configuration
	TL1-RSRP_Measurement_Period_SSB_CDP (ms) 

	non-DRX
	max(TReport, ceil(M*P*N)*TSSB_CDP)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TSSB_CDP))

	DRX cycle > 320ms
	ceil(1.5*M*P*N)*TDRX

	Note:
TSSB_CDP is the periodicity of the SSB-Index configured for inter-cell L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.


For UE incapable of RTD>CP, the related open issues are duplicated as following:

	Issue 2-4-2-1: Basic assumption
Proposals

Proposal 1 (xiaomi, CTC): For UE incapable of RTD>CP, assume that UE has one FFT module for L1-RSRP measurement.

Recommended WF

Recommend agree on proposal 1.

(Online) Issue 2-4-2-2: Measurement period for UE incapable of RTD>CP or UE incapable of measuring multiple cells on the same OFDM symbol when actual RTD>CP
Proposals

Option 1 (xiaomi, Huawei, Ericsson): Only define measurement periods with condition that RTD is no larger than CP. When actual RTD is larger than CP, no requirements or allow accuracy degradation.

Option 1a (xiaomi, Huawei)

when the actual RTD of serving cell and neighbour cell is no larger than CP the legacy measurement, restriction and scheduling restriction defined for non-serving cell in R17 apply for intra-frequency L1-RSRP measurement on neighbour cell.

when actual RTD>CP, there are no requirements.

Option 1b (Ericsson):

UE measures L1-RSRP using single timing

Accuracy may be degraded if the cell RTD is larger than CP

Option 2 (MTK, Nokia, QC): RAN4 to define requirements for both RTD > CP and RTD <= CP

Option 2a (MTK, QC): Define requirements covering all possible RTD values. 

In FR1:‘the existing L1-RSRP measurement period (Table 9.5.4.1-1)’ x ‘the number of L1 measurement cells (including non-LTM L1-RSRP measurement cells) having SSBs colliding in the time domain’

In FR2: same as the measurement period when UE supports RTD>CP

Recommended WF

Recommend make a down-selection on the two options at first.

Issue 2-4-2-3: Measurement restriction and scheduling restriction of intra-frequency L1-RSRP measurement for UE incapable of RTD>CP or not supporting measuring multiple cells on the same OFDM symbol when RTD>CP
Proposals

Option 1 (MTK, QC): 

Scheduling and measurement restriction should be extended by one more symbol before and after SSB symbols.

Option 2 (Huawei)

when the actual RTD of serving cell and neighbour cell is no larger than CP the legacy restriction and scheduling restriction defined for non-serving cell in R17 apply for intra-frequency L1-RSRP measurement on neighbour cell.

when actual RTD>CP, there are no requirements.

Recommended WF

Pending on issue 2-4-2-2.


According to the agreed WF [3] in previous meetings, for UE incapable of RTD>CP,  when RTD of serving cell and neighbour cell is within CP, the legacy measurement periods specified in R17 for non-serving cell can be used as a baseline, and the legacy measurement restriction and scheduling restriction defined for non-serving cell in R17 can also be applied. For the case that actual RTD of serving cell and neighbour cell is larger than CP, whether and how to define requirements are under discussion. In order to guarantee the performance, it is better to specify requirements. But we also see the difficulty. For example, the RTD will have impact on the number of symbols for scheduling availability/ measurement restriction. However, pending on the propagation delay difference between UE and two cells, the acual RTD may be change time to time, which is difficult to decide how many symbols are impacted. More discussion is needed.

According to discussion in last meeting, one way is to only define requirements with condition that RTD is no larger than CP, the other way is to define requirements based on RTD > CP to cover both RTD > CP and RTD <= CP. It would be better to define requirements for both RTD > CP and RTD <= CP, but it is not preferred to apply the requirements based on RTD > CP to cover RTD <= CP, which means the requirements are relaxed. Since UE is incapable of RTD > CP, we can accept not to define requirements for RTD > CP.

Proposal 5: for UE incapable of RTD>CP, at least define measurement period requirements for RTD <= CP, and the the legacy measurement periods specified in R17 for non-serving cell can be reused.

Proposal 6: for UE incapable of RTD>CP, at least define measurement restriction and scheduling restriction for RTD <= CP, and the legacy measurement restriction and scheduling restriction defined for non-serving cell in R17 can be applied.    
For UE capable of RTD>CP, the related open issues are duplicated as following:

	(Online) Issue 2-4-3-1: Measurement period of intra-frequency L1-RSRP measurement for UE capable of RTD>CP in FR1 if UE only performs L1-RSRP measurement on a single intra-frequency layer
Proposals

Option 1 (CMCC, Apple, MTK, Huawei, QC): 

For UE capable of RTD>CP, If UE only performs L1-RSRP measure on a single intra-frequency, the legacy requirements specified in R17 for FR1 non-serving cell are also applicable.

Option 2 (Ericsson)

Different cells may have different timing or RTD and UE measures different cells which are in one RTD group at once.

Recommended WF

Recommend agree on Option 1.

Issue 2-4-3-2: Measurement period of intra-frequency L1-RSRP measurement for UE capable of RTD>CP in FR2 if UE only performs L1-RSRP measurement on a single intra-frequency layer
Proposals

Option 1 (Apple, MTK): 

When there is only one intra-frequency neighbour cell to measure: The legacy measurement period requirement defined in cl. 9.13.4 for FR2 intra-frequency non-serving cell is also applicable to intra-frequency L1-RSRP measurement.

Focus on the case that UE is required to measure on a single FR2 intra-frequency layer (for neighbor cell). Otherwise, the measurement delay would be scaled up with the number of FR2 inter-band intra-frequency layers.

Option 2 (Huawei)

if only single intra-frequency layer is considered for L1-RSRP measurement, the requirements are simplified to scale with cell number of L1-RSRP measurement on one intra-frequency layer.

Option 3 (QC): Serving cell takes half of the measurement occasions. Neighbor cells share another half

‘the existing L1-RSRP measurement period (Table 9.5.4.1-2)’ x ‘the number of L1 measurement cells (not including serving cell’s) having SSBs colliding in the time domain’ x ‘2’

Option 4 (vivo): 

RAN4 do not introduce any requirements on existing L1 measurements for the case RTD > CP. RAN4 only define RRM requirements for a new type of L1 measurements, if agreed by other WGs, for the case RTD>CP.

Option 5 (Ericsson):

For basic UE capability, different cells are measured in TDM fashion. L3 and L1 of neighbour cell share the SSB occasion. 
If optional capability is supported, different cells are measured in TDM fashion. L3 and L1 of neighbour cell use the same SSB occasion
Recommended WF

Need more discussion.

Issue 2-4-3-3: Measurement period of intra-frequency L1-RSRP measurement for UE capable of RTD>CP in if UE performs L1-RSRP measurement on multiple intra-frequency layer
Proposals

Option 1 (Apple, MTK, Huawei, QC): For multiple intra-frequency layers, additional scaling factor (i.e., number of intra-frequency layers) is to be scaled on top of measurement period specified for single frequency layer.

Option 2 (vivo): 

For the L1 measurement on multiple SSB frequency layers within active BWPs, UE is assumed to be able to perform L1 measurement on different frequency layers simultaneously, i.e. RRM requirements for L1 measurement will not be scaled by the number of frequency layers.

For intra-frequency LTM L1 measurement, if configured, the corresponding L3 measurement is performed by sharing the PCC searcher, and the CSSF calculation for L3 measurement is updated based on whether intra-frequency L1 measurement is configured on this L3 frequency layer.

Option 3 (xiaomi): For intra-frequency L1 measurement, the searcher assumption used for L3 measurement is reused, e.g. 1 searcher for L1 measurement on PCell or PSCell and 1 searcher is shared by the L1 measurement on other serving Cells.

Recommended WF

Pend on issue 2-3-1.

Issue 2-4-3-4: Measurement restriction and scheduling restriction of intra-frequency L1-RSRP measurement for UE capable of RTD>CP

As NW has no idea whether the actual RTD is larger or within CP, it is also not possible for UE to report the actual RTD in time, scheduling restriction has to be defined assuming the worst case.
Proposals

Option 1 (Apple, MTK, Huawei, QC):

In FR1, if UE doesn’t support simultaneousRxDataSSB-DiffNumerology, RAN4 is not to specify scheduling restriction requirements for L1-RSRP measurement on neighbor cell when deriveSSB_IndexFromCell is not enabled.

In FR1, When UE don’t support simultaneousRxDataSSB-DiffNumerology and deriveSSBIndexFromCell is enabled, UE would not receive and transmit on SSB which are configured as LTM L1-RSRP measurement, and 1 symbol before and after SSBs.

In FR2, for scheduling restriction for L1-RSRP measurement on neighbor cell, on top of the legacy scheduling restriction defined for non-serving cell in R17, additional 1 symbol is added before and after those OFDM symbols corresponding to the configured LTM L1-RSRP measurement SSBs.

Option 1a (MTK): deriveSSB_IndexFromCell should be always enabled
Option 2 (CMCC):

For UE capable of RTD>CP, when RTD of serving cell and neighbour cell is within CP, the legacy scheduling restriction defined for non-serving cell in R17 can also be applied. In detail, UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on symbols corresponding to the SSB indexes configured for L1-RSRP measurement.

For UE capable of RTD>CP, when RTD of serving cell and neighbour cell is larger than CP, if deriveSSB-IndexFromCell is enabled, the scheduling restriction is defined as that UE is not not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on SSB symbols configured for L1-RSRP measurement, and on 1 data symbol before and after the SSB symbols for L1-RSRP measurement

Recommended WF

Recommend agree on Option 1.


For UE capable of RTD>CP, no agreements are reached in last meeting. In our view, when RTD of serving cell and neighbour cell is within CP, the legacy measurement periods specified in R17 for non-serving cell can be used as baseline for FR1. If there are multiple serving carriers, the measurement periods will be scaled with the number of SCC. 

Observation 1: for UE capable of RTD>CP, when RTD of serving cell and neighbour cell is within CP, the legacy measurement periods specified in R17 for non-serving cell can be used as baseline for FR1
For UE capable of RTD>CP, and the actual RTD of serving cell and neighbour cell is larger than CP, since UE is able to tracking different timing of candidate cells, the legacy measurement periods specified in R17 for non-serving cell can be used as baseline for FR1. If there are multiple serving carriers, this situation is similar like L3 measurement,the measurement periods will be scaled with the number of SCC.   
Observation 2: For UE capable of RTD>CP, when RTD of serving cell and neighbour cell is larger than CP, the legacy measurement periods specified in R17 for non-serving cell can be used as baseline for FR1. 
According to above discussion, for UE capable of RTD>CP, no matter the RTD of serving cell and neighbour cell is larger than CP or smaller than CP, the legacy measurement periods specified in R17 for non-serving cell can be used as baseline for FR1.

Proposal 7: For UE capable of RTD>CP, the legacy measurement periods specified in R17 for non-serving cell can be used as baseline for FR1. And scaling factor (i.e., number of intra-frequency layers) can be considered to cover the case of multiple intra-frequency layer.
2.3 Inter-frequency L1-RSRP Measurement delay
In May meeting, it was agreed to define requirement for inter-frequency L1-RSRP measurement with type 1 MG, and to define requirements for inter-frequency without gap (target SSB within DL active BWP) with UE capability. Not consider L1 inter-frequency with NCSG and NeedforGap in R18 LTM. FFS whether to upport type 2 MG in R18 LTM. Type-2 MG are gap(s) configured via GapConfig-r17 without preConfigInd-r17 or ncsgInd-r17. With Type-2 MG, concurrent gaps can be considered, which could avoid the gap sharing between L1 measurement and L3 measurement. It is benificial to support type 2 MG for R18 LTM. In last meeting, it was agreed to support type 2 MG for inter-frequency L1-RSRP measurement in R18 LTM if time permits. 
In existing L1-RSRP measurement, the number of samples is 1 or 3 pending on whether timeRestrictionForChannelMeasurement is configured. Different from legacy L1-RSRP measurement which are for serving cell or intra-frequency cell, inter-frequency L1-RSRP measurement with MG may need 1 more sample for AGC, from this point of view, the of samples is [2] or [4] pending on whether timeRestrictionForChannelMeasurement is configured. However, for L1-RSRP inter-frequency measurement without gap, since the scenarios is target SSB within DL active BWP, no AGC is needed, the number of samples is 1 or 3.

Proposal 8: inter-frequency L1-RSRP measurement with MG, the number of samples is [2] if higher layer parameter timeRestrictionForChannelMeasurement is configured, and [4] otherwise.   
Proposal 9: inter-frequency L1-RSRP measurement without MG (target SSB within DL active BWP), the number of samples is 1 if higher layer parameter timeRestrictionForChannelMeasurement is configured, and 3 otherwise.   
Conclusion

This contribution provides discussion on L1-RSRP measurement requirements for L1/L2 based inter-cell mobility. The proposals are:
Proposal 1: for L1-RSRP measurement for neighbour cell, target cell is considered as known if the following conditions are met:

The UE has performed L3 measurement on the target cell during the last [5] seconds, and

The SSB from the target cell remains detectable according to the cell identification requirements specified in clause 9.2 and 9.3.

Proposal 2: If deriveSSB-IndexFromCell and deriveSSB-IndexFromCellInter-r17 are not enabled, but UE performed L3 measurement with SSB index reading on the candidate cell, no additional time is needed 
Proposal 3: If deriveSSB-IndexFromCell and deriveSSB-IndexFromCellInter-r17 are not enabled, and UE performed L3 measurement without SSB index reading on the candidate cell, additional time for time index detection is needed. 

Proposal 4: it is not preferred to prioritize the discussion on a single layer for intra-frequency L1 measurement. Both single layer and CA scenario need to be considered.
Proposal 5: for UE incapable of RTD>CP, at least define measurement period requirements for RTD <= CP, and the the legacy measurement periods specified in R17 for non-serving cell can be reused.

Proposal 6: for UE incapable of RTD>CP, at least define measurement restriction and scheduling restriction for RTD <= CP, and the legacy measurement restriction and scheduling restriction defined for non-serving cell in R17 can be applied.    
Proposal 7: For UE capable of RTD>CP, the legacy measurement periods specified in R17 for non-serving cell can be used as baseline for FR1. And scaling factor (i.e., number of intra-frequency layers) can be considered to cover the case of multiple intra-frequency layer.
Proposal 8: inter-frequency L1-RSRP measurement with MG, the number of samples is [2] if higher layer parameter timeRestrictionForChannelMeasurement is configured, and [4] otherwise.   
Proposal 9: inter-frequency L1-RSRP measurement without MG (target SSB within DL active BWP), the number of samples is 1 if higher layer parameter timeRestrictionForChannelMeasurement is configured, and 3 otherwise.   
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