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In this contribution, we provide our views on L1 measurement (L1-RSRP) requirements for the LTM. 
Discussion
In previous meeting following agreement are made for UE L1 measurement behaviour.
· Baseline: UE is NOT expected to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report
· UE shall support L1 measurements for at least [2 or 3] neighbouring cells
· Introduce optional UE support to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report
· Note 1: No impact on RAN1/2 design is expected
· Note 2: the principles of the solution need to be agreed in RAN4 #108 meetings and the mechanism can be removed if no consensus reached on solution

Further in RAN4#108, RAN4 agreed on the following way forward.

< Agreement >: Introduce optional UE support to use L3 measurement results for intra-frequency and inter-frequency L1 measurement report. 
Note: the solution will be removed from the WI scope if all details and CRs are not finalized in RAN4#109. The solution will be removed from the WI scope if there is impact on RAN1/2.
Option 1: 
UE Capability
· UE capability is introduced to use L3 measurement results for intra-frequency and inter-frequency L1 measurement report.
· If the number of cells to measure exceeds the L1 based LTM measurement capability, UE is allowed to perform L3 measurements and report them in L1 reporting format measurements.
· UE supporting the L3 measurements in L1 measurement format capability should support also the baseline L1 measurement capability.
Measurement reporting
· UE reports based on L1 measurement configuration.
· Measurement report mapping: No changes to Table 10.1.6.1-1 are needed due to support L3 measurements in L1 measurement report. 
· L3 and L1 measurements are not included in the same report, at least in rel-18
Requirements 
· L3 measurement requirements are followed, where applicable
· RAN4 to discuss accuracy requirement during performance part.  
· UEs capable of reporting L3 measurements in L1 report, number of frequency layers to measure for neighbouring cell follows the same requirements as L3 measurements.
· As a baseline: Intra-frequency in clause 9.2, inter-frequency in clause 9.3
· TCI state activation is based on the reported L3 measurements in L1 measurement report.
· In FR1, UE do not need additional SSB to meet transmit timing requirements for PRACH on neighbour cell if the L1-RSRP measurement period is with 160ms.
· For FR2, UE may need additional SSB to meet the transmit timing requirements for PRACH on neighbour cell.
· Similar to baseline framework, L1 measurement format derived using L3 measurement results are reported in UCI. Same number of M and L applies. RAN4 will specify RRM requirements for the following cases
· RTD between cells smaller than and larger than CP scenarios are supported.
· Rx SNR (i.e., the side condition) is below -3dB but above -6dB.
· FFS for cell switch delay components.
· For FR1 and FR2, whether UE need additional SSB for acquiring timing (if the TCI state is activated) is FFS.
· Known and unknown cell are supported.

For past many meetings, companies were discussing whether UE perform L1-RSRP based on ICBM approach or using a new approach or using L3 measurement results to derive L1-RSRP report. For further discussion we donate them with scheme 1 and 2 as below
Scheme 1: L1-RSRP computed using lower layer measurement and sent in L1-RSRP report.
Scheme 2: L1-RSRP derived from L3-RSRP, and the derived result sent in L1-RSRP report
In previous meeting scheme 2 is agreed as an optional UE feature. We think sending only L1-RSRP derived from L3-RSRP in L1-RSRP report without performing any L1-RSRP measurement may not yield the desired results for the LTM feature. At the same time, sending purely L1-RSRP computed using lower layer measurement in L1-RSRP report may also not yield desired results for some UEs which can support limited number of cells to be measured. 
When UE perform L1-RSRP measurement, RAN4 agreed that UE obtains time and frequency fine synchronisation. To achieve best of the both the schemes, we think combined approach may work better. That means UE report L1-RSRP which is computed using scheme 1 and scheme 2. We understand that companies may have concern on how the NW can know which cells are actually measured for L1-RSRP using lower layer measurement method and which cells L1-RSRP is derived from the L3 measurements results. We understand this issue and we think one single indication in measurement report can solve this issue. We also understand that Ran4 agreed on NO RAN1/RAN2 impact. However, this a compromise where the RAN2 impact is very limited.
If RAN4 agree to this approach, we think we do not need to define two separate set of requirements for baseline UE and UE supporting optional UE feature and we can just define a single set of requirements based on the ICBM approach and some UE (which are not capable of measuring many cells) while sending measurement report include L1-RSRP derived from the L3-RSRP along with the measured L1-RSRP.
Proposal 1:  RAN4 to agree that the L1-RSRP report sent to NW can contain L1-RSRP derived from L1 measurement and L1-RSRP derived from L3 measurement results. 
Proposal 2:  One bit field can be introduced in the measurement report to distinguish whether L1-RSRP is measured or L1-RSRP derived at the NW. Detailed signalling can be left to RAN1/RAN2. 
Proposal 3:  If RAN4 agreed to proposal 1, RAN4 to introduce requirements for baseline feature alone and no need of any additional requirements for optional feature as it is only a reporting mechanism and not a measurement mechanism.   
Proposal 4:  NW to indicate whether UE should report a L1 based report alone or report containing L1 and L3 results.

As per the WID, NW should be able to configure multiple cells as part of LTM configuration. If configuring more cells than UE capability is not allowed, based on the UE capability, NW may need to reconfigure the cells frequently based on the UE measurement capability.  In a NW there could be many different UEs with different capabilities and to make sure NW can configure equal number of cells for all the UEs, we think keeping such restriction is not needed and not meeting the WID objective. 

When NW configures more cells, which cells to measure shall base on NW further indication other than UE implementation as UE may not have clear knowledge on which cell UE may be handed over to. Hence, we think down selection based on implicit or explicit configuration from the NW is needed. As long as UE do not need to measure more than its measurement capability, we do not see much complexity in using down selection based on NW indication.

Proposal 5:   When number of LTM candidate cells configured exceeds the UE capability of number of cells UE can measure, down selection of cells for LTM measurement is based on NW indication. 

[bookmark: _Toc5952573]LTM measurement requirements
From RAN4 perspective, we need to define following requirements for the LTM measurements. 

1. Measurement period requirements.
2. Measurement accuracy requirement. 
3. Scheduling restrictions

Measurement period requirements
In this section we discuss intra-frequency L1-RSRP measurement requirements principles. To simplify the discussion, we consider the issues moderator considered for offline discussion. 
Intra-frequency requirements 
For deriving the requirements, we need to agree on the UE behaviour for measurements. In this section we discuss UE behaviour for FR2 and FR1. 
In FR2, UE measures each cell at different occasion in a TDM manner. 
In FR1: In previous meeting, we agreed to support defining requirements for UE capable of supporting RTD less than CP and RTD greater than CP. We discuss the requirements for both the cases. 
In FR1, basic assumption is UE can measure all the cells (in a frequency layer) at the same time simultaneously.  In a mobility scenario, some cells can arrive with in CP and some cells can arrive after CP, if UE cannot support RTD>CP, then UE behaviour for measuring them needs to be discussed and agreed. In offline discussion, multiple approaches are discussed, and we consider them as a starting point for the further discussion. 
UE incapable of simultaneous measurement when RTD>CP 
· UE behavior #1 <fix timing>
· UE measures L1-RSRP using single timing (i.e., serving cell) 
· Accuracy degradation may be expected. 
· UE behavior #2 <flexible timing>
· In this case UE can shift the FFT window for different arrival timing of serving and neighboring cells. 
· However, many cells may be arriving within same range and using different FFT timing for different cells increase the delay substantially.
· To handle this issue, we think different cell groups can be introduced. 
· How to determine which cell belongs to which group is FFS.
· Not much degradation is expected as cells within cell groups can be in close range. 
UE capable of RTD>CP
· UE supports extra FFT engine to handle different cell groups or different frequency layer.
· UE measure different cells or cell groups or frequency layer with different FFT. Based on the number of FFT, the supported cells or cell groups or frequency layers UE can measure simultaneously vary.
Even for a UE which supports multiple FFT, if UE wants to measure different frequency layers simultaneously, we need to first agree on what is the timing assumption per frequency layer. In each frequency layer, UE may assume single timing or UE assumes flexible timing per frequency layer. To analyze the impact of the each of the assumption we take one simple example as described below.
Number of layers configured is 2 for L3 mobility.
NW configures 1 frequency layer with LTM.
Number of cells configured for LTM are 2 in the frequency layer.
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	[bookmark: _Hlk146205724]With Dual FFT and neighbour cells measured using same timing assumption for all neighbour cells
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	With Dual FFT and neighbour cells measured using different timing assumption for different neighbour cells
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Based on the above simple configuration, we would like to draw following conclusions for the above considered UE behaviors.
Observation 1: With single FFT and single timing for all cells for measurement (with ICBM based sharing), neighbour cell L1-RSRP can be measured once within 240ms.
Observation 2: With single FFT and single timing for all cells for measurement (with measuring all the cells in same frequency layer at same time), neighbour cell L1-RSRP can be measured once within 120ms.
Observation 3: With single FFT and different FFT timing for different measurements, neighbour cell L1-RSRP can be measured once within 480ms.
Observation 4: With Dual FFT and neighbour cells measured using same timing assumption for all neighbour cells, neighbour cell L1-RSRP can be measured once within 120ms.
Observation 5: With Dual FFT and neighbour cells measured using different timing assumption for different neighbour cells, neighbour cell L1-RSRP can be measured once within 240ms.
Based on the above analysis and observations we make following proposals.
Proposal 6:  When UE supports simultaneous measurements (when RTD>CP), all the neighbour cells within the same frequency layer are measured by the same FFT timing.
Proposal 7:   When UE does not support simultaneous measurements (when RTD>CP), all the cells within the same frequency layer as PCell are measured simultaneously with the same FFT timing. 
In the above example, even if NW configure only 2 neighbour cells as LTM candidate cell in the same frequency layer as PCell, UE can measure that cell only in couple of cases with measurement period less than 160 ms. The implication of it on cell switch delay or RACH transmission with respect to early sync is, practically all the time UE needs additional SSB. The need of additional SSB for early UL sync may not have big impact on the interruption or the feature performance as such. However, if the UE L1-RSRP measurement period is not less than 160 ms, then UE needs additional SSB sample is needed, and the interruption will increase in this case.  In this case, the essence of early sync is kind of lost. 
To make sure that, UE L1-RSRP measurement period is less than 160ms after TCI state is activated, we propose RAN4 to study following approaches. 
· Approach 1: In the LTM frequency layer, set L1 measurement samples as high priority than L3 measurement. It simply to switch the sharing factor between L1 samples: L3 samples to 2:1. 
· Approach 2: Suspend the other carrier frequency measurements till the Cell switch command is received.
We think among these approaches, approach 1 have less impact on the UE implementation and continuation of measurements after the cell switch. Also, we think after TCI state activation, typically UE would be handed over to new LTM cell with in 200 or 300ms. We think this will not have impact on mobility performance after cell switch. 
We consider the above example configuration to analyze the impact of approach 1 on L1-RSRP measurement period.
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As we can see in the above table, L1-RSRP measurement period is less than 160ms for singe FFT UE with single timing assumption. 
Other alternative to Approach 1  is Approach 3.
Approach 3: The cells which are activated with TCI state to be treated as separate frequency layer. 
From UE implementation point of view we think it is not a difficult option to implement. UE need to change the measurement scheduling events after the TCI state activation. 
Proposal 8:  Ran4 to agree on one of the following approaches 
· Approach 1: When UE receive active TCI state list from the neighbour cell, changing the sharing factor Klayer1_measurement for L3 measurement to 3 and sharing factor P for L1 measurement to 1.5. 
· Approach 3: When a neighbour cell’s SSB are indicated in active TCI state list, the cell to be treated as a separate frequency layer to perform measurement. 
Side condition in intra-frequency L1-RSRP measurement accuracy requirements
Following way forward is agreed in last meeting. 
· Option 1 (Apple, MTK, OPPO, Huawei): Reuse legacy value SNR= -3dB
· Option 2 (ZTE, Ericsson): SNR =-6dB (same as L3 measurement) 
Even in this case, we think L3 measurements requirement can be taken as baseline.
Proposal 9:  RAN4 to consider same side condition of L3 measurement as baseline. 

Inter-frequency L1-RSRP measurement requirements 
Inter-frequency L1-RSRP measurement with Type 1 MG for basic UE functionality
In last meeting following table is agreed to be used as a baseline with M and CSSF as FFS for inter-frequency L1-RSRP measurement period with MG in FR1
	Condition
	T L1-RSRP_SSB_measurement_period_inter

	No DRX
	Max(Treport, Ceil(M * Kgap)  Max(MGRP, SSB period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(Treport, Ceil(M  1.5 * Kgap)  Max(MGRP, SSB period, DRX cycle))  CSSFinter

	DRX cycle > 320ms
	Ceil(M * Kgap)  DRX cycle  CSSFinter

	The definition of Kgap is the same as L3 measurement which is a scaling factor for a SSB frequency layer to be measured within an associated measurement gap pattern.




We think following options may be good balance between performance of the feature and UE complexity. 
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Based on the above option, 
For the cells whose TCI states are activated, M is 1;
Otherwise, 
· M is 2 if the L1-RSRP measurement period is larger than 160ms
· M is 1 if the L-RSRP measurement period is less than 160ms 

Proposal 10:  For inter-frequency measurement requirements, M is 1 if the L1-RSRP periodicity is lesser than or equal to 160ms. If not M=2

Proposal 11:  L3 and L1 on same frequency layer are counted separately in CSSF and the cell for which TCI state is activated is counted as a separate frequency layer in CSSF calculation.  


L1-RSRP measurement accuracy requirements
· Option 1: Define inter-frequency L1-RSRP measurement accuracy requirements on non-serving cell
· Option 2: Further discuss whether and how to define inter-frequency L1-RSRP measurement accuracy requirements on non-serving cell later, e.g., in performance part.
For this issue, we support option 1 as L1/L2 HO is based on neighbour cell or candidate cells measurements, it is important to specify accuracy requirements for candidate cells and neighbour cells can be on inter-frequency.
Proposal 12:  RAN4 to define inter-frequency L1-RSRP measurement accuracy requirements on non-serving cell

Summary and Conclusion
In this contribution we have analysed RAN4 aspects for L1/L2 based inter-cell mobility and made following proposals. 
Proposal 1:  RAN4 to agree that the L1-RSRP report sent to NW can contain L1-RSRP derived from L1 measurement and L1-RSRP derived from L3 measurement results. 

Proposal 2:  One bit field can be introduced in the measurement report to distinguish whether L1-RSRP is measured or L1-RSRP derived. Detailed signalling can be left to RAN1/RAN2. 

Proposal 3:  If RAN4 agreed to proposal 1, RAN4 to introduce requirements for baseline feature alone and no need of any additional requirements for optional feature as it is only a reporting mechanism and not a measurement mechanism.   

Proposal 4:  NW to indicate whether UE should report a L1 based report alone or report containing L1 and L3 results.


Proposal 5:  When number of LTM candidate cells configured exceeds the UE capability of number of cells UE can measure, down selection of cells for LTM measurement is based on NW indication. 

Proposal 6:  When UE supports simultaneous measurements (when RTD>CP), all the neighbour cells within the same frequency layer are measured by the same FFT timing.

Proposal 7:   When UE does not support simultaneous measurements (when RTD>CP), all the cells within the same frequency layer as PCell are measured simultaneously with the same FFT timing. 

Proposal 8:  Ran4 to agree on one of the following approaches 
· Approach 1: When UE receive active TCI state list from the neighbour cell, changing the sharing factor Klayer1_measurement for L3 measurement to 3 and sharing factor P for L1 measurement to 1.5. 
· Approach 3: When a neighbour cell’s SSB are indicated in active TCI state list, the cell to be treated as a separate frequency layer to perform measurement. 

Proposal 9:  RAN4 to consider same side condition of L3 measurement as baseline. 
Proposal 10:  For inter-frequency measurement requirements, M is 1 if the L1-RSRP periodicity is lesser than or equal to 160ms. If not M=2

Proposal 11:  L3 and L1 on same frequency layer are counted separately in CSSF and the cell for which TCI state is activated is counted as a separate frequency layer in CSSF calculation.  
Proposal 12:  RAN4 to define inter-frequency L1-RSRP measurement accuracy requirements on non-serving cell.
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