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In this contribution, we provide our views on L1 measurement (L1-RSRP) requirements for the LTM. 
Discussion
One of the open issues discussed in last meeting is copied below. 
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?
For information
	RAN4#108
Common understanding: If deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter is enabled, UE can derive SSB index according to serving cell timing.


<Way Forward>
· If deriveSSB-IndexFromCell and deriveSSB-IndexFromCellInter-r17 are not enabled, but UE has performed L3 measurement with SSB index on the candidate cell, no additional time is needed 
· If deriveSSB-IndexFromCell and deriveSSB-IndexFromCellInter-r17 are not enabled, and UE has not performed L3 measurement without SSB index reading on the candidate cell, additional time for time index detection is needed.

We think some NW would configure L3 measurement report with SSB index (as NW need to configure LTM candidate cells for L1-RSRP reporting) and some NW would configure L3 measurements without SSB index (if the number SSB transmitted from NW are not high in a cell, then NW can configure all indexes for L1-RSRP measurement and skip configuring L3 report with SSB index). To facilitate both the implementations, we should consider defining requirements for both cases. UE may need one additional SSB for reading SSB index. 
Proposal 1:  If deriveSSB-IndexFromCell and deriveSSB-IndexFromCellInter-r17 are not enabled, and UE has not performed L3 measurement with SSB index reading on the candidate cell, additional time for time index detection is allowed. 
[bookmark: _Toc5952573]LTM measurement requirements
Measurement period requirements
FR1 intra-frequency requirements 
In previous meetings, RAN4 agreed to defining requirements for UE capable of RTD less than CP and RTD greater than CP. In this section, 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. During previous discussions, multiple approaches are discussed, and we consider them as a starting point for the further discussion. The approaches considered are listed below for reference.
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. 
If UE assumes a single timing, incase of RTD is larger than CP, there could be some performance degradation is expected. However, if different timing is assumed to measure different cells, UE need to maintain different FFT timing for each neighbour cell measurement and UE need to receive data from serving cell using the neighbour cell FFT timing. In this case, serving cell data demodulation performance may be degraded. If serving cell data demodulation performance degradation is not desired, then we need to introduce scheduling restriction of 1 symbol before and after the SSB. Which may severely impact the system throughput. If the neighbour cell measurements are done in measurement engine, UE can maintain different timing for data reception and measurements, in that case data demodulation degradation is not expected. However, measurement delay is longer. Since introducing different timing for different cells have more impact on the system throughput or large measurement delay, we prefer using single timing for measuring multiple cells. This is in principle same as ICBM measurement period requirements.
Proposal 2:  In FR1, for a UE which do not support RTD> CP, RAN4 to reuse the ICBM measurement period for defining the LTM l1-RSRP measurement period.  
When UE is capable of RTD >CP
In last meeting following WF is agreed.
Measurement period of intra-frequency L1-RSRP measurement for UE capable of RTD>CP in FR1 if UE performs L1-RSRP measurement on multiple intra-frequency layer
< Way Forward >: FFS the following options
· Option 1 (CATT, CMCC, Huawei, Apple, MTK, 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): 
· Not to define RRM requirements for multi-FFT engine based LTM L1 measurement, i.e. UE behaviour #3, in R18. It can be left to UE implementation.
· Option 3 (Ericsson):
· Measurement period requirements are derived from either of the following principle
· 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

When multiple intra-frequency layers are configured for LTM candidate cell measurements, L1-RSRP measurement needs to be scaled by frequency layers other than PCC. In other words, l1-rsrp measurement period of rel-15/16 is scaled by number of SCC carriers that are configured.
Proposal 3:   When multiple intra-frequency layers are configured, rel-15/16 l1-rsrp measurement period is scaled by number of SCC intra-frequency layers configured to derive the LTM measurement period requirements. 
FR2 intra-frequency requirements 
In last meeting following agreement is reached.
Measurement period of intra-frequency L1-RSRP measurement for UE capable of RTD>CP in FR2 if UE only performs L1-RSRP measurement 
Agreement:
· When # of neighbouring cells configured/activated to be measured is equal to or larger than 2
· When TCI state of neighbour cell is activated, UE performs L1-RSRP measurement on the neighbour cell whose TCI state is activated and the serving cell. UE may measure any other cell(s) based on UE implementation
· The measurement period of serving cell is R15/R16 SSB based L1-RSRP measurement period scaled by 3
· The measurement period of the neighbour cell whose TCI state is activated is R15/R16 SSB based L1-RSRP measurement period scaled by 3
· For the other neighbour cells: no measurement delay requirements
The above principle and requirements apply when the NW activate TCI state(s) from only one neighbour cell.
FFS: the requirements when TCI states are activated on neighbour cells in multiple bands.
· When TCI state of all the neighbour cells are not activated, UE performs L1-RSRP measurement on the serving cell and neighbour cell(s). 
· The measurement period of serving cell is R15/R16 SSB based L1-RSRP measurement period scaled by 3
· The measurement period of the neighbor cells is R15/R16 SSB based L1-RSRP measurement period scaled by 3*(# of neighbor cells)
· When # of neighbouring cells configured/activated to be measured is 1, reuse R17 ICBM measurement delay requirements.

Based on the last meeting agreement, L1-RSRP measurement period for FR2 is given by 3*M*P*N*TSSB. If we consider M is 1 and N is 8, then measurement period is 24*P*TSSB. If we consider legacy sharing factor of P=3 for L1-RSRP and P=1.5 for L3-RSRP, then measurement period is 72*TSSB. Even with last meeting agreement of prioritising cell whose TCI state was activated, even for TSSB of 5ms, measurement period will not be less than 160ms (e.g., 72*5ms is 360ms). 
If we assume equal sharing between L3 and L1 after TCI state is activated, then P will be 2. That means measurement period is 48*TSSB. Even for TSSB of 5ms, measurement period will not be less than 160ms (e.g., 48*5ms is 240ms).
If we skip/suspend L3 measurements after TCI state activation and till cell switch command, and perform only L1 measurements, then P can be 1. In this case measurement period will become, 24*TSSB. In this case, to achieve less than 160ms measurement period, TSSB should be 5ms. 
If we configure only one neighbour cell or 1 LTM candidate cell, then L1-RSRP measurement period will be 16*TSSB. To achieve 160ms measurement period, TSSB should be 10ms. Other method to achieve less than 160ms measurement period is reducing the N after TCI state is activated. 
Based on the above analysis, LTM L1-RSRP measurement period of less than 160ms, can be achieved under following conditions for FR2.
· LTM candidate cells configured is 1
· L3 measurements are suspended after TCI state activation
· N is 1 or reduced to some other value smaller than 8 (i.e., beam sweeping or reduced after TCI state activation for certain time)

Proposal 4:  In FR2, L1-RSRP measurement period of less than 160ms is only possible under following conditions. RAN4 to discuss the feasibility of it and methods to achieve 160ms L1-RSRP measurement period.
a. L3 measurements are suspended after TCI state activation
b. N is 1 or reduced to some other value smaller than 8 (i.e., beam sweeping or reduced after TCI state activation for certain time)
If L3 measurements are not suspended, or N is not reduced, then less than 160ms L1-RSRP measurement period is not possible in FR2 in any scenario. Unless some other method is agreed, it means that UE always needs, fine time tracking for FR2. Unless such method of removing fine time, tracking is agreed, activating TCI states before cell switch command do not have any benefits from the interruption reduction point of view. We understand that pre-TCI state activation comes with the cost at UE and NW side. If the desired output is not achievable, there is no benefit for NW to configure it in FR2. 
Proposal 5:  RAN4 to find a method to achieve less than 160ms measurement period or a method to skip fine time tracking (e.g., by performing fine time tracking in parallel to UE processing). If RAN4 did not find a method to achieve less than 160ms L1-RSRP periodicity or a method to remove fine time tracking from the cell switch delay, for at least one configuration, RAN4 to send LS to RAN1 and RAN2 to convey pre-sync or pre-TCI state activation is not suitable/applicable for FR2. 

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) 

We think LTM candidates are configured based on L3 measurements and at least for FR1, UE measures L1 and L3 at the same instance on a frequency layer. Hence, we did not see a reason why L1 and L3 side conditions should be different for same cell. 
Proposal 6:  RAN4 to consider same side condition of L3 measurement as for L1 measurements at least for FR1. 

Inter-frequency L1-RSRP measurement requirements 
Inter-frequency L1-RSRP measurement with Type 1 MG 
In last meeting following WF is agreed.
The principles in defining inter-frequency L1-RSRP measurement period with MG in FR1

	· In FR1, within one gap occasion,
· If L1-RSRP and L3 measurement of the same frequency layer overlap, they can be counted as same frequency layer when calculating CSSF. 
· FFS: If there is L1 measurement to measure but L3 MO on the same frequency layer is not the candidate due to that SSB periodicity is smaller than SMTC periodicity, the L1-RSRP measurement is regarded as one independent candidate to be measured in a gap when calculating CSSF for other overlapped inter-frequency layers.



When SSB periodicity is smaller than SMTC periodicity, one frequency layers SSB occasion can be overlapped with other frequency layers SMTC occasion and since UE may be able to measure only one frequency layer at a time for L1 or L3, we think they have to be treated as separate frequency layers.
Proposal 7:  In FR1, within one gap occasion, if there is L1 measurement to measure but L3 MO on the same frequency layer is not the candidate due to that SSB periodicity is smaller than SMTC periodicity, the L1-RSRP measurement is regarded as one independent candidate to be measured in a gap when calculating CSSF for other overlapped inter-frequency layers.

In previous 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 as in legacy we do not assume AGC sample if the measurement period is less than 160ms;
Otherwise, 
· M is 2 if the L1-RSRP measurement period is larger than 160ms
· M is 1 if the L1-RSRP measurement period is less than 160ms 

Proposal 8:  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 9:  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.  

Summary and Conclusion
In this contribution we have analysed RAN4 aspects for L1/L2 based inter-cell mobility and made following proposals. 
Proposal 1:  If deriveSSB-IndexFromCell and deriveSSB-IndexFromCellInter-r17 are not enabled, and UE has not performed L3 measurement with SSB index reading on the candidate cell, additional time for time index detection is allowed. 
Proposal 2:  In FR1, for a UE which do not support RTD> CP, RAN4 to reuse the ICBM measurement period for defining the LTM l1-RSRP measurement period.  
Proposal 3:  When multiple intra-frequency layers are configured, rel-15/16 l1-rsrp measurement period is scaled by number of SCC intra-frequency layers configured to derive the LTM measurement period requirements. 
Proposal 4:  In FR2, L1-RSRP measurement period of less than 160ms is only possible under following conditions. RAN4 to discuss the feasibility of it and methods to achieve 160ms L1-RSRP measurement period.
a. L3 measurements are suspended after TCI state activation
b. N is 1 or reduced to some other value smaller than 8 (i.e., beam sweeping or reduced after TCI state activation for certain time)
Proposal 5:  RAN4 to find a method to achieve less than 160ms measurement period or a method to skip fine time tracking (e.g., by performing fine time tracking in parallel to UE processing). If RAN4 did not find a method to achieve less than 160ms L1-RSRP periodicity or a method to remove fine time tracking from the cell switch delay, for at least one configuration, RAN4 to send LS to RAN1 and RAN2 to convey pre-sync or pre-TCI state activation is not suitable/applicable for FR2.
Proposal 6:  RAN4 to consider same side condition of L3 measurement as for L1 measurements at least for FR1. 
Proposal 7:  In FR1, within one gap occasion, if there is L1 measurement to measure but L3 MO on the same frequency layer is not the candidate due to that SSB periodicity is smaller than SMTC periodicity, the L1-RSRP measurement is regarded as one independent candidate to be measured in a gap when calculating CSSF for other overlapped inter-frequency layers.
Proposal 8:  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 9:  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
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