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Introduction
L1/L2 based inter-cell mobility was discussed in last meeting [1]. This contribution provides further analysis on L1-RSRP measurement requirements on L1/L2 based inter-cell mobility from RRM requirement perspective.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]General principles
In our understanding, during typical LTM procedure the limited number of candidate target frequency/cells is selected through L3 measurement report and then network configures L1/L2 mobility related measurements on the candidate cells and then UE reports corresponding L1/L2 measurement results. Although it is not explicitly precluded that L1 measurement is configured while L3 measurement on the same frequency is not configured, it is not a typical configuration. The following agreement is made in RAN4#107 meeting.
	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Issue 2-1-1: Whether L1 measurement configured after receiving L3 measurement report on that cell
< Agreement>: 
· For the baseline “UE is NOT expected to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report”:
· For the behaviour of the NW, L3 measurement report is not the prerequisite of L1 measurement configuration.
· From the view of UE, UE should have performed L3 measurement on the neighbour cell before UE performs L1 measurement on that cell.



From UE perspective, to correctly receive L1 measurement resource, UE performs L3 measurement to identify coarse timing of neighbour cell. In other words, 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. That’s to say, UE performs L1 measurement on a neighbour cell after UE has performed L3 measurement on that cell (it is not required UE to report L3 measurement results before L1 measurement). Therefore it is suggested to define L1-RSRP measurement requirements for known neighbour cell.
Proposal 1: RAN4 to define L1 measurement requirements for known cell case only.
Intra-frequency L1-RSRP measurement
· Scenario
In R17 ICBM, the intra-frequency L1-RSRP measurement requirements are specified for the scenario that SSB from the cell with different PCI is completely contained in the active BWP. In R18 L1/L2 mobility, in RAN4#108 meeting, it is agreed that do not define requirements for gap based intra-frequency L1 measurement if target SSB is not within active BWP in R18 LTM. In the following we focus on L1 intra-frequency measurement without gap where target SSB is within active BWP.
According to RAN1 agreement, SSB configuration is up to network, it can be the same or different as SMTC. 
	Agreement [R1-2306259]
· For the configuration of SSB based L1-RSRP measurement, 
· periodicity of SSB, SSB position in burst are provided as time domain information for intra- and inter- frequency



Therefore both cases that SSB periodicity of intra-frequency neighbour cell is the same as SMTC and is different as SMTC shall be considered when defining requirements.
Proposal 2: Both cases that SSB periodicity of intra-frequency neighbour cell is the same as SMTC and is different as SMTC is supposed to be considered.
· Measurement Period
In legacy FR1 measurement period specified for R17 non-serving cell, only single carrier is considered. The L1-RSRP measurement period on neighbour cell is scaled with scaling factor P which prioritizes measurement gap.
For UE only capable of RTD<=CP, one FFT engine is assumed for L1-RSRP measurement for all cells on the same frequency layer. UE is supposed to follow serving cell timing rather than shifting timing to candidate neighbour cells to avoid considerable interruption on serving cell.
· When actual network RTD of serving cell and neighbour cell is not larger than CP, UE can simultaneously measure L1-RSRP on serving cell and neigbour cell. As each frequency layer has individual FFT, therefore the legacy FR1 measurement period specified for R17 non-serving cell can be reused. 
· When actual network RTD of serving cell and neighbour cell is larger than CP, UE is not able to correctly receive reference signal of neigbour cell, therefore measurement accuracy on neighbor cells is not able to be guaranteed. Therefore we suppose no requirements are specified here.
For UE capable of RTD>CP, additional FFT engines are assumed for L1-RSRP measurement. UE is able to shift timing to candidate neighbour cells on the same layer as serving cell. However the number of extra FFT engines are limited. It is assumed that the additional FFT engines are shared among CCs. 
Proposal 3: UE who is incapable of RTD>CP, UE would follow serving cell timing, rather than shifting the FFT window to follow candidate neighbour cell.
Proposal 4: FR1 intra-frequency L1-RSRP measurement period for LTM is defined as:
- For UE only capable of RTD<=CP, 
· when actual network RTD of serving cell and neighbour cell is not larger than CP, the legacy FR1 measurement period specified for R17 non-serving cell can be reused.  
· When actual network RTD of serving cell and neighbour cell is larger than CP, no requirements are specified.
- For UE capable of RTD>CP, additional scaling factor (i.e., number of CC) is to be scaled on top of the legacy measurement period specified for R17 non-serving cell
For R17 FR2 L1-RSRP for non-serving cell, specifying the measurement period follows the below principle:
(1) Colliding between L1 measurement and L3 measurement:
· When L1 measurement is partial overlapped with L3 measurement, L1 measurement is performed outside SMTC; 
· When L1 measurement is fully overlapped with L3 measurement, sharing factor is allocated.
(2) Colliding between L1 measurement on neighbour cell and serving cell:
· When SSB configuration on two cells are partial overlapped, prioritize the measurement on the sparse SSB;
· When SSB on two cells are fully overlapped, scaling factor 2 is scaled on each cell.

For R18 FR2 LTM, most R17 measurement rules for “L1 and L3 measurement” and for “L1 and L1 measurement” can be reused. However as there are more than 1 neighbour cell, the colliding handling principle of L1 measurement may need some updates. In Figure 1, the SSB on cell 1 and cell2 is sparser than it on cell3. If prioritize the measurement on cell1 and cell2 (as their SSB is sparse), then there are no measurement opportunities left for cell3. To avoid complicated algorithm, the measurement principle can be simplified to scale the number of cells on one frequency layer. 
[image: ]
Figure 1
The following measurement delay for FR2 are:
For UE only capable of RTD<=CP, 
· When actual network RTD of serving cell and neighbour cell is not larger than CP,  the measurement requirements for LTM is scale the number of cells on one frequency layer on top of legacy FR2 measurement period specified for R17 non-serving cell. 
· When actual network RTD of serving cell and neighbour cell is larger than CP, we also suppose no requirements are specified here.
For UE capable of RTD>CP, whether additional FFT engines or no additional FFT engines doesn’t matter as UE needs to TDMed measure on neigbor cells and serving cells due to different received beam directions. As UE has different FFT on different CCs for CA scenario, it may no need to scale the number of intra-frequency layers. However band number is still needed to be scaled due to beam sweeping.
Proposal 5: For FR2 intra-frequency L1-RSRP measurement period on neighbour cell:
- For UE only capable of RTD<=CP, 
· when actual network RTD of serving cell and neighbour cell is not larger than CP, the legacy FR2 measurement period specified for R17 non-serving cell can be reused with the change of scale with cell number of L1-RSRP measurement.  
· When actual network RTD of serving cell and neighbour cell is larger than CP, no requirements are specified.
- For UE capable of RTD>CP, on top of FR2 R17 non-serving cell measurement period, the cell number on one layer and the number of bands are scaled.
· Scheduling restriction
For UE incapable of RTD>CP, if the actual RTD of serving cell and neighbour cell is not 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. 
If the actual RTD of serving cell and neighbour cell is larger than CP, UE who is incapable of RTD>CP would follow serving cell timing. As discussed previously, the UE is not expected to perform L1-RSRP measurement on neighbour cell by tuning UE’s timing to target neighbour, as the interruption on serving cell would be considerable. 
As UE who is incapable of RTD>CP would not correctly measure L1-RSRP on neighbour cell when the actual RTD of serving cell and neighbour cell is larger than CP, we think no requirements are to be specified for this case.
Proposal 6: For UE incapable of RTD>CP, 
- 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.
For UE capable of RTD>CP, UE is able to track different timing of candidate neighbour cells. 
· For FR1
· As we know, in FR1 FDD, the time difference between serving cell and neighbor cell is up to 500us. As network has no idea of the actual RTD from UE side, it is hard to predict the scheduling restriction location. So we propose RAN4 only specify scheduling restriction requirements for L1-RSRP measurement on neighbor cell when deriveSSB-IndexFromCell is enabled, and is not to specify requirements when deriveSSB_IndexFromCell is not enabled.
Proposal 7: For UE capable of RTD>CP, RAN4 is not to specify scheduling restriction requirements for L1-RSRP measurement on neighbor cell when deriveSSB_IndexFromCell is not enabled.
· In R18 UE performs neighbor cell L1-RSRP measurement based on SSB occasion. 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.
· For FR2 
· deriveSSB-IndexFromCell is always enabled for FR2 intra-frequency measurement. Therefore on top of the legacy scheduling restriction defined for non-serving cell in R17 for intra-frequency L1-RSRP measurement on neighbor cell, additional 1 symbol is added before and after those OFDM symbols corresponding to the configured LTM L1-RSRP measurement SSBs, when RTD of serving cell and neighbor cell larger than CP.
Proposal 8: For UE capable of RTD>CP,
· 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.

Inter-frequency L1-RSRP measurement
In last meeting, RAN4 agreed to define requirements for inter-f with Type 1 MG and inter-f without gap.
	[bookmark: _Hlk132897897]Issue 2-5-1-1: Type of inter-frequency L1-RSRP measurement to support
< Agreement >
· Define the requirement for inter-frequency L1-RSRP measurement with type 1 MG as a baseline.
· FFS: whether L1/L3 may share the MG or not, depending on the conclusion of the other issue 2-2-1.
· Define the requirement for Inter-frequency without gap (target SSB within DL active BWP) with UE capability.
· FFS: The details of the capability.
· Not consider L1 inter-frequency with NCSG in R18 LTM.
· Not consider L1 inter-frequency with NeedforGap in R18 LTM.
· FFS: whether to support type 2 MG in R18 LTM.



· Inter-frequency with Type-1 gap
In FR1, SSB based L1-RSRP can be performed simultaneously with L3-RSRP measurement during gap occasions. As the configured L1-RSRP measurement frequencies are the subset of L3 measurement, no additional L1 measurement effort is needed. 
In our understanding, the configured L1-RSRP measurement frequencies are the subset of L3 measurement frequencies. In general, we think in FR1 the legacy CSSFwithgap principle can be applied for L1-RSRP on inter-frequency. However some minor changes are still needed. In FR1, if L1-RSRP MO and L3 RSRP MO are configured on the same frequency, then
- if SSB configured for L1-RSRP measurement is overlapped with SMTC for L3-RSRP measurement, within one gap occasion (e.g., gap #1, gap#3 in Figure 2), L1-RSRP can be performed simultaneously with L3-RSRP measurement.  Then L1-RSRP MO and L3-RSRP MO are regarded as one candidate to be measured in a gap. This principle is already agreed in [1].
- if SSB configured for L1-RSRP measurement is denser than SMTC for L3-RSRP measurement on one same frequency, within certain gap (e.g., gap #2, gap#4 in Figure 2), only L1 measurement MO exists. Then the L1-RSRP MO is regarded as one independent candidate to be measured in a gap. 
[image: ]
Figure 2. CSSFwithingap for FR1
Proposal 9: In FR1, for inter-frequency L1-RSRP with type 1 gap, CSSFwithingap is supposed to be updated. If L1-RSRP MO and L3 RSRP MO are configured on the same frequency,
- within one gap occasion, if SSB configured for L1-RSRP measurement is overlapped with SMTC for L3-RSRP measurement, L1-RSRP MO and L3-RSRP MO are regarded as one candidate to be measured in a gap (agreed in RAN4#108 meeting).
- within one gap occasion, if there is L1 measurement but no L3 MO on the same frequency, the L1-RSRP MO is regarded as one independent candidate to be measured in a gap.
In FR2, even if L1-RSRP measurement and L3 measurement are configured on the same frequency, SSB for L1-RSRR measurement and SMTC for L3-RSRP are overlapped within one gap, L1 measurement is not able to be simultaneously performed with L3 measurement, due to different RX beam sweeping direction. In addition, if there are multiple L1-RSRP measurement cells on one frequency, UE shall perform L1 measurement in TDM manner. Therefore for FR2 L1-RSRP measurement with gap, the CSSFwithingap is supposed to be updated: on top of existing CSSFwithgap, each cell which is configured for L1-RSRP measurement is regarded as one independent candidate to be measured in a gap.
Proposal 10: In FR2, for inter-frequency L1-RSRP with type 1 gap, legacy CSSFwithingap is supposed to be updated: each cell which is configured for L1-RSRP measurement is regarded as one independent candidate to be measured in a gap.
· Inter-frequency L1-RSRP measurement without gap
In general, inter-frequency layer where L1-RSRP measurement without gap is perform can be treated as another intra-frequency layer in CA. Then measurement requirements can follow L1-RSRP measurement on multiple intra-frequency layers (refer to proposal 3 and proposal 4).
Proposal 11: Measurement requirements of inter-frequency L1-RSRP measurement without gap can follow L1-RSRP measurement on multiple intra-frequency layers (refer to proposal 3 and proposal 4).
Accuracy
In last meeting, some companies proposed an issue whether lower SNR would be assumed compared to the case when L1 measurements are only used for beam managements.
	Issue 2-7-1: side condition of intra-frequency L1-RSRP measurement accuracy requirements
< Way forward >: FFS the following options
· Option 1: Reuse legacy value SNR= -3dB
· Option 2: SNR = -6dB (same as L3 measurement) 
· Option 3: For R17 L1 measurements, the side condition for measurement accuracy requirements is -3dB. For new type of L1 measurements if agreed by other WGs, the side condition for measurement accuracy requirements is -6dB.




From below aspects analysis, we don’t find strong view to use a lower SNR for R18 inter-cell mobility. 
1. In R15, the side condition of L1-RSRP measurement is -3dB. One reason is that the sample number of L1-RSRP measurement is smaller than L3 measurement, i.e., 1 or 3. To guarantee measurement accuracy, higher SINR is set.
2. -3dB side condition is set for R17 ICBM L1-RSRP as well. The reason is that the non-serving cell is selected by network and it is supposed to be in a good condition. Therefore the L1-RSRP on NSC would be performed at higher SINR.
Considering the above aspects into account, we don’t find strong view to use a lower SNR for R18 inter-cell mobility. 
Proposal 12: Reuse legacy value SNR=-3dB in intra-frequency L1-RSRP measurement accuracy.
Measurement Capability
In R17 FeMIMO, only one intra-frequency non-serving cell for FR2 L1-RSRP is supported (see below). 
	9.13.2	Requirements Applicability 
The requirements in clause 9.13 apply, provided the SSB from cell with PCI different from serving cell configured for L1-RSRP if the following conditions are met:
-	the number of cells with PCI different from seving cells Nmax = 1 for FR2 and FFS for FR1
-	The cell with different PCI from serving cell is known 
-	The SSB resources configured for L1-RSRP measurements are measurable


In R18 L1/L2 inter-cell mobility, the L1/L2 inter-cell mobility supported UE would perform L3 measurement on multiple neighbor cells firstly. The possible procedure is that the limited number of candidate cells selected through L3 measurement, then network configures L1/L2 measurements related with the candidate cells, and UE report corresponding L1/L2 measurement report. So we suppose that the number of intra-frequency L1 measurement layers is 1, 2.
Proposal 13: The number of intra-frequency L1 measurement layers is 1, 2.
Conclusions
This contribution provides further analysis on L1/L2 based inter-cell mobility for mobility latency reduction. The following proposals are provided:
Proposal 1: RAN4 to define L1 measurement requirements for known cell case only.
Proposal 2: Both cases that SSB periodicity of intra-frequency neighbour cell is the same as SMTC and is different as SMTC is supposed to be considered.
Proposal 3: UE who is incapable of RTD>CP, UE would follow serving cell timing, rather than shifting the FFT window to follow candidate neighbour cell.
Proposal 4: FR1 intra-frequency L1-RSRP measurement period for LTM is defined as:
- For UE only capable of RTD<=CP, 
· when actual network RTD of serving cell and neighbour cell is not larger than CP, the legacy FR1 measurement period specified for R17 non-serving cell can be reused.  
· When actual network RTD of serving cell and neighbour cell is larger than CP, no requirements are specified.
- For UE capable of RTD>CP, additional scaling factor (i.e., number of CC) is to be scaled on top of the legacy measurement period specified for R17 non-serving cell
Proposal 5: For FR2 intra-frequency L1-RSRP measurement period on neighbour cell:
- For UE only capable of RTD<=CP, 
· when actual network RTD of serving cell and neighbour cell is not larger than CP, the legacy FR2 measurement period specified for R17 non-serving cell can be reused with the change of scale with cell number of L1-RSRP measurement.  
· When actual network RTD of serving cell and neighbour cell is larger than CP, no requirements are specified.
- For UE capable of RTD>CP, on top of FR2 R17 non-serving cell measurement period, the cell number on one layer and the number of bands are scaled.
Proposal 6: For UE incapable of RTD>CP, 
- 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.
Proposal 7: For UE capable of RTD>CP, RAN4 is not to specify scheduling restriction requirements for L1-RSRP measurement on neighbor cell when deriveSSB_IndexFromCell is not enabled.
Proposal 8: For UE capable of RTD>CP,
· 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.
Proposal 9: In FR1, for inter-frequency L1-RSRP with type 1 gap, CSSFwithingap is supposed to be updated. If L1-RSRP MO and L3 RSRP MO are configured on the same frequency,
· - within one gap occasion, if SSB configured for L1-RSRP measurement is overlapped with SMTC for L3-RSRP measurement, L1-RSRP MO and L3-RSRP MO are regarded as one candidate to be measured in a gap (agreed in RAN4#108 meeting).
· - within one gap occasion, if there is L1 measurement but no L3 MO on the same frequency, the L1-RSRP MO is regarded as one independent candidate to be measured in a gap.
Proposal 10: In FR2, for inter-frequency L1-RSRP with type 1 gap, legacy CSSFwithingap is supposed to be updated: each cell which is configured for L1-RSRP measurement is regarded as one independent candidate to be measured in a gap.
Proposal 11: Measurement requirements of inter-frequency L1-RSRP measurement without gap can follow L1-RSRP measurement on multiple intra-frequency layers (refer to proposal 3 and proposal 4).
Proposal 12: Reuse legacy value SNR=-3dB in intra-frequency L1-RSRP measurement accuracy.
Proposal 13: The number of intra-frequency L1 measurement layers is 1, 2.
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