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[bookmark: _Toc116995841]Introduction
The solution related to L3 measurements in L1 report is discussed in the contribution R4-2316610 and draftCR implemented in R4-2316609. This contribution discusses the other issues related to LTM measurements. 
[bookmark: _Toc116995842]Discussion
General issues
	Issue 2-1-1: Whether L1 measurement layer is configured on the same frequency as one of current L3 MO 
< Way Forward >: FFS the following proposals
· [bookmark: _Hlk143108367]For LTM L1 measurement, RRM requirements are applicable only if L1 measurement layer is configured on the same frequency as one of current L3 MO
· FFS: whether to be addressed in the spec.




Our understanding of this issues is that the L3 measurements refer here to the cell level measurements and cell being detected. If the cell has not been detected, the L1 measurements cannot be performed, hence the L1 measurement report cannot be send with the current understanding. However, this approach does not apply to the case where L3 measurements are transmitted in L1 report. 
[bookmark: _Toc146740642]When L3 measurements are transmitted in L1 report, it is enough that the L1 reporting configuration exists. 
	Issue 2-1-2: Whether to consider L1 measurements on unknown cell
<Way Forward>
· UE is not required to perform L1 measurements on unknown cell.




The known cell condition is yet to be discussed. If the known cell condition has 5s limitation, then UE should perform measurements on cell, which is detectable but has expired the 5s condition. Therefore, we propose:  
[bookmark: _Toc146740643]UE is not required to perform L1 measurements on undetectable cell. 
Issue 2-1-3: known cell condition for L1-RSRP measurement
The known cell condition is discussed in detail in R4-2315929. We think that the discussion shouldn’t be duplicated unnecessarily. The main problem with the current known cell condition is the “during the last 5 seconds”, which causes cells to expire even if they are detectable. It is our view that RAN4 should not continue specifying these technically irrelevant limitations in the specification. 
[bookmark: _Toc146740644]For the known cell condition
I. [bookmark: _Toc146740645]For rel-18 LTM, remove “during the last 5 seconds” from the known cell conditions.
II. [bookmark: _Toc146740646]Known condition is not currently visible to the network.
III. [bookmark: _Toc146740647]Cells detected more than 5s ago but are still detectable, are considered as known cells for LTM.

	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.



UE can already be requested to read and report the Index when performing L3 measurements (9.2):
The UE shall be able to identify a new detectable intra-frequency cell within Tidentify_intra_without_index if the UE is not indicated to report SSB based RRM measurement result with the associated SSB index(reportQuantityRsIndexes or maxNrofRSIndexesToReport is not configured), or the UE is indicated that the neighbour cell is synchronous with the serving cell (deriveSSB-IndexFromCell is enabled). Otherwise, UE shall be able to identify a new detectable intra frequency cell within Tidentify_intra_with_index.
It is assumed that deriveSSB-IndexFromCell is always enabled for FR1 TDD and FR2 with SCS smaller or equal to 480 kHz. 
For LTM, UE should acquire SSB index for LTM candidate cells via L3 measurements. Any UE is required to be able to read SSB index. This reading may be part of L3 measurements. 
[bookmark: _Toc146546995][bookmark: _Toc146740648]UE shall perform L3 measurement with SSB index reading for LTM candidate cells if deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter is not enabled, if so configured. This is up to network configuration. 

	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.




The number of neighboring cells to measure is depending on the UE capabilities. To make LTM meaningful, for mobility purposes, the number of measurements should be at least 2 or 3 neighboring cells. In case UE L1 measurements are limited to a low number, then UE should transmit the L3 measurements in L1 measurement format. From the current agreements, it is not clear whether the number of neighboring cells to measure is depending on RTD conditions.  
[bookmark: _Toc146546997][bookmark: _Toc146740649]UE shall support L1-measurements for at least 3 neighboring cells. This applies for both, intra- and inter-frequency scenarios for FR2. In L3 measurement in L1 reporting, the UE may support more neighbouring cell measurements. 

	Issue 2-3-2: How to handle the case that the number of cells NW configured to measure exceeds the configuration to exceed UE capability
<Way Forward> 
· If the number of cells/SSB NW configured/activated to measure exceeds UE capability, it is up to UE implementation on how to choose cells/SSB to measure. If any selection rules are further agreed in RAN1/2, the issue can be revisited.




The issue should be separated for L1-measurements and L3-maesurements. 
[bookmark: _Toc146740650]For L1-measurements 
IV. [bookmark: _Toc146740651]If the number of cells/SSB NW configured/activated to measure exceeds UE capability, it is up to UE implementation on how to choose cells/SSB to measure. If any selection rules are further agreed in RAN1/2, the issue can be revisited
V. [bookmark: _Toc146740652]If UE supports L3 measurements in L1 report, the UE may support more cells than with L1-based measurement solution

	Issue 2-4-2-2: Measurement period of intra-frequency L1-RSRP measurement for UE incapable of RTD>CP when RTD of serving cell and neighbour cell is always within CP.



UE support for RTD > CP capability has been agreed on the neighbouring cell has been agreed. The RTD conditions are invisible to the network without a reporting mechanism. When RTD > CP capability is supported by UE, network is not able to know in which RTD conditions the measurements were performed, hence it is not able to use the L1 measurements when RTD > CP and UE do not support this capability. 
[bookmark: _Toc146546999][bookmark: _Toc146740653]RTD conditions are unknown for the network without reporting mechanism
[bookmark: _Toc146740654]It is unclear in which conditions the UE may evaluate and report the RTD.
As the RTD value has impact on the trustworthiness of the measurements, RAN4 should define requirements for both RTD > CP and RTD <= CP. 
[bookmark: _Toc146547000][bookmark: _Toc146740655]RAN4 to define requirements for both RTD > CP and RTD <= CP. 
	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.




Regarding the RTD > CP condition, as the network has no idea whether the actual RTD is larger or within CP, RAN4 should aim to specify other than scheduling restrictions. According to our understanding, this limitation does not apply for L3 based measurements. Regarding the RTD > CP evaluation, it is not clear in which conditions UE may, or may not report this. However, RAN4 should discuss whether the reporting of the RTD is possible in time based on UE capability. 
[bookmark: _Toc146740656]RAN4 to discuss whether RTD evaluation and / or reporting is possible based on UE capability.  

L1-RSRP measurement accuracy
LTM L1-measurements should be treated differently than the ICBM-based L1-RSRP measurements as ICBM considers data transmission and LTM considers mobility. For instance, LTM L1-measurements should allow SSB-based measurements with wide beams. The side condition of L1-RSRP shall be aligned with L3-RSRP side condition. 
[bookmark: _Toc132021129][bookmark: _Toc146547009][bookmark: _Toc146740657]LTM L1-measurements can be based on wide beam.
[bookmark: _Toc146547010][bookmark: _Toc146740658]The side condition of L1-RSRP measurement shall be -6 dB when UE does not support L3 measurements in L1 measurement report. 

Inter-Frequency Measurement
With measurement gap
	Issue 2-5-2-3: Number of SSB periods needed in inter-frequency L1-RSRP measurement period with Type 1 MG 
< Way Forward >: FFS the following proposals
· Proposal 1 (CMCC, MTK): For inter-frequency L1-RSRP measurement with MG, the number of samples is [2] if higher layer parameter timeRestrictionForChannelMeasurement is configured, and [4] otherwise.
· Proposal 2 (vivo): Trigger RAN1 to further discuss whether to deal with the case ‘timeRestrictionForChannelMeasurements is configured’ in LTM L1 measurement to neighbour cell
 
Issue 2-5-2-4: inter-frequency L1-RSRP measurement period with MG in FR1
< Way Forward >: FFS the following proposals
· Use the following table as a baseline 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.
 
	 


 
· FFS the value or definition of “M” and “CSSFinter”.

Issue 2-5-2-5: The principles in defining inter-frequency L1-RSRP measurement period with MG in FR2
< Way Forward >: FFS the following options
· Option 1 (xiaomi): In FR2, L1 inter-frequency measurement and L3 inter-frequency measurement are considered as independent frequency layer when calculating CSSF within gap
· Option 1a (MTK):Treat L1 inter-frequency measurement with Type-1 MG on [each cell of] each frequency layer as an independent inter-frequency layer in FR2. When calculating CSSF, overlapping with one additional L1 measurement on [each cell of] each frequency layer is equivalent to overlapping with one more L3 frequency layer.
· Option 1b (Huawei, Ericsson): 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.
· Option 2 (Apple): In FR2, introduce gap sharing between L1 and L3 gap based measurement.
· Option 3 (Nokia): RAN4 is to discuss how to ensure L1 and L3 being measured efficiently in FR2

Issue 2-5-2-6: inter-frequency L1-RSRP measurement period with MG in FR2
< Way Forward >: FFS the following proposals
· Use the following table as a baseline for inter-frequency L1-RSRP measurement period with MG in FR2:
	Condition
	T L1-RSRP_SSB_measurement_period_inter

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

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

	DRX cycle > 320ms
	Ceil(Kgap ´ M*N) ´ 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.
	 



· FFS the value or definition of “M” and “CSSFinter”

Issue 2-5-3-1: How to define the requirements for inter-frequency L1-RSRP measurement without gap
< Way Forward >: FFS the following options
· Option 1 (MTK): 
· Treat L1 inter-frequency measurement without gap in the same way as L1 measurement on intra-frequency neighbor cell of SCell.
· RAN4 can focus on how to define the requirements for intra-frequency L1 measurement and apply the conclusions to inter-frequency L1 measurement without gap.
· Option 2 (Huawei):
· Measurement requirements of inter-frequency L1-RSRP measurement without gap can follow L1-RSRP measurement on multiple intra-frequency layers
 
Issue 2-5-3-2: Number of SSB periods needed in inter-frequency L1-RSRP measurement period without gap 
< Way Forward >: FFS the following proposal
· Proposal 1 (CMCC): 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. 




[bookmark: _Toc146547004][bookmark: _Toc146740659]RAN4 should prioritize on type 1 MG. 
The differences between L1 measurement and L3 measurements are twofold: 1. The type of UE beam used for measurement, 2. The number of samples used for filtering. In FR1, there is no UE beam per say. UE performs L1 measurement and L3 measurement using the wide UE beam. Therefore, in FR1, measurement gap for L3 measurement for inter-frequency measurement can be re-used in L1 measurement. This means in FR1, UE can measure L1 measurement in L3’s measurement gap, and vice versa.  In FR2, the measurement gap for L1 and L3 measurement could be different for intra-frequency and inter-frequency scenarios. RAN4 also need to discuss how to ensure UE being able to measure L1 and L3 efficiently in FR2. 
RAN4 LTM work has a number of fundamental issues open, and we still strongly believe that in Rel 18, RAN4 should prioritize on intra-frequency measurement requirement, and deprioritize inter-frequency measurement requirement. There are many issues that have not yet been agreed in intra-frequency measurement requirement such as in FR2, for the purpose of mobility, is L1 RSRP measurement using narrow UE beam a suitable measurement framework. To be able to have close-to-operational LTM feature in the end of rel-18, RAN4 should focus on intra-frequency requirements for FR2 first. 
[bookmark: _Toc146547005][bookmark: _Toc146740660]In FR1, UE can measure L1 measurement in L3’s measurement gap.
[bookmark: _Toc146547006][bookmark: _Toc146740661]RAN4 need to study further FR2 scenario. Therefore, RAN4 should prioritise intra-frequency measurements before inter-frequency measurements in rel-18. 
[bookmark: _Toc146547007][bookmark: _Toc146740662]RAN4 is to discuss how to ensure L1 and L3 being measured efficiently in FR2
Those questions are related to inter-frequency measurement, and they have to be solved before setting up any inter-frequency measurement discussion. 
[bookmark: _Toc142660577][bookmark: _Toc142660578]



[bookmark: _Toc116995848]Conclusion
A couple of sentences on what was analyzed in the paper.
Proposal 1: When L3 measurements are transmitted in L1 report, it is enough that the L1 reporting configuration exists.
Proposal 2: UE is not required to perform L1 measurements on undetectable cell.
Proposal 3: For the known cell condition
I.	For rel-18 LTM, remove “during the last 5 seconds” from the known cell conditions.
II.	Known condition is not currently visible to the network.
III.	Cells detected more than 5s ago but are still detectable, are considered as known cells for LTM.
Proposal 4: UE shall perform L3 measurement with SSB index reading for LTM candidate cells if deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter is not enabled, if so configured. This is up to network configuration.
Proposal 5: UE shall support L1-measurements for at least 3 neighboring cells. This applies for both, intra- and inter-frequency scenarios for FR2. In L3 measurement in L1 reporting, the UE may support more neighbouring cell measurements.
Proposal 6: For L1-measurements
I.	If the number of cells/SSB NW configured/activated to measure exceeds UE capability, it is up to UE implementation on how to choose cells/SSB to measure. If any selection rules are further agreed in RAN1/2, the issue can be revisited
II.	If UE supports L3 measurements in L1 report, the UE may support more cells than with L1-based measurement solution
Observation 1: RTD conditions are unknown for the network without reporting mechanism
Observation 2: It is unclear in which conditions the UE may evaluate and report the RTD.
Proposal 7: RAN4 to define requirements for both RTD > CP and RTD <= CP.
Proposal 8: RAN4 to discuss whether RTD evaluation and / or reporting is possible based on UE capability.
Proposal 9: LTM L1-measurements can be based on wide beam.
Proposal 10: The side condition of L1-RSRP measurement shall be -6 dB when UE does not support L3 measurements in L1 measurement report.
Proposal 11: RAN4 should prioritize on type 1 MG.
Proposal 12: In FR1, UE can measure L1 measurement in L3’s measurement gap.
Proposal 13: RAN4 need to study further FR2 scenario. Therefore, RAN4 should prioritise intra-frequency measurements before inter-frequency measurements in rel-18.
Proposal 14: RAN4 is to discuss how to ensure L1 and L3 being measured efficiently in FR2

