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[bookmark: _Toc116995841]Introduction
In this contribution we continue the discussion on LTM measurements while considering the latest progress on the work item. 
[bookmark: _Toc116995842]Discussion
L3 measurement results in L1 measurement report 
	Issue 2-2-1: Whether to use final L3 measurement results for L1 measurement report
<Agreement>
· 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] neighboring 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.




Principles of the solution for using L3 measurements in L1 measurement report
This feature, like LTM in general, is expected to be optional. Therefore, a capability is needed. 
[bookmark: _Toc142667092]UE capability is introduced to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report
L1 measurement and L3 measurement configuration 
Figure 1 Illustrates the L1 measurement configuration when L3 measurement results are used in L1 measurement reporting. The candidateId, which is associated with PCI, is mapped to SSB index. Correspondingly, in L1-measurement reporting configuration, the SSB index and candidateId are associated with SBRI (i.e., ssb-Index). Furthermore, the SBRI values are unique within the same candidateId. 
To report L3 measurements in L1 report, the SBRI used for L1 measurement report needs to resolve to the same PCI and SSB index. The Figure 1 illustrates this. 

 
[bookmark: _Ref142641610]Figure 1: SBRI used in L1 report needs to resolve to the same PCI and SSB index 
[bookmark: _Toc142667093]No new RAN1 mapping needs to be introduced in order to support L3 measurements in L1 measurement report.
[bookmark: _Toc142667094]L3 measurements can be reported in L1 measurement report when L1 measurement configuration SSBRI mapping matches with the L3 measurement configuration. 
[bookmark: _Toc142667095]L3 measurements are reported in L1 measurement format and the L1 measurement configuration resource id (e.g., SBRI) is used as in legacy
L3 measurement value range in L1 measurement report 
Currently, 38.133 Table 10.1.6.1-1 specifies SS-RSRP and CSI-RSRP measurement report mapping. The L3 values already correspond to L1 measurement values and the out of range L1 measurement values can be mapped to the RSRP_16 and RSRP_113 respectively. Therefore, reporting value ranges is not a problem. 
[bookmark: _Toc142667096]Table 10.1.6.1-1 SS-RSRP and CSI-RSRP measurement report mapping supports L3 measurement reporting in L1 measurement format. 
[bookmark: _Toc142667097] Measurement report mapping: No changes to Table 10.1.6.1-1 are needed due to support L3 measurements in L1 measurement report. 
[bookmark: _Toc142667098]L3 measurements can be reported in L1 measurement report without changes to the reported value. 
[bookmark: _Toc116995848]UEs supporting L3-measurement results in L1-measurement result format. When UE is reporting L3 measurement results in intra-frequency or inter-frequency L1 measurement report, the number of frequency layers to measure for neighboring cell follows the same requirements as L3 measurements. 
[bookmark: _Toc142667099]UEs capable of reporting L3 measurements in L1 report, number of frequency layers to measure for neighboring cell follows the same requirements as L3 measurements.
L1 and L3 measurements should not be included in the same L1 measurement report to avoid any problems associated with mixing them.  
[bookmark: _Toc142667100]L3 and L1 measurements are not included in the same report, at least in rel-18
TCI state activation based on L3-measurements 
TCI state activation is part of the RAN1/RAN2 agreed LTM procedure. To not break this procedure, when L3 measurements are reported in L1 measurement report, the UE also needs to be able to activate a TCI state for the cell based on these reported L3 measurements. We do not see a problem with this in case the SSB used for L3 measurements is the same as configured for the L1 measurements in the LTM candidate cell configuration. Taking into account that we have proposed to only include L3 measurements in L1 measurement report when the SSB is common, this would always be the case. Therefore, TCI state may in LTM be activated based on L3 measurements contained in L1 measurement report without changes in the RAN1/RAN2 agreed LTM procedure.
[bookmark: _Toc142667101][bookmark: _Toc142660544][bookmark: _Toc142660545]When L3 measurements are reported in L1 measurement report, TCI state activation is based on the reported L3 measurements.
[bookmark: _Toc142667102]Principles of the solution for “Whether to use final L3 measurement results for L1 measurement report”
· [bookmark: _Toc142667103]UE capability is introduced to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report
· [bookmark: _Toc142667104]L3 measurements can be reported in L1 measurement report when L1 measurement configuration SSBRI mapping matches with the L3 measurement
· [bookmark: _Toc142667105]Measurement report mapping: No changes to Table 10.1.6.1-1 are needed due to support L3 measurements in L1 measurement report. 
· [bookmark: _Toc142667106]UEs capable of reporting L3 measurements in L1 report, number of frequency layers to measure for neighboring cell follows the same requirements as L3 measurements.
· [bookmark: _Toc142667107]L3 measurement requirements are followed, where applicable, for L3 measurements in L1 measurement report 
· [bookmark: _Toc142667108]L3 and L1 measurements are not included in the same report, at least in rel-18
· [bookmark: _Toc142667109]TCI state activation is based on the reported L3 measurements in L1 measurement report

Number of neighboring cells to measure
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 fewer 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: _Toc142667110]FFS if the number of neighbouring cells and frequency layers to measure depends on UE support RTD > CP. 
[bookmark: _Toc142667111]UE shall support measurements for at least 3 neighboring cells. This applies for both, intra- and inter-frequency scenarios for FR2.
RTD <= / > CP
Based on the recent progress, there are UEs supporting RTD > CP capability, and UEs not supporting RTD > CP measurements on neighbouring cell. The RTD conditions are invisible to the network without a specified 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: _Toc142667112]RTD conditions are unknown for the network without reporting mechanism
As the RTD value has impact on the trustworthiness of the measurements, RAN4 should define requirements for both RTD > CP and RTD <= CP. 
[bookmark: _Toc142667113]RAN4 to define requirements for both RTD > CP and RTD <= CP. 

Down selection procedure
Network based down selection 
In LTM procedure, the UE can be configured (RRC) with a number of cells that is larger than the UE measurement capability. This reduced the number of RRC reconfigurations and enables subsequent LTM cell switch without the need to receive new RRC configuration. Regarding the measurement configuration, the number of configured cells may exceed the UE measurement capability. There are two major approaches to resolve this issue. One is UE based down selection, and another is network based down selection procedure. We think that it is the most beneficial to support both of these options. For instance, the network may indicate to the UE which target cell to measure, and UE may perform UE based down selection procedure based on the information. Alternatively, the network may also provide more detailed information which L1-measurements to perform. 
[bookmark: _Toc142667114]Both, UE-based and network-based down selection is supported in rel-18
[bookmark: _Toc142660565][bookmark: _Toc142667115]Maximum number of cells configured for L1-measurements can be higher than the maximum number UE is capable of measuring
[bookmark: _Toc142667116]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 explicit or implicit indication from the NW. 
UE-based down selection procedure
Network based target cell indication allows the network to optimize it’s resources so that UE will get the best data rate and or latency. A reasonable network implementation would use L3 measurement report to select which cell to measure further. From the UE point of view, this network based down selection allows UE to focus it’s measurements on cells that are actually most probable candidates. 
[bookmark: _Toc142667117]UE may autonomously select SSBs for LTM L1-RSRP measurements among preconfigured cells
[bookmark: _Toc142667118]Requirements are defined for both network based, and UE based down selection 
SSB index information
	
[bookmark: _Hlk132206118]Issue 2-1-5: 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> FFS the following proposals:
· Proposal 1 (MTK, Apple, Huawei):
· To perform intra-frequency L1-RSRP on candidate target cell, if the RTD between the SSBs of serving cell and neighbour cell on the same carrier is larger than CP length and less than 2 SSB symbols (CP length< RTD< 2 SSB symbols, deriveSSB-IndexFromCell is enabled), UE can derive SSB index according to serving cell timing.
· To perform intra-frequency L1-RSRP on candidate target cell, if SFN offset between serving cell and target cell is not aligned, and if the RTD between the SSBs of serving cell and neighbour cell on the same carrier is larger than 2 SSB symbols (RTD>2 SSB symbols), i.e., deriveSSB-IndexFromCell is not enabled,
· If UE only performed L3 measurement without SSB index reading on the candidate target cell, additional time for reading SSB index is needed.
· If UE has performed L3 measurement and SSB index reading, no additional time is needed.
· Proposal 2 (MTK, Apple): 
· To perform inter-frequency L1-RSRP on candidate target cell, if deriveSSB-IndexFromCellInter-r17 is enabled, UE can derive SSB index according to serving cell timing.
· To perform inter-frequency L1-RSRP on candidate target cell, if deriveSSB-IndexFromCellInter-r17 is enabled, and UE only performed L3 measurement without SSB index reading on the candidate target cell, additional time for reading SSB index is needed.
· Proposal 3 (vivo):
· In case deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter is provided, UE may skip the DL synchronization for obtaining frame/slot/symbol level synchronization and SFN level synchronization




[bookmark: _Toc142660570][bookmark: _Toc142667119]Like in legacy, UE can derive SSB index according to serving cell timing if deriveSSB-IndexFromCell is enabled. 
LTM should aim to define short interruption time. If UE has not acquired index before the cell switch command 
[bookmark: _Toc142667120]For LTM, If UE performs L3 measurement without SSB index reading on the candidate target cell, additional time for reading SSB index is needed before the cell switch.  
[bookmark: _Toc142667121]If UE has performed L3 measurement and SSB index reading, no additional time is needed.
Inter-frequency measurements
The time duration during which mobile suspends its communication with serving cell to measure inter frequency neighbor or other RAT neighbor is known as Measurement Gap. This suspension is usually caused by RF, adapting to other cell’s measurement config, such as the ics of the SSB etc. 
The differences between L1 measurement and L3 measurement 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: _Toc142667122]In FR1, UE can measure L1 measurement in L3’s measurement gap, and vice versa.
[bookmark: _Toc142667123]RAN4 need to study further FR2 scenario. Therefore, RAN4 to finalise intra-frequency measurements before inter-frequency measurements in rel-18. 
[bookmark: _Toc142667124]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. Parallel discussion will complicate matters. 
[bookmark: _Toc142656220][bookmark: _Toc142660577][bookmark: _Toc142656221][bookmark: _Toc142660578][bookmark: _Toc142667125]If RAN4 prefers to work on FR2 inter-frequency measurements. RAN4 to only specify the requirements for the case without measurement gaps or without interruptions in rel-18. 




Conclusion
Proposal 1: UE capability is introduced to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report
Observation 1: No new RAN1 mapping needs to be introduced in order to support L3 measurements in L1 measurement report.
Proposal 2: L3 measurements can be reported in L1 measurement report when L1 measurement configuration SSBRI mapping matches with the L3 measurement configuration.
Proposal 3: L3 measurements are reported in L1 measurement format and the L1 measurement configuration resource id (e.g., SBRI) is used as in legacy
Observation 2: Table 10.1.6.1-1 SS-RSRP and CSI-RSRP measurement report mapping supports L3 measurement reporting in L1 measurement format.
Proposal 4: Measurement report mapping: No changes to Table 10.1.6.1-1 are needed due to support L3 measurements in L1 measurement report.
Proposal 5: L3 measurements can be reported in L1 measurement report without changes to the reported value.
Proposal 6: UEs capable of reporting L3 measurements in L1 report, number of frequency layers to measure for neighboring cell follows the same requirements as L3 measurements.
Proposal 7: L3 and L1 measurements are not included in the same report, at least in rel-18
Proposal 8: When L3 measurements are reported in L1 measurement report, TCI state activation is based on the reported L3 measurements.
Proposal 9: Principles of the solution for “Whether to use final L3 measurement results for L1 measurement report”
-	UE capability is introduced to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report
-	L3 measurements can be reported in L1 measurement report when L1 measurement configuration SSBRI mapping matches with the L3 measurement
-	Measurement report mapping: No changes to Table 10.1.6.1-1 are needed due to support L3 measurements in L1 measurement report.
-	UEs capable of reporting L3 measurements in L1 report, number of frequency layers to measure for neighboring cell follows the same requirements as L3 measurements.
-	L3 measurement requirements are followed, where applicable, for L3 measurements in L1 measurement report
-	L3 and L1 measurements are not included in the same report, at least in rel-18
-	TCI state activation is based on the reported L3 measurements in L1 measurement report
Proposal 10: FFS if the number of neighbouring cells and frequency layers to measure depends on UE support RTD > CP.
Proposal 11: UE shall support measurements for at least 3 neighboring cells. This applies for both, intra- and inter-frequency scenarios for FR2.
Observation 3: RTD conditions are unknown for the network without reporting mechanism
Proposal 12: RAN4 to define requirements for both RTD > CP and RTD <= CP.
Proposal 13: Both, UE-based and network-based down selection is supported in rel-18
Proposal 14: Maximum number of cells configured for L1-measurements can be higher than the maximum number UE is capable of measuring
Proposal 15: 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 explicit or implicit indication from the NW.
Proposal 16: UE may autonomously select SSBs for LTM L1-RSRP measurements among preconfigured cells
Proposal 17: Requirements are defined for both network based, and UE based down selection
Proposal 18: Like in legacy, UE can derive SSB index according to serving cell timing if deriveSSB-IndexFromCell is enabled.
Proposal 19: For LTM, If UE performs L3 measurement without SSB index reading on the candidate target cell, additional time for reading SSB index is needed before the cell switch.
Proposal 20: If UE has performed L3 measurement and SSB index reading, no additional time is needed.
Proposal 21: In FR1, UE can measure L1 measurement in L3’s measurement gap, and vice versa.
Proposal 22: RAN4 need to study further FR2 scenario. Therefore, RAN4 to finalise intra-frequency measurements before inter-frequency measurements in rel-18.
Proposal 23: RAN4 is to discuss how to ensure L1 and L3 being measured efficiently in FR2
Proposal 24: If RAN4 prefers to work on FR2 inter-frequency measurements. RAN4 to only specify the requirements for the case without measurement gaps or without interruptions in rel-18.
[bookmark: _Toc116995849]
[bookmark: _Ref114500673]
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