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[bookmark: _Toc116995841]Introduction
In the RAN4#107 meeting, the following agreements were reached regarding LTM L1-measurements [1]:
	Issue 2-3-3: Whether to consider using L3 measurement results or intermediate L3 measurement results for FR1 inter-frequency L1 measurement report
< GTW Agreement>:
· Do not use L3 intermediate results for FR1 intra-frequency L1 report and FR1 inter-frequency L1 report
· FFS on the assumptions on the number of cells used for L1 measurements
· Note: Intermediate L3 measurement results are any measurements samples or average of the samples obtained for the purpose of L3 reporting
· FFS whether to recommend RAN1/2 to consider a new reporting mechanism
· FFS whether to use final L3 measurement results for FR1 intra-frequency L1 measurement report or for FR1 inter-frequency L1 measurement report.
Issue 2-4-1: The number of cells/resources supported per frequency layer for L1 measurement
 < GTW Agreement>:
· The supported maximum number of cells/SSBs configured for L1 measurement [on neighbour cell] is up to UE capability
· Details of capability signalling are FFS including at least:
· Whether to differentiate intra and inter-frequency measurements
· Constraints on the lowest value of the capability
· Signalling granularity




In this contribution we continue the discussion on LTM measurements while considering the latest progress on the work item. 
[bookmark: _Toc116995842]Discussion
Clarification on L1- and L3-measurements
In the last meeting, some of the companies proposed a clarification on relation between L3 measurement and L1-RSRP measurement for LTM in RRM specification. We support this clarification and think that the specifications would benefit from explicitly stating what is meant with L3-measurements and L1-RSRP measurements. 
[bookmark: _Toc134978807][bookmark: _Toc135084020]RAN4 to clarify the relation between L3-measurements and L1-RSRP measurements in RRM requirements
Two directions for LTM mobility measurements
We think that there are two acceptable, and non-exclusive main directions for LTM. The first one is to be able to report the L3-measurements to the network within the LTM reporting format (e.g., MAC CE), and the second direction is to define L1-measurements in a way that they work for mobility. We do not think it is feasible to start from ICBM measurements because of the number of restrictions they come with. We see ICBM as a small scenario that is highly optimized, and can be used when conditions have been met. We think that it is important to focus on the first two directions first, and then consider ICBM as a scenario.  
[bookmark: _Toc134978808][bookmark: _Toc135084021]There are two acceptable, non-exclusive, directions for mobility measurements. One is using L3-measurements in LTM reporting format, and another is defining a new type for L1-measurements for mobility. 
RAN4 has agreed that “Intermediate L3 measurement results are any measurements samples or average of the samples obtained for the purpose of L3 reporting”. Based on our understanding, the original intention of intermediate measurement results was to help UE to support a larger number of cells that are measured for mobility.  
“It is still FFS whether to use final L3 measurement results for intra-frequency or inter-frequency L1 measurement report.” The UE may perform L3 measurements before L1 measurements and report them to the network before the cell switch command arrives. Therefore, we think that both the network and UE would benefit from reusing the existing L3-measurements for the purpose of reporting them in a similar reporting format as L1-RSRP measurements would be reported. 
[bookmark: _Toc134978809][bookmark: _Toc135084022]L3-measurements for LTM shall be reported in L1-measurement report format (e.g., MAC CE).
In the last meeting, companies were discussing about different types of L1-measurements. We think that LTM requires modifications to the existing L1-measurements to be able to operate as a mobility procedure. The following details can be considered for a new L1-measurement categories. 
[bookmark: _Toc134978810][bookmark: _Toc135084023]Baseline for LTM L1-measuremements is the following: 
· [bookmark: _Toc134978811][bookmark: _Toc135084024]Supported RSes: SSB
· [bookmark: _Toc134978812][bookmark: _Toc135084025]UE Rx beam assumption: Rough Rx beam
· [bookmark: _Toc134978813][bookmark: _Toc135084026]Side condition: -6dB
· [bookmark: _Toc134978814][bookmark: _Toc135084027]Measurement periodicity: SMTC, others FFS
· [bookmark: _Toc134978815][bookmark: _Toc135084028]Reporting container: baseline MAC CE, FFS
· [bookmark: _Toc134978816][bookmark: _Toc135084029]Whether L3-filtering is needed 
· [bookmark: _Toc134978817][bookmark: _Toc135084030]DL synchronization before measurement: FFS
· [bookmark: _Toc134978818][bookmark: _Toc135084031]Which sections of intra- and inter-frequency requirements can be used as a baseline: 9.2, 9.3 

Number of cells to perform measurements 
In the last meeting it was agreed that the supported maximum number of cells/SSBs configured for L1 measurement is up to UE capability. The measurement configuration and measurement capability should be discussed independently. The network can configure UE with a higher number of cells than UE is capable of measuring and activation / deactivation of the measurements and / or down selection of the measurements should be discussed separately. 
From the network implementation point of view, the down selection of the candidate cells to perform L1-measurements should be based on network indication as the network needs to be able to control whether UE is expected to perform L1-measurements. Furthermore, whether to use L3-measurements for down selection process is up to network implementation. 
The lowest value of the number of cells would depend on what type of measurements UE is performing and if UE is performing it on FR1 or FR2. 
[bookmark: _Toc134978819][bookmark: _Toc135084032]Maximum number of cells configured for L1-measurements can be higher than the maximum number UE is capable of measuring
[bookmark: _Toc134978820][bookmark: _Toc135084033]Maximum number of configured cells for L1-RSRP measurement is at least 8.  
[bookmark: _Toc134978821][bookmark: _Toc135084034]Network indicates UE which LTM cell(s) are measured.
LTM L1-measurement efficiency
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. Furthermore, the reporting of LTM-measurements is not limited to the current L1-RSRP measurement format or the periodicity of the measurements.  
[bookmark: _Toc132021128][bookmark: _Toc135084035]LTM L1-measurements can be SSB based according to RAN1 agreement. 
[bookmark: _Toc132021129][bookmark: _Toc135084036]LTM L1-measurements can be based on wide/rough beam. 
Currently, the UE can be configured with multiple candidate cells, and UE is expected to perform L1-measurements on all of the candidate cells. LTM is supposed to reduce the number of RRC reconfigurations with its subsequent LTM structure; meaning the network will not transmit a new target cell configuration after every LTM cell switch. Therefore, the number of the supported candidate cells needs to be meaningful for the network, for instance 5-8.  
Some of the efficiency aspects of the L1-measurements may have been overlooked so far in the LTM discussions. For instance, if UE is expected to perform LTM measurements periodically for 8 candidate cells with the current L1-measurement periodicity, UE power would be consumed quite quickly. Furthermore, the delay of measuring multiple cells is higher. 
From the network point of view, it is important that the measurements arrive to the correct node with a correct protocol layer (e.g., DU) to minimise inter-node ping-pong. 
To reduce UE power consumption related to L1-measurements with multiple candidate cells, when UE has been configured with multiple LTM candidate cells, the network can indicate which candidate cell UE needs to measure and / or report.  
[bookmark: _Toc132021130][bookmark: _Toc135084037]Prior to cell switch but after the candidate configuration, the network can indicate the UE on which target cell(s) to perform L1-measurements. 
In ICBM based measurements the timing difference of arrival at UE between the SSBs of serving cell and cell with different PCI is less than CP length. We understand that this restriction is because L1-RSRP measurements for ICBM are optimised for data reception from different cells. However, this is not required in LTM L1-measurements as they are mobility measurements. 
[bookmark: _Toc132021131][bookmark: _Toc135084038]LTM L1-RSRP measurements are mobility measurements, and therefore, there should not be limitation on the received time difference between the serving cell and target cell. 
Various other aspects
For LTM mobility measurements RAN4 shall discuss what is meant with DL and UL synchronisation. 
· Whether the cell is detected, and needs to be detected 
· Whether fine time tracking needs to be acquired 
[bookmark: _Toc132021132][bookmark: _Toc135084039]DL synchronization for LTM shall be discussed for L1-RSRP mobility measurements.
[bookmark: _Toc132021133][bookmark: _Toc135084040]UL synchronization for LTM shall be discussed. 
In the last meeting, some companies raised concerns about LTM impacting the number of FFT engines required. In release-18, LTM implementation should not alone impact on UE requirements on FFT engines. These L1-measurements are for mobility, and it’s not expected that these L1-measurements are used for data reception, but for mobility.  In general, the LTM baseline design alone should not significantly impact the number of FFT engines UE needs to implement to support LTM. 
Observation 1: [bookmark: _Toc132021134]Number of FFT engines on cell search depend on UE hardware capabilities and can be defined as LTM capability, if needed. 
Active TCI state switching is beam management procedure for data. LTM is a mobility procedure, and therefore it should be designed as a mobility procedure. LTM mobility measurements, and measurements for maximum data throughput should be discussed separately. TCI state tracking doesn’t have impact on mobility and therefore LTM is not expected to have problem with number of TCI states, at least when TDM-style LTM is used. Furthermore, as discussed previously, LTM and Multi-Rx should not be mixed together. This issue can be further discussed after measurement framework has been agreed. 
[bookmark: _Toc132021137][bookmark: _Toc135084041]Active TCI state management procedure is beam management procedures for data reception. 
[bookmark: _Toc132021138][bookmark: _Toc135084042]LTM is a mobility procedure, and therefore L1-RSRP DL measurements for LTM shall be designed to be mobility measurements
[bookmark: _Toc132015804][bookmark: _Toc132015838][bookmark: _Toc132008584][bookmark: _Toc132008585][bookmark: _Toc132021139][bookmark: _Toc135084043]Multi-RX aspects of LTM are not within the scope of rel-18 LTM work.
[bookmark: _Toc132008587][bookmark: _Toc132008588]DL and UL synchronisation for LTM shall be discussed separately. 
LTM shall support SSB-based measurements with wide spatial settings. The measurements can be derived either from L1-measurements that are SSB-based measurements, or they can be based on L3 based measurements. What is important is that wide/rough beams can be used for mobility purposes, performing these measurements, and reporting them is efficient for both UE and the network. 
[bookmark: _Toc132021140][bookmark: _Toc135084044]LTM shall support SSB-based measurements with wide spatial settings (i.e., wide beam / rough beam)
[bookmark: _Toc132008592][bookmark: _Toc132008593][bookmark: _Toc132015808][bookmark: _Toc132015842][bookmark: _Toc132008596]The network has no control over what UE measures and configuration details should be left up to network implementation. L3 measurements should not be a pre-requisite for any configuration. UE needs to support configurations that come down independently, whether they are LTM configurations or any other configurations. The network should have no limitations on how it configures LTM. Naturally, a reasonable network implementation considers the cells in L3 measurement report transmitted by the UE, and other cells there may be in the area, which are yet to be visible for the UE. Upon receiving a new L3 measurement report which includes some of these pre-configured LTM cells, the network can start to use those cells directly with LTM, without RRC reconfiguration. 
L3 measurement report is not a pre-requisite for L1 measurement configuration. Furthermore, L1-measurement report may contain L3 measurements, or intermediate L3 measurement reports, and therefore it is not sensible to couple L3 measurements and L1-measurement configuration. 
[bookmark: _Toc132021143][bookmark: _Toc135084045]L3 measurement report is not a pre-requisite for L1 measurement configuration.
[bookmark: _Toc132008601][bookmark: _Toc132008602][bookmark: _Toc132008604][bookmark: _Toc132021144][bookmark: _Toc135084046]L3 measurement report is not a pre-requisite for UE performing LTM L1-measurements (e.g., rough beam measurements)
LTM should support scenarios where the cell is known and the cell is unknown. When the cell is known, LTM can be performed faster, and when the cell is unknown UE may need more time to make the cell known first. This issue can be resolved once known and unknown details have been resolved. 
[bookmark: _Toc132008606][bookmark: _Toc132008607][bookmark: _Toc132008608][bookmark: _Toc132008609][bookmark: _Toc132021145][bookmark: _Toc135084047]RAN4 to define LTM L1-measurement requirements for both known and unknown cells. FFS if in some scenarios unknown condition is excluded. 
[bookmark: _Toc135084048]FFS if known condition is needed (depends on the L1-measurement type)
[bookmark: _Toc132021146][bookmark: _Toc135084049]Before proceeding on issue 3-1-6, RAN4 should have common understanding on what L1-measurements for LTM mobility means.
[bookmark: _Toc132008611][bookmark: _Toc132015818][bookmark: _Toc132015852][bookmark: _Toc132021147][bookmark: _Toc135084050]“During the last [5] seconds” can be removed from the known cell condition.
RAN4 should have common understanding on what L1-measurements for LTM mobility means 
[bookmark: _Toc132021148][bookmark: _Toc135084051]For intra-frequency L1-RSRP measurement on neighbor cell, the requirements are designed based on measurement framework agreement. 
Currently, the work on BWP without restrictions is being discussed in RAN4. Therefore, LTM should not consider it in the scope of rel-18. 
[bookmark: _Toc132021149][bookmark: _Toc135084052][bookmark: _Toc132008616]BWP without restriction waits for further progress in RAN4, and it can be out of scope of the LTM rel-18 work.
Inter-frequency measurements should be in the scope of LTM. However, in case of time constraints, RAN4 should prioritise intra-frequency measurements over inter-frequency measurement requirements.  
[bookmark: _Toc132021150][bookmark: _Toc135084053]Inter-frequency L1-RSRP measurements with gap and without gap are defined after intra-frequency requirements
[bookmark: _Toc132008619]LTM is a mobility procedure, and SNR of -6dB should be the starting point for the discussion. 
[bookmark: _Toc132021151][bookmark: _Toc135084054]L1-measuerment side condition SNR =-6dB 

[bookmark: _Toc116995848]

Conclusion
sProposal 1: RAN4 to clarify the relation between L3-measurements and L1-RSRP measurements in RRM requirements
Proposal 2: There are two acceptable, non-exclusive, directions for mobility measurements. One is using L3-measurements in LTM reporting format, and another is defining a new type for L1-measurements for mobility.
Proposal 3: L3-measurements for LTM shall be reported in L1-measurement report format (e.g., MAC CE).
Proposal 4: Baseline for LTM L1-measuremements is the following:
-	Supported RSes: SSB
-	UE Rx beam assumption: Rough Rx beam
-	Side condition: -6dB
-	Measurement periodicity: SMTC, others FFS
-	Reporting container: baseline MAC CE, FFS
-	Whether L3-filtering is needed
-	DL synchronization before measurement: FFS
-	Which sections of intra- and inter-frequency requirements can be used as a baseline: 9.2, 9.3
Proposal 5: Maximum number of cells configured for L1-measurements can be higher than the maximum number UE is capable of measuring
Proposal 6: Maximum number of configured cells for L1-RSRP measurement is at least 8.
Proposal 7: Network indicates UE which LTM cell(s) are measured.
Observation 1: LTM L1-measurements can be SSB based according to RAN1 agreement.
Proposal 8: LTM L1-measurements can be based on wide/rough beam.
Proposal 9: Prior to cell switch but after the candidate configuration, the network can indicate the UE on which target cell(s) to perform L1-measurements.
Proposal 10: LTM L1-RSRP measurements are mobility measurements, and therefore, there should not be limitation on the received time difference between the serving cell and target cell.
Proposal 11: DL synchronization for LTM shall be discussed for L1-RSRP mobility measurements.
Proposal 12: UL synchronization for LTM shall be discussed.
Observation 3: Active TCI state management procedure is beam management procedures for data reception.
Proposal 13: LTM is a mobility procedure, and therefore L1-RSRP DL measurements for LTM shall be designed to be mobility measurements
Proposal 14: Multi-RX aspects of LTM are not within the scope of rel-18 LTM work.
Proposal 15: LTM shall support SSB-based measurements with wide spatial settings (i.e., wide beam / rough beam)
Proposal 16: L3 measurement report is not a pre-requisite for L1 measurement configuration.
Proposal 17: L3 measurement report is not a pre-requisite for UE performing LTM L1-measurements (e.g., rough beam measurements)
Proposal 18: RAN4 to define LTM L1-measurement requirements for both known and unknown cells. FFS if in some scenarios unknown condition is excluded.
Proposal 19: FFS if known condition is needed (depends on the L1-measurement type)
Proposal 20: Before proceeding on issue 3-1-6, RAN4 should have common understanding on what L1-measurements for LTM mobility means.
Proposal 21: “During the last [5] seconds” can be removed from the known cell condition.
Proposal 22: For intra-frequency L1-RSRP measurement on neighbor cell, the requirements are designed based on measurement framework agreement.
Proposal 23: BWP without restriction waits for further progress in RAN4, and it can be out of scope of the LTM rel-18 work.
Proposal 24: Inter-frequency L1-RSRP measurements with gap and without gap are defined after intra-frequency requirements
Proposal 25: L1-measuerment side condition SNR =-6dB
[bookmark: _Toc116995849]
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