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[bookmark: _Toc116995841]Introduction
This contribution discusses about open issues related to LTM measurement requirements. 

[bookmark: _Toc116995842][bookmark: _Toc116995848]Discussion
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]LTM L1-measurements can be SSB based.
[bookmark: _Toc132021129]LTM L1-measurements can be based on wide 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]Prior to cell switch but after the candidate configuration, the network can indicate the UE on which target cell(s) to perform L1-measurements. 

LTM L1-RSRP mobility measurements (new issue) 
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]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. 
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]DL synchronisation for LTM shall be discussed for L1-RSRP mobility measurements.
[bookmark: _Toc132021133]UL synchronisation for LTM shall be discussed. 
Basic assumption for L1 measurement on neighbour cell (3-1-1)
	Issue 3-1-1: Basic assumption for L1 measurement on neighbour cell
< Wayforward >: FFS the following proposal
· Proposal 1 (QC): L1-RSRP measurement for LTM should not require a separate FFT engine or cell search.



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. 
[bookmark: _Toc132021134]Number of FFT engines on cell search depend on UE hardware capabilities and can be defined as LTM capability, if needed. 
DL/UL synchronization assumption for L1 measurements (3-1-2) 
	Issue 3-1-2: DL/UL synchronization assumption for L1 measurements
< Wayforward >: FFS the following proposals
· Proposal 1 (QC): RAN4 to discuss whether and how to address a potential issue where the total number of active TCI states from a serving cell plus the total number of SSBs to perform intra-frequency L1-RSRP measurements from LTM cells exceed the UE capability on the number of total active TCI states, e.g. requirement applicability rule in terms of latency requirements, etc.
· Proposal 2 (vivo): RAN4 to clarify DL/UL synchronization assumption for L1 measurements performed on target cell, especially if L1 measurement is performed before cell switch, but DL/UL synchronization is done after cell switch.



For performing DL measurements, we only need DL synchronisation. 
[bookmark: _Toc132021135]For performing DL measurements, we only need DL synchronisation. 
For performing L1-measurements, we only need DL synchronisation. 
[bookmark: _Toc132021136]For performing L1-measurements, we only need DL synchronisation. 
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]Active TCI state management procedure is beam management procedures for data reception. 
LTM is a mobility procedure, and therefore L1-RSRP DL measurements for LTM shall be designed to be mobility measurements
[bookmark: _Toc132021138]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]Multi-RX aspects of LTM are not within the scope of rel-18 LTM work.
DL and UL synchronisation for LTM shall be discussed separately. 
[bookmark: _Toc132008587][bookmark: _Toc132008588]Whether to use intermediate L3 measurement results in L1 measurement reporting (3-1-3)
	[bookmark: _Hlk127863944][bookmark: _Hlk127864068]Issue 3-1-3: Whether to use intermediate L3 measurement results in L1 measurement reporting
Ad hoc agreement
<Agreement>: 
· In FR2:
· Fine beam can be assumed for L1 measurement on intra-frequency neighbor cell. FFS on inter-frequency neighbor cell.
· FFS whether to consider rough beam also for L1 measurement on neighbor cell (including intra and inter-frequency).
<Wayforward>: FFS on the following for FR1:
· Which measurement framework(s) to use for L1 measurement reporting




LTM shall support SSB-based measurements with wide spatial settings. 
[bookmark: _Toc132021140]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: _Toc132008592][bookmark: _Toc132008593][bookmark: _Toc132021141]Rough / wide beam based LTM Mobility L1-measurements are supported for both FR1 and FR2 LTM for intra-frequency and inter-frequency measurements. 
One feasible way to carry the measurements to the network is that UE reports L3 measurements in L1-measurement report. 
[bookmark: _Toc132015808][bookmark: _Toc132015842][bookmark: _Toc132008596][bookmark: _Toc132021142]L3 measurement results can be included in L1-measurement report
Whether L1 measurement configured after receiving L3 measurement report on that cell
	Issue 3-1-4: Whether L1 measurement configured after receiving L3 measurement report on that cell
< Wayforward >: FFS the following Options
· RAN4 assumes UE performs L1 measurement on a neighbour cell after UE has performed L3 measurement on that cell
· L3 measurement report is not the prerequisite of L1 measurement configuration




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. 
As stated in the issue 3-1-3, 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]L3 measurement report is not a pre-requisite for L1 measurement configuration.
[bookmark: _Toc132008601][bookmark: _Toc132008602][bookmark: _Toc132008604][bookmark: _Toc132021144]L3 measurement report is not a pre-requisite for UE performing LTM L1-measurements (e.g., rough beam measurements)

	[bookmark: _Hlk127802603]Issue 3-1-5: Whether to define L1-RSRP measurement delay requirement for unknown cell?
< Wayforward >: FFS the following Options
· Option 1 (QC, Apple, Intel, Xiaomi): RAN4 to define L1 measurement requirements for known cell case only.
· Option 2 (Nokia): RAN4 waits for RAN2 agreements on LTM timer before defining L1-RSRP measurement delay requirement for unknown cells.
· Option 3 (Ericsson): RAN4 to define L1 measurement requirements for both known and unknown cells.




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]RAN4 to define LTM L1-measurement requirements for both known and unknown cells. FFS if in some scenarios unknown condition is excluded. 
	[bookmark: _Hlk127802379]Issue 3-1-6: known cell condition for L1-RSRP measurement
< Wayforward>: FFS on following option
· In L1-RSRP measurement for neighbour cell, target cell is considered as known if the following conditions are met in this requirement:
· The UE has sent a valid L3 measurement report during the last [5] seconds, and
· The SSB from the target cell remains detectable according to the cell identification requirements specified in clause 9.2 and 9.3.
· Otherwise, it is unknown




[bookmark: _Toc132021146]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]“During the last [5] seconds” can be removed from the known cell condition.

	Issue 3-2-1: Intra-frequency L1-RSRP measurement requirements
< Wayforward>: FFS on the following
· Option 1: For intra-frequency L1-RSRP measurement on neighbor cell, use the requirements for L1 measurement on NSC in R17 as a baseline:
· FFS: whether to consider multiple neighbor cells in a frequency layer,
· FFS how to define requirements when RTD between neighbor cell and serving cell larger than a CP.
· Option 2: For intra-frequency L1-RSRP measurement on neighbor cell, the requirements are designed based on measurement framework agreement. 



RAN4 should have common understanding on what L1-measurements for LTM mobility means 
[bookmark: _Toc132021148]For intra-frequency L1-RSRP measurement on neighbor cell, the requirements are designed based on measurement framework agreement. 

	[bookmark: _Hlk126693494]Issue 3-2-4: Whether SSB for intra-frequency L1 measurement should be covered by serving cell active BWP
< Wayforward>: FFS on the following
· For intra-frequency measurement, if non-serving cell is the on the same frequency layer as active serving cell, and if introduce a new UE capability or reuse bwp-WithoutRestriction, it is possible that the SSB for L1-RSRP measurement of non-serving cell is not in the active BWP if serving cell’s SSB is not in the active BWP.
· For intra-frequency measurement, if the cell to measure is on the frequency layer of de-activated SCell, the SSB for L1-RSRP measurement is not in the active BWP.




	Issue 3-2-5: Whether to specify requirements for SSB for intra-frequency L1 measurement not covered by serving cell active BWP
< Wayforward>: FFS on the following 
· The requirements for the case that target SSB is not within active BWP can be hold on after the conclusion of BWP operation without restriction
· FFS Whether to define intra-frequency L1-RSRP measurement requirements if the cell to measure is neighbor cell of deactivated Cell after checking with RAN1/2 whether L1-RSRP measurement is supported on deactivated SCell or PSCell.




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: _Toc132008616]BWP without restriction waits for further progress in RAN4, and it can be out of scope of the LTM rel-18 work.
	Issue 3-3-1: Whether to cover inter-frequency L1-RSRP measurement
Online agreement
<Agreement>: 
· Introduce inter-frequency L1-RSRP measurement requirements in Rel-18 LTM
· Option 1: Inter-frequency L1-RSRP measurements without gap
· Option 2: Inter-frequency L1-RSRP measurements with gap
· Option 3: Inter-frequency L1-RSRP measurements with gap and without gap


	Issue 3-3-2: inter-frequency L1-RSRP measurement with MG
< Wayforward >: FFS the following proposals
· Proposal 1 (xiaomi): 
· RAN4 to consider whether to use the gap shared with L3 measurement or to configure a dedicated gap for L1-RSRP measurement.
· RAN4 to define the requirement for inter-frequency L1-RSRP measurement with type 1 MG in first phase.
· RAN4 to consider to define the requirement for inter-frequency L1-RSRP measurement with NCSG or ‘needforgap’ or type2 MG in late phase/release.
· Proposal 2 (Huawei): For SSB based L1-RSRP inter-frequency measurement with legacy gap:
· In FR1, SSB based L1-RSRP can be performed simultaneously with L3-RSRP measurement;
· In FR2, either L1 measurement sharing with L3 gap, or a dedicated measurement gap for L1-RSRP can be considered.


	Issue 3-3-4: Inter-frequency L1-RSRP measurement requirements
Offline agreement
< Wayforward >: 
· Further discuss on the requirements for inter-frequency measurement.




Inter-frequency measurements should be in the scope of LTM. However, due to time limitations and the specification effort required, it’s better to prioritise intra-frequency measurements over inter-frequency measurement requirements.  
[bookmark: _Toc132021150]Inter-frequency L1-RSRP measurements with gap and without gap are defined after intra-frequency requirements
[bookmark: _Toc132008619]
	Issue 3-4-1: side condition of intra-frequency L1-RSRP measurement accuracy requirements
< Wayforward >: FFS the following Options
· Option 1 (Apple, MTK, OPPO, Huawei): Reuse legacy value SNR= -3dB
· Option 2 (ZTE, Ericsson): SNR =-6dB (same as L3 measurement) 




LTM is a mobility procedure, and SNR of -6dB should be the starting point for the discussion. 
[bookmark: _Toc132021151]SNR =-6dB 







Conclusion
In this contribution we have made the following observations and proposals:
Proposal 1: LTM L1-measurements can be SSB based.
Proposal 2: LTM L1-measurements can be based on wide beam.
Proposal 3: 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 4: 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 5: DL synchronisation for LTM shall be discussed for L1-RSRP mobility measurements.
Proposal 6: UL synchronisation for LTM shall be discussed.
Proposal 7: Number of FFT engines on cell search depend on UE hardware capabilities and can be defined as LTM capability, if needed.
Observation 1: For performing DL measurements, we only need DL synchronisation.
Observation 2: For performing L1-measurements, we only need DL synchronisation.
Observation 3: Active TCI state management procedure is beam management procedures for data reception.
Proposal 8: LTM is a mobility procedure, and therefore L1-RSRP DL measurements for LTM shall be designed to be mobility measurements
Proposal 9: Multi-RX aspects of LTM are not within the scope of rel-18 LTM work.
Proposal 10: LTM shall support SSB-based measurements with wide spatial settings
Proposal 11: Rough / wide beam based LTM Mobility L1-measurements are supported for both FR1 and FR2 LTM for intra-frequency and inter-frequency measurements.
Proposal 12: L3 measurement results can be included in L1-measurement report
Proposal 13: L3 measurement report is not a pre-requisite for L1 measurement configuration.
Proposal 14: L3 measurement report is not a pre-requisite for UE performing LTM L1-measurements (e.g., rough beam measurements)
Proposal 15: RAN4 to define LTM L1-measurement requirements for both known and unknown cells. FFS if in some scenarios unknown condition is excluded.
Proposal 16: Before proceeding on issue 3-1-6, RAN4 should have common understanding on what L1-measurements for LTM mobility means.
Proposal 17: “During the last [5] seconds” can be removed from the known cell condition.
Proposal 18: For intra-frequency L1-RSRP measurement on neighbor cell, the requirements are designed based on measurement framework agreement.
Proposal 19: BWP without restriction waits for further progress in RAN4, and it can be out of scope of the LTM rel-18 work.
Proposal 20: Inter-frequency L1-RSRP measurements with gap and without gap are defined after intra-frequency requirements
Proposal 21: SNR =-6dB
[bookmark: _Toc116995849]
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