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In this contribution, we provide our views on L1 measurement (L1-RSRP) requirements for the LTM. 
Discussion
[bookmark: _Toc5952573]Relation between L1 measurement and L3 measurement
In Rel-17 RAN4 defined L1-RSRP requirements for ICBM and in the ICBM measurement requirement it was agreed that NW can configure L1-RSRP measurement on a PCI only if the L3-RSRP on that cell is reported. We think the main motivation for that is UE need to measure L1-RSRP measurements for BM purpose and configuring a PCI which already reported L3-RSRP enables faster L1-RSRP measurement and faster BM decisions for ICBM. In previous meetings there were proposals to follow the similar approach for LTM too (i.e., configuring L1 measurement on a neighbour cell after receiving L3 measurement report on that cell). However, we think similar restriction is not needed for LTM and L3 measurement report should not be a prerequisite for configuring the candidate cells for L1 measurement for the following reasons.
· ICBM is for beam management and beam management is performed on the serving cells and hence Rel-17 restriction makes sense. However, for LTM, L1 measurements are configured for mobility decisions. The mobility decisions are not as frequent as the beam management decisions and configuring an unknown cell may not impact mobility performance.  
· Moreover, the number of cells UE can measure for mobility is generally higher than the number of PCI UE may have to measure for BM. 
· In real deployment, NW doesn’t know the real reason for UE not reporting a particular cell. If the cell needs to be configured as a candidate cell for LTM, NW should be able to do that regardless of the L3 reporting received or not. Restricting configuring the LTM candidates to known cells may introduce unnecessary restriction. 
· In some scenarios, candidate cells of LTM and L3 HO may not be same and this restriction may be restrictive in those scenarios. Due to the above-mentioned reasons, we think L1 measurement can be configured for known and unknown cells.
In RAN4, we should define the requirements for both the cases.
Proposal 1:  If a cell is reported L3 measurement report in last X seconds, it is considered as known cell, otherwise unknown cell for LTM requirements purpose 
Proposal 2:  RAN4 shall agree that L3 measurement report is not the prerequisite of L1 measurement configuration on a neighbour cell.
Proposal 3:  RAN4 to define L1 measurement requirements for both known and unknown cells.

Measurement framework  
In last few meetings measurement framework is discussed and in last meeting following WF is agreed. 
· 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).
·  FFS on the following for FR1: Which measurement framework(s) to use for L1 measurement reporting

 Before discussing the measurement framework, we first look at the existing UE measurement capability for intra-frequency and inter-frequency measurements for L3 mobility. We copy L3 measurement requirements excerpts from TS 38.133 below for reference.

	9.2	 NR intra-frequency measurements
9.2.3.1	Requirements for FR1
For each intra-frequency layer, during each layer 1 measurement period, the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least:
-	8 identified cells, and
-	14 SSBs with different SSB index and/or PCI on the intra-frequency layer, where the number of SSBs in the serving cell (except for the SCell) is not smaller than the number of configured RLM-RS SSB resources.
9.2.3.2	Requirements for FR2
For one single intra-frequency layer in a band, during each layer 1 measurement period, the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least:
-	6 identified cells, and
-	24 SSBs with different SSB index and/or PCI,
9.3 	NR inter-frequency measurements

9.3.3.1 Requirements for FR1
For each inter-frequency layer, during each layer 1 measurement period, the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least: 
-	4 identified cells, and
-	7 SSBs with different SSB index and/or PCI on the inter-frequency layer.
9.3.3.2	Requirements for FR2
For each inter-frequency layer, during each layer 1 measurement period, the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least:
-	4 identified cells, and
-	10 SSBs with different SSB index and/or PCI on the inter-frequency layer, and 
-	1 SSB per identified cell.



Based on the above L3 measurement requirements excerpts from TS 38.133, we make following observations. 
Observation 1: In intra-frequency, UE can measure at least 8 identified cells for FR1 and 6 cells for FR2 on one frequency layer for one L1 measurement period.
Observation 2: In inter-frequency UE can measure at least 4 identified cells for FR1 and 4 cells for FR2 on one frequency layer for one L1 measurement period.
As there are proposal for considering ICBM framework alone for LTM, we also look at the current ICBM requirements. We copy ICBM measurement requirements applicability excerpts from TS 38.133 below for reference.
	The requirements in the clause 9.13 are applicable to inter-cell beam management and inter-cell multi-TRP scenarios.
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 Nmax = maxNrofAdditionalPCI for FR1. Where, maxNrofAdditionalPCI is defined in TS 38.331 [2]. 
-	The SSB from the cell with different PCI completely contained in the active BWP or associated with initial downlink BWP of the UE
-	The SSB of the cell with different PCI from serving cell has the same SCS, sfn-SSB-Offset and center frequency as the SSB of the serving cell
-	The timing difference of arrival at UE between the SSBs of serving cell and cell with different PCI is less than CP length of the corresponding SCS
-	The cell with different PCI from serving cell is known 
-	The SSB resources configured for L1-RSRP measurements are measurable



Observation 3: In Rel-17, UE is not required to meet requirements if more than one FR2 cell is configured for L1-RSRP measurements.
From the observation 1, 2 and 3 we can make following observation.
Observation 4: With ICBM framework alone, from the mobility point of view, LTM performance will not be as good as L3 mobility.
To highlight the potential issue with using ICBM framework alone, one potential practical NW implementation scenario is described below to provide further motivation on why good measurement performance is needed. In our understanding, one potential implementation scenario may be NW configures UE to report potential target cells by configuring an event (e.g., event A4) for L3 measurement and upon receiving the event-based reporting, NW may configure the UE for LTM configuration, based on the measurement report from the UE. If UE assumes fine beams alone and ICBM framework, UE may end up measuring very few cells (e.g., 1 cell) and may report that cell L1-RRSP to NW. This would effectively limit the number of candidates to 1, making fast application of configurations for multiple cells impossible. We note that this is the main objective for the WID:
1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]


[image: Diagram

Description automatically generated]Figure 1: LTM HO execution issue when using ICBM framework

There can be two execution options. In one option, serving cell sends a request to target and in the other option, the serving cell directly sends the HO command to the UE as the candidate may have reserved resources for the UE. At least in the first option, based on the one cell’s L1-RSRP report, serving cell sends HO request to potential target cell and in many scenarios, it may so happen that the potential target cell may not be available or accept UE for HO due to load issues in the cell. In this scenario, since NW has knowledge of only one cell’s L1-RSRP, NW may have to wait for further reports from UE to make HO decision or need to request for L1-RSRP results of other cells (we are not sure if this is supported or not!). When NW requests for further L1-RSRP reports of other cells, UE may start measuring them from that point and by the time UE reports those results, it may be too late and RLF may happen in most cases due to the extra latency involved in measurements. 
Proposal 4:  RAN4 to agree that the number of cells UE shall be capable of reporting for LTM L1-RSRP is similar to L3 measurement (e.g., L3-RSRP). 
How to enable similar number of cells for LTM L1-RSRP as L3 measurement (e.g., L3-RSRP) is discussed in subsequent sections. We consider ICBM and hybrid framework as baseline for subsequent discussions.
Limitations in using ICBM framework 
If fine beam alone is used for LTM L1-RSRP measurements, we think the same restrictions as ICBM will apply for LTM L1 measurements and that introduces severe limitation on NW configuration and overall mobility performance of LTM as explained above. If UE just measures and reports few cells using ICBM framework, it may take longer delay for measuring other neighbor cells after request from NW for measurements of other cells and this excess latency in getting the L1-RSRP of other cells may result in radio link failure. Since LTM and ICBM are for different purpose, we don’t think same framework of using fine beam alone can be reused unless UE can measure at least some minimum number of cells using ICBM framework. 
Proposal 5:  If UE can measure and report same number of cells as L3 measurement (e.g., L3-RSRP) for LTM using ICBM framework, RAN4 can agree to use ICBM framework for LTM. If not RAN4 to define new measurement framework to enable as many cells report as possible as L3 measurements.

New measurement framework for L1-RSRP in LTM
As explained in the above section, we think LTM may be a substitute for L3 mobility in most of the scenarios as LTM can achieve shorter interruption compared to L3 HO. If we want to achieve similar mobility performance for LTM as L3 mobility, UE should be able to measure as many cells as for L3 mobility. Having said that, we understand that legacy L1-RSRP is measured using fine beams and measuring as many cells as L3 mobility using fine beams may be extremely difficult for UE. Due to this we think we should design a new measurement framework for L1 measurements of LTM. 
We think the new measurement framework should be able achieve similar mobility performance as L3 HO in terms of mobility performance and for a capable UE similar beam management performance as ICBM w.r.t achieving fine beam faster after HO. If we want to achieve similar mobility performance of L3 HO for LTM, we should utilize or reuse L3 measurement framework as far as possible.
This brings us to the discussion of whether same or different RX beam should be assumed for L1 measurement and L3 measurement. In previous releases we discussed the same issue in RAN4 extensively and companies expressed concern that L3-RSRP is for HO and uses wider beam and L1-RSRP is for beam management, and it uses narrow beam, and we cannot assume same RX beam for L3 and L1 measurements. However, we do not think same concern holds for LTM measurements. 
We understand that L1-RSRP for LTM and L3-RSRP for L3 mobility are for same purpose of HO decisions. Since both of them are for HO decisions we think L3 and L1 measurement for LTM should the same RX beam. In this way UE do not need to spend extra efforts to measure the L1-RSRP on the neighbor cells if we reuse the L3 measurement framework.  
Proposal 6:  To achieve similar mobility performance as L3 mobility, RAN4 to assume same RX beam for L3 measurement and L1 measurement for LTM. 
With the assumption of using same RX beam, the measurements made for L3 measurements can be used for L1 LTM measurement too without L3 filter being applied. That means UE could reuse the intermediate results of L3 measurement for L1 LTM measurement without spending extra efforts.
Proposal 7:  RAN4 to reuse intermediate results of L3 measurement for L1 LTM measurement.
Since the UE can make L1-RSRP measurement using fine beam on one additional PCI than the serving cell, RAN4 may utilize that capability for accessing fine beams as fast as possible after the HO. We would like to point that, accessing fine beams as fast as possible after HO is not the WID objective (as per our understanding), and it may be seen as an additional benefit but should not be the main objective in measurement framework design. 
Proposal 8:  To facilitate access to the fine beam immediately after the HO, if UE is capable, UE can measure some candidate cells using fine beam. 
To achieve good mobility performance and to facilitate fine beam access immediately after the HO,  the measurement framework should be a mix of L3 measurement framework and ICBM framework. That means some cells should be measured with L3 measurement framework and some cells should be measured with ICBM framework. 
Proposal 9:  In hybrid LTM L1 measurement framework, among the reported cells, some cells may be measured using rough beams and some cells may be measured using fine beam (e.g., using ICBM approach).
When some cells are measured using the L3 measurement framework and some cells are measured using ICBM framework, which cells to be measured with which framework needs to be discussed. If the hybrid LTM framework is agreed, it should be reasonable to assume that ICBM framework should be used on cells who have more chance as candidate cells for LTM handover. That means the cells should be measured initially using L3 measurement and when some events or measurement criteria are met, they should be measured with ICBM framework.    
Proposal 10:  In hybrid LTM L1 framework, RAN4 to discuss and decide on the event that triggers the change from L3 measurement to ICBM measurement. 
We also understand that the event may needs RAN2 signalling and if RAN4 agrees to this measurement framework RAN4 should send LS to RAN2 so that they can define signalling related to the framework.
Proposal 11:  If RAN4 agrees on this hybrid LTM L1 measurement framework, RAN4 should send LS to RAN2.
Advantages of new LTM l1 measurement framework:
In figure 1, we analyzed the challenges at NW side if ICBM framework alone is used. In figure 2 we show how the hybrid measurement framework can solve the limitations introduced by ICBM framework for LTM. IF RAN4 agrees on hybrid measurement framework, as explained above, without much complexity, UE can report multiple cells L1-RSRP report to the NW and if the fine beam-based cell is not available for HO due to the load issues, NW can request other cell for HO as NW knows what the other best cells are seen by UE.  
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Figure 2: LTM flow using hybrid measurment framework for LTM

L1-RSRP measurement requirements
[bookmark: _Hlk116572629]L1-RSRP measurement delay requirements
We think RAN4 should first agree on the measurement framework for L1 measurements of LTM. We do not think Rel-17 ICBM framework can be reused as it is as those are developed keeping beam management in mind. As we discussed in previous sections, we should consider L3 measurement framework as baseline and a mixture of L3 and ICBM framework should be used. In this method we may need to define two measurement delay requirements, one when UE using L3 measurement framework and other when UE using ICBM framework. Though it may look like more work for RAN4, we think we can take existing L3 and ICBM measurement delay requirements as baseline and we do not see much difficulty. 
Proposal 12:  For the cells measured using fine beam for measuring L1-RSRP, ICBM requirements can be taken as baseline. 
Proposal 13:  For the cells measured using rough beam or intermediate results of L3 measurement, RAN4 to agree that no separate occasion is needed for L1-RSRP measurements. 
Intra-frequency L1-RSRP measurement accuracy requirements:
In last meeting following options are discussed. 
· Option 1: Discuss whether intra-frequency L1-RSRP measurement accuracy can be improved for L1/L2 mobility
· Option 2: reuse the legacy intra-frequency L1-RSRP measurement accuracy for L1/L2 mobility.
· Option 3: Discuss this issue later, e.g., in performance part
We think existing L1-RSRP accuracy requirements are quite relaxed (6.5 dB). Whereas L3 measurement accuracy requirements are bit better (4.0dB) than L1-RSRP accuracy. Since current HO decisions are based on L3-RSRP accuracy, if we make HO decision based on current L1-RSRP accuracy, it may result in ping pongs or HO failures. Therefore, it is beneficial to consider improving L1-RSRP accuracy. 
Proposal 14:  RAN4 to discuss the tightening of intra-frequency L1-RSRP measurement accuracy for L1/L2 mobility
Side condition in intra-frequency L1-RSRP measurement accuracy requirements
Following way forward is agreed in last meeting. 
· Option 1 (Apple, MTK, OPPO, Huawei): Reuse legacy value SNR= -3dB
· Option 2 (ZTE, Ericsson): SNR =-6dB (same as L3 measurement) 
Even in this case, we think L3 measurements requirement can be taken as baseline.
Proposal 15:  RAN4 to consider same side condition of L3 measurement as baseline. 

Inter-frequency L1-RSRP measurement requirements 
In last meeting following WF was agreed for inter-frequency L1-RRSP measurements. 
· 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
We think defining inter-frequency L1-RSRP requirements without MG alone may not be a practical scenario in real NW implementation. Considering this we think RAN4 should define inter-frequency L1-RSRP measurements with GAP. If the same RX beam assumed for L3 and L1-RSRP of a cell, then we think different measurement gap or different occasion of measurement is not required for making L1-RSRP measurements. When UE is measuring inter-frequency cell using fine beam, UE may need to shar ethe MG between fine beam and rough beam-based measurements. This may involve more work in RAN4, and we are fine to restrict the inter-frequency based L1-RSRP to be rough beam alone. 
Inter-frequency L1-RSRP measurement accuracy requirements
· Option 1: Define inter-frequency L1-RSRP measurement accuracy requirements on non-serving cell
· Option 2: Further discuss whether and how to define inter-frequency L1-RSRP measurement accuracy requirements on non-serving cell later, e.g., in performance part.
For this issue, we support option 1 as L1/L2 HO is based on neighbour cell or candidate cells measurements, it is important to specify accuracy requirements for candidate cells and neighbour cells can be on inter-frequency.
Proposal 16:  RAN4 to define inter-frequency L1-RSRP measurement accuracy requirements on non-serving cell
In Rel-17, RAN4 agreed that L1-RSRP on cell with different PCI not to impact the L3 mobility. However, since L1-RSRP measurements on inter-cell L1-RSRP is for mobility purpose, L1-RSRP for L1/L2 mobility can be measured within SMTC. 
Proposal 17:  Candidate cell L1-RSRP measurements can be measured within SMTC.   

Summary and Conclusion
In this contribution we have analysed RAN4 aspects for L1/L2 based inter-cell mobility and made following proposals. 
Proposal 1:     If a cell is reported L3 measurement report in last X seconds, it is considered as known cell, otherwise unknown cell for LTM requirements purpose 
Proposal 2:  RAN4 shall agree that L3 measurement report is not the prerequisite of L1 measurement configuration on a neighbour cell.
Proposal 3:  RAN4 to define L1 measurement requirements for both known and unknown cells.
Proposal 4:  RAN4 to agree that the number of cells UE shall be capable of reporting for LTM L1-RSRP is similar to L3 measurement (e.g., L3-RSRP). 
Proposal 5:  If UE can measure and report same number of cells as L3 measurement (e.g., L3-RSRP) for LTM using ICBM framework, RAN4 can agree to use ICBM framework for LTM. If not RAN4 to define new measurement framework to enable as many cells report as possible as L3 measurements.
Proposal 6:  To achieve similar mobility performance as L3 mobility, RAN4 to assume same RX beam for L3 measurement and L1 measurement for LTM.
Proposal 7:  RAN4 to reuse intermediate results of L3 measurement for L1 LTM measurement.
Proposal 8:  To facilitate access to the fine beam immediately after the HO, if UE is capable, UE can measure some candidate cells using fine beam. 
Proposal 9:  In hybrid LTM L1 measurement framework, among the reported cells, some cells may be measured using rough beams and some cells may be measured using fine beam (e.g., using ICBM approach).
Proposal 10:  In hybrid LTM L1 framework, RAN4 to discuss and decide on the event that triggers the change from L3 measurement to ICBM measurement. 
Proposal 11:  If RAN4 agrees on this hybrid LTM L1 measurement framework, RAN4 should send LS to RAN2.
Proposal 12:  For the cells measured using fine beam for measuring L1-RSRP, ICBM requirements can be taken as baseline. 
Proposal 13:  For the cells measured using rough beam or intermediate results of L3 measurement, RAN4 to agree that no separate occasion is needed for L1-RSRP measurements.
Proposal 14:  RAN4 to discuss the tightening of intra-frequency L1-RSRP measurement accuracy for L1/L2 mobility
Proposal 15:  RAN4 to consider same side condition of L3 measurement as baseline.
Proposal 16:  RAN4 to define inter-frequency L1-RSRP measurement accuracy requirements on non-serving cell.
Proposal 17:  Candidate cell L1-RSRP measurements can be measured within SMTC.
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