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1 	Introduction
RAN4#105 had some discussion on L1-RSRP measurement requirements [1] and there are still some remaining questions to reply to RAN1’s LS on L1-RSRP measurement [2][3]. Also, the discussion on inter-frequency is not concluded yet. In this Tdoc, we will provide our views on the remaining issues.
2 Discussion
2.1 Intra-frequency L1-RSRP measurement
RAN1 has asked RAN4 if the restriction on e.g., SFN offset alignment, BWP setting, i.e. non-serving cell SSB should be covered by serving cell active BWP, and Rx timing difference, etc, described in 9.13.2 of TS38.133 for intra-frequency L1 non-serving measurement can be relaxed or not [2]. RAN4 has no agreement on this question yet. We will share our views next.
[bookmark: _Hlk126693494]2.1.1 Whether SSB for intra-frequency L1 measurement should be covered by serving cell active BWP
In general, serving cell’s SSB for L1 measurement is in the active BWP. But if UE supports FG6-1a, serving cell’s SSB for L1 measurement may not be in the active BWP. According to definition of SSB based intra-frequency L1 measurement, i.e. the centre frequency of neighbour cell’s SSB for L1 measurement is the same as serving cell, it is also possible that intra-frequency neighbour cell’s SSB is not in the active BWP. For UE supporting FG6-1a, RANP is discussing whether/how to handle the scenario that SSB for BM/RLM/BFD is not in the active BWP. RAN4 has some analysis on the candidate solutions. RANP has no conclusion yet. Generally, the requirements on neighbour cells are specified after serving cell. As the requirements on neighbour cells would depend on serving cell requirements, parallel discussions in different WIs should be avoided. Therefore, the discussion on this case should wait for the conclusion of FG6-1a. We suggest focusing on the case that SSB for intra-frequency L1-RSRP measurement is in the active BWP in this WI.

Observation 1: For SSB based intra-frequency L1 measurement, it is possible that SSB of neighbor cell is not in the active BWP if UE supports FG6-1a.
Proposal 1: For SSB based intra-frequency L1 measurement, prioritize the case that SSB for intra-frequency L1 measurement is in the active BWP in this WI:
· FFS whether to define the requirements for the case that SSB for intra-frequency L1 measurement is not in the active BWP.
[bookmark: _Hlk126693742]2.1.2 Whether sfn-SSB-Offset alignment can be relaxed?
In R17 ICBM, the requirements applicability rule is specified as below,
	The cell with different PCI from serving cell is considered as known if the following conditions are met in this requirement:
-	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 UE has sent a valid L3 measurement report during the last 5 seconds, and
-	The SSB from the cell with different PCI remains detectable according to the cell identification requirements specified in clause 9.2.




[bookmark: _Hlk126693773]In our understanding, “SFN offset alignment” mentioned in RAN1 LS refers to that sfn-SSB-Offset of non-serving cell is the same as serving cell. sfn-SSB-Offset is specified in RAN2 as below:
	SSB-Configuration-r16 ::= SEQUENCE { 
ssb-Freq-r16 ARFCN-ValueNR, 
halfFrameIndex-r16 ENUMERATED {zero, one}, 
ssbSubcarrierSpacing-r16 SubcarrierSpacing, 
ssb-Periodicity-r16 ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, spare2,spare1 } OPTIONAL, -- Need S 
sfn0-Offset-r16 SEQUENCE { 
sfn-Offset-r16 INTEGER (0..1023), 
integerSubframeOffset-r16 INTEGER (0..9) OPTIONAL -- Need R 
} OPTIONAL, -- Need R 
sfn-SSB-Offset-r16 INTEGER (0..15), 
ss-PBCH-BlockPower-r16 INTEGER (-60..50) OPTIONAL -- Cond Pathloss 
}



	[bookmark: _Hlk126585484]sfn-SSB-Offset 
Indicates the SFN offset of the transmitted SSB relative to the start of the SSB period. Value 0 indicates that the SSB is transmitted in the first system frame, value 1 indicates that SSB is transmitted in the second system frame and so on. The network configures this field according to the field ssb-Periodicity such that the indicated system frame does not exceed the configured SSB periodicity.



The intension of indicating sfn-SSB-Offset is to help UE identify the arrival timing of the neighboring cell SSB (in the granularity of system frame). In our understanding, what really matters is that UE gets to know the exact symbols to perform L1 measurement on. UE can derive such information through L3 measurement before performing L1 measurement or obtain such information via network configuration such as positioning. To avoid too much limitation on network configuration and unnecessary measurements, we think it is better that UE performs L1 measurement after L3 measurement. UE performs L3 measurement at first to find the suitable cells and identify their frame boundaries. Then network configures those cell(s) to perform L1-RSRP measurement on.
Proposal 2: For R18 L1/L2 mobility, Network shall configure L1 measurement on a neighbor cell after receiving L3 measurement report on that cell.
[bookmark: _Hlk126693841]Proposal 3: Serving cell and intra-frequency neighbor cell can have different sfn-SSB-Offset if UE performs L3 measurement before L1 measurement.
[bookmark: _Hlk117864211][bookmark: _Hlk126693875]2.1.3 Whether RTD between serving cell and intra-frequency neighbour cell should be within CP
In R17 ICBM, RTD of serving cell and non-serving cell is restricted to one CP. 
For L1-RSRP measurement in FR2, UE would measure serving cell and intra-frequency neighbor cell in TDM fashion due to the beam directions of serving cell and intra-frequency neighbor cell may be different, no matter RTD of two cells is within or without CP. If RTD is within CP, UE only needs to maintain one timing for intra-frequency L1-RSRP measurement. But If RTD is larger than CP, UE has to maintain multiple timing for intra-frequency L1-RSRP measurement or there will be some performance degradation. 
For L1-RSRP measurement in FR1, if RTD is within CP, UE is supposed to measure L1-RSRP of multiple intra-frequency cells simultaneously. If RTD is larger than CP, more FFTs are needed to measure difference intra-frequency cells simultaneously, or UE has to measure different cells in TDM fashion and the measurement delay will be much longer, or there will be some performance degradation.
To avoid high complexity or longer delay or performance degradation, we suggest starting from RTD<CP.
Proposal 4: For intra-frequency L1-RSRP measurement, start from the case that RTD of serving cell and neighbor cell is within one CP.
2.1.4 Intra-frequency L1-RSRP measurement accuracy requirement
RAN4#104bis-e had some discussion on side condition used in intra-frequency L1-RSRP measurement accuracy requirements. 
	[bookmark: _Hlk118107637]<Way forward >: Issue 1-2-2: Side condition in intra-frequency L1-RSRP measurement accuracy requirements
· Revised Option 1 (QC, Huawei, MTK, Apple, vivo): Reuse legacy value SNR= -3dB
· Revised Option 2 (vivo): SNR =-6dB (same as L3 measurement)
· Revised Option 3 (Intel, QC, Ericsson, Xiaomi, vivo, OPPO, Nokia): FFS


In our view, the same SNR side condition as serving cell and R17 ICBM should be used. Compared to L3 measurement, the sample number of L1-RSRP measurement is smaller. To guarantee measurement accuracy, higher SNR is needed. NW is supposed to configure L1 measurement for a cell with better channel condition based on L3 measurement report. It is reasonable that side condition of L1-RSRP is higher than L3 measurement. In addition, the side condition of L3 HO for unknown cell is -2dB, which is higher than legacy side condition of L1 measurement, i.e. -3dB.
Proposal 5: Side condition in intra-frequency L1-RSRP measurement accuracy requirements is SNR=-3dB.
2.2 inter-frequency L1-RSRP measurement
RAN2 has reached the following agreement on inter-frequency [4].
	L1 measurements and beam indication
RAN2 assumes that RAN1 will drive discussions on L1 measurement enhancements, if any. If RAN1 identifies the need for e.g. event reporting, filtering etc, RAN2 can then be involved if needed. 
Inter-freq L1L2 mobility: R2 Confirms that For L1L2 mobility inter-freq scenarios in general should be supported (including mobility to inter-frequency cell that is not a current serving cell), including the support of inter-frequency L1 measurements, if feasible by R4 and R1.
RAN2 assumes that whether to use the unified TCI framework as the baseline for beam indication for L1L2 mobility is up to RAN1 (RAN2 observes that L1/L2 mobility need to support inter-freq cases). 



RAN1 also agreed to support L1 inter-frequency measurement:
	Agreement
· For Rel-18 LTM, L1 inter-frequency measurement is supported from RAN1 point of view.



The views in RAN4 still diverge. Some company wanted to deprioritize L1 inter-frequency measurement, Some wanted to consider inter-frequency without gap, some wanted to consider inter-frequency L1-RSRP measurement with MG, and some proposed not to consider inter-frequency L1-RSRP measurement with MG. In the next, we will share our views on inter-frequency L1-RSRP measurement with MG and inter-frequency without gap.
	Issue 1-3-3: Whether to cover inter-frequency L1-RSRP measurement
< Wayforward >: FFS the following options 
· [bookmark: _Hlk126654215]Option 1 (MTK): deprioritize the discussion on L1 inter-frequency measurement
· Option 2 (Intel): Don’t define inter-frequency L1-RSRP measurement with MG requirement.
· Option 3 (CATT, OPPO): Further study whether to cover inter-frequency L1-RSRP measurement from the perspective of reducing measurement delay
· give priority to the inter-frequency without gap case, if inter-frequency L1-RSRP measurement needed.
· A measurement is regarded as a inter frequency L1-RSRP measurement without gap provided the center frequency and SCS of the SSB of the neighbor cell are different from the SSB of the serving cell, but the SSB of the neighbor cell is in the active BWP of serving cell.
· FFS: inter-frequency L1-RSRP measurement with gap
· Option 4 (CTC, Xiaomi, ZTE, Huawei, Nokia, Ericsson, CMCC): cover inter-frequency L1-RSRP measurement
· Option 4a (Apple): using MG for inter-frequency L1-RSRP can be considered as a baseline.
· Option 5 (vivo): 
· For inter-frequency measurement, further discuss how to avoid making the L1 measurement delay too long for fast cell switch in LTM if it is supposed to be performed within measurement gaps.
· For inter-frequency measurement, further discuss whether in R18 to support using intermediate results from L3 measurements in L1-RSRP reporting for both serving cells and candidate cells. 



2.2.1 inter-frequency L1 measurement with MG
Generally, UE is supposed to measure inter-frequency in measurement gap (MG). Supposing using legacy L3 MG, inter-frequency L1 measurement needs to share the measurement opportunities with other L3 measurement. Consider that UE cannot measure two cells of the same frequency at the same time due to beam direction of different cells may be different for L1 measurement in FR2. Each measurement occasion is competed by different cells of inter-frequency L1 measurement and different L3 inter-frequency layers. The measurement delay of inter-frequency L1 measurement will be very long and the measurement delay of L3 measurement will be further enlarged. The inter-frequency measurement delay can be high-level formulated as below:
(Single-layer measurement delay with gap extended with samples for AGC) x (sharing factor for different cells) x (# of L1/L3 frequency layers).
We provided a rough calculation of the measurement delay of L1 inter-frequency measurement as shown in table 1. Assuming MGRP 80ms, the L1 measurement delay without DRX could be 10.24s. It can be observed that measurement delay of inter-frequency L1 measurement may be even longer than inter-frequency L3 measurement. The objective of L1/L2 mobility is mobility latency reduction by allowing faster triggering and switching. We doubt the benefit of this long L1 inter-frequency measurement delay can really bring improvement to the mobility performance, as we usually believe L1-RSRP should reflect the changing channel quality faster.
Table 1
	
	Measurement Period (MP) equation
	Before L1 measurement configured
	After L1 measurement configured

	L1 inter-frequency
	Suppose measurement requirement of L1 is:
M*N*max(TSSB, TDRX, MGRP)*CSSF)
	-
	CSSF=4
MP=128*MGRP

	L3 inter-frequency
	Mmeas_period_inter  Max(TDRX, MGRP, SMTC period)  CSSFinter
	CSSF=2
MP=80 MGRP
	CSSF=4
MP=320*MGRP

	Assumption
· two L3 inter-frequency layers to measure and two L1 inter-frequency cells to measure
· {TSSB, TDRX, SMTC period} ≤ MGRP
· M=4 (assume [one] more sample than intra-frequency L1 measurement for AGC)
· N=8
· Mmeas_period_inter =40 for handheld UE



[bookmark: _Hlk117863725]For FR1, UE uses omni-directional antenna, so Rx beam used in L1-RSRP and L3-RSRP measurement at UE is the same. Tx beam at gNB is also the same for the same SSB index. The main difference between L1-RSRP and L3-RSRP measurement lies in that L3 measurement result is filtered with more samples. As shown in the above RAN2 agreement, RAN1 will discuss L1-RSRP measurement filtering. In our understanding, the measurement results of L3 and L1 would be almost the same. RAN2 is also discussing using L3 measurement results to trigger L1/L2 mobility as shown in the following RAN2 agreement. We think it is sufficient to use L3 measurement results for inter-frequency cell switch in FR1. 
	RAN2#119e agreement
Assume that we rely on L1 measurements to trigger L1L2 mobility (still measurement for preparation could be L3, FFS)



According to the above analysis, we have the following observations.
Observation 2: The measurement delay of L1 inter-frequency measurement may be longer than L3 measurement.
Observation 3: In FR1, the measurement results of L3-RSRP and L1-RSRP of the same beam would be almost the same.
2.2.2 inter-frequency L1 measurement without MG
Following the definition of L3 measurement, inter-frequency without MG is for the special case that the target cell’s SSB is completely contained in the DL active BWP as shown below. We admit that L1 measurement delay of such inter-frequency can be comparable to intra-frequency. But this is not a general case. The applicable scenario is limited.
[image: ]
According to the above analysis, we suggest deprioritizing the discussion on inter-frequency L1-RSRP measurement.
Proposal 6: Deprioritize the discussion on inter-frequency L1-RSRP measurement.
2.3 How to get L1-RSRP measurement results?
In last meeting, some company proposed to use intermediate results from L3 measurements for L1-RSRP report. We will analyse the pros and cons of using intermediate results from L3 measurements for L1-RSRP report. 
As UE uses omni-directional antenna in FR1, Rx beam used in L1-RSRP and L3-RSRP measurement at UE is the same. It is workable to use intermediate results from L3 measurements for L1-RSRP report. 
In FR2, a basic rule is that UE uses rough beam for L3 measurement and fine beam for L1 measurement. Take inter-frequency as an example. Inter-frequency L1 measurement needs to compete the measurement opportunities with other L3 measurement. The measurement delay of L3 measurement will be further enlarged. If using intermediate results from L3 measurements for L1-RSRP report, there will be no impact on legacy L3 measurement delay. 
For intra-frequency L1 measurement, we are discussing whether RTD within CP limitation can be relaxed. If using intermediate results from L3 measurements for L1-RSRP report, we don’t need this limitation anymore. In R17 ICBM, the number of non-serving cell is limited to one in FR2. If using intermediate results from L3 measurements for L1-RSRP report, it is easy and natural to extend to multiple cells. By using rough beam for L1 measurement, the applicable scenario can be as wide as L3 measurement. RAN4 still need to define related L1 measurement requirements. But we can use the requirements for L3 measurement as a baseline. The workload would not high.
However, there are some drawbacks using intermediate results from L3 measurements for L1-RSRP report, e.g. 
· UE cannot use fine beam immediately after cell switch, leading to low data rate,
· For serving cell, UE still uses fine beam for L1 measurement. It is not fair to compare neighbor cell with rough beam and serving cell with fine beam
· One purpose of L1 measurement is to do pre-sync on DL. In our understanding, UE tracks a TCI state using fine beam. We doubt whether pre-sync on DL is still workable.
[bookmark: _Hlk126673431]We summarize the pros and cons of using rough beam and fine beam as following.
	L1 measurement report using rough beam
	L1 measurement report using fine beam

	Pros:
1. No negative impact to L3 measurement delay due to sharing or less interruption.
2. No limitation on RTD.
3. Low workload in RAN4.
Cons:
1. Use rough beam immediately after cell switch.
2. it is not fair to compare neighbor cell with rough and serving cell with fine beam
3. FFS: Pre-sync on DL is workable.
	Pros:
1. No change to current RAN4 assumption on fine/rough beams
2. Higher data rate is expected immediately after cell switch with fine beam.
Cons:
1. Extend L3 measurement delay or more interruption with dedicated MG


[bookmark: _Hlk126674099]In addition, we see the benefit is marginal from using intermediate results from L3 measurements for L1-RSRP report compared to using L3 measurement report for cell switch. Some company proposed that L3 measurement is reported to CU and L1 measurement is reported to DU. As it is DU who decides when to switch the cell, CU needs to pass the L3 measurement reports to DU and some delay is introduced. To our knowledge, the delay between CU and DU is marginal compared to the long measurement delay in FR2, e.g., only 10ms for round trip.
Observation 4: The pros and cons of using rough beam and fine beam for L1 measurement:
	L1 measurement report using rough beam
	L1 measurement report using fine beam

	Pros:
1. No negative impact to L3 measurement delay due to sharing or less interruption.
2. No limitation on RTD.
3. Low workload in RAN4.
Cons:
1. Use rough beam immediately after cell switch.
2. it is not fair to compare neighbor cell with rough and serving cell with fine beam
3. FFS: Pre-sync on DL is workable.
	Pros:
1. No change to current RAN4 assumption on fine/rough beams
2. Higher data rate is expected immediately after cell switch with fine beam.
Cons:
1. Extend L3 measurement delay or more interruption with dedicated MG


Observation 5: The benefit is marginal from using intermediate results from L3 measurements for L1-RSRP report compared to using L3 measurement report for cell switch.
3 Summary
In this paper, we provide some views on L1 measurement in LTM. We have the following proposals and observations:
Observation 1: For SSB based intra-frequency L1 measurement, it is possible that SSB of neighbor cell is not in the active BWP if UE supports FG6-1a.
Proposal 1: For SSB based intra-frequency L1 measurement, prioritize the case that SSB for intra-frequency L1 measurement is in the active BWP in this WI:
· FFS whether to define the requirements for the case that SSB for intra-frequency L1 measurement is not in the active BWP.
Proposal 2: For R18 L1/L2 mobility, Network shall configure L1 measurement on a neighbor cell after receiving L3 measurement report on that cell.
Proposal 3: Serving cell and intra-frequency neighbor cell can have different sfn-SSB-Offset if UE performs L3 measurement before L1 measurement.
Proposal 4: For intra-frequency L1-RSRP measurement, start from the case that RTD of serving cell and neighbor cell is within one CP.
Proposal 5: Side condition in intra-frequency L1-RSRP measurement accuracy requirements is SNR=-3dB.
Observation 2: The measurement delay of L1 inter-frequency measurement may be longer than L3 measurement.
Observation 3: In FR1, the measurement results of L3-RSRP and L1-RSRP of the same beam would be almost the same.
Proposal 6: Deprioritize the discussion on inter-frequency L1-RSRP measurement.
Observation 4: The pros and cons of using rough beam and fine beam for L1 measurement:
	L1 measurement report using rough beam
	L1 measurement report using fine beam

	Pros:
1. No negative impact to L3 measurement delay due to sharing or less interruption.
2. No limitation on RTD.
3. Low workload in RAN4.
Cons:
1. Use rough beam immediately after cell switch.
2. it is not fair to compare neighbor cell with rough and serving cell with fine beam
3. FFS: Pre-sync on DL is workable.
	Pros:
1. No change to current RAN4 assumption on fine/rough beams
2. Higher data rate is expected immediately after cell switch with fine beam.
Cons:
1. Extend L3 measurement delay or more interruption with dedicated MG


Observation 5: The benefit is marginal from using intermediate results from L3 measurements for L1-RSRP report compared to using L3 measurement report for cell switch.
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