3GPP TSG-RAN WG4 Meeting #109	R4-2320425
Chicago, US, Nov 13 - 17, 2023

Source:	ZTE Corporation
Title:	Discussion on L1-RSRP measurement requirements for simultaneous DL reception from different directions
[bookmark: _GoBack]Agenda Item:	8.7.2.2
Document for:	Approval
1. Introduction
In last RAN4 meeting, RAN4 has spread widely discussion around the L1-RSRP measurement. Some controversial issues were concluded with multiple options in [1]. 
	Sub-topic 1-1: General aspects
Issue 1-1-1: General proposals:
· Proposals 
· Option 1: Fast beam sweeping is always enabled if UE supports the UE capability.
· Option 2: Fast beam sweeping is always enabled if UE supports the UE capability and when UE indicates preference of multi-Rx operation
Sub-topic 1-2: Measurement period requirements 
Issue 1-2-1: Measurement period for L1-RSRP configured for GBBR 
Background: 
For SSB based L1-RSRP measurements in FR2 the measurement period for GBBR defined as:
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms)

	non-DRX
	max(TReport, ceil(M*P*N)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil(1.5*M*P*N)*TDRX

	Note 1:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	N is FFS


· N is FFS
· Option 1: N = [reduceNumberRxBeam] for UE supporting faster beam sweeping under multi-Rx operations; otherwise N=8. (vivo, OPPO, QC, HW, ZTE, MTK)
· Option 2: N = 8 + K, where K is the number of SSBs in each CMR set (Apple)
· FFS: For CSI-RS based L1-RSRP measurements in FR2, the existing L1-RSRP measurement period is reused when configured for GBBR.
Issue 1-2-2 a: measurement period for SSB based L1-RSRP
· Way forward: Companies are requested to bring further analysis.
· option 1:  N = [reduceNumberRxBeam] for UE supporting faster beam sweeping under multi-Rx operations; otherwise, N=8
· Option 2: N = 8 + K, where K is the number of SSBs in each CMR set (Apple)
Issue 1-2-2 b: measurement period for CSI-RS based L1-RSRP
· Way forward: Companies are requested to bring further analysis.
· Option 1: For CSI-RS based L1-RSRP measurements in FR2, the existing L1-RSRP measurement period is reused when configured for GBBR.
· Option 2: N = ceil(maxNumberRxBeam / K) + 1, where K is the number of CSI-RSs in each CMR set
[bookmark: _Hlk143075246]Issue 1-2-3: Measurement period for non-GBBR (i.e., measurement period of L1-RSRP not configured for GBBR)
· Way forward: Companies are requested to bring further analysis to next meeting
Issue 1-2-4: Conditions for enhanced requirements for L1-RSRP not configured with GBBR 
· Way forward: Companies are requested to bring further analysis to next meeting
Sub-topic 1-3: Others  
Issue 1-3-1: Shall L1-SINR requirements be defined for the multi-RX UE
· Way forward: Companies are requested to bring further analysis to next meeting
Issue 1-3-2a: Measurement period for L1-SINR (based on conclusion of issue 1-3-1)
· Way forward: Companies are requested to bring further analysis to next meeting
Issue 1-3-2b: Other enhancements for L1-SINR (based on conclusion of issue 1-3-1)
· Way forward: Companies are requested to bring further analysis to next meeting
Issue 1-3-3: UE behaviour at transitions between single-RX and multi-RX operation modes
· Way forward: Companies are requested to bring further analysis to next meeting


In this document, we provide our further analysis focus on the remaining issues.
· General aspects
· Measurement period requirements
· Others
2. Discussion
2.1 General aspects
Besides the enhancement on measurement/scheduling restriction, fast beam sweeping is another enhancement approved in this WID during previous meeting. While the concrete conditions regarding fast beam sweeping is not discussed before and still vacant. Since whether fast beam sweeping can be applied in the GBBR measurement and non-GBBR measurement is still in discussion, if the answer is yes, then the measurement requirements would be enhanced due to fast beam sweeping. So identifying the condition of applying fast beam sweeping is very important. The following options were proposed in last meeting:
	· Option 1: Fast beam sweeping is always enabled if UE supports the UE capability.
· Option 2: Fast beam sweeping is always enabled if UE supports the UE capability and when UE indicates preference of multi-Rx operation


It should be noted that in the topic of R18 FR2 SCell activation, fast beam sweeping is introduced for L3 measurement and L1 measurement during the unknown SCell activation procedure, with the prerequisite of full set beam sweeping has been performed in previous step. Here, we believe a similar kind of fast beam sweeping is also feasible on top of some prior information. E.g. the UE has derived the sub-set of beam coverage for each panel based on the previous L3 measurement as shown in Figure 1 and 2. As a result, for the receiving of RS or PDSCH/PDCCH, UE can predict which panel is involved in, so only a sub-set of beam sweeping(corresponding the relevant panel) is performed, so N can be reduced from 8 to [4]. Under this assumption, the fast beam sweeping is not always tied with the multi-panel operation, as long as UE can derive the relationship between multiple sub-set of beams and multiple panels, UE can determine which sub-set of beams should be swept based on the TCI state of QCL-D of the PDSCH/PDCCH or RS to be received. Fast beam sweeping can be achieved. Whether such kind of fast beam sweeping requires multi-panel operation during the fast beam sweeping, we are open to discuss, at least when UE performs fast beam sweeping, only a single panel is involved in. 
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Figure 1. Two sub set of beams for two panels respectively
[image: ]
Figure 2. Two SSB received by two sub set of beams
Observation 1: Alternative 1 of fast beam sweeping is: UE derives the relationship between multiple sub-set of beams and multiple panels through some prior information, so for the receiving of RS or PDSCH/PDCCH, UE can predict which panel is involved in, so only a sub-set of beam sweeping(corresponding the relevant panel) is performed, N can be reduced from 8 to [4].
Another assumption of fast beam sweeping is that UE detects a pair of beams at each sample in parallel via two panels. So at each SSB instance, the UE can detect the RSRP received by each panel. From the perspective of panel 0 reception, the RSRP received by panel 0 is deemed as useful signal, and the RSRP received by panel 1 is deemed as interference signal. So as to go through the full set of beam directions by each panel, then still N = 8 is needed as shown in Figure 3.
[image: ]
Figure 3. Full set beam sweeping by two panels in parallel
Whereas if a single panel only cover a sub set of beams, e.g. panel 0 covers beam#0-3, and panel 1 covers beam#4-7, then only N/2 samples is enough to sweep N beams. Under such assumption, of course multi-panel operation should be guaranteed during the fast beam sweeping, as shown in Figure 4 and 5.
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Figure 4. Simultaneous beam pair detection in fast beam sweeping
[image: ]
Figure 5. Two SSB received by two sub set of beams 
Observation 2: Alternative 2 of fast beam sweeping is: UE detects a pair of beams at each RS instance in parallel by two panels, and each panel covers a sub set of beams. Then the N can be reduced to [4] from 8. The multi-panel operation should be guaranteed during the fast beam sweeping.
Compared with the two alternatives, it seems that the latter is more benefit than the former since UE can derive interference info during the fast beam sweeping, with the price of allowing multi-panel operation.
Proposal 1: Under different implementation assumption of fast beam sweeping, whether need to guarantee the multi-panel operation, which is different. So first to align companies’ view on the implementation assumption of fast beam sweeping.
2.2 Measurement period requirements
The enhanced measurement requirements for GBBR
For SSB based, the following agreements were achieved in previous meetings regarding the measurement requirement of GBBR.
	· Agreements
· For SSB based L1-RSRP measurements in FR2 the measurement period for GBBR defined as:
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms)

	non-DRX
	max(TReport, ceil(M*P*N)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil(1.5*M*P*N)*TDRX

	Note 1:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	N is FFS  


· N is FFS
· Option 1: N = [reduceNumberRxBeam] for UE supporting faster beam sweeping under multi-Rx operations; otherwise N=8. 
· Option 2: N = 8 + K, where K is the number of SSBs in each CMR set 
· FFS: For CSI-RS based L1-RSRP measurements in FR2, the existing L1-RSRP measurement period is reused when configured for GBBR. 


If fast beam sweeping is applicable in GBBR measurement, based on our analysis in last section, N can be reduced from 8 to [4], so Option 1 is a direct expression of the fast beam sweeping. Regarding Option 2, after some offline discussion, we understand it can be shown as below in figure 6:
[image: ]
Figure 6. Option 2 of the SSB based GBBR measurement
Since it has been assumed that for each time instance during GBBR measurement, only a single panel is applied. If follow the legacy UE behavior, during the first N samples, UE can only obtain the useful signal RSRP for each panel reception, the interference info from another TRP is uncertain. The additional K or 1 sample is to provide chance for UE to derive the interference RSRP from another TRP. Such procedure aim to guarantee UE choose the suitable beam pair with the consideration of both useful signal RSRP and interference RSRP. We believe the whole procedure and intention are reasonable, however such procedure does not apply any benefit from the fast beam sweeping. 
As we analyze in last section, in fact the second assumption of fast beam sweeping can address the concern of interference, but it needs to enable simultaneous reception from two panels at a time, unfortunately which is not aligned with the assumption of single panel reception for GBBR measurement at a time instance. As a result, Alternative 1 for fast beam sweeping can be applied during GBBR measurement since only a single panel is used at a time instance but lack of interference info. So Option 1 is feasible given that the interference info from another TRP can be ignored. Under the deployment of UE locating in the middle area of two TRPs, normally the appropriate AoA offset can suppress the interference from another TRP.
Proposal 2: By applying the alternative 1 of fast beam sweeping, fast beam sweeping is applicable during GBBR measurement, then Option 1 is achieved for SSB based GBBR measurement period. 
For CSI-RS based, since no beam sweeping involved in, so reusing the existing L1-RSRP measurement period is preferred.
Proposal 3: For CSI-RS based L1-RSRP measurements in FR2, the existing L1-RSRP measurement period is reused when configured for GBBR.
The enhanced measurement requirements for non-GBBR
For non-GBBR L1-RSRP measurement, for SSB based, no constraint on the number of simultaneous reception panel, so for the UE capable of fast beam sweeping, both Alternative 1 and 2 can be applied, the N can also be reduced by applying fast beam sweeping, similar as that for GBBR measurement. So we prefer to reduce the beam sweeping factor N to enhance the measurement period. While for CSI-RS based, reuse the existing requirements is fine.
Proposal 4: For SSB based non-GBBR L1-RSRP measurement, the beam sweeping factor N can be reduced for the UE capable of fast beam sweeping. For CSI-RS based non-GBBR L1-RSRP measurement, reuse existing requirements if fine.
2.3 Others
Whether to define the L1-SINR requirements for multi-Rx UE
This issue was discussed in last meeting while no conclusion achieved. Since R17 GBBR only considers the L1-RSRP measurement and report, not referring to L1-SINR measurement and report. Therefore for L1-SINR requirement, only need to consider the L1-SINR requirements for non-GBBR measurement.
From the perspective of measurement period, the requirement for L1-RSRP measurement and that for L1-SINR measurement are similar, so it is reasonable to leverage the enhancement for L1-RSRP measurement to the L1-SINR measurement. In detail, the fast beam sweeping can be applied for L1-SINR measurement for non-GBBR.
Proposal 5: Changes in non-group-based L1-RSRP measurement delay due to multi Rx operation are also considered for L1-SINR
UE behaviour at transitions between single-RX and multi-RX operation modes
The condition of measurement/scheduling restriction relaxation has been generally identified, multi-Rx operation is one of the condition, so the transition between single-RX and multi-RX operation would of course impact the measurement/scheduling restriction relaxation. When UE operates in single-Rx mode, existing measurement/scheduling restriction is applied, no relaxation. While if UE operates in multi-Rx mode, the enhanced measurement/scheduling restriction i.e. relaxation is achieved.
Proposal 6: The transition between single-RX and multi-RX operation modes would impact the measurement/scheduling restriction. 
Regarding the fast beam sweeping and measurement period, which depend on the decision of general issue, we can wait for the output of that issue.
3. Conclusion
In this contribution, we have the following observations and proposals around L1-RSRP measurement for simultaneous DL reception from different directions:
Observation 1: Alternative 1 of fast beam sweeping is: UE derives the relationship between multiple sub-set of beams and multiple panels through some prior information, so for the receiving of RS or PDSCH/PDCCH, UE can predict which panel is involved in, so only a sub-set of beam sweeping(corresponding the relevant panel) is performed, N can be reduced from 8 to [4].
Observation 2: Alternative 2 of fast beam sweeping is: UE detects a pair of beams at each RS instance in parallel by two panels, and each panel covers a sub set of beams. Then the N can be reduced to [4] from 8. The multi-panel operation should be guaranteed during the fast beam sweeping.
Proposal 1: Under different implementation assumption of fast beam sweeping, whether need to guarantee the multi-panel operation, which is different. So first to align companies’ view on the implementation assumption of fast beam sweeping.
Proposal 2: By applying the alternative 2 of fast beam sweeping, both useful signaling RSRP and interference RSRP can be obtained during fast beam sweeping, Option 1 is preferred for SSB based GBBR measurement period. 
Proposal 3: For CSI-RS based L1-RSRP measurements in FR2, the existing L1-RSRP measurement period is reused when configured for GBBR.
Proposal 4: For SSB based non-GBBR L1-RSRP measurement, the beam sweeping factor N can be reduced for the UE capable of fast beam sweeping. For CSI-RS based non-GBBR L1-RSRP measurement, reuse existing requirements if fine.
Proposal 5: Changes in non-group-based L1-RSRP measurement delay due to multi Rx operation are also considered for L1-SINR
Proposal 6: The transition between single-RX and multi-RX operation modes would impact the measurement/scheduling restriction. 
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