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1	Introduction 
At RAN4 meeting#108bis, there were several open issues on L1-RSRP measurements as captured in the WF [1]:
· General aspects
· Measurement period requirements
In this contribution, we continue to share our views on those issues. 
2	Discussion

General aspects

The following is captured in the WF [1]:

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

We believe when a UE supports the fast beam sweeping capability and indicates preference of multi-RX operation, it is safe to assume that fast beam sweeping is enabled. However, there is another case where that fast beam sweeping is enabled if the UE supports this capability and does not explicitly indicate preference of multi-RX operation. 

To show the case, it is useful to understand the signalling exchange between the UE and the network, and the normal network and UE behavior. In our understanding, it involves the following steps:
1. UE reports its capabilities such as 16-2c (simultaneousReceptionDiffTypeD-r16) and/or 2-29a (groupBeamReporting), together with fast beam sweeping, to network.
2. The network configures group based beam reporting or GBBR (groupBasedBeamReporting-r17) to the UE, and the UE starts L1 GBBR measurement and reporting.
After Steps 1 &2, both the network and the UE understand the UE is in multi-RX operation.
3. The network may or may not configure dual TCI states for the UE for simultaneous DL PDSCH reception, depending on GBBR outcome. 
4. If the network configures the UE with dual TCI states, i.e., simultaneous DL PDSCH reception, it can be assumed that the UE is in multi-RX operation.
5. While the UE is multi-RX operation, at some point the UE experiences overheating or wants to save power, and thus uses UAI to inform the network that it does not prefer multi-RX operation due to power saving or overheating and fall back to single-RX operation. After receiving the UAI, the network turns off GBBR and configures single TCI for the UE.
6. While in single-RX operation, if the power saving or overheating issues go away, the UE may use UAI to inform the network that it wants to resume multi-RX operation. After receiving the UAI, the network turns on GBBR and subsequently configures dual TCI for the UE if there is suitable beam pair reported from GBBR.

In our understanding, in Steps 2, 3, 4 and 6, it can be assumed that fast beam sweeping is enabled. However, in Steps 2, 3, 4, the UE does not need to indicate its preference of multi-RX operation to the network, but the network can assume that fast beam sweeping is enabled at the UE. This is because by default, after UE reports multi-RX dependent capabililites like 16-2c (simultaneousReceptionDiffTypeD-r16), 2-29a (groupBeamReporting), fast beam sweeping, the UE activates both panels and should be able to support fast beam sweeping for non-GBBR measurements, unless the UE indicates its preference of no multi-RX operation. 

Proposal 1: Fast beam sweeping is assumed to be enabled in the following two cases:
· If UE supports the fast beam sweeping UE capability and UE indicates it prefers multi-Rx operation.
· If UE supports the fast beam sweeping UE capability and UE has not indicated it prefers single-RX operation.

Measurement period requirements

The following is captured in the WF [1]:

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



As RAN4 agreed that GBBR is a prerequisite for simultaneous reception, it is necessary to specify requirement on GBBR to ensure the performance. The requirement can be defined as the measurement time a UE needs to complete the group-based L1 measurements for GBBR. 

Proposal 2: For GBBR, the measurement period should be defined as the time that the UE needs to measure both CMR sets, not a single RS in either set.

Cleary, Option 1 does not indicate if the UE has completed the measurement of both CMR sets, as it is focused on the measurement of a single RS. Furthermore, following the agreement that UE uses a single Rx panel for measurements at one time instance, it is unclear how the UE can support faster beam sweepting, i.e., indicating N = [reduceNumberRxBeam].

Observation 1: Option 1 fails to indicate if the UE has completed the measurement of both CMR sets, as it is focused on the measurement of a single RS.
Observation 2: For Option 1, it is unclear how the UE can support faster beam sweepting, i.e., indicating N = [reduceNumberRxBeam], following the agreement that UE uses a single Rx panel for measurements at one time instance.

As the two resource sets configured for Rel-17 group-based L1-RSRP report cannot contain a mix of SSB and CSI-RS, we focus on two cases, i.e., SSB + SSB and CSI-RS + CSI-RS and follow the agreement that UE uses a single Rx panel for measurements at one time instance.

SSB + SSB

If the network configures two CMR sets for the UE to measure, each set having K SSB resources. For UEs to refine its beams, current specification has the beam sweeping factor N specified as 8. 
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Figure 1. UE L1 measurements for GBBR

There are three alternatives to specify the requirement. 

Alt. 1: 
For every SSB burst set, the UE can test one RX fine beam for one SSB resource, and the beam under test never changes. The benefit of this approach is to collect the interference info from other SSB resources so the UE can consider both RSRP and interference when determining which beam pair(s) work and thus are to be reported. As there are a total of 2*K SSB resources, the total number of SSB periodicity needed is 2*K*N. In other words, the needed measurement period is 2*K*N*TSSB, where TSSB is the SSB-Index configured for L1-RSRP measurement.

Alt. 2:
For every SSB burst set, the UE can test one RX fine beam for each SSB resource, and the beam under test may change for each SSB in the burst set. As a result, the total number of SSB periodicity needed is N. In other words, the needed measurement period is N*TSSB. This approach cannot provide any interference info for the UE to determine which beam pair(s) are to be reported.

Alt. 3:
This alternative is “middle ground” one between Alt. 1 and Alt. 2. Like Alt. 2, it takes N SSB periodicities to decide the best beam for each SSB resource, denoted by B1, B2, …, BK, BK+1, …, B2K. In the next K periods, the UE can use each period to test two best beams, say B1 for CMR set 2 and BK+1 for CMR set 1 for period 1, and B2 for CMR set 2 and BK+2 for CMR set 1 for period 2, and so forth, aiming to collect interference info. As a result, a total of N+K SSB periodicities is needed.  In other words, the needed measurement period is (N + K)*TSSB.
Since N = 8 in the current specification, we propose:

Proposal 3: For SSB + SSB, it is proposed to adopt Option 2, i.e., set N = 8 + K, where K is the number of SSBs in each CMR set.

CSI-RS  + CSI-RS

For CMR sets configured with CSI-RS, measurement period can be specified similarly. The main difference is that the beam sweeping factor N depends on if “repetition” is set to ON or OFF. And if “repetition” is set to ON for both CMR sets, the K resources configured in each set are transmitted with the same TX spatial filter and thus become equivalent to one SSB resource in each set. N = ceil(maxNumberRxBeam / K). For each of the three alternatives, the needed measurement delay is provided.

Alt. 1: 
The needed measurement period is 2*N*TCSI-RS, where TCSI-RS is the CSI-RS periodicity.

Alt. 2:
The needed measurement period is N*TCSI-RS. 

Alt. 3:
The needed measurement period is (N + 1)*TCSI-RS.

Understandably, Alt. 3 strikes a good balance between measurement time and the ability to collect interference info. Thus, we prefer to define the requirement based on Alt. 3.

Proposal 4: For CSI-RS  + CSI-RS, it is proposed to set N = ceil(maxNumberRxBeam / K) + 1, where K is the number of CSI-RSs in each CMR set.

On Issues 1-2-3 and1-2-4, our understanding is it depends on if fast beam sweeping is supported/enabled at the UE. If the UE does not support fast beam sweeping, then there is no room for enhanced requirement. If the UE supports fast beam sweeping and the condition to assume fast beam sweeping is enabled is met, as shown in Proposal 1, the enhanced requirements for L1-RSRP not configured with GBBR is possible. Therefore, we believe the conditions for enhanced requirements for L1-RSRP not configured with GBBR can reuse the condition to assume fast beam sweeping is enabled.

Proposal 5: The conditions for enhanced requirements for L1-RSRP not configured with GBBR can reuse the condition to assume fast beam sweeping is enabled, as captured in Proposal 1.

3	Conclusions
In this contribution, we make the following proposals.

Proposal 1: Fast beam sweeping is assumed to be enabled in the following two cases:
· If UE supports the fast beam sweeping UE capability and UE indicates preference of multi-Rx operation
· If UE supports the fast beam sweeping UE capability and UE has not indicated its preference of no multi-RX operation.
Proposal 2: For GBBR, the measurement period should be defined as the time that the UE needs to measure both CMR sets, not a single RS in either set.
Proposal 3: For SSB + SSB, it is proposed to adopt Option 2, i.e., set N = 8 + K, where K is the number of SSBs in each CMR set.
Proposal 4: For CSI-RS  + CSI-RS, it is proposed to set N = ceil(maxNumberRxBeam / K) + 1, where K is the number of CSI-RSs in each CMR set.
Observation 1: Option 1 fails to indicate if the UE has completed the measurement of both CMR sets, as it is focused on the measurement of a single RS.
Observation 2: For Option 1, it is unclear how the UE can support faster beam sweepting, i.e., indicating N = [reduceNumberRxBeam], following the agreement that UE uses a single Rx panel for measurements at one time instance.
Proposal 5: The conditions for enhanced requirements for L1-RSRP not configured with GBBR can reuse the condition to assume fast beam sweeping is enabled, as captured in Proposal 1.
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