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1 	Introduction
According to WF [1] and discussion summary [2], RAN4 had some discussion but most issues were discussed without conclusion yet. In this meeting, this WI is divided into six agenda items to be discussed: (1) general issues, (2) L1 measurement, (3) RLM/BFD/CBD, (4) scheduling/measurement restriction, (5) dual TCI state switching and (6) receive timing difference. The discussion in this paper focus on the “L1 measurement”, e.g., L1-RSRP/L1-SINR measurement.
2 Discussion
The following discussion will cover N factor, P factor and open issue for L1 measurements.
· N factor 
· P factor
· [bookmark: _Hlk131706693]L1-SINR
· Rel-17 Group-based beam reporting for L1-RSRP requirement
2.1 N factor
Before we discuss whether N factor can be reduced or not, we would like to share our understanding on UE measurement behavior first. In the following, the legacy R15/R16 UE is discussed first, and then R18 multi-Rx UE is further studied.
R15/R16 UE
For a R15/R16 UE, it is assumed that more than one antenna module can be equipped but only one antenna module is active at a time. To meet the measurement delay requirement (N=8), UE may or may not use L3 measurement results to down-select antenna module first. So, there are two possible designs as below.
· Design 1: use L3 measurement to down select antenna modules
· Design 2: not use L3 measurement to down select antenna modules

For design 1, as step 1 in Figure 1, UE takes previous L3 measurement results into account. Therefore, in step 2, UE can further perform L1 measurement only on the antenna module which is down selected by L3 measurement results. In this case, the number of fine beams on each antenna module can be up to 8 to meet the L1 measurement delay requirement (N=8).
[image: ]
[bookmark: _Ref115170548]Figure 1. one possible UE design: performing L1 measurement based on previous L3 measurement info

For design 2, as Figure 2, UE does not take previous L3 measurement results into account. So, UE uses fine beam to perform L1 measurement on two antenna modules sequentially. In this case, the number of fine beams on each antenna module is 4 and total number of beams is 8. The reason why 4 fine beams is assumed on each antenna module is that UE should complete L1 measurement on both two antenna modules sequentially within a limited time (N=8).
[image: ]
[bookmark: _Ref115349097]Figure 2. one possible UE design: performing L1 measurement without previous L3 measurement info

R18 UE
In R18, two active antenna modules at a time are allowed. So, we would like to further study what is the difference for the design 1 and design 2 in this R18 WI.
For design 1, as step 1 in Figure 3, UE takes previous L3 measurement results into account. In step 2, the key point is the number of beams on each antenna module is still 8 if UE wants to maintain the same spherical coverage on each antenna module. Therefore, to our understanding, for design 1 UE, N should still be 8. Otherwise, the measurement delay is insufficient for UE to finish beam sweeping.
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[bookmark: _Ref115350607]Figure 3. one possible UE design (two antenna modules can be activated at a time): performing L1 measurement based on previous L3 measurement info

For design 2, as Figure 4, UE does not take previous L3 measurement results into account. UE may activate up to two antenna modules at a time for L1 measurement. In this case, UE can perform L1 measurement on both antenna modules at a time. Therefore, N can be reduced.
[image: ]
[bookmark: _Ref115351250]Figure 4. one possible UE design (two antenna modules can be activated at a time): performing L1 measurement without previous L3 measurement info


So, based on above analysis, N cannot be reduced for all UEs because it depends on UE implementation.
[bookmark: _Ref115168060][bookmark: _Ref115353540]Observation 1: N cannot be reduced for all UEs because it depends on UE implementation.
[bookmark: _Ref115353543]Proposal 1: Reducing the value of N in L1 measurement (L1-RSRP/BFD/CBD/RLM) delay requirement should be up to UE’s capability.
In last meeting of RAN4#106b, there’re agreement related to beam sweeping in WF [1].
	Agreement from GTW:
· Introduce enhanced RRM requirements based on faster beam sweeping with multi-Rx chains based on UE capabilities
· Option 1: Introduce beam sweeping factor reduction
· Other options not precluded
· FFS on specific conditions when enhancement apply
· FFS if any signalling is needed
· FFS on details of UE capabilities
 
Way forward: Please bring further analysis on the FFS parts of the above GTW agreement to the next meeting. 
Agreements:
How to capture the enhanced requirements (based on the agreement of enhanced requirements) in the spec due to faster beam sweeping can be discussed during CR stage. 


According to our previous analysis and proposal, whether UE could reduce beam sweeping(N) factor or not depend on UE implementation and up to UE’s capability. To us, the simple way is to indicate N factor reduction (E.g., N=4 or 8) base on UE capability. But we are open to discuss the specific conditions for the beam sweeping reduction.

[bookmark: _Ref131706727]2.2 P factor
In the last meeting, L1 and L3 measurement cannot be performed simultaneously based on below agreement in RAN4 #106 WF [1] . So, the Psharing_factor cannot be enhanced.
	<Agreement >:
Issue 1-1-6: Simultaneous L3 measurements and L1 measurements
· Simultaneous L3 and L1 measurements is not supported in this release for multi-Rx.
· Note: The agreement has no impact on scheduling restriction discussion for L3 measurements. Feasibility and benefit of scheduling restriction relaxation for L3 measurements is FFS.


In the WID [3], there is no consideration for high mobility. So, we do not see the need and gain why UE is required to perform L3 measurement more frequently. Besides, in order to achieve simultaneous L3 and L1 measurement, joint consideration between L3 and L1 measurement in UE implementation is needed. It will hugely increase UE complexity because UE needs to control different measurements on different antenna modules at a time. As a result, the following proposal is suggested.
[bookmark: _Ref115353544][bookmark: _Hlk126841360]Proposal 2: In L1 measurement (L1-RSRP/BFD/CBD/RLM) delay requirement, P factor should not be enhanced due to simultaneous L3 and L1 measurement is not supported in R18.

2.3 L1-SINR 
In last meeting, some companies discuss L1-SINR handling as below issue [1].

	Issue 1-5-1: Shall L1-SINR requirements be defined for the multi-RX UE
FFS whether enhancements to L1-SINR are supported in this WI.



RAN4 agreed that Rel-17 group-based reporting is used as a prerequisite to define requirement for simultaneous reception. And the details for Rel-17 group-based reporting could refer to the Reporting Quantity configuration defined in TS 38.214[4] as below.

	TS 38.214 5.2.1.4.2 Report Quantity Configurations
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From above, we could observe Rel-17 group-based reporting is only for L1-RSRP reporting, and L1-SINR is not in the scope of Rel-17 group-based reporting, so the following proposal is suggested.

[bookmark: _Ref131760728]Proposal 3: L1-SINR is not in the scope of Rel-17 group-based beam reporting.

2.4 Rel-17 Group-based beam reporting for L1-RSRP requirement 
In last meeting, some companies raised the requirement related to Rel-17 group-based beam reporting as below issue [1].

	Issue 1-3-2-1: How to perform measurement. That means the measurement delay required for GBBR (i.e., measurement delay for beam pair)
· Option 1: Reuse legacy L1-RSRP delay as UE do not know which beams can be paired.
· Option 2: Due to simultaneous reception measurement delay for beam pair can be enhanced for L1-RSRP 
Issue 1-3-2-2: How to choose beam pair that are going to be reported based on measurement results
· Option 1: define conditions for selecting beam pair in the report
· Please provide conditions that can be considered
· Option 2: How to choose beam pair is UE implementation 
Issue 1-3-2-3: NW configures UE with GBBR, but UE did not find a good beam pair to report. What should be the UE behaviour
· Option 1: NO behaviour is needed
· Option 2: report NA or single beam 
· Option 3: Check with RAN1 
· Note: if we agree for this, we may need to define what are the conditions for beam pair selection as we need to define what is not finding good beam pair.  
Issue 1-3-6: Type of reporting used for GBBR
FFS if Periodic, semi-persistent and aperiodic report are supported



For issues 1-3-2-1, we want to divide the UE behavior into two stages for Rel-17 group-based beam reporting (GBBR) to discuss related L1-RSRP requirement.
Case 1: Before UE send Rel-17 GBBR.
Case 2: After UE send Rel-17 GBBR.
For the case 1, even UE itself does not know whether there is any chance to turn on multiple Rx chains. Therefore, by default we can assume UE will only turn on one active antenna module to measure L1-RSRP for two RSs from different QCL type D, so we can reuse legacy L1-RSRP measurement requirement.

[bookmark: _Ref134125091]Proposal 4: Before UE sends Rel-17 GBBR, reuse legacy L1-RSRP measurement requirement for Rel-17 GBBR.

For the case 2, after UE sent Rel-17 GBBR, it may turn on two active antenna modules to measure L1-RSRP for two RSs from different QCL type D. But whether UE can enhance the L1-RSRP measurement requirement for case 2 should be discussed further on RAN4.

[bookmark: _Ref134125095]Proposal 5: After UE sends Rel-17 GBBR, whether UE can enhance L1-RSRP measurement requirement should be discussed further in RAN4.

For issue 1-3-2-2, in our understanding, How UE selects beam pair has not specified in RAN1. (refer to below reference from TS 38.214 [4]). It’s up to UE implementation. So, the following proposal is suggested.

[bookmark: _Ref134125098]Proposal 6: How UE selects beam pair has not specified in RAN1 and it’s up to UE implementation.

	Reference TS 38.214

5.2.1.4.3 L1-RSRP Reporting
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5.2.1.4.2 Report Quantity Configurations
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For issue 1-3-2-3, we can refer to above reference from TS 38.214 [4]. If NW configured UE with Rel-17 GBBR, but UE did not find a good beam pair, it still shall report beam pair with measured L1-RSRP in single report instance. So, the following proposal is suggested.

[bookmark: _Ref134125101]Proposal 7: No need to specify the behavior if UE cannot find a good beam pair with NW configured Rel-17 GBBR.

In addition, all type of reporting for Rel-17 GBBR could support from RAN1 perspective for issue 1-3-6. We can observe periodic, semi-persistent, aperiodic report has specified below in TS 38.214. So, the following proposal is suggested.

[bookmark: _Ref134125104]Proposal 8: All reporting type of periodic, semi-persistent, aperiodic report are supported for Rel-17 GBBR.

	Reference TS 38.214

5.2.1.4.1 Resource Setting configuration
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3 Summary
[bookmark: _Hlk94866332]In this paper, the discussion of R18 multi-Rx chains WI is provided. We have the following proposal:
Observation 1: N cannot be reduced for all UEs because it depends on UE implementation.
Proposal 1: Reducing the value of N in L1 measurement (L1-RSRP/BFD/CBD/RLM) delay requirement should be up to UE’s capability.
Proposal 2: In L1 measurement (L1-RSRP/BFD/CBD/RLM) delay requirement, P factor should not be enhanced due to simultaneous L3 and L1 measurement is not supported in R18.
Proposal 3: L1-SINR is not in the scope of Rel-17 group-based beam reporting.
Proposal 4: Before UE sends Rel-17 GBBR, reuse legacy L1-RSRP measurement requirement for Rel-17 GBBR.
Proposal 5: After UE sends Rel-17 GBBR, whether UE can enhance L1-RSRP measurement requirement should be discussed further in RAN4.
Proposal 6: How UE selects beam pair has not specified in RAN1 and it’s up to UE implementation.
Proposal 7: No need to specify the behavior if UE cannot find a good beam pair with NW configured Rel-17 GBBR.
Proposal 8: All reporting type of periodic, semi-persistent, aperiodic report are supported for Rel-17 GBBR
4 Reference
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Step 2: UE uses fine beam to perform L1 measurement on up
to two panels at a time. Note: the gain to activate two panels
at a time is that the coverage of L1 measurement is extended.

Step 1 : use L3 measurement (rough
beam) to down-select panel
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Step 1: UE uses fine beam to perform L1
measurement on two panels at a time
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If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RSRP' 'ssb-

‘cri-RSRP-Capability[Sef]Index’ or 'ssb-Index-RSRP-Capability[Set]Index'.

if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'disabled. the UE is
1ot required to update measurements for more than 64 CSI-RS and/or SSB resources, and the UE shall report in
a single report mrofReportedRS (higher layer configured) different CRI or SSBRI for each report setting.

if the UE is configured with the higher layer parameter groupBasedBeamReporting set to ‘enabled', the UE is not
required to update measurements for more than 64 CSI-RS and/or SSB resources. and the UE shall report in a
single reporting instance two different CRI or SSBRI for each report sefting. where CSI-RS and/or SSB
resources can be received simultaneously by the UE either with a single spatial domain receive filter. or with
multiple simultaneous spatial domain receive filters.

if the UE is configured with the higher layer parameter groupBasedBeamReporting-r17, the UE is not required
to update measurements for more than 64 CSI-RS and/or SSB resources, and the UE shall report in a single
reporting instance nrofReportedRSgroup, if configured, group(s) of

where CSI-RS and/or SSB resources of

each group can be received simultaneously by the UE.

If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'eri-SINR', 'ssb-

. ‘cri-SINR-Capability[Set]Index’ or 'ssb-Index-SINR-Capability[Set]Index'.

if the UE is configured with the higher layer parameter groupBasedBeamReporting set to ‘disabled. the UE shall
report in a single report m7ofReportedRS (higher layer configured) different CRI or SSBRI for each report
sefting.

if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'enabled, the UE shall
report in a single reporting instance two different CRI or SSBRI for each report sefting. where CSI-RS and/or
SSB resources can be received simultaneously by the UE.




image6.jpeg
52.1.4.3 L1-RSRP Reporting
For L1-RSRP computation

- the UE may be configured with CSI-RS resources, SS/PBCH Block resources or both CSI-RS and SS/PBCH.
block resources, when resource-wise quasi co-located with 'type C' and 'typeDD' when applicable.

- the UE may be configured with CSL-RS resource setting up to 16 CSI-RS resource sets having up to 64 resources
within each set. The total nupuber of different CSI-RS resources over all resource sets is no more than 128

For L1-RSRP reporting, if the higher layer parameter nrofReportedRS in CSI-ReportConfig is configured to be one, the
reported L1-RSRP value is defined by a 7-bit value in the range [-140, -44] dBm with 1B step size, if the higher layer
parameter nrofReportedRS is configured to be larger than one, o if the higher layer parameter
‘groupBasedBeamReporting is configured as ‘enabled',or if the higher layer parameter groupBasedBeamReporting-r17
s configured, the UE shall use differential L1-RSRP based reporting, where the largest measured value of L1-RSRP is
quantized to a 7-bit value in the range [-140, 44] dBm with 1dB step size, and the differential L1-RSRP is quantized to
a4-bit value. The differential L1-RSRP value is computed with 2 dB step size with a reference to the largest measured
L1-RSRP value which s part of the same L1-RSRP reporting istance. The mapping between the reported L1-RSRP
value and the measured quantity is described in [11, TS 38.133].

‘When the higher layer parameter groupBasedBeamReporting-r17in CSI-ReportConfg is configured, the UE shall
indicate the CS Resource Set associated with the largest measured value of L1-RSRP, and for each group, CRI or
'SSBRI of the indicated CSI Resource Set is present first.
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If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RSRP".
Index-RSRP. cri-RSRP-Capability[Set]Index’ or 'ssb-Index-RSRP-Capability[Set]Index'.

if the UE is configured with the higher layer parameter groupBasedBeamReporting set to ‘disabled. the UE is
not required to update measurements for more than 64 CSI-RS and/or SSB resources. and the UE shall report in
a single report mofReportedRS (higher layer configured) different CRI or SSBRI for each report setting.

if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'enabled'. the UE is not
required to update measurements for more than 64 CSI-RS and/or SSB resources. and the UE shall report in a
single reporting instance two different CRI or SSBRI for each report setting. where CSI-RS and/or SSB
resources can be received simultaneously by the UE either with a single spatial domain receive filter. or with
multiple simultaneous spatial domain receive filters.

if the UE is configured with the higher layer paramet
to update measurements for more than 64 CSI RS and/or SSB resourc:

the UE is not required
d the UE shall report in a single

SSB resources of
each group can be received simultaneously by the UE.
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52141 Resource Setting configuration

For aperiodic CSI, each trigger state configured using the higher layer parameter CSI-AperiodicTriggerState is
associated with one or multiple CSI-ReportConfig where the CSI-ReportConfig not configured with
groupBasedBeamReporting-r17 is linked to periodic, or semi-persistent, or aperiodic resource sefting(s):

- When one Resource Setting is configured, the Resource Setting (given by higher layer parameter
resourcesForChannelMeasurement) is for channel measurement for L1-RSRP or for channel and interference
‘measurement for L1-SINR computation.

- When two Resource Seftings are configured, the first one Resource Sefting (given by higher layer parameter
resourcesForChannelMeasurement) is for channel measurement and the second one (given by either higher layer

‘parameter csi-IM-ResourcesForInterference o higher layer parameter nzp-CSI-RS-ResourcesForlnterference) is
for interference measurement performed on CSI-IM or on NZP CSLRS.

- When three Resource Seftings are configured, the first Resource Setting (higher layer parameter
resourcesForChannelMeasurement) is for channel measurement, the second one (given by higher layer

‘parameter csi-IM-ResourcesForInterference) is for CSI-IM based mterference measurement and the third one

(given by higher layer parameter nzp-CSI-RS-ResourcesForTnterference) is for NZP CSLRS based iterference
‘measurement.

For aperiodic CSI, and for periodic and semi-persistent CSI resource settings, each trigger state configured using the
higher layer parameter CSIAperiodic TriggerState is associated with one or multiple CSI-ReportConfig where the CSI-
ReportConfig configured with groupBaseaBeamReporting #1735 inked to periodic or seni persitent_setiag(s)

- When one Resource Setting is configured, the Resource is given by resourcesForChannelMeasurement
for L1-RSRP measurement. In such a case,
iss=2.
each trigger state configured using the higher layer

For aperiodic CSL. and for aperiodic CST resource seftings.
‘parameter CSI-AperiodicTriggerSiate s associated with one or multiple CSI-ReportConfig where the CSI-ReportConfig
configured with is associated with. and

which correspond to first and second resource sets, respectively, for L1-RSRP measurement
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Step 2: UE further uses fine beam to perform
L1 measurement on the panel which is down-
selected by L3 measurement.

Step 1 : use L3 measurement (rough
beam) to down-select panel
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Step 1: UE uses fine beam to perform L1 measurement
on two panels but only one panel is active at a time




