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Introduction

In RAN#98e meeting, the WID on Rel-18 FR2 multi-RX DL reception work item was updated [1] and RRM objectives were revised, which is provided as following. 

	Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier

Enhanced RRM requirements:

The following requirements should be studied and specified if necessary:
L1-RSRP measurement delay

RLM and BFD/CBD requirements

Scheduling/measurement restrictions

TCI state switching delay with dual TCI

Receive timing difference between different directions (different QCL Type D RSs)

NOTEs:

The case of single TCI is handled as a second priority. Additional aspects related to single TCI can be further revisited.

The work on L3 measurement related aspects for scheduling/measurement restriction requirements is not precluded.

Further check in RAN #100 whether to include other L3 measurement related aspects and objectives subject to RAN4 progress.




In last meeting, there is discussion on FR2 multi-Rx chain DL reception. A WF on L1-RSRP was approved [2]. This contribution provides discussion on L1-RSRP measurement delay.

Discussion 
L1-RSRP can be performed based on SSB or CSI-RS. Taking SSB based L1-RSRP measurement as an example, the legacy L1-RSRP measurement period requirements are duplicated as following table. M is sample number, M=1 if higher layer parameter timeRestrictionForChannelMeasurement is configured, and M=3 otherwise. P is used to cover mutiple issues: overlap between SSB and SMTC/measurement gap, sharing between L1 measurement and L3 measurement. N is related with RX beam sweeping factor, which is always 8 for SSB based L1-RSRP measurement. 
Table 9.5.4.1-2: Measurement period TL1-RSRP_Measurement_Period_SSB for FR2

	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:
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.


For CSI-RS based L1-RSRP measurement, the requirements framwork is same as that for SSB based L1-RSRP. One difference is RX beam sweeping factor (N) is not assumed as 8. With higher layer parameter repetition set to OFF, N=1. If higher layer parameter repetition set to ON, N=ceil(maxNumberRxBeam / Nres_per_set), where Nres_per_set is number of resources in the resource set.

It can be seen that the existing L1-RSRP measurement delay is rather long, especially with large value of N. It is better to perform enhancement on the L1-RSRP measurement in order to improve beam management performance. With multi-RX DL reception, UE could receive signals from different directions simultaneously, it is expected that the RX beam sweeping factor could be reduced. In detail, from requirements point of view, RX beam sweeping factor (N) and sharing factor (P) are expected to be reduced. However, it was agreed in previous meeting that simultaneous L3 and L1 measurements is not supported in this release for multi-Rx since L3 measurement related aspects are deprioritized based on the updated WID, which means P cannot be enhanced. 

In April meeting, for L1-RSRP, it was agreed to introduce enhanced RRM requirements based on faster beam sweeping with multi-Rx chains based on UE capabilities for L1-RSRP [3]. In last meeting, it was agreed that RAN4 define new optional UE capability for beam sweeping factor reduction for SSB-based L1-RSRP measurement if the UE is capable of multi-Rx operation. The candidate values for beam sweeping factor reduction can be {2, 4, 6} for FR2-1 [2]. 

One of the issues is conditions under which beam sweeping reduction is possible that will in turn translates to measurement period reduction. In our view, considering beam sweeping reduction is based on UE capability, no additional conditions are needed. In addition, beam sweeping reduction is introduced in other topic, for example, Rel-17 positioing, Rel-18 FR2 SCell activation delay enhancement, except UE capability, no other conditions are considered.
	Issue 1-2-2: Conditions under which beam sweeping reduction is possible that will in turn translates to measurement period reduction 

FFS:

It is possible to enhance the measurement delay under certain conditions, e.g.:

UE has indicated optional UE capability for beam sweeping factor reduction for SSB-based L1-RSRP measurement and UE has the multi-rx operation capability. 

Condition #2: UE is configured with dual TCI,

Condition #3: UE is not configured with CA or DC,

Condition #4: The simultaneously received RSs are in PCell only, 

Condition #5: Both RSs and their associated signals in the QCL type D infos are detectable during the entire measurement period,

Condition #6: The RSs are configured to have common (overlapping in time) RS occasions,

Condition #7: The side conditions, applied in the common RS occasions, hold.

Condition #8: The measured RS is being received simultaneously with another RS, where the two RSs have QCL-TypeD with different references.


Proposal 1: it is proposed to enhance the measurement delay with beam sweeping factor under the condition that UE has indicated optional UE capability for beam sweeping factor reduction, no other conditions are needed.
In last meeting, RAN1 sent reply LS on RS supported for group-based reporting [4]. One of the related issues is whether SSB+CSI-RS is supported for GBBR. According to RAN1 reply LS, the two resource sets configured for Rel-17 group-based L1-RSRP report cannot contain a mix of SSB and CSI-RS.
	R1-2306257, Reply LS on RS supported for group-based reporting

Question 1: RAN4 understands that two resource sets consisting of SSB + SSB or CSI-RS + CSI-RS can be configured for Rel-17 group-based L1-RSRP measurement and report. However, RAN4 is not clear whether the two resource sets configured for Rel-17 group-based L1-RSRP measurement and report can contain a mix of SSB and CSI-RS. Can RAN1 clarify whether a mix of SSB and CSI-RS can be configured for Rel-17 group-based L1-RSRP measurement and report?

Answer for Question 1: The two resource sets configured for Rel-17 group-based L1-RSRP report cannot contain a mix of SSB and CSI-RS

Question 2: When CSI-RS resources are configured as resource set for Rel-17 group-based L1-RSRP measurement and report, can the CSI-RS resource with repetition ON be configured for Rel-17 group-based L1-RSRP report?

Answer for Question 2: When the higher layer parameter groupBasedBeamReporting-r17 in CSI-ReportConfig is configured, one or both NZP-CSI-RS-ResourceSet associated with the CSI-ReportConfig can be configured with repetition ON. CRI (s) are not reported when the corresponding resource set is configured with repetition ON.

Question 3: Does RAN1 specification define UE reporting behaviour for the case when NW configures UE with Rel-17 group-based L1-RSRP measurement and report, and UE did not find any pair of beams for report (e.g., the measured L1-RSRP of at least one of the beams of any beam pair is lower than a certain value, e.g., -140dBm)?

Answer for Question 3: From RAN1 perspective, the UE should report the given number of pairs of beams in the report, based on the report configuration. There is no UE behaviour defined for the scenario where the UE did not find any pair of beams to report. From RAN1 point of view, this is not considered an error case.




Proposal 2: according to RAN1 reply LS, SSB+CSI-RS is not supported for GBBR.
Conclusion

This contribution provides discussion on L1-RSRP measurement delay for FR2 multi-Rx chain DL reception. The proposals are:
.Proposal 1: it is proposed to enhance the measurement delay with beam sweeping factor under the condition that UE has indicated optional UE capability for beam sweeping factor reduction, no other conditions are needed.
Proposal 2: according to RAN1 reply LS, SSB+CSI-RS is not supported for GBBR.
Reference

RP-223527, Revised WID: Requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception, Qualcomm

R4-2310047, WF on FR2_multiRx_part2, Ericsson

R4-2306319, WF on FR2_multiRx_part2, Ericsson
[4] R4-2303302, WF on NR FR2 multi-Rx chain DL reception RRM requirements (part 1), vivo

[5] R1-2306257, Reply LS on RS supported for group-based reporting, RAN1
