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1. Introduction
In RAN#95e meeting, the Rel-18 FR2 multi-RX DL reception work item was approved [1] and in RAN#96e meeting the objectives were revised by updating relevant RF objective for spherical coverage [2].  And then in RAN#98e meeting, the RRM objectives contained in the WID were revised, which is provided as following [3]. 
	· 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.
· 


During the RAN4#105 meeting, the L1-Measurement issues for NR FR2 multi-Rx chain DL reception have been expressly discussed. In this contribution, we would like to give our analysis on L1 measurement enhancement. In the following subsections, below topics to be discussed sequentially: Reducing the beam sweeping factor, and sharing factor P.
2. Discussion
2.1 Reducing the beam sweeping factor
In last meeting, one open issue is about beam sweeping factor reduction. Companies are encouraged to discuss whether/how to reduce the beam sweeping factor N in Rel-18 FR2 multi-RX DL reception WI. To help the further analysis, the WF and the candidate options from GTW discussion are duplicated as following:
	<Agreement from RAN4#105-e RRM Session>
WF on NR FR2 multi-Rx chain DL reception – Part 2
The following options are kept for further consideration: 
· Option 3: N should be reduced under the assumption that UE has some coverage overlap between different panels, how to define the conditions is FFS
· Option 4: N should be reduced with some other conditions/restrictions, exact conditions/constraints are still FFS, should be discussed what needs to be studied further
· Option 6: Do not change for L1
Companies should bring more analysis on the feasibility considering the following aspects:
	- relationship with enabling multi-Rx (i.e. whether this enhancement is necessary to enable multi-Rx or not)
- dependency on UE implementation
	- need for UE capability and whether/how this can be used by the network
	- feasibility of requirement definition and whether it can be enforced
	- reduction in UE flexibility related to beam sweeping
	- quantifiable performance improvements (e.g. beam management/mobility improvements and impact on system performance)
	- other aspects are not precluded.
Candidate options from GTW discussion 
Issue 1-2: Beam Sweeping factor reduction
· Proposals
· Option 1: Reduce N from 8 to 4 without any other conditions.
· Option 2: N should not be reduced because whether it can be reduced or not depends on UE implementation and propagation conditions
· Option 3: N should be reduced under the assumption that UE has some coverage overlap between different panels, how to define the conditions is FFS
· Option 4: N should be reduced with some other conditions/restrictions, exact conditions/constraints are still FFS, should be discussed what needs to be studied further
· Option 5: Further discuss reducing N only for SSB based, not CSI-RS based measurements. Conditions/constraints are still FFS
· Option 6: Do not change for L1


Regarding the dependency on UE implementation. We initially tend to believe that whether the sweeping factor N can be reduced or not depends on the UE implementation assumption, and may need to discuss the coverage overlap of the two panels. However, by digging into the following agreement achieved in RAN4 #104-bis-e RF session [4], it clearly indicates that the UE panels should be assumed to accommodate diverse implementations, e.g., triple panel implementation, back-to-back dual panel implementation, single panel implementation, and so on[5]. 
	<Agreement from RAN4 #104-bis-e >
On UE panel assumption 
· Agreements
· UE panel assumption should follow implementation agonistic manner.
·  FFS on how to determine a minimum benefit that a UE must demonstrate when configured for this feature.


Therefore, we concern that if to discuss the sweeping factor N reduction based on coverage overlap of the two panels, it would not be aligned with the agreed RF requirements and the corresponding analysis would be complicated. So we have the following suggestion
Observation 1: Based on the agreed UE panel assumption in RF, whether the beam sweeping factor N can be reduced or not cannot depend on the discussion of overlap coverage of the two panels.
There is no doubt that reducing N can bring some benefits, for example, it can decrease power consumption, and cut down measurement delay, especially for L1-RSRP measurement. But the feasibility analysis of reducing N under each possible configuration is needed before RAN4 considers the benefits and defines L1-measurement related requirement. Recall that the L1 measurement contains L1-RSRP, L1-SINR, RLM, BFD and CBD, and the RS type could be either SSB or CSI-RS.  In detail: When SSB resource is configured for L1 measurement, the N=8; When CSI-RS in resource set configured with repetition ON, the N=ceil(maxNumberRxBeam /Nres_per_set); When CSI-RS resources in a resource set is configured with repetition OFF and the QCL association is known to UE, the N=1. From this,
1) When CSI-RS resource is configured for L1 measurement 
For CSI-RS in resource set configured with repetition ON, when Nres_per_set  is larger than or equal to maxNumberRxBeam, N=1 condition can apply, i.e., UE is not required to consider Rx beam sweeping. While, for CSI-RS with repetition OFF and the QCL association is known to UE, always no Rx beam sweeping.
Observation 2: Suggest that the discussion of reducing the Rx beam factor N mainly focus on SSB based L1 measurement
2) When SSB resource is configured for L1 measurement 
From our understanding, whether the Rx beam sweeping is needed or whether the Rx beam sweeping factor can be reduced mainly subjects to whether UE could obtain the best Rx beams information for L1 measurement. For each L1-RSRP/L1-SINR/RLM/BFD/CBD source, if there is a guarantee that UE can aware which Rx beams are the suitable for L1 measurement in advance, the RX beam sweeping factor has chance to reduce, otherwise, the UE is supposed to sweep all Rx beams in the spherical coverage on each panel. 
[image: ]
Fig.1 An illustrative example of beam sweeping factor reduction analysis
Besides, since that
· SSB can only be the source RS in a TCI state, there is no TCI configuration for SSB resource, and then UE cannot know the QCL information explicitly via TCI state when using SSB source. 
· For SSB configured for RLM, based on the requirements for QCL type specified in TS 38.214, the following is applicable for quasi co-location types associated with DMRS of PDCCH.
	TS 38.214-h40, Section 5.1.5
For the DM-RS of PDCCH, the UE shall expect that a TCI-State or DLorJointTCIState except an indicated DLorJointTCIState indicates one of the following quasi co-location type(s):
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with the same CSI-RS resource, or
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without higher layer parameter repetition and, when applicable, 'typeD' with the same CSI-RS resource.


From this, the DMRS of PDCCH cannot be QCL-Type D with SSB, so UE cannot know the QCL information explicitly via DMRS of PDCCH. Overall, when SSB resource is configured for L1 measurement, UE has to get the Rx beam information (QCL information) from the SSB itself, beam sweeping is always needed to perform beam refinement on UE side, so then reducing N is not proper for this case.
From the direction sweeping range perspective, the Rx beam sweeping factor reduction means direction sweeping range reduction. If enhancing the factor N from 8 to 4 (Option 1), the direction sweeping range would be reduced by up to half accordingly, which may cause RX beam information loss and result in performance degradation. So we believe that the Rx beam sweeping factor N should not be reduced to maintain the sweeping range on each panel.
Proposal 1 :The beam sweeping factor N should not be reduced.
2.2 Sharing factor P
1) Psharing factor
Another impact on L1-RSRP measurement is Psharing factor, which is to determine the prioritization between L1 and L3 measurement when collision happens. Based on our understanding and discussion as previously stated, we tend to believe UE supporting multiple Rx chain capability would be feasible to perform L1 and L3 measurements simultaneously with independent BB processing mode per RF chain, measurement opportunities sharing shall not be considered between L1 and L3 measurements, which are performed on each panel separately. While, the Psharing factor is not relevant to multiple RX operation and should not be modified even if the L1 and L3 measurements simultaneous reception are supported. So we suggest
Proposal 2 : The Psharing factor should be kept, and the existing Psharing factor  definition can be re-used in Rel-18 multi-Rx WI.
2) PTRP
In Rel-17 feMIMO, UE is not assumed to perform BFD/CBD measurements for different TRP simultaneously. So, the sharing factors PTRP is introduced for TRP specific BFD/CBD measurements when resource set of each TRP are overlapped. As the definition of PTRP in Spec., it is defined as 2, if SSB/CSI-RS resource in the two sets  and   are overlapped, else it is 1.
	TS 38.133-h80, 8.18.2.2	 Minimum requirement
Table 8.18.2.2-2: Evaluation period TEvaluate_BFD_SSB for FR2
	Configuration
	TEvaluate_BFD_SSB (ms) 

	no DRX
	Max(50, Ceil(5  P  N*PTRP)  TSSB)

	DRX cycle ≤ 320ms
	Max(50, Ceil(7.5  P  N*PTRP)  Max(TDRX,TSSB))

	DRX cycle > 320ms
	Ceil(5  P  N*PTRP)  TDRX

	Note:	TSSB is the periodicity of SSB in the two sets  and . TDRX is the DRX cycle length.


TS 38.133-h80, 8.18.3.2	 Minimum requirement
Table 8.18.3.2-2: Evaluation period TEvaluate_BFD_CSI-RS for FR2
	Configuration
	TEvaluate_BFD_CSI-RS (ms) 

	no DRX
	Max(50, Ceil(MBFD  P  N  PBFD*PTRP)  TCSI-RS)

	DRX cycle ≤ 320ms
	Max(50, Ceil(1.5 × MBFD  P  N  PBFD*PTRP)  Max(TDRX, TCSI-RS))

	DRX cycle > 320ms
	Ceil(MBFD  P  N  PBFD*PTRP)  TDRX

	Note:	TCSI-RS is the periodicity of CSI-RS resource in the two sets  and . TDRX is the DRX cycle length.


TS 38.133-h80, 8.18.5.2	 Minimum requirement
Table 8.18.5.2-2: Evaluation period TEvaluate_CBD_SSB for FR2
	Configuration
	TEvaluate_CBD_SSB (ms) 

	non-DRX, DRX cycle ≤ 320ms
	Max(25, Ceil(3  P  N  PCBD  PTRP)  TSSB)

	DRX cycle > 320ms
	Ceil(3  P  N  PCBD  PTRP)  TDRX

	Note:	TSSB is the periodicity of SSB in the two sets   and . TDRX is the DRX cycle length.


TS 38.133-h80, 8.18.6.2	 Minimum requirement
Table 8.18.6.2-2: Evaluation period TEvaluate_CBD_CSI-RS for FR2
	Configuration
	TEvaluate_CBD_CSI-RS (ms) 

	non-DRX, DRX cycle ≤ 320ms
	Max(25, Ceil(MCBD  P  N  PCBD  PTRP)  TCSI-RS)

	DRX cycle > 320ms
	Ceil(MCBD  P  N  PCBD  PTRP)  TDRX

	Note:	TCSI-RS is the periodicity of CSI-RS resource in the two sets   and . TDRX is the DRX cycle length.





With multi-RX simultaneous reception, even if there is occasion overlapping, UE is able to perform BFD and CBD measurements simultaneously associated to two RSs feom different sets. From this, 
Proposal 3 : For UE capable of simultaneous multi-Rx reception, PTRP can be considered to 1.
3. Conclusion
In this contribution, we provided our viewpoints on the L1 measurement enhancement for this work item, accordingly the following observations and proposals are obtained: 
Observation 1: Based on the agreed UE panel assumption in RF, whether the beam sweeping factor N can be reduced or not cannot depend on the discussion of overlap coverage of the two panels.
Observation 2: Suggest that the discussion of reducing the Rx beam factor N mainly focus on SSB based L1 measurement
Proposal 1 :The beam sweeping factor N should not be reduced.
Proposal 2 : The Psharing factor should be kept, and the existing Psharing factor  definition can be re-used in Rel-18 multi-Rx WI.
Proposal 3 : For UE capable of simultaneous multi-Rx reception, PTRP can be considered to 1.
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