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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#106 meeting, the RRM requirements for NR FR2 multi-Rx chain DL reception have been discussed, the following agreements were achieved and captured in the WF [4]. 
	<Agreement from RAN4#106 RRM Session> 
WF on NR FR2 multi-Rx chain DL reception – Part 1
Topic #1: General aspects
<Agreement >:
Issue 1-1-1: Scope of the WI
· No further discussion is needed for Option 1.
· Discuss the requirements for the objectives in the WID directly.
Issue 1-1-3: M-TRP scenarios for Rel-18 multi-Rx DL reception
· Focus on intra-cell multi-TRP operation scenario
· No requirements will be introduced for inter-cell multi-TRP operation in R18.
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.
Issue 1-2-7: Necessity of group-based beam reporting for simultaneous reception
· Rel-17 group-based reporting is used as a prerequisite to define requirement for simultaneous reception
· Note: Simultaneous reception term above includes Data/Data, RS/RS and Data/RS simultaneous reception cases.


In this contribution, we would like to further provide our analysis on the remaining issues.
2. Discussion
2.1 Scope and scenarios
2.1.1 Single (component) carrier for defining RRM requirements
Based on the approved WF in previous meeting, it has been agreed that RRM requirement discussion shall be focused on the case with different QCL TypeD RSs on a single component carrier but whether CA is in the scope was left for further discussion. 
Considering intra-band CA is already widely deployment in FR2-1 commercial deployment, we see no reason to restrict the Rel-18 work item into the case where UE is just configured with one single FR2-1 carrier. But whatever it is configured, the UE should support simultaneous DL reception from different directions with different QCL TypeD RSs on one of the carriers. However, considering the cost of RAN4 workload in Rel-18 Multi-Rx WI, we prefer to deprioritize the RRM requirement discussion on CA cases.
Proposal 1: RAN4 shall allow the case that UE can be configured with multiple component carriers, but multi-Rx chain is enabled only on one of the CCs.
Proposal 2: Deprioritize the RRM requirement discussion on UE configured with multiple component carriers cases
2.1.2 Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel
Actually, to avoid ambiguity, the “Panel” and “antenna module” understandings in assumptions for deriving UE RF requirements were agreed in [5]. And for RRM discussion, we suggest to follow the two definitions specified in RF session. 
With this RF agreement, 
1) An antenna module contains at least two panels when to receive two AoAs simultaneously. 
2) The number of panels and the RX beams used for DL reception has 1-to-1 mapping, and two panels imply that two signals from different directions can be received in QCL type D. 
Besides, based on our understanding and discussion as previously stated, spatial MIMO(either spatial diversity or spatial multiplexing) by using a single panel to receive two independent signals from the same of nearly same direction is obviously not the key interests of this work item
Proposal 3: The definitions of “Panel” and “antenna module” terminology in RRM discussion shall align with those in RF discussion.
Proposal 4: 
· Spatial MIMO (either spatial diversity or spatial multiplexing) by using one antenna module to receive two independent signals from the same or nearly the same direction should not be excluded. 
· Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel to receive two independent signals from the same or nearly the same direction is not the scope of this work item
However, in our understanding, whether the terminology“Panel” or “antenna module” is considered, both of them are used for RF/RRM requirement derivation assumption, neither of them will occurred in the final RRM requirement, and there is no RRM requirement impact identification.
Proposal 5: Either terminology“Panel” or “antenna module” would not impact RRM requirement definition.
2.1.3 Scenarios for “simultaneous reception”
By digging into the RRM objectives in the WID, although the description states a general study on RRM requirements enhancements for simultaneous DL reception from different directions with different QCL type D RSs, it actually not explicitly indicate the TRP operation. We are not sure whether single TRP or/and multiple TRP is in the scope of this WI. Therefore, we’d better to clarify and reach consensus on TRP operation in this WI at first.  
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Figuire 1 An illustrative example of simultaneous sTRP/mTRP transmission with multi-panel reception. (a)sTRP operation; (b) mTRP operation
1) For sTRP operation, multiple beam pair links (BPLs) is still possible, shown in Fig. 1(a). UE can receive different beams belonging to the same TRP but different paths using multiple panels. But sTRP operation is happened in the scenario that considers reflections, etc. 
2) For mTRP operation, different TRPs transmit different data stream would improve the throughput with overall higher rank of transmission. And in such operation, per panel of UE is associated to one TRP,  combining mTRP transmission and multi-panel reception can better exploit the MIMO spatial multiplexing/diversity gains especially at FR2. 
3) If sTRP and mTRP are both discussed in this WI, some more RRM requirements related to TRP selection, dynamic switching between mTRP and sTRP, etc, may need to be considered, which may bring extra workload accordingly.
From this, we do not see the necessity of considering single TRP transmission with simultaneous multi-panel reception, and we would like to suggest that 
Proposal 6: Multiple TRP transmission with simultaneous multi-panel reception should be prioritized in this WI, RAN4 shall strive to define scenarios for “simultaneous reception” based on different TRPs operation.
2.2 RRM requirements impact
2.2.1 Whether and how to define power saving related requirements
First, power saving/overheating may be the issues to be considered when the UE is enabled with multi-RX chain operation. However, RLM/BFD relaxation for UE Power Saving related discussion is not is the scope of this WI. So for this WI, we suggest that the enhancement over non-power-saving supported UE should be studied as a baseline, and 
Proposal 7: No need to define additional power saving related RRM requirements in the WI.
2.2.2 RRM impact of group-based beam reporting for simultaneous reception
In last meeting, it was agreed to use Rel-17 group-based reporting to define requirement for simultaneous reception, and the brief signalling flow is illustrated below
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Figuire 2 The signalling flow between UE and NW
Considering that the RRM requirements of group-based beam reporting for simultaneous reception have not been specified in current TS 38.133, we think the following cases should be discussed to investigate the RRM impact,.
 UEs support group-based beam reporting
· The RRM impact of group-based reporting 
When the group-based beam report is triggered for UE, UE has to activate one/multiple panels, which depends on it implementation to perform DL measurement, and to select N groups and 2 beams per group of DL RSs that are measured with high qualities by going through TRPs beam sweeping procedures, then differential report them using beam index CRI/SSBRI and L1-RSRP. Then TRP shall know the Tx beam pairs that can be simultaneously received by the UE. Apparently, the DL measurement here still need to subject to the RRM measurement requirement, which has not been discussed yet. Accordingly, we think the followings should be analyzed.
1) The measurement accuracy requirement
First recall that the CSI report configuration of Rel-17 group-based beam reporting is that one CSI reporting setting links with one CMR resource setting, which comprises two CMR resource sets (CR set #1, CR set #2), each associated with a TRP (TRP#1, TRP#2), and each SSBRI/CRI points to a CMR resource in the different CMR resource set (CRI#1, CRI#2). 
The measurement accuracy requirement in procedure 6 is need for guaranteeing the information that Tx beam pairs can be received simultaneously by UE is correct, since that the mutual interference between the beams from two TRPs is inevitable, especially when 2AoA are approaching. Actually, there are some possible ways for UE to perform group measurement, one of them is to use different Rx panels to measure different TRPs. In such case, take TRP1 as example, the resources in CR set #2 would impose interference on receiving Rx panel of TRP 1, and the CMR sources in CR set #2 associated with TRP#2 can be treated as IMR.
Besides, the existing scenarios for RRM core requirements definition, that is L1-RSRP SSB/CSI-RS based CMR, L1-SINR SSB/CSI-RS based CMR+NZP CSI-RS, and L1-SINR SSB/CSI-RS based CMR+CSI-IM are still applicable for group-based reporting for simultaneous reception, and no new measurement resources are introduced. In addition, how UE can perform group measurement is up to its implementation. Therefore, 
Proposal 8: Group-based beam reporting for simultaneous reception has no impact to RRM measurement accuracy requirements 
2) The L1-measurement delay requirement
In our understanding, the L1-RSRP measurement can be used in the following stages: Rel-17 group-based reporting beam management stage (6 in fig.2); DL transmission stage (5 in fig.2) after the selected CRIs/SSBRIs report, UE perform the L1-RSRP measurement based on the simultaneous received RSs. And the discussions on L1-RSRP measurement delay requirement of the two stages might be different. Thereinto, the requirement determination in procedure 6 is somehow related to UE capability message report and the NW configuration. Accordingly, two possible conditions can be expected:
· Condition #1: UE report capability message mTRP-GroupBasedL1-RSRP-r17, indicating it support group based L1-RSRP reporting enhancements, but NW configuration groupBasedBeamReporting-r17 = ' disabled '. In this condition, the existing delay requirements can be reused.
· Condition #2: UE report capability message mTRP-GroupBasedL1-RSRP-r17, indicating it support group based L1-RSRP reporting enhancements, NW configuration groupBasedBeamReporting-r17 = 'enabled'. In this condition, whether it is necessary to enhance the requirements need further discussion.
Overall, from our perspective,
Observation 1: L1-RSRP measurement can be used in Rel-17 group-based reporting stage and DL transmission stage after the selected CRIs/SSBRI report
Proposal 9: Group-based beam reporting for simultaneous reception has impact to RRM L1-measurement period requirements. 
Proposal 10: For UEs support group-based beam reporting capability, the L1-RSRP measurement delay requirement in procedure 6 (Rel-17 group-based reporting procedure) is somehow related to NW configuration
If groupBasedBeamReporting-r17 = ' disabled ' , the existing L1-RSRP measurement delay requirements can be reused
If groupBasedBeamReporting-r17 = 'enabled', whether it is necessary to enhance the requirements need further discussion.
Proposal 11:RAN4 need to clarify the applicability of the enhanced L1-RSRP measurement period requirement.
2.3 UE capability
2.3.1 Clarification/understanding on R16 UE capabilitiy simultaneousReceptionDiffTypeD
Have checked RAN1 discussions, it is clear that the IE only indicates supporting of simultaneous reception PDSCH with different QCL-type D RS. To support other simultaneous reception combinations including RS+RS and RS+data, new IE capability should be defined. 
Proposal 12: 
· The UE capability simultaneousReceptionDiffTypeD-r16 is applicable only for PDSCH reception, new UE capability should be defined for other simultaneous reception combination.
· RAN4 to discuss the applicablity and definition of the new UE capability 
It is worth noting that 1) The PDCCH reception capability has been enhanced, and the corresponding IE description from TS 38.306 is provided as below for reference. 
	mTRP-PDCCH-TwoQCL-TypeD-r17	
Indicates the support of determining two QCL-TypeD for time-domain overlapping CORESETs in the same CC or for intra-band CA when UE is configured with PDCCH repetition.
The UE indicating support of this feature shall also indicate support of mTRP-PDCCH-Repetition-r17.
	Band
	No
	N/A
	FR2 only


To our understanding, this UE capability is for indicating support of two PDCCH with two different QCL Type D RSs. 2) Actually, based on group-based reporting discussion in RAN1, the reported CSI index can be SSBRI+SSBRI and CRI+CRI, not include SSBRI+CSRI.
Observation 2: IE mTRP-PDCCH-TwoQCL-TypeD-r17 indicates UE support of two PDCCH with two different QCL Type D RSs. Rel-17 group-based reporting configuration not include SSBRI+CSRI
Proposal 13: New UE capability shall also indicate support of mTRP-PDCCH-TwoQCL-TypeD-r17
Proposal 14: RAN4 to clarify the RS types for simultaneous reception with group-based reporting as a prerequisite
3. Conclusion
In this contribution, we provided our viewpoints on the general aspects for FR2 multi-RX DL reception for this work item, accordingly the following observations and proposals are obtained: 
Observation 1: L1-RSRP measurement can be used in Rel-17 group-based reporting stage and DL transmission stage after the selected CRIs/SSBRI report
Observation 2: IE mTRP-PDCCH-TwoQCL-TypeD-r17 indicates UE support of two PDCCH with two different QCL Type D RSs. Rel-17 group-based reporting configuration not include SSBRI+CSRI
Proposal 1: RAN4 shall allow the case that UE can be configured with multiple component carriers, but multi-Rx chain is enabled only on one of the CCs.
Proposal 2: Deprioritize the RRM requirement discussion on UE configured with multiple component carriers cases
Proposal 3: The definitions of “Panel” and “antenna module” terminology in RRM discussion shall align with those in RF discussion.
Proposal 4: 
· Spatial MIMO (either spatial diversity or spatial multiplexing) by using one antenna module to receive two independent signals from the same or nearly the same direction should not be excluded. 
Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel to receive two independent signals from the same or nearly the same direction is not the scope of this work item
Proposal 5: Either terminology“Panel” or “antenna module” would not impact RRM requirement definition.
Proposal 6: Multiple TRP transmission with simultaneous multi-panel reception should be prioritized in this WI, RAN4 shall strive to define scenarios for “simultaneous reception” based on different TRPs operation.
Proposal 7: No need to define additional power saving related RRM requirements in the WI.
Proposal 8: Group-based beam reporting for simultaneous reception has no impact to RRM measurement accuracy requirements
Proposal 9: Group-based beam reporting for simultaneous reception has impact to RRM L1-measurement period requirements. 
Proposal 10: For UEs support group-based beam reporting capability, the L1-RSRP measurement delay requirement in procedure 6 (Rel-17 group-based reporting procedure) is somehow related to NW configuration
If groupBasedBeamReporting-r17 = ' disabled ' , the existing L1-RSRP measurement delay requirements can be reused
If groupBasedBeamReporting-r17 = 'enabled', whether it is necessary to enhance the requirements need further discussion.
Proposal 11:RAN4 need to clarify the applicability of the enhanced L1-RSRP measurement period requirement.
Proposal 12: 
· The UE capability simultaneousReceptionDiffTypeD-r16 is applicable only for PDSCH reception, new UE capability should be defined for other simultaneous reception combination.
· RAN4 to discuss the applicablity and definition of the new UE capability
Proposal 13: New UE capability shall also indicate support of mTRP-PDCCH-TwoQCL-TypeD-r17
Proposal 14: RAN4 to clarify the RS types for simultaneous reception with group-based reporting as a prerequisite
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