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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#104-e meeting, there were continued discussions on the RRM impacts and general aspects of FR2 multi-Rx chain DL reception. The following agreements were achieved and captured in the WF [1]. 
	<Agreement >:
· Joint combination of multi-Rx chain with NR-U, RedCap and NTN are not in the scope of the WI.
<Agreement >:
· RRM requirement discussion shall be focused on the case with different QCL TypeD RSs on a single component carrier.
· FFS whether UE can be configured with multiple component carriers, including intra-band CCs and/or inter-band CCs, but multi-Rx chain is enabled on only one of the component carriers.
<Agreement >:
· [bookmark: _Hlk118209841]Clarify the SSB and CSI-RS based simultaneous L1 measurement scenario before making conclusion on scenarios for Rel-18 multi-Rx DL reception, i.e., for simultaneous reception of different QCL type D RSs, what RSs combination(s) can be considered and which scenario(s) it is aimed at.
<Agreement >:
· UE behaviour and capability of handling Rx signal level difference between two channels may be discussed in RF/demodulation session.
· Enhanced RRM requirements for multi-Rx chain UE should maintain the existing accuracy requirements.
<Agreement >:
· Whether to define RRM requirements for activation delay from a single antenna panel to multi-antenna panels should be decided after RF conclusion.
<Agreement >:
· Not to discuss UL transmission in R18 FR2 multi-Rx WI.
<Agreement >:
· RRM requirement of simultaneous DL reception from different directions shall be defined based on the applicable condition to be specified in UE RF session.
· FFS the relation between the applicability condition and RRM requirement impacts
<Agreement >:
· To clarify the requirement in new section that R18 multi-Rx is applicable for FR2-1 only, i.e., no FR2-2.


The open issues are also captured in the WF [1]. In this contribution, we further provide our views on general aspects of FR2 multi-Rx chain DL reception.
2. Discussion
2.1 Receive timing difference
With support of both intra-cell and inter-cell multi-TRP operation, the receive timing difference can be discussed together with deployment scenario and use cases. To support multi-DCI based multi-TRP transmissions and single-DCI based multi-TRP transmissions for 4 layer MIMO in FR2, the receive timing difference between different directions of different QCL Type D RSs should within the CP for SDM scheduling. In addition, for Rel-17 L1/L2 mobility it is also assumed the timing difference of arrival at UE between the SSBs of serving cell and cell with different PCI is less than CP length of the corresponding SCS. Therefore, RTD less than CP should be considered as baseline at least. Moreover, it seems receive timing difference for multi-TRP operation should always be within CP based on RAN1 discussion.
In addition, it may not always be possible for NW to guarantee that RTD for configured different QCL Type D RSs is always be within the CP. It would be beneficial to also further discuss if RTD larger than CP can be considered for defining RRM requirements. For example, to support inter-cell beam management with more typical scenarios, RTD between serving cell and neighbor cell may also be larger than CP. 
From UE implementation perspective, two FFTs need to be assumed if RTD between two directions of two different Type-D RSs is larger than CP. The UE needs to implement independent timing tracking modules. Since receive timing is unknown to UE until it is estimated, it seems UE may have to use independent timing tracking for all the cases, even if RTD is within CP under current operation. There is obvious increase of UE complexity and power consumption. 
Therefore, it can be assumed that receive timing difference for L1 measurements should be within CP by taking multiple factors into consideration.
However, for L3 measurements if supported, receive timing different can not be assumed within CP obviously. Larger receive timing difference than CP should be considered.
Proposal 1: Receive timing difference for configured different QCL Type D RSs for L1 measurement is within CP. 

2.2 General aspects
There were proposals and discussions on the scenarios for simultaneous reception.
	Issue 1-2-2: Scenarios for “simultaneous reception”
· Proposals
· Option 1: Under the assumption of non-overlapped or very limited partial overlapped between the beam direction coverage of each panel, all following candidate combinations are possible: 
· Simultaneous fine beam reception from panel A and fine beam reception from panel B
· Simultaneous coarse beam reception from panel A and coarse beam reception from panel B
· Simultaneous fine beam reception from panel A and coarse beam reception from panel B
· Simultaneous coarse beam reception from panel A and fine beam reception from panel B
· Option 2: RAN4 agrees on the deployment scenarios A-D for discussing the requirements for simultaneous reception from two different directions:
· Scenario A: simultaneous reception of RS0 and RS2, same TRP, same SSB index, same cell
· Scenario B: simultaneous reception of RS0 and RS10, different TRPs, same SSB index, same cell
· Scenario C: simultaneous reception of RS0 and RS3, same TRP, different SSBs, same cell
· Scenario D: simultaneous reception of RS0 and RS13, different TRPs, different SSBs, same cell.


In our understanding, there is no need to have scenarios defined by the either option. The scenario can already be covered by other aspects. Option 1 can essentially be the simultaneous L1 measurements, simultaneous L3 measurements, and simultaneous L3 measurements and L1 measurements. It is depending on further discussion on whether L3 measurements is supported, and whether simultaneous L3 measurements and L1 measurements is supported. For option 2, the details can be found in [2]. It focuses on CSI-RS + CSI-RS combination as two different QCL type-D RSs. These scenarios can be covered by singe TRP operation and multi-TRP operation scenario already. It may also relate to condition for small 2AoA separation. 
Proposal 2: No need to define scenarios for ‘simultaneous reception’. 

From UE architecture perspective, it should be UE implementation specific. Following options were discussed in the last meeting.
	Issue 1-2-4: UE architectures
· Proposals
· Option 2: 
· Multi Rx architecture with above consideration, to assume that each Rx chain will need to process at an independent FFT window.  
· Multi Rx architecture to assume that each Rx chain can perform independent RRM measurements or demodulation tasks. 
· Multi Rx architecture to assume that each Rx chain can perform independent RRM measurements on 2 Rx chains. 
· Independent timing loops are supported in multi-RX for intra and inter cell mobility measurements.
· Option 4: It is not necessary to have a general conclusion on multi-Rx chain architecture.
· Option 5: Should be discussed in RF session.


For simultaneous DL reception from different directions, independent RF chain would be expected. It is related to other assumptions, e.g., receive timing difference, how timing tracking is performed in baseband. Regarding demodulation and RRM, it should be discussed with detailed requirements. For example, demodulation requirements for independent processing and joint processing should be different. If receive timing difference is larger than CP, different RRM requirements may be specified for different cases. 
Furthermore, RF session is discussing panel, antenna module etc., which could be considered as part of UE architecture from RF perspective. 
Therefore, we don’t think it needs to have a general conclusion on multi-Rx chain architecture.
Proposal 3: It is not necessary to have a general conclusion on multi-Rx chain architecture in RRM session.

RRM impact of UE behaviour using a single antenna panel was discussed in the last meeting.
	Issue 1-2-8: RRM impact of the UE behaviour using a single antennal panel
· Proposals
· Option 1: Consider UE measurement behaviour for L1 or L3 related measurement when UE receive the DL signals from multiple TRP using a single antenna panel.
· Option 2: Needs RF study conclusion
· Option 3: L1 and L3 measurement delays and measuring/scheduling restrictions for measurements need to be considered when using single antenna panel on multi Rx capable UEs.
· Option 4: No need to discuss


Based on latest RF conclusion, it may not be appropriate to use single antenna panel. The panel here would not be the same as panel used in RF session. Furthermore, whether a single antenna module is used to receive DL signals from different directions (two AoAs, multi-TRP) simultaneously should not be excluded based on RF conclusion. 
It is not clear how this UE behavior has impact on RRM requirements. This might be considered as one of the conditions for requirements applicability related to simultaneous reception.
Observation 1: Receiving signals from two different directions simultaneously by using single antenna module may be considered as one of the conditions for applicability of enhanced requirements.

The power saving related requirements have been discussed for two meetings. New proposals were brought up in the last meeting.
	Issue 1-2-9: Whether and how to define power saving related requirements
· Proposals
· Option 1: No power saving specific requirements are considered in the WI.
· Power saving can be one aspect to be considered when specifying RRM requirements, e.g., if a UE always needs to keep two panels active.
· Option 3: RAN4 should discuss if a UE capable of multi-RX reception should inform the network that it does not support two AoA reception, so the network knows the UE does not turn on or off this capability arbitrarily.
· Option 3a: RAN4 should discuss how a UE capable of multi-RX reception should inform the network when switching from 2 Rx chains to 1 Rx chain, and vice versa, so the network knows the UE does not turn on or off this capability arbitrarily.
· Option 5: RAN4 to study if use of single Rx chain or multiple Rx chain can be adapted over time.


For option 3/3a/5, the main idea is that UE may perform L1/L3 measurements by using one panel or two panels. Then whether this should be allowed and whether it should be informed to NW if it is allowed. In our understanding, how UE performs measurement is depending on the requirements. As long as requirements are met, it is up to UE implementation how the measurement is performed, e.g., by using one panel or two panels. 
Regarding power saving requirements, e.g., RRM measurement relaxation, RLM measurement relaxation, it is not in the scope of the WI. 
Proposal 4: no power saving specific requirements are considered in the WI. 

The scheduling restriction/availability requirements impact due to group-based L1 measurements was brought up in the last meeting. For group-based beam reporting, two CSI resource sets should be configured. The CSI resources in the two sets may or may not be overlapping in time. So, the L1-RSRP measurement can be performed by using 2 panels or single panel. It UE activates 2 panels always during the measurement period, then scheduling availability requirements can be considered. Furthermore, it also depends on UE capability for simultaneous reception of RS and data. Similarly, measurement restriction requirements can also be enhanced for L1-RSRP measurement for group-based beam reporting.
In legacy requirements, scheduling restriction/availability is only defined as requirements and no signaling is introduced. It is based on scenario and UE capability. So, it is known to NW when scheduling is available when UE is performing L1 measurements. For multi-Rx UE, scheduling availability is depending on when UE is activating 2 panels for reception. It may need to inform NW when 2 panels are activated so that NW can schedule the UE correctly.
Proposal 5: Scheduling restriction/availability requirements and measurement restriction requirements are enhanced for L1 measurements for group-based beam reporting. 

2.3 Applicability and conditions

	Issue 1-4-2: Applicability of new requirements to different QCL types
· Proposals
· Option 1: FFS whether requirements defined for QCL type-D only are also applicable when QCL type D is configured together with QCL type A/C
· Option 2: Whether or not the new RRM requirement for the feature of simultaneous DL reception from different directions shall be applicable is irrelevant to the TCI configuration of other QCL type.
· Option 3: In addition to QCL type D, the two RSs may also be configured with QCL type A or QCL type C.


Firstly, for TCI state configuration, the two RSs may also be configured with QCL type A or QCL type C in addition to QCL type D. If QCL type A is configured, UE needs to track and estimate the two different RSs independently. It may not be the case when only QCL type D is configured where single timing tracking may be performed depending on receive timing difference assumption. 
Based on discussions on dual TCI state switching, UE should track different TCI state independently so that dual TCI state switch can be independent. Therefore, it seems possible to conclude that requirements defined for QCL type-D only are also applicable when QCL type D is configured together with QCL type A/C.
Proposal 6: Requirements defined for QCL type-D only are also applicable when QCL type D is configured together with QCL type A/C.

	Issue 1-4-3: Applicability of requirements for serving cell
· Proposals
· Option 1: The simultaneously received RSs may also be from a non-serving cell
· Option 2: Down-prioritized.



For this issue, it is depending on whether inter cell beam management is supported or not. If ICBM is supported for multi-Rx, then the requirements for a cell with different PCI than serving cell should be specified. In addition, if inter-cell multi-TRP operation is supported, the two different QCL type-D RSs can be from non-serving cell. Thus, there is no need to further discuss this issue.
Observation 2: It is depending on if requirements for ICBM are enhanced for multi-Rx or inter-cell multi-TRP operation is supported regarding if simultaneously received RSs can be from a non-serving cell. 

3. Summary
[bookmark: _Hlk23953093]In this contribution, we provided views on general aspects for NR FR2 multi-Rx chain DL reception WI. Following proposals and observations are present.
Proposal 1: Receive timing difference for configured different QCL Type D RSs for L1 measurement is within CP. 
Proposal 2: No need to define scenarios for ‘simultaneous reception’. 
Proposal 3: It is not necessary to have a general conclusion on multi-Rx chain architecture in RRM session.
Proposal 4: no power saving specific requirements are considered in the WI. 
Proposal 5: Scheduling restriction/availability requirements and measurement restriction requirements are enhanced for L1 measurements for group-based beam reporting. 
Proposal 6: Requirements defined for QCL type-D only are also applicable when QCL type D is configured together with QCL type A/C.
Observation 1: Receiving signals from two different directions simultaneously by using single antenna module may be considered as one of the conditions for applicability of enhanced requirements.
Observation 2: It is depending on if requirements for ICBM are enhanced for multi-Rx or inter-cell multi-TRP operation is supported regarding if simultaneously received RSs can be from a non-serving cell. 
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