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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#106 meeting, there were continued discussions on the RRM impacts and general aspects of FR2 multi-Rx chain DL reception. The open issues are captured in the topic summary [1]. The following agreements were achieved and captured in the WF [2]. 
	<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 1-2-7: 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.

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.

Baseline L1 measurement requirements for potential multi-Rx enhancement
· For cell specific RLM: section 8.1
· For cell specific link recovery: section 8.5
· For TRP specific link recovery: section 8.18
· For L1-RSRP measurement: section 9.5.

< Way forward >
Issue 1-1-8: Scenario for RSs type combination for simultaneous L1 measurements/data reception
· Option 1:
· Combination of RS/RS and RS/data for simultaneous reception are moved to discussions related to measurement restriction/scheduling restriction requirements enhancement.
· Option 2:
· Other options are not precluded, if necessary. 

Other open issues for general aspects are captured in section for Topic #1 in topic summary [1].


In this contribution, we further provide our views on general aspects of FR2 multi-Rx chain DL reception. According to agenda for this RAN4 meeting, general aspects include scope, scenarios, capabilities, RRM impacts and topics not covered by other AIs.
2. Discussion
2.1 Scope
It was agreed that discussion should focus on requirements for the objectives in the revised WID. Even so, it is beneficial to know what procedures/measurements are related to FR2 4-layer MIMO operation and what procedures/measurements are irrelevant to FR2 4-layer MIMO operation where enhancement is for taking advantage of multi-Rx chain implemented by UE.
Procedures related to FR2 4-layer MIMO
For supporting 4-layer MIMO in FR2, following procedures are necessary from RRM perspective in our understanding.
· NW needs to know the beam pair that UE can use to receive CSI-RS and/or SSB resources simultaneously
It was agreed in the last meeting that group-based beam reporting is one of the means to enable simultaneous reception. Though group-based beam reporting is not necessarily related to S-DCI and M-DCI scheme, e.g., it is not the prerequisite feature for supporting multi-DCI based multi-TRP schemes, there are no other mechanism for NW to know beam pair that UE can receive simultaneously being specified in RAN1 spec from our understanding. Thus, group-based beam reporting is considered in this WI and RRM impact will be further discussed. It is noted that both R16 group-based beam reporting and R17 group-based beam reporting should be considered.
· NW configures dual TCI states for PDCCH and PDSCH for single-DCI or multi-DCI based scheduling for multi-TRP/multi-panel operation
Dual TCI state switching has been discussing for serval meetings and it is essential for UE to supporting 4-layer MIMO in FR2 with multi-Rx.
· NW configures TRP specific link recovery (BFD/CBD) for TRP specific beam monitoring
NW can know if the configured TRP specific TCI states can still be used for 2 PDSCHs scheduling. Furthermore, it can help NW know if there is new beam can be used instead. On the other hand, NW may just configure periodical group-based beam reporting for getting new beam pair alternatively.
In general, our view is that TRP specific link recovery procedure is useful for 4-layer MIMO in FR2 and it can be considered as one essential procedure.
· NW configures single-DCI PDCCH or multi-DCI PDCCHs to schedule 2-PDSCHs
With above procedures, 2-PDSCHs can be scheduled with 4-layer MIMO.

In this WI, RRM requirements for procedures/measurements related to supporting 4-layer MIMO can be considered with high priority as supporting 4-layer MIMO in FR2 should be main focus from RF and demodulation perspective.
Proposal 1: Following procedures are necessary for supporting 4-layer MIMO in FR2 and RRM requirements should be introduced if needed.
· Group-based beam reporting
· Dual TCI state switching
· TRP specified BFD/CBD
Proposal 2: RRM requirements related to supporting FR2 4-layer MIMO has higher priority if there is TU/workload issue. 

It was agreed in previous meeting that RRM requirement discussion shall be focused on the case with different QCL TypeD RSs on a single component carrier. 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 is FFS.
Since FR1+FR2 CA/DC should be one of the typical deployment scenarios for FR2, it is at least worth considering the scenario. The multi-Rx is only enabled on the FR2 component carrier and there is no difference with FR2 standalone single carrier.
Proposal 3: Multi-Rx can also be enabled on a single FR2 component carrier in FR1+FR2 CA/DC deployment. 

2.2 Scenarios
There are different views on wither spatial MIMO can be supported by using one panel. The main point is whether spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel should be supported or not. 
In the RF session, following agreements were achieved in the RAN4#105 meeting.
	· The terms ‘antenna module’ and “panel” are not referenced in the final UE RF requirement and test configuration
· The scenario where a single antenna module is used to receive two AoAs simultaneously should not be excluded. If an antenna module can be used to receive two AoAs simultaneously, it is considered to consist of at least two panels, where the understanding of “panel” is based on Proposal 1 of 1.2.11
· On “panel”, 
· ‘Panel’ is defined as a group of antenna element that controls beam independently and has the following attributes 
· 	Within a panel, one beam can be selected and used for DL reception.
· 	Across different panels, multiple beams (each selected per panel) may be used for DL reception.
· 	‘Beam’ is assumed to mean spatial filter associated with reception.
· Confirm that a physical panel with dual polarization is assumed as two “panels”. 
· [Assuming four antenna panels per UE as the reference architecture for deriving the spherical coverage requirement of the spherical coverage requirement for the multi-Rx chain DL reception. The four panels are separated into two pairs, and each pair is composed of two antenna panels with orthogonal polarizations that are co-located. 
· 	Antenna panels used to receive two AoAs simultaneously is up to UE implementation]


In our understanding, RF concluded that using single antenna module to receive two independent signals from the same or nearly the same direction is not excluded. However, one antenna module should consist of at least two panels when to receive signals from two directions. 
RRM should align the term of antenna module and panel with RF session. The agreements in RF session should be followed in RRM discussions. Therefore, spatial MIMO (either spatial diversity or spatial multiplexing) by using one antenna module should not be excluded.
Proposal 4: spatial MIMO (either spatial diversity or spatial multiplexing) by using one antenna to receive two independent signals should not be excluded. No RRM requirements impact is identified for the case.

2.3 RRM requirements impact
UE is not required to measure CSI-RS and/or SSB resources simultaneously for group-based beam reporting. NW does not know which beam pair can be received by UE simultaneously before group-based beam reporting. Thus, it is not possible for NW to configure CSI-RS and/or SSB on the same resources for UE to receive simultaneously. It is up to UE implementation to figure out the beam pair for group-based beam reporting by measuring L1-RSRP of configured CSI-RS and/or SSB resources. The UE measurement is performed in TDM manner. Existing L1-RSRP measurement requirements are applicable for group-based beam reporting. No new requirements for group-based beam reporting are necessary to be defined. 
Requirements for dual TCI state switching are discussed in [3] and requirements for TRP specific BFD/CBD are discussed in [4].
In our view, for 4-layer MIMO operation, only dual TCI state switching requirements are missing. Other existing requirements, e.g., L1-RSRP measurement, TRP specific BFD/CBD can work for 4-layer MIMO operation.
Considering other objectives of the WID, the RRM requirements to be defined can be summarized in Fig 1.
[image: ]
Fig 1. RRM requirements enhancement for multi-Rx
Proposal 5: No specific new requirements for group-based beam reporting are necessary to be defined and existing L1-RSRP measurement requirements are applicable for group-based beam reporting.

2.4 General aspects
From UE architecture perspective, it should be UE implementation specific. Following options were proposed in the last meeting as captured in [2].
	Issue 1-2-2: UE architectures
· Proposals
· Option 1:
· Multi-RX chain architecture should be discussed in RF session.
· Option 2:
· Multi Rx architecture to assume that each Rx chain can process at an independent FFT window, and independent time tracking per Rx chain.
· Multi Rx architecture to assume that each Rx chain can perform independent demodulation and independent RRM measurements.
· [bookmark: _Toc118729458]Option 3: 
· It is not necessary to have a general conclusion on multi-Rx chain architecture in RRM session.


For simultaneous DL reception from different directions, independent multi-Rx RF chain is expected. How timing tracking is performed in baseband is also dependent on other assumptions, e.g., receive timing difference. Regarding assumption on demodulation and RRM, it should be discussed with specific requirements. For example, demodulation requirements for independent processing and joint processing should be different and it is also dependent on schemes for 4-layer being used. 
Furthermore, RF session has made conclusion on panel, antenna module etc. No additional agreements on UE architecture are necessary. Therefore, we don’t think it needs to have a general conclusion on multi-Rx chain architecture.
Proposal 6: It is not necessary to have a general conclusion on multi-Rx chain architecture in RRM session.

Regarding power saving related issue, it has been discussed for several meetings. The views are quite diverse as captured in [2].
	Issue 1-2-5: Whether and how to define power saving related requirements
· Proposals
· Option 1: 
· RAN4 agrees to allow a UE capable of multi-RX reception to 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. FFS how this is achieved.
· Option 2: 
· RAN4 to discuss whether to consider panel activation issues, e.g., UE initiated or NW initiated, panel status and panel activation delay, etc.
· Option 3: 
· No need to specific power saving RRM requirements
· But RAN4 to discuss whether and how to inform to network for UE power saving behavior
· The UE power saving behavior is that the UE capable of multi-Rx reception turns on (multi-Rx chain) or off (single Rx chain) the multi-Rx chain arbitrarily.
· Option 4: 
· RAN4 to study if use of single Rx chain or multiple Rx chain can be adapted over time.
· A UE capable of multi-Rx reception and the network should be aware of when the UE is using 2 Rx chains for reducing measurement times or reducing scheduling restrictions or when it is using a single Rx chain.
· RAN4 to discuss new signaling for UE indication of use of 2 Rx chains.
· Option 5: 
· No power saving specific requirements are considered in the WI.
· Option 6: 
· No new power saving requirements specific for multi-rx operation are considered in the WI.
· Extend OverheatingAssistance mechanism to also cover multi-RX chain operation and further discuss the details for multi-RX chain ON/OFF mechanism based on OverheatingAssistance.
· Option 7: 
· RAN4 to discuss whether UE shall always be prepared for simultaneous reception or UE is allowed to choose the best Rx beam for single TRP reception (e.g. mDCI).


Firstly, power saving requirements, e.g., RRM measurement relaxation, RLM measurement relaxation, is not in the scope of the WI. 
Then power saving gain may be achieved by allowing UE to turn on/off panel(s) when it is possible or when it is necessary. For supporting 4-layer MIMO with multi-Rx, it is mainly about tradeoff between throughput and power saving. UE assistance information may be considered for this purpose. In addition, multi-Rx could also be used for enhanced L1 measurements with simultaneous reception. Independent UE capability for enhanced L1 measurements should be introduced. Therefore, different assistance information than for 4-layer MIMO operation may be considered for power saving purpose for enhanced L1 measurements.
Proposal 7: No power saving specific requirements, e.g., L1 measurement relaxation, are considered in the WI. 
Proposal 8: Power saving mechanism may be considered for multi-Rx UE operation in the WI. 

2.5 Applicability and conditions
	Issue 1-3-1: Applicability of new requirements to different QCL types
· Proposals
· Option 1: 
· RAN4 should discuss QCL relations as part of requirements of TCI state switching delay.
· Option 2: 
· Requirements defined for QCL type-D only are also applicable when QCL type D is configured together with QCL type A/C.
· Option 3: 
· Scenarios where QCL type D is configured in combination with QCL type A/C should be also covered by the requirements for simultaneous RS reception.
· The same RRM requirements for simultaneous RS reception can apply for RS configured with:
· QCL type D,
· QCL type D + QCL type A, or
· QCL type D + QCL type C.


Firstly, for TCI state configuration, two QCL types may be configured, e.g., the UE is configured with QCL type A or QCL type C in addition to QCL type D in FR2.
In FR2, QCL type D should always be configured. The reference signal for QCL type A/C may be the same as for QCL type D. Different reference signals for QCL type1 and QCL type2 may also be configured.
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 9: Requirements defined for QCL type-D only are also applicable when QCL type D is configured together with QCL type A/C.

2.6 UE capability
One fundamental thing is to figure out what the scope of R16 UE capability simultaneousReceptionDiffTypeD. Then, RAN4 can discuss whether additional UE capability is needed or not depending on progress of RRM requirements discussion.
	Issue 1-4-1: Clarification/understanding on R16 UE capabilitiy simultaneousReceptionDiffTypeD
· Proposals
· Option 1: 
· If RRM requirements enhancements only be considered to 4-layer MIMO capable UE: The UE capability simultaneousReceptionDiffTypeD-r16 can be reused
· Option 2: 
· SimultaneousReceptionDiffTypeD is only applicable for PDSCH.
· Option 3: 
· The UE capability simultaneousReceptionDiffTypeD should be discussed after the basic assumptions (at least simultaneous received RS type and scenario) are clear
· Option 4: 
· The UE capability of simultaneousRxDataSSB-DiffNumerology is only applicable for FR1, not for FR2.
· Option 5: 
· Rel-16 UE capability simultaneousReceptionDiffTypeD cannot be directly applicable as an indication for UEs ability for multi-rx operation, since currently it is applicable only for PDSCH reception.


Based on our understanding, when UE capability simultaneousReceptionDiffTypeD was discussed in RAN1, the understanding is that it is applicable only for simultaneous PDSCH. Furthermore, based on following UE capabilities, simultaneousReceptionDiffTypeD is the prerequisite feature for multi-DCI based and sinle-DCI based multi-TRP. So, our view is that it is only intended for simultaneous PDSCH reception.
	simultaneousReceptionDiffTypeD-r16
Indicates whether the UE supports simultaneous reception with different QCL Type D reference signal as specified in TS38.213 [11].
defaultQCL-PerCORESETPoolIndex-r16
Indicates whether the UE supports default QCL assumption per CORESET pool index using multi-DCI based multi-TRP. The UE that indicates support of this feature shall support multiDCI-MultiTRP-r16 and simultaneousReceptionDiffTypeD-r16.
defaultQCL-TwoTCI-r16
Indicates whether the UE supports default QCL assumption with two TCI states using single-DCI based multi-TRP. The UE can include this field only if simultaneousReceptionDiffTypeD-r16 is present. Otherwise, the UE does not include this field.



Then, if the Rel-16 UE capability simultaneousReceptionDiffTypeD can be extended for other cases can be further discussed. There are three cases for simultaneous reception.
Case 1: simultaneous data + data for PDSCH reception
Case 2: simultaneous RS + RS for L1 measurement restriction relaxation
Case 3: simultaneous RS + data for scheduling availability enhancement
Case 1 is already covered by Rel-16 UE capability simultaneousReceptionDiffTypeD. The question would be if the Rel-16 UE capability can be extended to cover Case 2. 
Even if simultaneous PDSCH reception is supported, UE may not be necessarily to support simultaneous RS reception for L1 measurement. The L1 measurements can still be based RSs on non-overlapped OFDM symbols depending on NW configuration. As long as RSs that can be simultaneously received by the UE is known to network, simultaneous PDSCH reception for multi-TRP operation can be supported. Thus, it is preferable to introduce a new UE capability for Case 2.
Case 3 is similar to case 2 where both can be considered as enhancement for multi-Rx UE. Of course, case 3 needs more consideration as it involves data processing in baseband, whereas case 2 is all about measurement. Either a unified UE capability is introduced for the enhanced measurement for multi-Rx UE or separate UE capabilities for simultaneous reception of RS+RS and RS+data is introduced. It is noted that the feasibility of simultaneous reception of RS+data needs further discussion. 
Observation 1: Rel-16 UE capability simultaneousReceptionDiffTypeD-r16 is applicable only for PDSCH reception. 
Proposal 10: New UE capability of supporting simultaneous reception from different directions with different QCL type D RSs for enhanced L1 measurements is introduced. FFS if multiple UE capabilities are needed for simultaneous RS+RS reception and RS+data reception.

3. Summary
[bookmark: _Hlk23953093]In this contribution, we further provided views on general aspects for NR FR2 multi-Rx chain DL reception WI. Following proposals and observations are present.
Proposal 1: Following procedures are necessary for supporting 4-layer MIMO in FR2 and RRM requirements should be introduced if needed.
· Group-based beam reporting
· Dual TCI state switching
· TRP specified BFD/CBD
Proposal 2: RRM requirements related to supporting FR2 4-layer MIMO has higher priority if there is TU/workload issue. 
Proposal 3: Multi-Rx can also be enabled on a single FR2 component carrier in FR1+FR2 CA/DC deployment. 
Proposal 4: spatial MIMO (either spatial diversity or spatial multiplexing) by using one antenna to receive two independent signals should not be excluded. No RRM requirements impact is identified for the case.
Proposal 5: No specific new requirements for group-based beam reporting are necessary to be defined and existing L1-RSRP measurement requirements are applicable for group-based beam reporting.
Proposal 6: It is not necessary to have a general conclusion on multi-Rx chain architecture in RRM session.
Proposal 7: No power saving specific requirements, e.g., L1 measurement relaxation, are considered in the WI. 
Proposal 8: Power saving mechanism may be considered for multi-Rx UE operation in the WI. 
Proposal 9: Requirements defined for QCL type-D only are also applicable when QCL type D is configured together with QCL type A/C.
Proposal 10: New UE capability of supporting simultaneous reception from different directions with different QCL type D RSs for enhanced L1 measurements is introduced. FFS if multiple UE capabilities are needed for simultaneous RS+RS reception and RS+data reception.

Observation 1: Rel-16 UE capability simultaneousReceptionDiffTypeD-r16 is applicable only for PDSCH reception. 
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