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1. Introduction
In this meeting, there are two email threads dedicated for FR2 multi-Rx chain DL reception, i.e., [106][209] FR2_multiRx_part1 and [106][210] FR2_multiRx_part2. Topic summaries for the two email threads [1, 2] summarized open issues for the WI.
The ad-hoc session is to handle some of the important and controversial issues selected from the topic summaries. 
2. Discussion
[bookmark: _Hlk73468315]Issue 1-1-1: Scope of the WI
· Proposals
· Option 1: 
· RRM requirements have not to be restricted to 4-layer MIMO only, i.e., RRM enhancement thanks to multi-Rx chain which is not relevant to 4-layer MIMO should also be considered.
· Option 2: 
· In R18 multi-Rx chains WI, no need to introduce a UE Rx antenna module control signal.
· Recommended WF
· Agree on both option 1 and option 2.
Discussion:
MTK: we need to put some priority on some of the issues. In general ok with option 1.
Apple: Agree with the proposal without the note. 
Ericsson: Remove the note.
QC: Fine with the note.
Nokia：Fine with option 1. Note is not needed. 
ZTE: Fine with option 1 without note.
Apple: Based on the discussion in RANP, we just discuss the requirements.
Can option 1 be closed without agreements?

Agreements:
· No further discussion is needed for Option 1.
· Discuss the requirements for the objectives in the WID directly.



Issue 1-1-4: Support of single-DCI and/or multi-DCI multi-TRP operation
In the last meeting, it was agreed both single-DCI and multi-DCI TRP operation are supported.
· Proposals
· Option 1: 
· Consider mDCI based multi-TRP in intra-cell only
· Recommended WF
· Discussed together with Issue 1-1-3.

Issue 1-1-3: M-TRP scenarios for Rel-18 multi-Rx DL reception
· Proposals
· Option 1:
· RAN4 shall work on inter-cell operation after intra-cell multi-TRP operation work is completed
· Option 2:
· Not to consider inter-cell mTRP operation in R18 multi-Rx chains WI.
· Option 3: 
· Both intra-cell and inter-cell multi-TRP operation are supported for multi-Rx chain UE in the WI, and 
· only ICBM is considered in inter-cell multi-TRP operation.
· Option 4: 
· All the different points between intra-cell and inter-cell scenarios are in the process of discussion and without any option exclusion, so we cannot see the reason to preclude any scenario between intra-cell and inter-cell.
· At least the multi-TRP scenario with ideal backhaul assumption should be supported for multi-panel Rx.
· Option 5: 
· RAN4 shall focus on intra-cell mTRP operation in R-18 multi-Rx UE
· Recommended WF
· Based on RAN1 agreements, group-based beam reporting is not supported in inter-cell MTRP.
· For multi-TRP operation, i.e., for 4-layer MIMO operation, only intra-cell MTRP operation is considered in Rel-18 multi-Rx WI.
· Multi-DCI is only for intra-cell multi-TRP operation.
· Inter-cell MTRP, i.e., inter-cell beam management, can be considered depending on separated discussion.

Discussion:
Nokia: Second bullet is enough.
Ericsson: We don’t need inter-cell m-TRP.
vivo: Two bullet should be as a package. First bullet is about data reception. Second bullet is for beam management. We consider the scenario for multi-TRP operation.
Intel: Share view with vivo. For inter-cell MTRP, L3 measurements may be enhanced.
Samsung: 1st bullet is about data reception. Inter-cell M-TRP should be considered
LG: Fine with 1st bullet on intra-cell M-TRP.
Nokia: only intra-cell m-TRP for data reception is considered.
Vivo: 1st bullet is only based on what has been designed by RAN1. Regarding whether to have inter-cell ICBM there is different views.

Tentative Agreement:
· For intra-cell multi-TRP operation, 
· prioritize operation which is based on group-based beam reporting in Rel-18 multi-Rx WI.
· FFS which is not based group-based beam reporting.
· FFS inter-cell M-TRP scenario

Issue 1-2-7: Necessity of group-based beam reporting for simultaneous reception
· Proposals
· Option 1: 
· It is proposed that RAN4 confirm if group-based reporting is one of the means or the only means to enable simultaneous reception by sending an LS to RAN1.
· Option 2: 
· Group-based reporting is used as prerequisite to define requirement for simultaneous reception.
· Option 3: 
· In R18 multi-Rx chains WI, network only triggers dual TCI states after receiving group- based reporting from UE, and UE should guarantee reception with multiple antenna modules after sending a group-based report to network. 
· Non-group-based reporting is not considered in this WI.
· Option 4: 
· Group based beam reporting is one means for the UE to signal to the gNB which DL beams can be received simultaneously by the UE. 
· [bookmark: _Hlk128493149]Group based beam reporting is an optional feature with capability signalling.  
· RAN4 to consider Rel-17 Group-based beam reporting as a pre-requisite for multi-Rx capability.
· Option 5: 
· Multi-rx operation is not strictly relying on and not limited to group-based reporting.
· Recommended WF
· Group based beam reporting is an optional feature with capability signaling and is used as prerequisite to define RRM requirement for simultaneous reception for multi-Rx.

Discussion:



Issue 1-2-8: Procedures necessary for supporting 4-layer MIMO in FR2
· Proposals
· Option 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
·  Recommended WF
· If option 1 is agreeable?
· Note: The motivation is to ensure all essential RRM requirements are specified for FR2 4-layer MIMO operation. 

Discussion:


--TCI state switching--
Issue 2-1: Group Based Reporting and s/mDCI
· Proposals
· Option 1: Group based reporting applies to both sDCI and mDCI
· Option 2: Other options
· Recommended WF
· Option 1

Discussion:


Agreements:
· Group based reporting applies to both sDCI and mDCI


Issue 2-3: Triggering Method
· Proposals
· Option 1: Discuss all 3 triggering methods: DCI/MAC-CE/RRC
· Option 2: Discuss only a subset as there is no need for all 3
· Recommended WF
· MAC-CE based dual TCI state switch for PDCCH reception
· DCI based dual TCI state switch for PDCSH reception

Discussion:
QC: Why RRC triggered method is preclude?
Nokia: RRC triggered is for triggering second TCI.
Huawei: 
MediaTek: we don’t need RRC. There was special case for RRC.
Ericsson: RRC configured TCI may be used for single TCI state switch.

Agreements:
· MAC-CE based dual TCI state switch for PDCCH reception
· DCI based dual TCI state switch for PDCSH reception
· FFS RRC triggered TCI state configuration.


Issue 1-2: Beam Sweeping factor
· Proposals
· Option 1: Do not reduce the beam sweeping factor
· Option 2: Reduce the beam sweeping factor from 8 to 4
· Option 3: Reduce the beam sweeping factor based on the overlap between different antenna panels
· Option 4: Reduce the beam sweeping factor based on other conditions (e.g. see R4-2300102)
· Option 5: Introduce a capability for the reduced beam sweeping factor
· Option 6: Use different scaling factor for measurement delay and evaluation period.
· Recommended WF
· TBA
Discussion point:
· If L1 Rx beam sweeping is always based on previous L3 measurement?
· If overlap of coverage between different antenna modules is typical UE implementation or just UE capability?
· Any other conditions that can enable beam sweep factor reduction? 

Discussion:
Ericsson: option 6 should be added for our proposal.
Apple: We should clarify scenario for beam sweep factor reduction.
ZTE: we should discuss whether L1 measurements beam sweeping factor reduction on different assumptions, e,g., for down-selected panel.
Huawei: For Rx beam sweeping factor reduction, we are open for discussion on conditions.
Qualcomm: we need more details for further discussion.




Issue 2-2-1: TRP specific RLM and BFD/CBD requirements enhancement for multi-Rx
· Proposals
· Option 1: 
· RAN4 to adopt Rel-17 TRP specific link recovery requirements as a baseline for multi-Rx capable devices
· Option 2: 
· Reducing the value of N in L1 measurement delay should be up to UE’s capability.
· In L1 measurement delay requirement, P factor should not be enhanced due to collision between L1 and L3 measurement.
· Option 3: 
· The TRP sharing factor for TRP specific BFD/CBD can be reduced to 1 if the SSB/CSI-RS resources in the two BFD-RS sets or CBD-RS sets are overlapped in time and the two reference signals are from two directions with 2-AOA that the UE can receive simultaneously.
· For TRP specific link recovery, beam sweeping factor reduction and TRP sharing factor reduction cannot apply at the same time.
· Option 4: 
· RAN4 to consider PTRP=1 for the BFD and CBD requirements of multi-Rx capable devices.
· Recommended WF
· Whether TRP specific link recovery requirements should be enhanced?
· .For TRP specific link recovery, whether beam sweeping factor reduction and TRP sharing factor reduction, if both are feasible to be reduced, can apply at the same time?

Discussion:


Issue 1-1-6: Simultaneous L3 measurements and L1 measurements
· Proposals
· Option 1: 
· It is proposed to clarify if simultaneous L3 and L1 measurements is in scope after the RAN#98 decision.
· Option 2: 
· It is feasible 
· 
· to support simultaneous L3 measurements and L1 measurements for UE capable of multi-Rx, and the definition of Klayer1_measurement =1.5 should be kept.
· Option 3: 
· Further discuss whether L3 and L1 measurement can be performed simultaneously by considering the possible degradation on mobility performance.
· Option 4: 
· Simultaneous L3 and L1 measurements is not supported in this release for multi-Rx.
· Option 5:
· Not to enhance L3 measurement requirement in R18 multi-Rx chain WI.
· Recommended WF
· Needs further discussion.

Discussion:


Issue 3-1: Baseline MRTD for simultaneous data reception
· Proposals
· Option 1: MRTD should be smaller than CP/2
· Option 2: MRTD should be smaller than CP
· Recommended WF
· TBA

Discussion:


Issue 3-2: Handling MRTD > CP
· Proposals
· Option 1: Do not discuss in this WI
· Option 2: Introduce an optional capability 
· Option 3: Wait for RAN1 discussion on Rel-18 MIMO evolution until details are clear
· Recommended WF
· TBA


Issue 2-1-1: Cell specific RLM and BFD/CBD requirements enhancement for multi-Rx
· Proposals
· Option 1: 
· RAN4 to not consider simultaneously formed multiple UE Rx beam based RLM and BFD/CBD on multiple resources from two TRPs.
· Option 2: 
· Per-TRP RLM requirement is not considered.
· Option 3: 
· Beam sweeping factor reduction is considered for SSB based and CSI-RS based RLM and BFD/CBD
· RAN4 is to further study if L3 measurement results are always available to be used for RLM and BFD/CBD measurements.
· Beam sweeping factor reduction is only feasible for the cases, if any, that L3 measurement results are NOT available to be used for RLM and BFD/CBD measurement.
· Option 4: 
· Reducing the value of N in L1 measurement delay should be up to UE’s capability.
· In L1 measurement delay requirement, P factor should not be enhanced due to collision between L1 and L3 measurement.
· Option 5:
· For R18 multi-Rx DL receptions, beam sweeping factor reduction is not considered for RLM and BFD/CBD measurements.
· Option 6:
· RLM CSI-RS: Beam sweeping factor N=1 in FR2 RLM requirements for CSI-RS, so no beam sweeping factor reduction can be applied for RLM to enhance multi-rx operation.
· RLM CSI-RS: For multi-rx operation, the RLM evaluation periods (in-sync and out-of-sync) are reduced by a new scaling parameter L=1/2, provided [TBD conditions for multi-rx operation] are met, otherwise L=1.
· BFD CSI-RS: Beam sweeping factor N=1 in FR2 BFD requirements for CSI-RS, so no beam sweeping factor reduction can be applied for BFD to enhance multi-rx operation. For CBD, N=8 in the current specification. Hence, the beam sweeping factor reduction approach is not efficient as a beam management multi-rx enhancement.
· BFD/CBD CSI-RS: For multi-rx operation, the BFD/CBD evaluation periods (in-sync and out-of-sync) are reduced by a new scaling parameter L=1/2, provided [TBD conditions for multi-rx operation] are met, otherwise L=1.
· Recommended WF
· If beam sweeping factor reduction is feasible for cell specific RLM and BFD/CBD?.

Discussion:

Issue 3-1-1: Conditions/cases that scheduling restriction for L1 measurements can be removed for multi-Rx
· Proposals
· Option 1: 
· A scheduling availability during SSB based L1 measurements from two TRPs can be defined such that a simultaneous reception of PDSCHs from two TRPs on the SSB symbols can be supported if one of the PDSCHs is associated with the SSB, and the SSB configured for L1 measurements is a source of one of the activated TCI states. FFS on side conditions, e.g.
· UE is configured with active TCI states from two TRPs, and the association between the TCI states and the TRPs is explicitly known to the UE, i.e.
· (single DCI based mTRP) at least one of the codepoints in the active TCI list for PDSCH includes two reference resources for qcl-TypeD from respective TRPs
· (multi DCI based mTRP) two CORESETs QCL’ed with two reference resources for qcl-TypeD are configured
· SNR > XdB for each TRP, where rank > 2 is expected
· Group-based L1-RSRP measurement is configured based on L3 measurements for the same measurement resources
· Option 2: 
· For scheduling restriction for L1 measurement (RLM/BFD/CBD/L1-RSRP), if UE supports multi-Rx chain and the multi-Rx chain is enabled:
· if the RS(SSB or CSI-RS) for RLM/BFD/CBD/L1-RSRP and the CSI-RS for TCI of PDCCH or PDSCH has been paired in a grouped CSI reporting(e.g., grouped L1-RSRP or L1-SINR), no scheduling restriction shall be applied on this RS based RLM/BFD/CBD/L1-RSRP measurement.  
· if the spatial separation is large enough between the RS (SSB or CSI-RS) for RLM/BFD/CBD/L1-RSRP and the CSI-RS for TCI of PDCCH or PDSCH, no scheduling restriction shall be applied on this RS based RLM/BFD/CBD/L1-RSRP measurement. Whether and how to indicate network the scheduling restriction information due to spatial separation is FFS, and needs more conclusions from RF session. 
· Option 3: 
· Define a joint scheduling restriction for two TRPs together. Need to specify data from which TRP can be received and from which TRP can’t be received.
· For intra-cell mTRP, scheduling restriction for L1 measurement can be relaxed only when timing offset is smaller than CP.
· For SSB + data case, whether there is scheduling restriction also depends on UE capability simultaneousRxDataSSB-DiffNumerology and the SCS between SSB and data.
· Option 4: 
· RAN4 to define no scheduling restrictions for L1 measurements on a RS which is QCL-D with an active TCI state.
· Option 5: 
· While a UE performs L1 measurement from one TRP, scheduling restriction for the other TRP should be introduced.
· RAN4 to further discuss the condition of no scheduling restriction during L1 measurement.
· For L1 measurement, scheduling restriction could be only applied for sDCI scenario, and interruption could be applied for mDCI scenario.
· Option 6: 
· Scheduling restriction may not be needed on CSI-RS, where the CSI-RS is QCLed with active TCI state for PDCCH/PDSCH and in a CSI-RS resource set with repetition OFF (N=1).
· Option 7: 
· If the CSI-RS for L1 measurements and active TCI state for PDCCH/PDSCH are the beam pair that UE can receive simultaneously, the multi-Rx UE can measure CSI-RS and receive PDCCH/PDSCH simultaneously and no scheduling restriction is needed.
· Option 8: 
· Under the assumption of UE can apply each panel to receive signals from each TRP respectively, for L1 measurement, the scheduling restriction can be ignored.
· Option 9: 
· RAN4 to agree that scheduling restrictions can be removed for UE capable of supporting simultaneous reception from different QCL type-D.
· For UEs supporting simultaneous RS reception with mixed numerologies no scheduling restrictions are needed.
· Recommended WF
· To discuss under what conditions, scheduling restriction can be removed for SSB based L1 measurements
· To discuss under what conditions, scheduling restriction can be removed for CSI-RS based L1 measurements
· 

Discussion:
For SSB based L1 measurements,

For CSI-RS based L1 measurement,


Issue 3-1-2: Conditions/cases that scheduling restriction for L1 measurements should be kept for multi-Rx
· Proposals
· Option 1: 
· For non-group based reporting, no scheduling restriction or measurement restriction can be relaxed.
· For SSB + data case, whether there is scheduling restriction also depends on UE capability simultaneousRxDataSSB-DiffNumerology and the SCS between SSB and data.
· Option 2: 
· For L1 measurement, scheduling restriction could be only applied for sDCI scenario
· Option 3: 
· Scheduling restriction is needed for the case when UE simultaneously receives SSB and data.
· Scheduling restriction is needed on CSI-RS, where the CSI-RS is not QCLed with active TCI state for PDCCH/PDSCH or in a CSI-RS resource set with repetition ON.
· Option 4: 
· If there are two CSI-RSs for L1 measurements on the same OFDM symbol, multi-Rx UE may measure one or both of the CSI-RSs and scheduling restriction should apply.
· Option 5: 
· Under the case that UE has to receive the signals from multiple TRPs by applying a single panel, the scheduling restriction can not be ignored. But in fact NW can indicate UE to disable the multi-panel Rx feature from the perspective of power saving.
· Option 6: 
· For R18 multi-Rx DL receptions, it is suggested not to consider simultaneous data reception and the L1 measurement with beam sweeping, and the scheduling restrictions requirements due to the L1 measurements on SSB or on CSI-RS with repetition=on still need to be applied.
· For R18 multi-Rx DL receptions, the scheduling restrictions requirements due to L1 measurements on CSI-RS without repetition=on need to be applied when the CSI-RS is not QCLed with any one of the activated TCI states for data receptions.
· Recommended WF
· Needs further discussion.



3. Candidate subset of open issues for ad-hoc session
3.1 [106][209] FR2_multiRx_part1
Sub-topic 1-1: Scope and scenarios
Issue 1-1-1: Scope of the WI
· Proposals
· Option 1: 
· RRM requirements have not to be restricted to 4-layer MIMO only, i.e., RRM enhancement thanks to multi-Rx chain which is not relevant to 4-layer MIMO should also be considered.
· Option 2: 
· In R18 multi-Rx chains WI, no need to introduce a UE Rx antenna module control signal.
· Recommended WF
· Agree on both option 1 and option 2.

Issue 1-1-2: Single (component) carrier for defining RRM requirements
Agreements in the previous meeting:
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.
· Proposals
· Option 1:
· RAN4 should focus on single-carrier mode at this stage. When all the requirements are completed, RAN4 can discuss DC/CA cases
· Option 2:
· 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.
· Option 3:
· In R18 multi-Rx chains WI, to deprioritize the case when UE is configured with multiple component carriers until the requirement of single component carrier is complete
· Option 4:
· Multi-Rx can also be enabled on a single FR2 component carrier in FR1+FR2 CA/DC deployment.
· Option 5:
· RAN4 shall focus on defining requirements for the single-carrier case where the UE is not configured with CA.
· Recommended WF
· Needs further discussion.

[bookmark: _Hlk116635889]Issue 1-1-3: M-TRP scenarios for Rel-18 multi-Rx DL reception
· Proposals
· Option 1:
· RAN4 shall work on inter-cell operation after intra-cell multi-TRP operation work is completed
· Option 2:
· Not to consider inter-cell mTRP operation in R18 multi-Rx chains WI.
· Option 3: 
· Both intra-cell and inter-cell multi-TRP operation are supported for multi-Rx chain UE in the WI, and 
· only ICBM is considered in inter-cell multi-TRP operation.
· Option 4: 
· All the different points between intra-cell and inter-cell scenarios are in the process of discussion and without any option exclusion, so we cannot see the reason to preclude any scenario between intra-cell and inter-cell.
· At least the multi-TRP scenario with ideal backhaul assumption should be supported for multi-panel Rx.
· Option 5: 
· RAN4 shall focus on intra-cell mTRP operation in R-18 multi-Rx UE
· Recommended WF
· Needs further discussion.

Issue 1-1-4: Support of single-DCI and/or multi-DCI multi-TRP operation
In the last meeting, it was agreed both single-DCI and multi-DCI TRP operation are supported.
· Proposals
· Option 1: 
· Consider mDCI based multi-TRP in intra-cell only
· Recommended WF
· Needs further discussion.

Issue 1-1-5: Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel
· Proposals
· Option 1: 
· RRM discussion on how a UE supports spatial MIMO can refer to RF agreement on “antenna module” and “panel”.
· Option 2: 
· The definition of “Panel” terminology in RRM discussion shall align with that in RF discussion.
· Spatial MIMO (either spatial diversity or spatial multiplexing) to receive two independent signals from the same or nearly the same direction is not the scope of this work item.
· Option 3: 
· In R18 multi-Rx chains WI, RRM session deprioritize the case when two signals are received by one active UE Rx antenna module at a time, before any conclusion is reached in RF session.
· Option 3: 
· spatial MIMO (either spatial diversity or spatial multiplexing) by using one antenna module to receive two independent signals should not be excluded. No RRM requirements impact is identified for the case.
· Option 4: 
· Regarding to the 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, we do not need to identify any explicit conclusion about this in RRM session, so no need further discussion.
· Option 5: 
· It is not necessary to explicitly preclude spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel to achieve two independent signals from the same or nearly the same direction from the WI.
· 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 up to RF conclusion. No RRM requirements impact is identified.
· Option 6: 
· The issues related RF implementation are not duplicate discussed in RRM session.
· Option 7: 
· How Spatial MIMO (either spatial diversity or spatial multiplexing) is used is up to NW and UE implementation. 
· It is not necessary to explicitly preclude spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel to achieve two independent signals from the same or nearly the same direction from the WI.
· Recommended WF
· Needs further discussion.

Issue 1-1-6: Simultaneous L3 measurements and L1 measurements
· Proposals
· Option 1: 
· It is proposed to clarify if simultaneous L3 and L1 measurements is in scope after the RAN#98 decision.
· Option 2: 
· It is feasible to support simultaneous L3 measurements and L1 measurements for UE capable of multi-Rx, and the definition of Klayer1_measurement =1.5 should be kept.
· Option 3: 
· Further discuss whether L3 and L1 measurement can be performed simultaneously by considering the possible degradation on mobility performance.
· Option 4: 
· Simultaneous L3 and L1 measurements is not supported in this release for multi-Rx.
· Option 5:
· Not to enhance L3 measurement requirement in R18 multi-Rx chain WI.
· Recommended WF
· Needs further discussion.

Issue 1-1-9: Scenarios/assumption for “simultaneous reception”
· Proposals
· Option 1: 
· RAN4 to not assume UE receives signals/channels from mTRP using simultaneously formed multiple Rx beams when any of the following conditions are not met:
· UE is configured with active TCI states from two TRPs, and the association between the TCI states and the TRPs is explicitly known to the UE, i.e.
· (single DCI based mTRP) at least one of the codepoints in the active TCI list for PDSCH includes two reference resources for qcl-TypeD from respective TRPs
· (multi DCI based mTRP) two CORESETs QCL’ed with two reference resources for qcl-TypeD are configured
· SNR > XdB from each TRP, e.g. SNR regime where rank > 2 is expected
· Group-based L1-RSRP measurement is configured based on L3 measurements for the same measurement resources
· Note that the number of UE cell search engines should remain the same, irrespective of the number of active UE Rx beams.
· Option 2: 
· mTRP transmission with simultaneous multi-panel reception should be prioritized in this WI, RAN4 shall strive to define scenarios for “simultaneous reception” based on mTRP operation.
· Option 3: 
· Scenarios for simultaneous reception/signal combination of two directions are discussed together with measurement restriction/scheduling restriction requirements enhancement.
· Option 4: 
· The followings assumptions can be precluded for enhanced RRM requirements:
· More than two cell searchers for detection and measurements, or 
· UE parallel processing to deal with a timing offset larger than CP on the same frequency layer, or 
· L3 measurements by using concurrently activated multiple Rx.
· Option 5: 
· The signals which can be simultaneously received are assumed to be transmitted from different TRPs.
· The signals which can be simultaneously received are assumed not to be used for beam refinements.
· Option 6: 
· 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).
· Recommended WF
· Needs further discussion.

Sub-topic 1-2: RRM requirements impact
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.
· Recommended WF
· Needs further discussion.

Issue 1-2-3: Beam management related
· Proposals
· Option 1:
· Do not consider IBM principles or requirements in this WI
· Option 2:
· RAN4 to define requirements assuming independent beam management across multiple Rx chains on the same carrier.
· Option 3:
· Under the architecture of 2 RF chains+2 Antenna panels, each RF chain can determine the phase shifter independently, so the independent phase shift of H/V polarization can be assumed for each panel. Multi-Rx UE shall be capable of independent beam management between multiple Rx chains on a Component Carrier (CC).
· Recommended WF
· Needs further discussion.

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).
· Recommended WF
· Needs further discussion.

Issue 1-2-7: Necessity of group-based beam reporting for simultaneous reception
· Proposals
· Option 1: 
· It is proposed that RAN4 confirm if group-based reporting is one of the means or the only means to enable simultaneous reception by sending an LS to RAN1.
· Option 2: 
· Group-based reporting is used as prerequisite to define requirement for simultaneous reception.
· [bookmark: _Toc118729480]Option 3: 
· In R18 multi-Rx chains WI, network only triggers dual TCI states after receiving group- based reporting from UE, and UE should guarantee reception with multiple antenna modules after sending a group-based report to network. 
· Non-group-based reporting is not considered in this WI.
· Option 4: 
· Group based beam reporting is one means for the UE to signal to the gNB which DL beams can be received simultaneously by the UE. 
· Group based beam reporting is an optional feature with capability signalling.  
· RAN4 to consider Rel-17 Group-based beam reporting as a pre-requisite for multi-Rx capability.
· Option 5: 
· Multi-rx operation is not strictly relying on and not limited to group-based reporting.
· Recommended WF
· Needs further discussion.

Issue 1-2-7a: RRM impact of group-based beam reporting for simultaneous reception
· Proposals
· Option 1: 
· Study how to provide network with UE indication of achievable rank of the beam pairs of the group-based beam reporting.
· RAN4 to discuss the conditions under which a group should be reported using GBBR. 
· RAN4 to define requirements related to the reporting of groups in group-based beam reporting. 
· Option 2: 
· No 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
· Recommended WF
· Needs further discussion.

[bookmark: _Hlk128001937]Issue 1-2-8: Procedures necessary for supporting 4-layer MIMO in FR2
· Proposals
· Option 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
·  Recommended WF
· Needs further discussion.

Issue 1-2-9: Priority handling of requirements
· Proposals
· P1: RRM requirements related to supporting FR2 4-layer MIMO has higher priority.
· P2: Single-DCI operation scenario should be discussed first.
· P3: It is suggested to deprioritize the discussion on MIMO layer assumption for FR2 multi-Rx DL receptions, since there is no RRM requirements specified separately for different MIMO layers.
· P4: It is suggested to deprioritize the discussion on the association between RLM-RS and TRP, since RLM-RS resources are cell-specific configured and the association is unknown for UE.
· Recommended WF
· Needs further discussion.

Sub-topic 1-3: Applicability and conditions
Issue 1-3-3: Detectable condition of RS signals
· Proposals
· Option 1: 
· For detectable condition, all RSs in the same TCI chain for the target TCI state should remain detectable during the entire measurement/switch period.
· Recommended WF
· Needs further discussion.

Sub-topic 2-1: Cell specific RLM and BFD/CBD
Issue 2-1-1: Cell specific RLM and BFD/CBD requirements enhancement for multi-Rx
· Proposals
· Option 1: 
· RAN4 to not consider simultaneously formed multiple UE Rx beam based RLM and BFD/CBD on multiple resources from two TRPs.
· Option 2: 
· Per-TRP RLM requirement is not considered.
· Option 3: 
· Beam sweeping factor reduction is considered for SSB based and CSI-RS based RLM and BFD/CBD
· RAN4 is to further study if L3 measurement results are always available to be used for RLM and BFD/CBD measurements.
· Beam sweeping factor reduction is only feasible for the cases, if any, that L3 measurement results are NOT available to be used for RLM and BFD/CBD measurement.
· Option 4: 
· Reducing the value of N in L1 measurement delay should be up to UE’s capability.
· In L1 measurement delay requirement, P factor should not be enhanced due to collision between L1 and L3 measurement.
· Option 5:
· For R18 multi-Rx DL receptions, beam sweeping factor reduction is not considered for RLM and BFD/CBD measurements.
· Option 6:
· RLM CSI-RS: Beam sweeping factor N=1 in FR2 RLM requirements for CSI-RS, so no beam sweeping factor reduction can be applied for RLM to enhance multi-rx operation.
· RLM CSI-RS: For multi-rx operation, the RLM evaluation periods (in-sync and out-of-sync) are reduced by a new scaling parameter L=1/2, provided [TBD conditions for multi-rx operation] are met, otherwise L=1.
· BFD CSI-RS: Beam sweeping factor N=1 in FR2 BFD requirements for CSI-RS, so no beam sweeping factor reduction can be applied for BFD to enhance multi-rx operation. For CBD, N=8 in the current specification. Hence, the beam sweeping factor reduction approach is not efficient as a beam management multi-rx enhancement.
· BFD/CBD CSI-RS: For multi-rx operation, the BFD/CBD evaluation periods (in-sync and out-of-sync) are reduced by a new scaling parameter L=1/2, provided [TBD conditions for multi-rx operation] are met, otherwise L=1.
· Recommended WF
· Needs further discussion.

Issue 2-2-1: TRP specific RLM and BFD/CBD requirements enhancement for multi-Rx
· Proposals
· Option 1: 
· RAN4 to adopt Rel-17 TRP specific link recovery requirements as a baseline for multi-Rx capable devices
· Option 2: 
· Reducing the value of N in L1 measurement delay should be up to UE’s capability.
· In L1 measurement delay requirement, P factor should not be enhanced due to collision between L1 and L3 measurement.
· Option 3: 
· The TRP sharing factor for TRP specific BFD/CBD can be reduced to 1 if the SSB/CSI-RS resources in the two BFD-RS sets or CBD-RS sets are overlapped in time and the two reference signals are from two directions with 2-AOA that the UE can receive simultaneously.
· For TRP specific link recovery, beam sweeping factor reduction and TRP sharing factor reduction cannot apply at the same time.
· Option 4: 
· RAN4 to consider PTRP=1 for the BFD and CBD requirements of multi-Rx capable devices.
· Recommended WF
· Needs further discussion.

Sub-topic 3-1: Scheduling restriction
[bookmark: _Hlk127989931]Issue 3-1-1: Conditions/cases that scheduling restriction for L1 measurements can be removed for multi-Rx
· Proposals
· Option 1: 
· A scheduling availability during SSB based L1 measurements from two TRPs can be defined such that a simultaneous reception of PDSCHs from two TRPs on the SSB symbols can be supported if one of the PDSCHs is associated with the SSB, and the SSB configured for L1 measurements is a source of one of the activated TCI states. FFS on side conditions, e.g.
· UE is configured with active TCI states from two TRPs, and the association between the TCI states and the TRPs is explicitly known to the UE, i.e.
· (single DCI based mTRP) at least one of the codepoints in the active TCI list for PDSCH includes two reference resources for qcl-TypeD from respective TRPs
· (multi DCI based mTRP) two CORESETs QCL’ed with two reference resources for qcl-TypeD are configured
· SNR > XdB for each TRP, where rank > 2 is expected
· Group-based L1-RSRP measurement is configured based on L3 measurements for the same measurement resources
· Option 2: 
· For scheduling restriction for L1 measurement (RLM/BFD/CBD/L1-RSRP), if UE supports multi-Rx chain and the multi-Rx chain is enabled:
· if the RS(SSB or CSI-RS) for RLM/BFD/CBD/L1-RSRP and the CSI-RS for TCI of PDCCH or PDSCH has been paired in a grouped CSI reporting(e.g., grouped L1-RSRP or L1-SINR), no scheduling restriction shall be applied on this RS based RLM/BFD/CBD/L1-RSRP measurement.  
· if the spatial separation is large enough between the RS (SSB or CSI-RS) for RLM/BFD/CBD/L1-RSRP and the CSI-RS for TCI of PDCCH or PDSCH, no scheduling restriction shall be applied on this RS based RLM/BFD/CBD/L1-RSRP measurement. Whether and how to indicate network the scheduling restriction information due to spatial separation is FFS, and needs more conclusions from RF session. 
· Option 3: 
· Define a joint scheduling restriction for two TRPs together. Need to specify data from which TRP can be received and from which TRP can’t be received.
· For intra-cell mTRP, scheduling restriction for L1 measurement can be relaxed only when timing offset is smaller than CP.
· For SSB + data case, whether there is scheduling restriction also depends on UE capability simultaneousRxDataSSB-DiffNumerology and the SCS between SSB and data.
· Option 4: 
· RAN4 to define no scheduling restrictions for L1 measurements on a RS which is QCL-D with an active TCI state.
· Option 5: 
· While a UE performs L1 measurement from one TRP, scheduling restriction for the other TRP should be introduced.
· RAN4 to further discuss the condition of no scheduling restriction during L1 measurement.
· For L1 measurement, scheduling restriction could be only applied for sDCI scenario, and interruption could be applied for mDCI scenario.
· Option 6: 
· Scheduling restriction may not be needed on CSI-RS, where the CSI-RS is QCLed with active TCI state for PDCCH/PDSCH and in a CSI-RS resource set with repetition OFF (N=1).
· Option 7: 
· If the CSI-RS for L1 measurements and active TCI state for PDCCH/PDSCH are the beam pair that UE can receive simultaneously, the multi-Rx UE can measure CSI-RS and receive PDCCH/PDSCH simultaneously and no scheduling restriction is needed.
· Option 8: 
· Under the assumption of UE can apply each panel to receive signals from each TRP respectively, for L1 measurement, the scheduling restriction can be ignored.
· Option 9: 
· RAN4 to agree that scheduling restrictions can be removed for UE capable of supporting simultaneous reception from different QCL type-D.
· For UEs supporting simultaneous RS reception with mixed numerologies no scheduling restrictions are needed.
· Recommended WF
· Needs further discussion.

Issue 3-1-2: Conditions/cases that scheduling restriction for L1 measurements should be kept for multi-Rx
· Proposals
· Option 1: 
· For non-group based reporting, no scheduling restriction or measurement restriction can be relaxed.
· For SSB + data case, whether there is scheduling restriction also depends on UE capability simultaneousRxDataSSB-DiffNumerology and the SCS between SSB and data.
· Option 2: 
· For L1 measurement, scheduling restriction could be only applied for sDCI scenario
· Option 3: 
· Scheduling restriction is needed for the case when UE simultaneously receives SSB and data.
· Scheduling restriction is needed on CSI-RS, where the CSI-RS is not QCLed with active TCI state for PDCCH/PDSCH or in a CSI-RS resource set with repetition ON.
· Option 4: 
· If there are two CSI-RSs for L1 measurements on the same OFDM symbol, multi-Rx UE may measure one or both of the CSI-RSs and scheduling restriction should apply.
· Option 5: 
· Under the case that UE has to receive the signals from multiple TRPs by applying a single panel, the scheduling restriction can not be ignored. But in fact NW can indicate UE to disable the multi-panel Rx feature from the perspective of power saving.
· Option 6: 
· For R18 multi-Rx DL receptions, it is suggested not to consider simultaneous data reception and the L1 measurement with beam sweeping, and the scheduling restrictions requirements due to the L1 measurements on SSB or on CSI-RS with repetition=on still need to be applied.
· For R18 multi-Rx DL receptions, the scheduling restrictions requirements due to L1 measurements on CSI-RS without repetition=on need to be applied when the CSI-RS is not QCLed with any one of the activated TCI states for data receptions.
· Recommended WF
· Needs further discussion.

Issue 3-1-5: For which L1 measurements scheduling restriction enhancement for multi-Rx is applicable
· Proposals
· Option 1: 
· L1-RSRP measurement
· TRP specific BFD/CBD
· Cell specific RLM
· Cell specific BFD/CBD
· Option 2: 
· L1-RSRP measurement
· TRP specific BFD/CBD
· Option 3: 
· Other options are not precluded
· Recommended WF
· Needs further discussion.

Sub-topic 3-2: Measurement restriction
Issue 3-2-1: Conditions/cases that measurement restriction for L1 measurements can be removed for multi-Rx
· Proposals
· Option 1: 
· A measurement restriction for mTRP can be defined such that the following can be supported:
· UE can receive SSB for L1-RSRP measurement from one TRP while performing CSI-RS based RLM, BFD, [CBD] from the other TRP if the resources are associated with active TCI states for simultaneous reception from the two TRPs
· UE can receive CSI-RS for L1-RSRP measurement from one TRP while performing CSI-RS based RLM, BFD, [CBD] from the other TRP if the resources are associated with active TCI states for simultaneous reception from the two TRPs
· The CSI-RSs are not in a resource set configured with repetition ON
· Option 2: 
· For measurement restriction for L1 measurement (RLM/BFD/CBD/L1-RSRP), if UE supports multi-Rx chain and the multi-Rx chain is enabled:
· if the RS(SSB or CSI-RS)  for RLM/BFD/CBD/L1-RSRP and another RS(SSB or CSI-RS)  for RLM/BFD/CBD/L1-RSRP has been paired in a grouped CSI reporting(e.g., grouped L1-RSRP or L1-SINR), no measurement restriction shall be applied. 
· if the spatial separation is large enough between the RS (SSB or CSI-RS) for RLM/BFD/CBD/L1-RSRP and another RS (SSB or CSI-RS) for RLM/BFD/CBD/L1-RSRP, no measurement restriction shall be applied. Whether and how to specify it is FFS and needs more conclusions from RF session.
· Option 3: 
· Define a joint measurement restriction for two TRPs together. Need to specify RS from which TRP can be received and from which TRP can’t be received.
· For intra-cell mTRP, measurement restriction for CSI-RS based L1-RSRP needs consider two types of conflictions:
· SSB collide with CSI-RS
· CSI-RS collide with CSI-RS
· For intra-cell mTRP, the measurement restriction can be relaxed only when timing offset is smaller than CP.
· For SSB + CSI-RS case, whether there is measurement restriction also depends on UE capability simultaneousRxDataSSB-DiffNumerology and the SCS between SSB and CSI-RS.
· Option 4: 
· For the UE reports the simultaneous RS + RS capability, no measurement restrictions apply.
· Option 5: 
· Measurement restriction may not be needed only if all following conditions are met:
· Beam sweeping factor (N) of the two measured RSs is 1 with the QCL Type D information of the two RSs known to UE, and
· the requirement applicability of two RSs reception concluded in RF session is met.
· Option 6: 
· Three options could be considered for defining measurement restriction requirements for multi-Tx UE
· Option 1: Legacy measurement restriction requirements for L1 measurements apply for multi-Rx UE
· Option 2: To specify that for multi-Rx UE it is required to measure both SSB and CSI-RS on the same OFDM symbol for L1 measurements when possible
· Option 3: FFS under what conditions multi-Rx UE is able to measure both SSB and CSI-RS on the same OFDM symbol for L1 measurements
· Option 7: 
· For the combinations of two L1 measurement, the measurement restriction can be relaxed given that each L1 measurement is only applied on each panel due to down-selection between panels has been finished based on previous RRM measurement info, no matter whether UE is capable of IBM.
· Option 8: 
· Remove some measurement restrictions of L1 measurement for UE capable of simultaneous multi-Rx reception.
· Option 9: 
· Simultaneous L1 measurements on two RS resources can be considered with the following conditions:
· The two RSs are CSI-RS resource without repetition ON, and
· The two RSs are separately QCLed to the two activated TCI states used for simultaneous data receptions.
· Otherwise, simultaneous L1 measurements on two RS resources are not assumed.
· Option 10: 
· Measurement restrictions can be removed for UE capable of supporting simultaneous reception from different QCL type-D.
· Recommended WF
· Needs further discussion.

Issue 3-2-2: Conditions/cases that measurement restriction for L1 measurements should be kept for multi-Rx
· Proposals
· Option 1: 
· Measurement restriction is needed when beam sweeping is assumed for one or two RS(s), i.e., restriction is applied as long as the N value of one of the two RSs is larger than one.
· Recommended WF
· Needs further discussion.


3.2 [106][210] FR2_multiRx_part2
Topic #1: L-1 RSRP Measurements
Issue 1-2: Beam Sweeping factor
· Proposals
· Option 1: Do not reduce the beam sweeping factor
· Option 2: Reduce the beam sweeping factor from 8 to 4
· Option 3: Reduce the beam sweeping factor based on the overlap between different antenna panels
· Option 4: Reduce the beam sweeping factor based on other conditions (e.g. see R4-2300102)
· Option 5: Introduce a capability for the reduced beam sweeping factor
· Recommended WF
· TBA

Issue 1-5: Sharing factor
· Proposals
· Option 1: Sharing factor P should not be reduced
· Option 2: Sharing factor P should be reduced
· Recommended WF
· Option 1

Topic #2: TCI State Switching
Issue 2-1: Group Based Reporting and s/mDCI
· Proposals
· Option 1: Group based reporting applies to both sDCI and mDCI
· Option 2: Other options
· Recommended WF
· Option 1

Issue 2-3: Triggering Method
· Proposals
· Option 1: Discuss all 3 triggering methods: DCI/MAC-CE/RRC
· Option 2: Discuss only a subset as there is no need for all 3
· Recommended WF
· TBA
If Option 2 is preferred, please provide a concrete proposal on which methods should be further discussed

Issue 2-4: Known/Unknown State Handling
· Proposals
· Option 1: Introduce requirements only for known TCI states (discuss separately how to define known)
· Option 2: Introduce requirements for both known/unknown(including combinations of known and unknown)
· Recommended WF
· Option 1
Option 2 will result in many combinations and prolong the discussions.

Topic #3: Receive Time Difference
Issue 3-1: Baseline MRTD for simultaneous data reception
· Proposals
· Option 1: MRTD should be smaller than CP/2
· Option 2: MRTD should be smaller than CP
· Recommended WF

Issue 3-2: Handling MRTD > CP
· Proposals
· Option 1: Do not discuss in this WI
· Option 2: Introduce an optional capability 
· Option 3: Wait for RAN1 discussion on Rel-18 MIMO evolution until details are clear
· Recommended WF
· TBA
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