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1 Topic #2: FR2 multi-Rx DL reception
1.1 Sub-topic 1-1: General
<Agreement >:
Issue 1-1-1-2: Number of searchers for cell detection and measurements
· 2 searchers are assumed.
Issue 1-1-3: Feasibility/necessity of enhancing requirements for L1 measurements
· Following L1 measurements related requirements are considered in the multi-Rx chain WI
· L1-RSRP measurement
· BFD/CBD
· RLM
· L1-SINR
· TCI state switching with dual TCI
· Scheduling/measurement restrictions

<Way forward >: 
Note: All the options listed below are FFS. Other options are not precluded.
Issue 1-1-1: General principles
Issue 1-1-1-3: TAG assumption for uplink transmission
· Proposals
· Option 1: 1 TAG 
· Option 2: 2 TAGs
Issue 1-1-1-4: Whether to define activation delay from a single antenna panel to multi-antenna panels
· Proposals
· Option 1: Depending on RF conclusion
· Option 2: Study in RRM session
Issue 1-1-1-5: RRM impact of the UE behaviour using a single antennal panel
· Proposals
· Option 1: FFS RRM impact of the UE behavior using a single antennal panel rather than multi-antenna panels depending on the AoA of downlink signals from a different direction for power saving.
Issue 1-1-1-6: Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel
· Proposals
· Option 1: FFS 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 is not the scope of this work item.
Issue 1-1-1-8: Scenarios for Rel-18 multi-Rx DL reception
· Proposals
· Option 1: support both intra-cell and inter-cell operation with TRPs located within reasonable intercell distance.
· Option 2: Working on inter-cell operation with TRPs located within reasonable intercell distance after intra-cell multi-TRP operation work is completed.
· Option 3: intra-cell multi-TRP operation only
Issue 1-1-1-9: How to handle FR2 SCell activation delay reduction by multi-Rx chain simultaneous reception
· Proposals
· Option 1: FR2 SCell activation delay reduction by multi-Rx chain simultaneous reception is handled in this WI, if necessary.
· Option 2: FR2 SCell activation delay reduction by multi-Rx chain simultaneous reception is handled in RRM enh3 WI, if necessary.

Issue 1-1-2: General considerations on defining requirements
Issue 1-1-2-1: Single carrier for defining RRM requirements 
· Proposals
· Option 1: RRM requirement discussion shall be focused on the case with different QCL TypeD RSs on a single component carrier, by excluding downlink CA operation.
· Option 2: UE can be configured with multiple carriers but multi-Rx chain is enabled on only one of the carriers.
Issue 1-1-2-2: Simultaneous L3 measurements and L1 measurements
· Proposals
· Option 1: RAN4 to revisit the FR2 SMTC use case for ‘L1 and L3’ measurements and ‘serving cell and non-serving cell’ to reduce measurement latency. Rel-18 FR2 multi-RX chain UE may be able to measure RSs simultaneously with different QCL-D sources or with different beam assumptions (i.e. narrow and wide beam assumption)
· Option 2: In R18, the enhanced UE in FR2 is still not required to perform L3 measurements and L1 measurements simultaneously
· Option 3: The issue is discussed under mobility enhancement WI
Issue 1-1-2-3: Support of single-DCI and/or multi-DCI multi-TRP operation
· Proposals
· Option 1: Define RRM requirements depending on UE behaviour for single-DCI and multi-DCI multi-TRP operation 
· Option 2: Define RRM requirements for single-DCI multi-TRP operation
· Option 3: Define dual TCI state switching requirements for following cases:
· PDCCH non-SFN: Two MAC CE with one for each TCI state
· PDCCH SFN: single MAC CE for two TCI states
· PDSCH single DCI: single DCI for two TCI states
· PDSCH multiple DCI: Two DCI with one for each TCI state
Issue 1-1-2-4: Whether and how to define power saving related requirements
· Proposals
· Option 1: Power saving can be additional requirements of UE with multiple RX chains
· Option 2: Power saving is not part of this study
· Option 3: no need to define additional requirements for power saving.
Issue 1-1-2-5: Applicability of existing requirements for UE with the capability of simultaneous reception from different directions 
· Proposals
· Option 1: The existing legacy RRM requirements continue to apply by default, unless a corresponding new enhanced requirement is introduced.
Issue 1-1-2-6: Applicability of new requirements for UE with the capability of simultaneous reception from different directions
· Proposals
· Option 1: A clarification is added in clause 3.6.13 of TS 38.133 (Applicability of requirements for FR2) that the new requirements defined in this WI are applicable only for FR2-1.
· Option 2: New requirements defined in the multi-Rx chain WI are applicable for FR2-1 only.
Issue 1-1-2-7: Accuracy assumption when defining RRM core requirements
· Proposals
· Option 1: FFS The new improved RRM requirements should aim to reduce the delays during measurements and procedures (e.g., RLM evaluation period, measurement delays, etc.) while maintaining the existing accuracy requirements.
Issue 1-1-2-8: Applicability of new requirements to different QCL types
· Proposals
· Option 1: FFS RAN4 to discuss whether the new requirements will also be applicable when QCL type D is configured together with QCL type A and QCL type C
Issue 1-1-2-9: Requirements applicability for serving cells
· Proposals
· Option 1: FFS Defining new improved requirements for serving cells (PCell, PSCell, and SCells, whichever are relevant for each such requirement) as well as for non-serving cells.
Issue 1-1-2-10: RS signals that shall remain detectable during measurement period 
· Proposals
· Option 1: FFS In an improved RRM requirement relying on a certain QCL relationship (QCL type D), not only the target signal but also the associated signal in the QCL information shall remain detectable during the entire measurement period.

Issue 1-1-4: Feasibility/necessity of enhancing requirements for L3 measurements
· Proposals
· Option 1: Following L3 measurements related requirements are enhanced in the multi-Rx chain DL reception WI
· RRM measurement requirements for RRC-IDLE state and for RRC_INACTIVE state. 
· Handover to FR2-1 unknown cell
· FR2-1 unknown SCell activation
· FR2-1 unknown PSCell addition and release
· For L3 measurement in connected mode, including all the existing scenarios (intra-frequency measurements without MG, intra-frequency measurements with MG, inter-frequency measurement with MG, inter-frequency measurement without MG).
· Option 1a: Following L3 measurements related requirements are enhanced in the multi-Rx chain DL reception WI
· Handover to FR2-1 unknown cell
· FR2-1 unknown SCell activation
· FR2-1 unknown PSCell addition and release
· For L3 measurement in connected mode, including all the existing scenarios (intra-frequency measurements without MG, intra-frequency measurements with MG, inter-frequency measurement with MG, inter-frequency measurement without MG).
· Option 2a: Not to enhance L3 measurement requirement in R18 multi-panel WI.

Issue 1-1-5: Receive time difference
· Proposals
· Option 1: The timing difference between different panels is at least within one CP. FFS whether to define requirements with timing difference larger than one CP.
· Option 1a: The condition of receive timing difference between different directions with different TCI of QCL type-D shall take CP length as baseline.
· Option 1b: Receive time difference for configured different QCL Type D RSs is within CP. FFS receive time difference for configured different QCL Type D RSs is larger than CP.
· Option 1c: If we define cases where ∆τ > CP then we define a total MRTD budget, where ∆τ = TAE + ∆propagation and ∆τ < MRTD. This way TAE and ∆propagation can be balanced as terms, within the total MRTD budget.
· Option 1d:
· Option a: If keep the assumption of single FFT as in Rel-17, the receive timing difference between different directions should be not larger the CP length. But the legacy MRTD under inter-band CA is much larger than CP length for FR2-1, which is beyond UE capability.
· Option b: If UE is capable of supporting two FFTs for different TRP or panel/RF chain reception, the restriction of not larger the CP length can be ignored, so re-using the legacy requirement for inter-band CA is fine.
· Option 2: The receive timing difference between different directions is within CP
· Option 2a: Check whether it is available that the maximum receive timing difference between the DL transmission from two TRPs is within CP according to RAN2 specification.
· Option 3: Given that independent RF and BB processing is of necessity to support two distinct AoAs, no restriction on MRTD between different directions (different QCL Type D RSs) should be provided
· Option 4: Study UE RX capability receiving extended MRTD based on non-collocated mTRP deployment scenario.
· Option 5: Clarify the scope of this item and discuss whether existing spec can be modified for multi Rx chain UE or not under the clarified scope for receive timing difference between different directions. 

Issue 1-1-6: UE capabilities
Issue 1-1-6-1: UE capability of simultaneous reception of measured RS and data
· Proposals
· Option 1: Consider simultaneous reception of L1/L3 measured RS and data if UE supports simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier.
· Option 2: Consider simultaneous reception of L1 measured RS and data if UE supports simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier.
· Option 3: For scenario 2 (two RX beams used for different cells) with multi-RX chain capability, UE can receive PDCCH/PDSCH/TRS/CSI-RS for CQI (one beam) and on SSB symbols (another beam) to be measured
· Option 4: RAN4 to discuss if additional UE capability for indicating supporting of simultaneous reception with different QCL type D RS and PDSCH/PDCCH is needed.
Issue 1-1-6-2: Clarification/understanding on existing UE capabilitiy simultaneousRxDataSSB-DiffNumerology
· Proposals
· Option 1: Clarify whether UE can perform SSB based measurement using multi-antenna panels when UE supports simultaneousReceptionDiffTypeD.
· Option 2: The existing simultaneousRxDataSSB-DiffNumerology IE can be re-used for FR2
· Option 3: RAN4 shall not introduce new, but reuse Rel-16 UE capability IE simultaneousReceptionDiffTypeD-r16, to indicate enhanced FR2-1 UEs supporting simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier.
· Option 4: It is assumed that UE is capable of supporting simultaneous reception from two different directions with two different QCL type D RSs.
Issue 1-1-6-3: UE behaviour and capability of handling Rx signal level difference between two channels 
· Proposals
· Option 1: Study UE behaviours and capability of multiple RX chains regarding handling Rx signal level difference between two channels. 
· Option 2: Discuss in RF session
Issue 1-1-6-4: UE capability for L3 measurement enhancement for UE supporting multi-Rx chain simultaneous reception 
· Proposals
· Option 1: A new capability, different from simultaneousReceptionDiffTypeD-r16 or other L1 measurement related UE capability, should be introduced for L3 measurement delay reduction for UE supporting multi-Rx chain simultaneous reception.
· Option 2: Same UE capability as for L1 measurement
Issue 1-1-7: UE architectures
· Proposals
· Option 1: The scope of a RX chain architecture includes possible implementations and UE capabilities as below:
· Multiple Antenna panel
· Multiple Antenna panel + AGC
· Multiple Antenna panel + AGC + front-end (time and frequency sync)
· Multiple Antenna panel + AGC + front-end + Demod/RRM
Issue 1-1-8: Beam management
· Proposals
· P1: RAN4 can consider two options for beam management for UE with multiple RX chains
· Option-(i) Reuse independent beam management concept (IBM) from Inter-band CA study
· Option-(ii) define panel or RX chain specific behaviors with RX panel control signal for DL
· P2: Study independent beam managements for different QCL-D sources with multiple TRPs, and also study other QCL channel property impacts of {average gain, delay shift and doppler shift} for multi-RX chain requirements.
Issue 1-1-9: Dependent on RF conclusions
· Proposals
· Option 1: RRM requirement of simultaneous DL reception from different directions shall be defined based on applicable conditions/architecture to be concluded in UE RF session.
· Option 2: RRM requirements discussion and RF discussion are in parallel.

1.2 Sub-topic 1-2: L1 measurements related
<Way forward >: 
Note: All the options listed below are FFS. Other options are not precluded.
Issue 1-2-2: General part for L1 measurement requirements enhancements
Issue 1-2-2-1: Simultaneous reception of two different QCL-Type D RSs for L1 measurement
· Proposals
· Option 1: For the case when both different QCL-Type D RSs are received by two different UE Rx panels at a time, no measurement restriction and scheduling availability are needed because of beamforming conflict.
· Option 2: For the case when two different QCL-Type D RSs are received by same UE Rx panel at a time, the legacy R15/R16 requirement (e.g., measurement restriction and scheduling availability) should be reused.
· Option 3: UE is assumed to perform simultaneous data receptions with different beam directions or perform simultaneous L1 measurements with different beam directions.
· Option 4: Simultaneous DL reception of same or different type of RSs from different directions is supported for defining L1 measurement requirements to support multi-TRP operation.
Issue 1-2-2-2: whether measured RS samples can be reduced for L1 measurement delay in case of FR2 multi-Rx reception
· Proposals
· Option 1: Yes
· Option 2: No
Issue 1-2-2-3: Features for L1 measurement requirements enhancement
· Proposals
· Option 1: The study for L1-RSRP/RLM/BFD/CBD measurements for Reporting under CCA, for RedCap and for satellite access should be discussed later based on the normal case agreements.
· Option 2: The study for L1-RSRP/RLM/BFD/CBD measurements for Reporting under CCA, for RedCap, for satellite access, and for a cell with different PCI from serving cell should be discussed later based on the normal case agreements.
· Option 3: Deprioritize joint feature of multi-Rx chain DL reception and other features.

Issue 1-2-3: L1-RSRP measurement requirements enhancement
Issue 1-2-3-1: Aspects for L1-RSRP measurement requirements enhancement
· Proposals
· Option 1: FFS whether L1-RSRP measurement requirements can be enhanced on following aspects
· Beam sweeping factor N 
· Sharing factor Psharing factor for both SSB based measurement and CSI-RS based measurement
· Measurement restrictions for both SSB based and CSI-RS based L1-RSRP 
· Scheduling restrictions for both SSB based and CSI-RS based L1-RSRP 
Issue 1-2-3-2: impacts on sharing factors PSC and PCDP when UE is performing simultaneous L1-RSRP measurements on two RSs from different TRPs
· Proposals
· Option 1: FFS Study the conditions when UE is able to perform simultaneous L1-RSRP measurements on two RSs from different TRPs, and investigate the impacts on sharing factors PSC and PCDP.
Issue 1-2-3-3: SSB based L1-RSRP measurement period
· Proposals
· Option 1: FFS L1-RSRP measurement period: SSB-only based L1-RSRP measurement reporting does not benefit from QCL type D information.
Issue 1-2-3-4: Requirements enhancement for inter-cell L1-RSRP measurement
· Proposals
· Option 1: FFS Requirements for inter-cell L1-RSRP measurement are enhanced for UE supporting multi-Rx chain simultaneous reception.
Issue 1-2-3-5: Number of cells with PCI different from serving cells for inter-cell BM
· Proposals
· Option 1: FFS Number of cells with PCI different from serving cells are further discussed for UE supporting multi-Rx chain simultaneous reception and the max number of cells is 8.

Issue 1-2-4: L1-SINR measurement requirements enhancement
· Proposals
· Option 1: FFS whether L1-SINR measurement requirements can be enhanced on following aspects
· Beam sweeping factor N 
· Sharing factor Psharing factor for both SSB based measurement and CSI-RS based measurement

Issue 1-2-5: BFD/CBD measurement requirements enhancement
Issue 1-2-5-1: Aspects for BFD/CBD measurement requirements enhancement
· Proposals
· Option 1: FFS whether BFD/CBD measurement requirements can be enhanced on following aspects
· Beam sweeping factor N 
· Sharing factor Psharing factor for both SSB based and CSI-RS based BFD/CBD
· Measurement restrictions for both SSB based and CSI-RS based BFD/CBD 
· Scheduling restrictions for both SSB based and CSI-RS based BFD/CBD 
· The scaling factor PTRP for TRP specific requirements 
Issue 1-2-5-2: Simultaneous BFD/CBD measurements on two RSs from different resource sets
· Proposals
· Option 1: In R18, the enhancement on simultaneous BFD/CBD measurements on two RSs from different resource sets can be considered.
· Option 2: In R18, RAN4 needs to study the conditions when UE is able to perform simultaneous BFD/CBD measurements on two RSs from different resource sets, and investigate the impacts on sharing factor PTRP.
Issue 1-2-5-3: BFD/CBD measurement requirements enhancement for TRP specific link recovery
· Proposals
· Option 1: FFS Requirements for TRP specific link recovery are enhanced for UE supporting multi-Rx chain simultaneous reception.

Issue 1-2-6: RLM measurement requirements enhancement
· Proposals
· Option 1: RLM measurement requirements can be enhanced on following aspects
· Beam sweeping factor N 
· Sharing factor Psharing factor for both SSB based and CSI-RS based RLM
· Measurement restrictions for both SSB based and CSI-RS based RLM
· Scheduling restrictions for both SSB based and CSI-RS based RLM 
· Option 2: no need for enhancements on RLM measurement requirements

1.3 Sub-topic 1-3: TCI state switching
<Way forward >: 
Note: All the options listed below are FFS. Other options are not precluded.
Issue 1-3-1: General considerations for TCI related
Issue 1-3-1-1: Independent TCI switching for dual TCIs for multi-Rx chain UE
· Proposals
· Option 1: Each TCI switching per RX chain is assumed to be independent in aspect of TCI switching delay. RAN4 to study if Rel-17 TCI switching delay requirements can be applicable as Rel-18 UE requirements with multi-RX chains.
· Option 2: RAN4 to study if a UE with multiple RX chains tracks time and frequency per TCI when dual TCIs are activated per RX chain.
· Option 3: RAN4 to discuss the requirements for any change to the set of active TCI states used for simultaneous reception, e.g., active TCI state switching within this set.
Issue 1-3-1-2:  TCI framework for dual TCIs
· Proposals
· Option 1: Dual TCI state switching delay requirements shall base on Rel-15/16 TCI framework.
· Option 2: To define requirements for TCI switching delay with dual TCI, both R15/R16 TCI framework and R17 TCI framework, i.e., unified TCI, are considered for UE supporting multi-Rx chain simultaneous reception.
Issue 1-3-1-4: Inside-panel TCI state switching and cross-panel TCI state switching
· Proposals
· Option 1: FFS Except for the consideration of reduction of Rx beam number, considering inside-panel TCI state switching and cross-panel TCI state switching are both possible, so additional panel/RF chain switching time should be considered within the TCI state switching latency for the case of cross-panel TCI state switching.
Issue 1-3-1-5: Whether number of active TCI states can be larger than the UE capability for simultaneous reception
· Proposals
· Option 1: FFS RAN4 to discuss whether there is an issue when the number of active TCI states is larger than the UE capability for simultaneous reception.

Issue 1-3-2: Known/unknown conditions for TCI state switching for multi-Rx chain
· Proposals
· P1: Study whether TCI state switching delay can be modified or not for multi Rx chain UE, e.g. how to evaluate known/unknown condition by using multi Rx chain, how to define TCI state change delay by the cases that dedicated Rx chain is used, partial Rx chains are used, or all Rx chains are used.
· P1a: For MAC-CE based TCI state switch delay with unknown target TCI state, the reduction on switch delay requirements can be considered (i.e. consider the improvement of TL1-RSRP with multiple simultaneous reception)
· P1b: For dual TCI state switching delay requirements, which scenarios of triggering, known/unknown TCI state and TCI association to different PCI could be considered and clarified.
· P1c: Discuss the known conditions of dual TCI and discuss whether to define requirements for unknown dual TCI state switch.

Issue 1-3-3: Enhancement for TCI state switching delay requirements
· Proposals
· P1: For dual TCI state switch, the legacy TCI state switch delay requirement can be reused
· P2: The new RRM requirements defined for simultaneous measurements and procedures on two chains need to apply, provided the corresponding active TCI states are configured and used for simultaneous reception during the measurement or evaluation period.
· P3: The legacy TCI state switching delay requirement can apply for each RX beam.


2 Topic #2: Work plan for FR2 multi-Rx RRM
<Agreement>:
· Work plan for FR2 multi-Rx RRM provided in R4-2213053 is agreed.


