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1	Introduction
A WF on Rel-18 FR2_multiRX_DL was approved in RAN4#104 meeting [1]. 
In this contribution, we further discuss the RRM requirements for FR2 multi-Rx reception of the WI NR_FR2_multiRX_DL [2].
	· Enhanced RRM requirements:
· The following requirements should be studied and specified if necessary:
· L1-RSRP measurement delay   
· L3 measurement delay (both cell detection delay and measurement period can be considered)
· The starting point is the enhancements related to L1-RSRP measurement enhancements
· RLM and BFD/CBD requirements Scheduling/measurement restrictions
· TCI state switching delay with dual TCI
· Receive timing difference between different directions (different QCL Type D RSs)
· NOTE: The case of single TCI is handled as a second priority. Additional aspects related to single TCI can be further revisited.


2	Discussion
For RRM requirements of multi-Rx DL reception, we focus on necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier. 
	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


UE can use either a single antenna or multi-antenna panels to support simultaneous DL reception from different directions, which may depend on the actual AoA constraints of downlink signals. We think this issue is highly related to UE implementation, especially RF design. 
About activation delay from a single antenna panel to multi-antenna panels, we think it should rely on UE RF conclusion on the impact of antenna panel ON/OFF, RF Beamforming and baseband adjustment., etc. We are open to consider if RRM requirements should be specified based on conclusion from RF session. To be specific, whether to define activation delay from a single antenna panel to multi-antenna panels should depend on RF conclusion.
Observation 1: Activation delay from a single antenna panel to multi-antenna panels depends on UE RF design, e.g., antenna panel ON/OFF, RF Beamforming and baseband adjustment.
Proposal 1: Whether to define RRM requirements for activation delay from a single antenna panel to multi-antenna panels should be decided after RF conclusion.
	Issue 1-1-1-5: RRM impact of the UE behaviour using a single antennal panel
· Proposals
· [bookmark: _Hlk115185552]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 1-1-7: 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


As discussed in last meeting, using a single antennal panel rather than multi-antenna panels depending on the AoA of downlink signals from a different direction could be possible. But whether Multi-Rx chains mean UE has separate BB processors needs to be clarified. As common understanding, from baseband perspective, one searcher will be always dedicated to PCell, and the other searcher is shared by the rest of cells. 
Since RF RX chain architecture is independent from baseband architecture, RRM impact of the UE behavior of supporting multi-Rx reception does business with both RF and baseband assumption and UE capability. We are open to discuss possible implementations and UE capabilities as listed in option 1. 
Observation 2: Since RF RX chain architecture is independent from baseband architecture, both RF and baseband assumption and related UE capability have impact on UE RRM requirements of supporting multi-Rx reception. 
	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 1-1-2-3: 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



We think multi-TRP scenario can be used as starting point. Whether TRPs are intra-cell or inter-cell can be discussed later. The main scenario of Rel-18 multi-Rx DL reception should be to receive one PDSCH QCL’ed with different QCL sources from one cell. Besides, inter-cell operation with TRPs located within reasonable intercell distance is still FFS. Thus, we suggest to consider inter cell operation after the intra cell is concluded.
Proposal 2: Do not consider inter-cell operation with TRPs until intra-cell multi-TRP operation work is completed.
Since single-DCI and/or multi-DCI multi-TRP operation have been supported before R18, it is straightforward to define RRM requirements for single-DCI and multi-DCI multi-TRP operation depending on UE behavior. In this R18 WI, whether to down-select some scenarios can be further discussed after general assumptions with respect to TRPs, signals, QCL info and cells are clarified.
Observation 3: Single-DCI and multi-DCI multi-TRP scenarios is in the scope of this WI.
Proposal 3: Whether to down-select some scenarios of multi-TRP can be further discussed after general assumption with respect to TRP are clarified.

	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.


Since this WI is under single carrier only FR2 SCell activation delay reduction is not within the scope of this WI. But we are open to consider leveraging the conclusion of multi-Rx chain DL reception to FR2 SCell activation delay reduction in NR_RRM_enh3 WI if necessary. As there ongoing another discussion on whether it is feasible to enhance L3 measurement, we can come back to this after concluding on L3 basic issues.
Proposal 4: FR2 SCell activation delay reduction by multi-Rx chain simultaneous reception is handled in RRM enh3 WI if necessary. Whether to consider leverage the conclusion of multi-Rx chain DL reception to FR2 SCell activation delay reduction is FFS.

	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. 


In Rel-16 eMIMO, RAN1 has the assumption that the timing difference between different panels should be within CP length. We agree that the RTD between different directions shall be within CP as starting point. Whether to define requirements with timing difference larger than one CP could depend on UE capability. For example, if UE is capable of supporting two FFTs for different TRPs or panels reception, the legacy requirement within MRTD for inter-band CA could be enough.
Proposal 5：The RTD between different panels is at least within one CP. FFS whether to define requirements with RTD larger than one CP depends on UE capability.

	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 1-1-6-4: 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


Most companies are fine with the UE capability of simultaneous reception of L1 RS and data. But for simultaneous reception of L3 RS and data, it needs further discussion. Maybe we can discuss it later once the impact on baseline L3 requirements is identified. Thus, UE capability of simultaneous reception of L1 RS and data, or L3 RS and data can be decided after the baseline requirements are concluded.
Since the legacy R16 capability simultaneousReceptionDiffTypeD-r16 only indicate simultaneous reception of RS, not referring to PDCCH/PDSCH, we slightly prefer to introduce a new capability in R18 to make the UE capability clearer.
Observation 4: UE capability of simultaneous reception of L1/L3 RS and data can be decided after the feasibility issues of L1 and L3 enhancements are concluded. 
Proposal 6: New UE capability of supporting simultaneous reception from different directions with different QCL type D RSs in R18 is preferred.
[bookmark: _GoBack]3	Conclusion
Observation 1: Activation delay from a single antenna panel to multi-antenna panels depends on UE RF design, e.g., antenna panel ON/OFF, RF Beamforming and baseband adjustment.
Observation 2: Since RF RX chain architecture is independent from baseband architecture, both RF and baseband assumption and related UE capability have impact on UE RRM requirements of supporting multi-Rx reception. 
Observation 3: Single-DCI and multi-DCI multi-TRP scenarios is in the scope of this WI.
Observation 4: UE capability of simultaneous reception of L1 RS and data, or L3 RS and data can be decided after the feasibility issues of L1 and L3 enhancements are concluded. 

Proposal 1: Whether to define RRM requirements for activation delay from a single antenna panel to multi-antenna panels should be decided after RF conclusion.
Proposal 2: Do not consider inter-cell operation with TRPs until intra-cell multi-TRP operation work is completed.
Proposal 3: Whether to down-select some scenarios of multi-TRP can be further discussed after general assumption with respect to TRP are clarified.
Proposal 4: FR2 SCell activation delay reduction by multi-Rx chain simultaneous reception is handled in RRM enh3 WI if necessary. Whether to consider leverage the conclusion of multi-Rx chain DL reception to FR2 SCell activation delay reduction is FFS.
Proposal 5：The RTD between different panels is at least within one CP. FFS whether to define requirements with RTD larger than one CP depends on UE capability.
Proposal 6: New UE capability of supporting simultaneous reception from different directions with different QCL type D RSs in R18 is preferred.
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