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Introduction
In RAN4#104-e meeting, the RRM impacts of NR FR2 multi-Rx chain DL reception were initially discussed. In this contribution, we provide the discussion on RRM general impacts due to NR FR2 multi-Rx chain DL reception.
Discussion
General
For FR2 multi-Rx chain DL reception, simultaneous DL reception with different beams directions are assumed. DL receptions include data reception, L1 measurements and L3 measurements. Simultaneous DL reception with different beams directions include the following cases:
· Case 1: simultaneous data receptions with different beam directions
· Case 2: simultaneous L1 measurements with different beam directions
· Case 3: simultaneous L3 measurements with different beam directions
· Case 4: simultaneous data reception and L1 measurement with different beam directions
· Case 5: simultaneous data reception and L3 measurement with different beam directions
· Case 6: simultaneous L1 measurement and L3 measurement with different beam directions
For this WID, UE is assumed to support simultaneous DL receptions from different directions with different QCL TypeD RSs on one component carrier. UE is not required to activate more than two Rx beams simultaneously.
The most important motivation of multi-beam simultaneous DL reception is to support 4-layer downlink MIMO with simultaneous reception at the UE from two different directions. Hence, simultaneous data receptions with different beam directions is prioritized. When simultaneous data receptions with two different beam directions is assumed, UE cannot be able to support simultaneous data reception and L1 measurement with two different beam directions or to support simultaneous data reception and L3 measurement with two different beam directions. Otherwise, it requires UE to support simultaneous DL receptions with more than two different beam directions.
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Figure 1: example for simultaneous data receptions with two different beams
As shown in Figure 1, UE is assumed to support simultaneous data receptions with beam#1 and beam#2. The beam for RS#1 or RS#2 is same as one of two beams for data receptions. The beam for RS#3 or RS#4 is different with either beam for data receptions. 
When RS#1 or RS#2 is used as L1 measurements, UE is able to support simultaneous L1 measurement (on RS#1 or RS#2) and data reception. Accordingly, UE is also to support simultaneous L1 measurements on both RS#1 and RS#2. When RS#3 or RS#4 is used as L1 measurements, UE is not able to support simultaneous L1 measurement (on RS#3 or RS#4) and data receptions. Accordingly, UE is not able to support simultaneous L1 measurements on RS#1, RS#2 and RS#4.
UE is assumed to use rough beam for L3 measurements and use fine beam for L1 measurements and data receptions. The beam for L3 measurements can be always assumed to be different with the beams for data receptions. So, UE is also not able to support simultaneous L3 measurements (on SMTC) and data receptions. Similarly, UE is not able to support simultaneous L3 measurements and L1 measurements on RS#1 and RS#2.
For case 6, whether to support simultaneous L1 measurement and L3 measurement needs to be studied. Since assuming fine beam for L1 measurement and rough beam for L3 measurement, UE is always assumed to perform L1 measurement and L3 measurement with different beams. If simultaneous L1 measurement and L3 measurement is considered, it requires UE to support simultaneous receptions with one rough beam and one fine beam. However, beam sweeping for all directions is always assumed L3 measurements and rough beam and fine beam are quite possible on the same panel. Besides, multiple RSs can be configured for L1 measurements, simultaneous L1 measurement and L3 measurement may require simultaneous receptions with more than two beams. Hence, we suggest not to support simultaneous L3 measurements and L1 measurements.
Proposal 1: For R18 multi-Rx DL reception, the enhanced RRM requirements can be developed based on the following principles:
· UE can be assumed to support simultaneous data receptions with two different beam directions.
· UE does not support simultaneous data receptions and L1 measurements with different beam directions.
· UE does not support simultaneous data receptions and L3 measurements.
· UE does not support simultaneous L1 measurements and L3 measurements.
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	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. 


Based on the discussion in last meeting, most companies support to consider CP length as the starting point. And some companies proposed to study the case if the time difference is larger than CP. Besides, some companies mentioned that the impact of UL shall be considered which may require even smaller timing difference than CP. Based on current specification, on which RS that UE determine the DL reference timing (especially for mTRP scenario) is not specified which is up to UE’s implementation. Then for determining the UL timing to whichever TRP, gNB can adjust the timing by TA procedure. Thus, it should not be taken into account for DL timing different budget. What’s more, in this WI, the utilization of multi panel reception is extended to different aspects, e.g. L1/L3 RRM activities, data receptions, dual TCI switching. The receiving timing difference shall be further discussed with clearer scope of the intended scenarios.
Proposal 2: The receive timing difference between different directions shall take CP as the starting point and to be further discussed with clearer scope of applicable case to be considered.

Conclusions
This contribution provides our discussion on RRM impacts of NR FR2 multi-Rx chain DL reception in R18. The following are provided:
Proposal 1: For R18 multi-Rx DL reception, the enhanced RRM requirements can be developed based on the following principles:
· UE can be assumed to support simultaneous data receptions with two different beam directions.
· UE does not support simultaneous data receptions and L1 measurements with different beam directions.
· UE does not support simultaneous data receptions and L3 measurements.
· UE does not support simultaneous L1 measurements and L3 measurements.
Proposal 2: The receive timing difference between different directions shall take CP as the starting point and to be further discussed with clearer scope of applicable case to be considered.
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