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1. Introduction
The RF requirements for the UE supports simultaneous DL reception with two different QCL TypeD RSs on single component carrier with up to 4 layer DL MIMO were discussed several meeting in RAN4.
In this contribution, we further discussed the UE RF requirements for simultaneous multi-Rx chain DL reception.
2.  Discussion
In the WID [1], the objective for simultaneous multi-Rx chain DL reception is to specify RF requirements, mainly spherical coverage requirements, for devices with simultaneous reception from different directions with different QCL TypeD RSs. And the objective requests the legacy spherical coverage requirement for reception from a single direction will be kept. 
R-16 MIMO enhancement allows each TRP to use different DCI to schedule different transmission blocks, and uses the spatial channel differences of different TRPs to improve the user data rate, which is suitable for eMBB scenarios. And also allows Different TRPs transmit the same transmission block of DCI scheduling, using air division, time division, frequency division and other ways to improve data reliability and robustness. 
To cover two aforementioned enhanced purposes of increasing data rate and coverage reliability by defining one set of RF requirements, it need make 4DL MIMO possible, so the UE should locate in the common coverage area of two TPRs as the yellow area shown in figure 2-1:
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Figure 2-1 The common coverage area of two TRPs
The minimum angular separation of two AoAs in common coverage area of two TPRs is the points A and B that the UE located in the crossing points of two cell edges. And the minimum angular separation of two AoAs will be different according to the size of the common coverage areas of two TPRs. The minimum angular separation of two AoAs will get the smallest angle 60° when the distance between two TRPs equals to the cell radius as shown in figure 2-2, and the minimum angular separation of two AoAs will become larger when the size of common coverage area of two TPRs become smaller. Therefore, RAN4 should consider all possible deployment scenarios.
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Figure 2-2 The common coverage area of two TRPs
In last meeting, it was agreed to consider AoA setup and deployment scenario as a package [2]. Hence, the angular separation of two AoAs α in all possible non-co-located deployment scenarios should be 60°≤α≤180°.
In addition, UE RF requirements should be defined based on the worst case. Therefore, all aforementioned three impact factors need consider based on all possible deployment scenarios.
Considering the different angular separation of two AoAs, the different distances between UE and different TRPs and the UE different antenna mounted implementations as shown in figure 2-3:
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Figure 2-3 UE different antenna mounted implementations
Hence, the spherical coverage requirements for multi-Rx chain DL reception should consider the impact factors due to support simultaneous reception from different AoAs, as following:

· The mutual interference between the beams from two AoAs due to limited spatial rejection for some narrow angular separation between two AoAs.

· PSD imbalance from two AoAs.
· Can’t guarantee simultaneously choose best Rx beam peak direction from two AoAs for all possible AoAs separation pairs.
And in last meeting, the discussion of test set up assumption for UE RF requirement has agreed
· Take Option 1 as the starting point

· Multiple fixed orientation of the AoAs or single fixed orientation of AoA can be considered for test

· Multiple fixed AoA offset values or single fixed AoA offset value can be considered for core requirement

Option 1: fixed relative AoA separation: The UE RF requirement is based on a test system that can support multiple fixed relative AoA locations during test. 

Therefore, the spherical coverage requirements could be defined based on the angle of AoAs separation  60°≤α≤180°. And test set up for the AoAs separation could choose multiple fixed orientation of the AoAs, for example, [60°, 90°, 135°, 180°]
Proposal 1: The spherical coverage requirements for multi- RX chain DL reception could be defined based on the angle of AoAs separation  60°≤α≤180°, and consider following three impact factors as:

·  The mutual interference between the beams from two AoAs due to limited spatial rejection for some narrow angular separation between two AoAs.

· PSD imbalance from two AoAs.
· Can’t guarantee simultaneously choose best Rx beam peak direction from two AoAs for all possible AoAs separation pairs.
Proposal 2: The test setup assumption for the angle of AoAs separation could choose multiple fixed orientation of the AoAs, for example, [60°, 90°, 135°, 180°]
Multi-DCI will schedule different transmission blocks, and support separate ACK/NACK feedback for received PDSCHs from two AOAs. Single DCI will schedule the same transmission block and only support set of ACK/NACK feedback for received PDSCHs from two AOAs. According to the description of a mathematical formula for throughput:
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The throughput can be obtained for each AoA for multi-DCI and only one aggregated throughput is obtained for two AoAs for single DCI.
And the spherical coverage requirements for simultaneous multi-Rx chain DL reception is to verify the EIS in each direction for each grid point pair could simultaneously meet the EIStarget-CDF at X% tile under meeting the throughput requirement. Therefore, for multi-DCI, the spherical coverage test need simultaneously detect two receive powers from two AoAs for each grid point pair under each AoA meeting the throughput requirements. And for single DCI, the spherical coverage test need also simultaneously detect two receive powers from two AoAs for each grid point pair under meeting the aggregated throughput requirement.
From this point, no matter whether the UE supports multi-DCI, single DCI or both, the spherical coverage test need simultaneously detect two receive powers from two AoAs for each grid point pair, and the CDF of each detected receive power need meet the EIStarget-CDF at X% tile under each angle of AoAs separation needed test, if not, the UE fails the test. And the impact factors for the spherical coverage requirements for multi-DCI, single DCI from RF perspective are the same, the different is how to test the throughput. Therefore, the spherical coverage requirements for simultaneous multi-Rx chain DL reception for multi-DCI or single DCI need just consider some relaxation due to the aforementioned impact factors compared to the requirements for the single direction.
Proposal 3: The EIS spherical coverage requirement for multi-Rx chain DL reception should keep the same coverage N%-tile with the single direction (i.e., N% = 50% for PC3)
Proposal 4: The EIS total spherical coverage requirement should be defined with the tolerance Z dBm based on the requirements for the single direction.
Considering the mutual interference between the beams from two AoAs due to limited spatial rejection for the narrow angular separation between two AoAs in real deployment, and based on current EIS test setup for single direction, the polarization setup of two AoAs should at least consider the polarization combinations of and  for the 2-DL spherical coverage test case.
Proposal 5: The polarization setup of two AoAs should at least consider the polarization combinations of  and  for the 2-DL spherical coverage test case.
3. Conclusion

In this contribution, we proposed:
Proposal 1: the spherical coverage requirements for multi- RX chain DL reception could be defined based on the angle of AoAs separation  60°≤α≤180°, and consider following three impact factors as:

·  The mutual interference between the beams from two AoAs due to limited spatial rejection for some narrow angular separation between two AoAs.

· PSD imbalance from two AoAs.
· Can’t guarantee simultaneously choose best Rx beam peak direction from two AoAs for all possible AoAs separation pairs.
Proposal 2: The test setup assumption for the angle of AoAs separation could choose multiple fixed orientation of the AoAs, for example, [60°, 90°, 135°, 180°]
Proposal 3: The EIS spherical coverage requirement for multi-Rx chain DL reception should keep the same coverage N%-tile with the single direction (i.e., N% = 50% for PC3)
Proposal 4: The EIS total spherical coverage requirement should be defined with the tolerance Z dBm based on the requirements for the single direction.

Proposal 5: The polarization setup of two AoAs should at least consider the polarization combinations of  and  for the 2-DL spherical coverage test case.
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