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1. Introduction
In RAN4#104bis-e, many ideas for the RF requirement of the multi-Rx DL reception are proposed [1], but companies’ views are still diverse on issues. In this contribution, we further provide our views on how to construct the requirement.
2. Discussion
2.1 Whether the coverage performance can be enhanced under multi-Rx DL reception?
In R15, the spherical coverage is defined to verify the coverage performance of mmwave UE and the CDF method can be a good tool to achieve our intention. It is noted that each antenna module of UE can generate the beams pointing to different directions during the verification, and the spherical coverage actually is an envelope of all these beams. When multi-Rx DL reception is activated, the performance of each antenna module is constant and the difference here is that all single beams from different modules will be combined with each other to form beam pair, but the envelope of the beam pair is the same as the envelope of all single beam because the antenna module performance is not enhanced.  


Figure 1 single beam and beam pair

Observation 1：The total coverage performance of UE is not enhanced when multi-Rx simultaneous DL reception is activated.

Another idea here is “the coverage performance during multi-Rx simultaneous DL reception”. It’s true because the coverage of the beam pair must be better than a single beam. However, on the one hand, we cannot get per beam or beam pair performance, which means the performance gain cannot be verified, on the other hand, this gain cannot indicate any useful information for the performance of the whole UE.

Observation 2: The coverage during multi-Rx simultaneous DL reception not only cannot be verified but also does not indicate the gain of the whole UE.

Proposal 1: The RF requirement for multi-Rx does not need to verify the coverage area which is already implicit in traditional spherical coverage test.
2.2 How to treat the PSD condition?
[bookmark: OLE_LINK1]In [2], we discussed the PSD imbalance under the MTRP. The power imbalance exists in the MTRP scenario but considering the requirement is defined based on MIMO operation, the PSD imbalance should be tiny otherwise the UE cannot benefit from MIMO, and NW also not configure UE with MIMO under the large PSD imbalance, so we think the UE only needs to be verified under “normalized equal PSD” condition and similar method that used in intra-band CA can be considered.

Proposal 2: The RF requirement is defined based on the “normalized equal PSD” condition, i.e., the EIS of each layer need to achieve 95% RMC throughput simultaneously.

As for the RMC, the RMC for single DCI is proposed but for multi-DCI is still FFS. Under the multi-DCI scheme, each TRP transmits a PDSCH separately, and reusing the RMC of the single carrier is a straightforward idea.

Proposal 3: For the UE supporting multi-DCI, the RMC of the single carrier can be reused for each layer. 

2.3 Whether the “joint sensitivity” is feasible?
The “joint sensitivity” was raised in the last meeting, and the intention is to combine the EIS from 2AoA, then we can define the requirement easier. The problem here is the EIS (Effective Isotropic Sensitivity) is a physical quantity with clear physical meaning, which is the sensitivity at a specific direction. When we try to combine the EIS from different directions, the directionality of EIS will be eliminated in any case, and the new combined quantity will then be nothing but a meaningless number. 

Observation 3: The “joint sensitivity” will eliminate the directionality of EIS which make this quantity become a meaningless number. 

More importantly, if we define the requirement based on such a “number”, we will even lose the principle to judge whether the UE is good or not because this “number” can be different by choosing different combined methods. We use CDF to evaluate the coverage is reasonable because the CDF is based on EIS which has a clear physical meaning, and the CDF can indicate the EIS distribution of the whole sphere and we can judge the coverage performance of UE is good or not.

Proposal 4: The RF requirement should not be defined based on “joint sensitivity” unless the “joint sensitivity” can match with a clear physical meaning.

Another thing here we want to discuss is the expandability of the RF requirement. This WI only considers the case that 2 AoAs exist, but in our understanding, if more than 2AoA exist in the future, the requirement should be easily extended to cover these cases otherwise we have to discuss a similar topic again and again in the future and the spec will also become redundant.

Proposal 5: The RF requirement should have good expandability to be compatible with the case that more than 2 AoA exist for future proof.

2.4 How to construct the RF requirement?
In [2], we propose a tolerance concept as the RF requirement for multi-Rx DL reception, but it is just a rough idea and we try to further explain it in this contribution. As we analyzed in section 2.1, the coverage is not the performance gain for multi-Rx, so what is the benefit UE gets from multi-Rx DL simultaneous reception? The key word for us is “simultaneous”. Ideally, we hope each layer under multi-Rx can achieve the same performance as the single carrier, then the DL throughput can be doubled, but the interference between layers will exist and the actual performance will be between the single carrier and the ideal case. The calculation formula of EIS is:

Sensitivity = -174dBm(kT) + 10*log(Max. RX BW) + NF – Total Ant. gain - polarization gain + SNR + ILs
· In here, Total ant. gain = element gain + beamforming gain
· ILs: Implementation Losses
· Max. RX BW: Max. Received Bandwidth

When multi-Rx is activated, compared to the single carrier in the same direction, the only difference here is that mutual interference will make the NF worse which in turn reduces the sensitivity. The tolerance we proposed is to ensure the UE can obtain enough DL throughput gain under interference in the whole sphere. In the following part, we give a specific example to clarify our idea.

Step-1: Perform the single carrier spherical coverage test, and get the EIS_0 which is the top 50% EIS of the whole sphere.

	
	EIS_0 (dBm)

	AoA1
	-80

	AoA2
	-83

	…
	…

	AoA2N
	-82



This procedure is the traditional spherical coverage test, to obtain the EIS performance at each test point, and all EIS_0 here must meet the spherical coverage requirement.

Step-2: Perform multi-Rx spherical coverage test and only verify the top 50% region of single carrier, then get EIS_1 from AoA1 and EIS_2 from AoA2.

	
	EIS_1(dBm)
	EIS_2(dBm)

	(AoA1, AoA2)
	-78
	-80



As we mentioned in section 2.1, the total coverage should be constant, the step-2 select 2 AoA within the 50% spherical coverage region and activated the 2AoA simultaneously, then we get a pair of EIS under multi-Rx.  

[bookmark: _Hlk114742403][bookmark: _Hlk114739277]Step-3: Calculate the difference in same direction ∆EIS_1 = EIS_1 - EIS_0AoA1 and ∆EIS_2 = EIS_2 -EIS_0AoA2

	
	EIS_0 AoA1(dBm)
	
	EIS_0 AoA2 (dBm)
	
	EIS_1(dBm)
	EIS_2(dBm)

	AoA1
	-80
	AoA2
	-83
	(AoA1, AoA2)
	-78
	-80



	∆EIS_1 (dB)
	∆EIS_2 (dB)

	2
	3



Step-3 is calculating the EIS degradation between multi-Rx and single carrier, and it’s also the physical meaning of ∆EIS: the sensitivity degradation of UE under multi-Rx at a specific direction.

Observation 4: The ∆EIS has a clear physical meaning which is the sensitivity degradation of UE under multi-Rx at a specific direction.

Step-4: Reselect the AoA1 and AoA2, get a set of ∆EIS_1 and ∆EIS_2.

	
	EIS_1(dBm)
	EIS_2(dBm)
	∆EIS_1 (dB)
	∆EIS_2 (dB)

	(AoA1, AoA2)
	-78
	-80
	2
	3

	(AoA1, AoA3)
	-78
	-83
	2
	1

	…
	…
	…
	…
	…



Step-4 tries to verify the degradation in the whole sphere, then we can get a full picture of the UE performance when multi-Rx are activated simultaneously.

[bookmark: _Hlk114739493]Step-5: EIS tolerance = max(∆EIS_1, ∆EIS_2) ≤ [TBD] dB

Considering both the ∆EIS_1 and ∆EIS_2 have the same physical meaning, it is not needed to differentiate them, and the max () function is a simple way to do the estimate, however, other functions also can be discussed after we accept the tolerance concept. Furthermore, it is noted that most of the steps above are just post-processing because anyway we will get two EIS during the test, which means the impact on test time or complexity is tiny.

Proposal 6: The RF requirement can be constructed based on the tolerance concept, to ensure the UE performance by verification of the EIS degradation.
3. Conclusion
In this contribution, we provide our views on RF requirements and the proposals are following:
Observation 1：The total coverage performance of UE is not enhanced when multi-Rx simultaneous DL reception is activated.

Observation 2: The coverage during multi-Rx simultaneous DL reception not only cannot be verified but also does not indicate the gain of the whole UE.

Observation 3: The “joint sensitivity” will eliminate the directionality of EIS which make this quantity become a meaningless number. 

Observation 4: The ∆EIS has a clear physical meaning which is the sensitivity degradation of UE under multi-Rx at a specific direction.

Proposal 1: The RF requirement for multi-Rx does not need to verify the coverage area which is already implicit in traditional spherical coverage test.

Proposal 2: The RF requirement is defined based on the “normalized equal PSD” condition, i.e., the EIS of each layer need to achieve 95% RMC throughput simultaneously.

Proposal 3: For the UE supporting multi-DCI, the RMC of the single carrier can be reused for each layer. 

Proposal 4: The RF requirement should not be defined based on “joint sensitivity” unless the “joint sensitivity” can match with a clear physical meaning.

Proposal 5: The RF requirement should have good expandability to be compatible with the case that more than 2 AoA exist for future proof.

Proposal 6: The RF requirement can be constructed based on the tolerance concept, to ensure the UE performance by verification of the EIS degradation.
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