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1 	Introduction
In this paper, we discuss the array gain difference in RSRP reporting, which comes from different number of Rx antennas. For an example, L1-RSRP is measured through fine beam formed through 8 antennas and L3-RSRP is measured through rough beam form through 2 antennas or 1 single antenna. 
2 Discussion 
We use a very simple example to facilitate the discussion. The example is described as following.
· UE has 2 antennas: ANT#1 and ANT#2
· On ANT#1, the received signal is  and thermal noise  with variance .
· On ANT#2, the received signal is  and thermal noise  with variance .
· For simplicity, we assume  and the noise variance 
· When UE#1 uses ANT#1 to form a rough beam.
· The signal power Prough is 
· The noise power is 
· The SNRrough is 
· When UE#2 uses both antennas to form a fine beam
· Assuming ideal phase shifting coefficients  on ANT#1 and  on ANT#2, the signal power Pfine is 
· The noise power is 
· The SNRfine is 
The results is summarized in below Table 1.
[bookmark: _Ref4526901]Table 1. Comparison for different # of antennas to form rough beam 
	
	Ratio of UE#2/UE#1 (linear)

	Signal power 
	4

	SNR 
	2

	Note: 
· UE#1 forms rough beam with 1 single antenna
· UE#2 forms rough beam with 2 antennas



From above example, the power gain of UE#2 over UE#1 is 4. However, the SNR gain is only 2. This example can be easily generalized to the cases with different number of antennas for rough beam (and also for fine beam). In general, if the number of antennas used to form a beam by UE#1 is  and the number of antennas used to form a beam by UE#2 is , we can observe that the beamforming gain on signal power is , while the actual SNR gain is . This mismatch between power gain and SNR gain will increase when  increases. 
If more practical scenario is considered, e.g.,  or non-ideal phase shifting coefficients, the mismatch could get smaller, but would never disappear. The gain on the signal power level is contributed by two factors. One is the array gain which comes from the number of Rx antennas. The more Rx antennas are used, the total power received is of course higher. The other one is coherent combining gain, which is achieved by properly selecting the phase shifting coefficients. However, the array gain will not contribute to the SNR, because the more antennas are used for combining, the higher total noise power comes at the same time. 
[bookmark: _Ref907515]Observation 1: When UE#1 uses N1 Rx antennas to form its Rx beam for measurement and UE#2 uses N2 Rx antennas to form its Rx beam for measurement, ideally the RSRP of UE#1 will be (N1/N2)2-fold higher than that of UE#2, but in SNR only N1/N2-fold higher.

This mismatch may create some problem in the real field. 
· As we know, SNR is the metric which reflects the decoding performance. For an examples, when decoding PDSCH, using 2 antennas for decoding will roughly achieve 3dB gains than using 1 antenna. But in RSRP reporting, using 2 antenna for combining could achieve 6dB higher RSRP than using 1 antenna. 
· When UE is measuring both SS-RSRP and SS-SINR, the difference between this 2 quantities will depend on the number of Rx antenna used by UE, especially in FR2 which is a noise-limited environment.
· If different UEs are using different number of antennas to form a beam, then the same absolute threshold for RSRP means differently for different UEs. For an example, 
· With the same threshold for A2 event (Serving becomes worse than threshold), UE with less antennas for rough beams will be more likely to trigger this event. 
· With the same threshold for CBD (rsrp-ThresholdSSB), it is easier for a UE with more antennas to find a qualified SSB.
In our opinion, RAN4 should first confirm whether the reported RSRP value should include the array gain or not. Our suggestion is that the reported RSRP value should not include array gain. So that the UE’s performance from different implementations can be more consistent. It will also help to reduce the additional beamforming margin for FR2 RSRP accuracy test.
[bookmark: _Ref907518]Proposal 1: Reported RSRP value should not include array gain. 
3 Summary
In this paper, we discuss the issue of difference in reported RSRP value due to different number of Rx antennas. We have the following observation and proposal
Observation 1: When UE#1 uses N1 Rx antennas to form its Rx beam for measurement and UE#2 uses N2 Rx antennas to form its Rx beam for measurement, ideally the RSRP of UE#1 will be (N1/N2)2-fold higher than that of UE#2, but in SNR only N1/N2-fold higher.
[bookmark: _GoBack]Proposal 1: Reported RSRP value should not include array gain.

