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1 Background
[bookmark: _Ref4666338]Beam correspondence was further discussed in RAN4 #91 in Reno and most of the specification items were agreed upon [1], [2]. The analysis supporting the specification is described in [3] where simulations, performed by several contributing companies, are based on imperfect estimation of RSRP values and  pre-coders (beam former),  agreed in RAN4 #91 BIS [4], [5]. To complete a comprehensive test specification, the side condition which includes the interplay among RSRP error, number of resource elements (REs), and SNR need to be understood.
2 Problem description
The general problem of estimation of the best (or suitable) UL beam based on UE measuring on DL synchronization signals is described in [6]. The reasoning in [6] (and further elaborated in [7]) is based on an RSRP estimation error (log-normal distribution μ= 0,   = 2 dB). During the discussion in RAN4 #90 bis and RAN4 #91 the question was raised how this RSRP error correlates to (UE) SNR. Elaboration on available SNR in the test chamber was done in [8] where it was concluded that: “The SNR conditions for the definition of the beam correspondence tolerance requirement are in the range of -6.0 dB to 19.4 dB”. We will look further into the relation between RSRP error and SNR and look at the dependency of number of available DL synchronization resource elements (REs).
3 Simulation set-up
In our previous paper ([6], [7]) we have made analysis of the variation of the RSRP error in the test chamber taking antenna pattern into account. Remaining simulation is to correlate the RSRP error to an SNR. We have therefore simulated a single-antenna test probe communicating with a single-antenna device-under-test (DUT) through a pure line-of-sight (LOS) channel. For this analysis the DUT antenna is ideal and isotropic. Only one polarization mode is considered at both the test probe and the DUT. During the simulations, the receiver noise power is held at a constant level and the transmitted power is adjusted to match the target SNR level. Then, the RSRP is estimated by non-coherently averaging the estimated channel energy over  reference REs. That is,
,
where  are radio channel samples,  are transmitted symbols fulfilling  for  (i.e., QPSK symbols), and  is the receiver noise. Plots below are based on RSRP estimates in decibels:
.
Test cases
We have simulated the test cases specified in the table below. It has been assumed that one resource element (RE) is available per resource block (RB) for reference signals. Thus, . Further,  for all simulations and all n, and its phase is IID across simulations. 

	Environment
	Channel Profile
	UE testing condition

	Free space
	LOS
	Isotropic DUT antenna.






Other test case parameters are as follow:
	Parameter
	Value
	Units

	Number of simulations
	10000
	-

	Number of rotation steps in azimuth
	1
	-

	Number of resource blocks
	2, 5, 10, 20, 50, 100, or 400
	-

	Number of reference signals per resource block
	1
	-

	Number of samples for (non-coherent) averaging
	2, 5, 10, 20, 50, 100, or 400	
	-

	Subcarrier separation
	120
	KHz

	Bandwidth
	2.88, 7.2, 14.4 , 28.8, 72, 144, or 576
	MHz

	SNR
	-10,-9,…,19,20
	dB

	Number of UE beams
	1
	-

	UE beams type
	Single-polarized, isotropic
	-

	Number of BS beams
	1
	-

	UE beams type
	Single-polarized, simulated
	-

	Carrier frequency
	28
	GHz

	Normalized Path Gains
	False
	-



Simulation Results
[bookmark: _Ref536789369]RSRP estimation error
Figure 1 shows the standard deviation of the non-coherent RSRP estimator for different SNR target levels, and for different number of available reference signals, . It could be seen that the standard deviation of the estimator depends on the SNR level and the number of reference REs (). Except for very small values of SNR and , the standard deviation appears to be small. It is evident that a discussion of the required SNR for a BC test must also involve discussing the number of reference REs ().
[bookmark: _Ref16176405][bookmark: _Ref16603025]Observation 1	The RSRP estimation accuracy is impacted by both SNR and the number of resource elements.
[bookmark: _Ref16249504]Proposal 1	For BC test, RAN4 shall discuss the number of reference REs in conjunction with SNR.
[image: ]
 
[bookmark: _Ref16608918]Figure 1. Simulation on RSRP standard deviation value based on SNR.

Conclusion
In this contribution we have discussed the relation between SNR, number of reference REs and RSRP estimation error for beam correspondence. We have made the following observations and proposals:
[bookmark: _GoBack]Observation 1	The RSRP estimation accuracy is impacted by both SNR and the number of resource elements.
Proposal 1	For BC test, RAN4 shall discuss the number of reference REs in conjunction with SNR.
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