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1	Introduction
Referring to [1], it was agreed at the RAN4 #81 meeting that the output power accuracy requirement for both NR BS types 1-O and 2-O is specified as EIRP. Further, [1] states the need to discuss on how to decide the EIRP accuracy value. For NR BS type 1-O, it was agreed to adopt the OTA AAS EIRP accuracy requirement. On the other hand, discussion has been going on for NR BS type 2-O since the RAN4 #81 meeting, which has resulted in total 17 contributions [1]-[17] submitted and discussed. Four of those are way forward. Despite a great deal of effort has been expended by numerous companies, very little progress has been made thus far, consequently, no consensus has been reached.                

In an attempt to make some progress on the topic, we take a fresh look at the open issues surrounding the NR BS type 2-O EIRP accuracy and make a recommendation for the next step.    
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Table 1 lists and summarizes the main contributions of each document on the topic submitted by numerous companies since the RAN4 #81 meeting.   

	Reference 
	Main contributions

	Nokia [1]
	Way forward – NR BS type 1-O and 2-O power accuracy requirement is specified as EIRP

	NTT DoCoMo [2]
	Way forward – companies are encouraged to discuss if same EIRP accuracy model is reused or other means for NR BS type 2-O

	Nokia [3]
	The same EIRP equation derived for AAS BS can be adopted if NR BS type 2-O has similar architecture to the OTA AAS BS

	ZTE [4]
	Both the RF feasibility and BB request should be taken into account for EIRP accuracy for NR BS type 2-O

	Nokia [5]
	The AAS EIRP equation is extended for hybrid beamforming architecture and the EIRP accuracy should be specified for different frequency ranges. 

	Nokia [6]
	Qualitative assessment shows that the same mathematical approach as for AAS BS can be used

	ZTE [7]
	Specify EIRP accuracy of DL RS power

	Huawei [8]
	Discussing all the methods in AAS BS for analysing and estimating EIRP accuracy

	ZTE [9]
	Way forward identifies EIRP accuracy contributors

	ZTE [10]
	EIRP accuracy = ±4 dB based on CDF of simulation results

	Ericsson [11]
	Estimations of technology limitation and network performance impacts are needed. Potential modifications of the requirement to take into account the likely much smaller beamwidths for FR2 should be considered

	Huawei [12]
	The three-error model is useful as a means for discussing the different error types. EIRP accuracy requirement that is based on relative error leads to more complex OTA testing. Two possible metrics are identified: absolute direction and relative direction

	CMCC [13]
	EIRP accuracy = ±2.4 dB or (-2.4, 2.1) dB based on 3-error model 

	ZTE [14]
	Specifying EIRP accuracy requirement that is based on relative error is more complex. EIRP accuracy = ±4.97 dB (for indoor NR BS) based on CDF of EIRP accuracy simulations and network simulation results

	Huawei [15]
	Way forward – directivity related power variation maybe captured as either EIRP accuracy or a direction error. 

	Huawei [16]
	Investigating the effect of random phase errors on steering error. 

	CATT [17]
	Introducing a new term “beam peak direction error” for analysing directivity related power variations


					Table 1: Summary of main contributions from numerous companies

From the summary in Table 1, several observations can be made:
	Observation 1: There is no a common NR BS type 2-O architecture that EIRP accuracy analyses can be based on. All the contributions assume the OTA AAS BS architecture which is purely a digital beamforming structure instead of analogue or hybrid. 
	Observation 2: The behaviour and performance of analogue devices (PA, LO, filters, mixers, etc.) for mmWave are not as mature as for sub-6 GHz.    
	Observation 3: NR BS type 2-O implementation variations, e.g., some may include complex internal calibration techniques that can correct phase and amplitude errors.
The main error sources that affect EIRP accuracy are amplitude and phase errors. Based on the above observations, it is important to differentiate between two types of error sources that exist in a typical base station:
· Stochastic: these errors are unpredictable or random, temperature sensitive and time varying. They cannot be easily compensated by system calibration or adaptive signal processing techniques. Examples are clock jitter, phase noise, phase variations, and PA non-linearity.   
· Non-stochastic: these errors are deterministic in nature and usually compensated by system calibration. However, the cost of calibrating such a system increases with the required accuracy.    
[bookmark: _Hlk498537186]Observation 4: Error sources (phase and amplitude) of type stochastic are the main contributors to the EIRP accuracy. In addition, EIRP accuracy should include errors that cannot be compensated during calibration.
From Observation 4, we examine the effect of stochastic error sources on beamsteering accuracy. Let us consider a 1:1 NR BS type 2-O architecture with n transceivers and analogue beamforming. The received signal at a given time instance is a superposition of the signals from all antennas  
 																							(1)		
where  = the phase shifts due to a carrier frequency 
		= the amplitude
		 = the phase error (assume ,  is an upper bound on the amplitude of phase deviation.
Considering only the signal in the main lobe, that is when the phases of all antennas align in a point of constructive interference, that is when  for all , equation (1) simplifies to
																								(2)
The average power in the main lobe is .	
The loss in array gain is given as
 																	(3)
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			Figure 1: Array gain loss as a function of the maximum phase error for different error distributions
Figure 1(a)-(c) show a plot of  in equation (3) for  for different types of phase error distributions. As can be observed from the plots, the actual distribution of the phase errors has little impact on the loss in array gain. 
 	Observation 5:  Loss in array gain is not influenced by the actual distribution of phase errors.
 For example, if , then dB. 
What is an acceptable phase error for deriving the array gain loss? What are the factors (such as operating frequencies, the number of transmitter units) should be taken into account? 
	Observation 6: Other means (such as network simulations) should be used to validate the loss in array gain for a given maximum phase error and to study the impact on network performance. 

3	Conclusions
We have reviewed contributions submitted by numerous companies on EIRP accuracy for NR BS type 2-O. Based on our studies, the following observations can be made:

Observation 1: There is no a common NR BS type 2-O architecture that EIRP accuracy analyses can be based on. All the contributions assume the OTA AAS BS architecture which is purely a digital beamforming structure instead of analogue or hybrid. 
	Observation 2: The behaviour and performance of analogue devices (PA, LO, filters, mixers, etc.) for mmWave are not as mature as for sub-6 GHz.    
	Observation 3: NR BS type 2-O implementation variations, e.g., some may include complex internal calibration techniques that can correct phase and amplitude errors.

Observation 4: Error sources (phase and amplitude) of type stochastic are the main contributors to the EIRP accuracy. In addition, EIRP accuracy should include errors that cannot be compensated during calibration.
Based on the above observations, we have analysed the effect of stochastic phase errors on array gain. Based on our results, the following observations can be made:

Observation 5:  Loss in array gain is not influenced by the actual distribution of phase errors.

Observation 6: Other means (such as network simulations) should be used to validate the loss in array gain for a given maximum phase error and to study the impact on network performance.
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