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1	Introduction
During the last RAN4 #NR ad hoc meeting, a way-forward on BS output power accuracy value for NR [1] was approved. It captured in [1] that for NR BS operating frequency below 6 GHz, both the conducted and OTA AAS BS output power requirements adopted. However, for frequency above 6 GHz, the following issue needs to be discussed [1]  

1. If OTA requirement is specified:
a. RAN4 needs to discuss how to decide the accuracy value. Interested companies encourage to present whether the same EIRP accuracy equation with AAS (shown in the next slide) can be reused or not in RAN4#82 meeting. If not, accuracy modelling method would also be provided. 

In [2][3], we initiated discussion on the above issue and, in this contribution, the issue is further discussed with respect to mathematical modelling of EIRP accuracy and the hybrid beamforming architecture [4] which is being proposed for NR operating at frequency above 6 GHz. Then we conclude with our observations and proposals.
2	Discussion
[bookmark: _MON_1248174552][bookmark: _MON_1249227490][bookmark: _MON_1282989596][bookmark: _MON_1282992763][bookmark: _MON_1283666811][bookmark: _MON_1290505886][bookmark: _MON_1248002274]It was captured in the way-forward on BS RF requirements for NR [5], the OTA output power accuracy requirement is specified as EIRP. 
Now, one of the questions raised in [1] is whether the same EIRP accuracy equation for AAS is applicable to NR BS above 6 GHz. From TR 37.842, the EIRP accuracy is 

  [dB]																				(1)
where 

– is the maximum conducted output power error at the transceiver unit output.								    (1a)

 – is the variation in main beam EIRP due to beamforming errors caused by phase error at the transceiver unit output.																														    (1b)

 – is the variation due to the error in the passive elements, the RDN, the antenna array gain errors, mismatch errors and insertion losses variations.																					    (1c)
Equation (1) is a mathematical model which provides an abstract representation of the individual error sources present in an AAS base station implementation. The model is based on the AAS base station architecture as shown in Figure 1. 
Observation 1: EIRP accuracy equation is a mathematical model that provides an abstract representation of a physical AAS BS. 
Naturally, equation (1) is valid if NR BS has a similar architectural design and functionality as AAS BS depicted in Figure 1. 
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Figure 1: General AAS BS radio architecture (from TR 37.842)
Presently, there is no NR BS architecture specified in 3GPP RAN4. According to [3], RAN1 agreed to study the following three implementation variants of beamforming for NR:
1. Analog beamforming
 
2. Digital beamforming

3. Hybrid beamforming

For digital beamforming, the NR BS architecture is basically similar to the AAS BS as shown in Figure 1.
[bookmark: _MON_1290505889][bookmark: _MON_1230619646][bookmark: _MON_1230620479][bookmark: _MON_1230620585][bookmark: _MON_1230620596][bookmark: _MON_1230620632]Observation 2: For NR BS implementing digital beamforming only, the EIRP accuracy equation for AAS BS can be adopted.
An example of a hybrid beamforming architecture, which is being proposed for mmWave NR BS, is shown in Figure 2. As compared with AAS BS, an analog beamforming block is introduced whereas the other blocks remain functionally equivalent to AAS. Thus, the EIRP accuracy equation of AAS can be adapted for the hybrid beamforming NR BS architecture by taking into account errors introduced by the analog beamforming.
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Figure 2: Example of hybrid beamforming architecture for mmWave NR base station

From equation (1), we can foresee that the analog beamforming mainly contributes to the beamsteering error factor  while the other error factors remain the same. This means, the beamsteering error factor, i.e., equation (1b), is composed of phase error due to the analogue phase shifters and transceiver unit outputs. The former affects the accuracy of analogue beamforming while the latter deals with phase coherency among RF signals generated by transceiver units. If we assume these two errors are independent and Gaussian distributed, then we model and extend the equation (1b) as 
 	[dB]																					(2)
where 
 phase error of RF signals generated by transceiver units
 = phase error due to phase shifters used by analogue beamforming

The definition of  is modified as follows:

 – is the variation in main beam EIRP due to beamforming errors caused by phase error at the transceiver unit outputs and the analog phase shifters.
Observation 3: the beamsteering error factor is re-defined as the variation in main beam EIRP due to beamforming errors caused by phase error at the transceiver unit output and of the analogue phase shifters (i.e., ). 

3	Conclusions
In this document, we have further discussed the issue of NR BS output power accuracy. Based on our discussion, we can make the following observations:

Observation 1: EIRP accuracy equation is a mathematical model that provides an abstract representation of a physical AAS BS.
Observation 2: For NR BS implementing digital beamforming only, the EIRP accuracy equation for AAS BS can be adopted.
Observation 3: the beamsteering error factor is re-defined as the variation in main beam EIRP due to beamforming errors caused by phase error at the transceiver unit output and of the analogue phase shifters (i.e., ). 
The aforementioned observations lead to the following proposal:

Proposal 1: NR BS operating at frequency above 6 GHz can follow the same mathematical approach as the EIRP accuracy equation derived for the AAS base station.
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