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1	Introduction
This document discusses three main contributors of uncertainty in TRP measurement. These are TRP accuracy, approximation and measurement uncertainty. For each of these contributors, we identify and quantify the major causes of the TRP uncertainty. 

 In conclusion, we provide the relationship between these uncertainty contributors, which is derived based on our discussion.
2	Discussion
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Figure 1: Total radiated output power of AAS BS 

2.1 TRP accuracy
The TRP inaccuracy contributor is attributed to the transceiver units and antenna array in an AAS BS as shown in Figure 1.
The same mathematical approach as for the EIRP accuracy is used to model the TRP accuracy. Referring to [1], the EIRP accuracy model is modified and the TRP accuracy is mathematically expressed as 
  		[dB]																			(1)
where
· 
- the maximum conducted output power error at the transceiver unit output

· 
- the variation due to the error in the passive elements, the RDN, the antenna array gain errors, mismatch errors and insertion losses variation

Further details on the derivation of a proposed TRP accuracy can be found in our companion document [2].
2.2 TRP approximation
Neither the AAS BS nor the measurement system setup contributes to the TRP approximation uncertainty. The source of TRP approximation uncertainty is outlined below. 
The TRP is obtained by integrating the radiation intensity U over 4π steradians. Thus, the TRP is defined as  
 																		(2)	
where 	is the element of solid angle = . 
Equation (2) can be expressed in terms of EIRP as 
 										(3)
Using numerical integration, we can compute an approximation to equation (3) from a finite set of sampled values of EIRP as    

								(4)

where   = the number of discrete angles in the - and-direction, respectively.   

 as  and  approach , i.e.,

																					(5)

For every positive integer number  and , the absolute error  due to approximating  is defined as

																(6)

If , the relative error  is 

 																						(7)
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The absolute or relative error is attributed to 

· the number of discrete angles  and  in the - and -directions, respectively.

· the amount of reduction in the range of  and , where the maximum ranges are  and .  

Observation 1: As a result of approximating the actual TRP, there is an inherent error (> 0) for a finite number of N and M, unless (N, M) -> (∞, ∞).

What is the acceptable error be it absolute or relative?
 
Without knowing such an error, we are unable to assess the effectiveness of reduction methods. 

2.3 TRP measurement uncertainty
The TRP measurement uncertainty is attributed to measurement system setup.
For this uncertainty, the methodology specified for the EIRP measurement uncertainty in Clause 10.3, TR 37.842 can be reused. The EIRP Test Tolerance values shown in Table 1, which specified in TR 37.842, can be adopted as a baseline considering additional uncertainty contributors which depend on the OTA ranges. 

Table 1: EIRP Test Tolerance values (from TR 37.842, Table 10.3.2.3-1)
	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Test Tolerance [dB]
	1.0
	1.2




3	Conclusions
In this document, we have discussed the TRP accuracy, approximation and measurement uncertainty; all these are contributors to the uncertainty in TRP measurement. 

Mathematical models were developed for representing TRP accuracy and approximation uncertainty. For TRP measurement uncertainty, the the methodology specified for the EIRP measurement uncertainty in Clause 10.3, TR 37.842 can be reused.

Based on our discussion, the three major TRP uncertainty contributors can be expressed as a sum of three independent quantities in the logarithmic scale as

	Y = ([TRP accuracy] + [TRP approximation] + [TestTolerance]) [dB]   

Thus, the measured TRP should be within the interval [-Y, +Y] of a declared rated TRP by manufacturers.
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