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1 Introduction
In the last meeting the WF [1] was approved with the following proposals
Proposal 1: the final TRP systematic error, which is needed for calculating TRP measurement uncertainty, is based on the average of TRP systematic error values contributed by different companies.

Proposal 2: the TRP systematic error = 0.75 dB for in band TRP in the frequency range, f ≤ 6 GHz.

Proposal 3: adopt Rel-13 EIRP MU as the MU per point for in band TRP test requirements (OTA BS maximum output power) for frequency ranges, f ≤ 3 GHz and 3 GHz < f ≤ 4.2 GHz

Open issue: absolute OTA ACLR, OTA SEM and OTA OBUE the MU should be considered for next meeting

Proposal 4: methodology for calculating the total TRP MU is by combining [image: image2.png]MU,
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 as the root of the sum of the squares (RSS), i.e.,
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Proposal 5: in addition to the MU per point, consider to adopt the following uncertainty contributor and revise the existing CATR contributor “Misalignment DUT & pointing error”:

	Uncertainty contributor 
	Description

	Test system frequency flatness
	This uncertainty is coming from frequency interpolation error caused by a finite frequency resolution during the calibration stage.


	TRP uncertainty budget

	UID
	Uncertainty Source
	Uncertainty value

f ≦ 3GHz
	Uncertainty value

3GHz ≦ f < 4.2 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui [dB]

f ≦ 3GHz
	Standard uncertainty ui [dB]

3GHz < f ≦ 4.2 GHz

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	[0.3]
	[0.3]
	Rectangular
	√3
	1
	[0.174]
	[0.174]

	9
	Test system frequency flatness
	[0.25]
	[0.25]
	Gaussian
	1
	1
	[0.25]
	[0.25]


For the in-band wanted signal TRP measurement the remaining open issue is in proposal 5, the value of the additional MU contributors.
2 Discussion

Proposal 5 has the following open issues:
in addition to the MU per point, consider to adopt the following uncertainty contributor and revise the existing CATR contributor “Misalignment DUT & pointing error”:

	Uncertainty contributor 
	Description

	Test system frequency flatness
	This uncertainty is coming from frequency interpolation error caused by a finite frequency resolution during the calibration stage.


	TRP uncertainty budget

	UID
	Uncertainty Source
	Uncertainty value

f ≦ 3GHz
	Uncertainty value

3GHz ≦ f < 4.2 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui [dB]

f ≦ 3GHz
	Standard uncertainty ui [dB]

3GHz < f ≦ 4.2 GHz

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	[0.3]
	[0.3]
	Rectangular
	√3
	1
	[0.174]
	[0.174]

	9
	Test system frequency flatness
	[0.25]
	[0.25]
	Gaussian
	1
	1
	[0.25]
	[0.25]


2.1 Misalignment

The misalignment of the DUT due to pointing error is currently 0.3dB. When measuring the wanted power the most important directions on the grid are those measuring the beam peak.
For a large array (8x16), the following beam is formed:
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Positioning error will depend on the accuracy of the positioners in the chamber however a 1° error in azimuth gives and error 0f 0.29dB and in elevation of 0.07dB in the 2 dimensions are separate then this is an rss error of approx 0.3dB.
AS the elevation beam width is narrow his error increases rapidly with pointing error:

	Error (deg)
	G_az (dBi)
	G_el (dBi)
	rss (dB)

	1
	0.29
	0.069
	0.30

	2
	1.15
	0.256
	1.18

	3
	2.68
	0.626
	2.75


A brief study of the positional accuracy for azimuth positioners for such application shows that standard accuracy is <0.1°. The existing MU value of 0.3dB is consistent with an error of 1° so it would seem it is sufficient to allow for this error.
Proposal 1: The existing Misalignment DUT & pointing error MU value of 0.3dB is sufficient.

2.2 Test system frequency flatness
For in band wanted power the measurements are done at B,M and T. It is not unreasonable to expect the test system to be calibrated at these 3 frequencies.

Errors due to frequency flatness therefore will be based on the modulated BW of the test signal.

For single carrier tests this is the same as the channel BW which is maximum 20MHz, however for multi-carrier testing carriers are inserted to fill the Base Station RF Bandwidth, this is a declared parameter and depend on the BS however worst case it will be the full operating band. Worst case this is band 65 which is 90MHz wide.
There are a number of components in the test system which may vary over frequency most notably:


Path loss


Reference antenna gain

First looking at path loss and using the example of band 65, 
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,  for example when d=20m
	d (m)
	f (MHz)
	FSPL (dB)

	20
	1920
	64.13

	20
	1965
	64.33

	20
	2010
	64.53


The variation between the calibrated B,M,T frequencies is 0.2dB. Of course this loss is predictable and even without calibration could be estimated as the distance is fixed but 0.2dB seems a reasonable upper end for the uncertainty. The error cab be assumed to be rectangular so the 1 sigma standard uncertainty is approx 0.2/ √3= 0.12dB
Reference antenna gain is information which is provided with the antenna, there is already a contribution for the error of the SGH ( standard gain horn) used of calibration. However if the test range antenna varies in between the calibration points then this would be an additional MU.

A typical test range dipole test antenna has gain information published every 5to 10MHz, for example and 1800MHz test dipole:
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Over the freqency range of band 65 there is 0.74dB variation, howbere the system is calibrated at 3 points , so the error in gain will be the difference between the 3 point average and the real performance.
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the avregare gain is 8.15dB and the average using the 3 calibratiun points (B,M,T) is 8.1375dB giving an error of 0.0125dB.
This  analysis is based n a singel antenan howbere it is slightly out of band for the antenna  (so greater variation could be expected) and assumes the worst case frequency range and is <0.1dB. A contribution of 0.1dB would seem to be more than sufficient to cover the non-calibrated freqeuncy variation.

In this example although the gain is dropping the error is both positive and negative so we can assume its gausian with a worst case deviation of 0.1dB so the standard uncertainty is 0.05dB

Adding the 2 togteehr gives a standard uncertainty contributior of 0.13dB

Proposal 2: The test system frequency flatness MU value is 0.13dB.

2.3 Per point MU budget
The EIRP MU is based on the budget for the CATR as this is the worst case. So considering the MU budget for the CATR and adding the test system frequency flatness MU value we have:

	UID
	Uncertainty source
	Uncertainty value
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]

	
	
	f<3 GHz
	3<f<4.2 GHz
	
	
	
	f<3 GHz
	3<f<4.2 GHz

	Stage 2: DUT measurement

	1
	Misalignment  DUT & pointing error
	0
	0
	Exp. normal
	2
	1 
	0
	0

	2
	RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.14
	0.26
	 Gaussian
	1
	 1
	0.14
	0.26

	3
	Standing wave between DUT and test range antenna
	0.21
	0.21
	U-shaped
	√2
	1 
	0.15
	0.15

	4
	RF leakage, test range antenna cable connector terminated.
	0.0012
	0.0012
	Normal
	1
	1 
	0.0012
	0.0012

	5
	QZ ripple with DUT
	0.0928
	0.0928
	Normal 
	1
	1
	0.0928
	0.0928

	x
	Test system frequency flatness 
	0.13
	0.13
	Normal 
	1
	1
	0.13
	0.13

	Stage 1: Calibration measurement

	6
	Network Analyzer
	0.13
	0.2
	Normal
	1
	1
	0.13
	0.2

	7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.127
	0.325
	U-shaped
	√2
	1 
	0.09
	0.23

	8
	Insertion loss variation in receiver chain
	0.18
	0.18
	Rectangular
	√3
	1
	0.1
	0.1

	9
	RF leakage, test range antenna cable connector terminated.
	0.0012
	0.0012
	Normal
	1
	1 
	0.0012
	0.0012

	10
	Influence of the calibration antenna feed cable
	0.022
	0.022
	U-shaped
	√2
	1
	0.015
	0.015

	11
	SGH Calibration uncertainty
	0.5
	0.433
	Rectangular
	√3
	1
	0.29
	0.25

	12
	Misalignment  positioning system
	0
	0
	Exp. normal 
	2
	1
	0
	0

	13
	Misalignment  SGH and pointing error
	0.5
	0.5
	Exp. normal
	2
	1
	0.25
	0.25

	14
	Rotary joints
	0.048
	0.048
	U-shaped
	√2
	1
	0.034
	0.034

	15
	Standing wave between SGH and test range antenna
	0.09
	0.09
	U-shaped
	√2
	1 
	0.06
	0.06

	16
	QZ ripple with SGH
	0.009
	0.009
	Normal
	1
	1
	0.009
	0.009

	17
	Switching uncertainty
	0.26
	0.26
	Rectangular
	√3
	1
	0.15
	0.15

	Combined standard uncertainty (1σ) [dB]
	0.50
	0.61

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	0.99
	1.19


Rounded to a single decimal place the MU value are the same as the existing EIRP MU values.

2.4 Final MU value

For the in-band wanted signal MU we have
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 - from proposal 5 in [1]

And

TRP systematic error = 0.75 dB for in band TRP in the frequency range, f ≤ 6 GHz. From proposal 2 in [1].

And from the MU budget in the table above we have 


MUper-point = 0.99dB 
f≤3GHz


MUper-point = 1.19dB 
3GHz<f≤4.2GHz

So we can calculate the MUTRP_total values as:
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So finally 

Proposal 3: 
The following OTA MY values are used for wanted in-band emissions 

MUTRP_total = 1.2dB 
f≤3GHz


MUTRP_total = 1.4dB
3GHz<f≤4.2GHz

2.5 TT

For conducted output power and also the existing EIRP requirement the MU is adopted as the TT. The same is proposed in this case

Proposal4: 
For the OTA Base station output power requirement the TT = MU

TTOTA Base station output power = 1.2dB 
f≤3GHz


TTOTA Base station output power = 1.4dB
3GHz<f≤4.2GHz

3 Summary

The open issues in [1] were considered and the per point MU budget for the CATR in band power measurement was recalculated. The following are proposed.
Proposal 1: The existing Misalignment DUT & pointing error MU value of 0.3dB is sufficient.

Proposal 2: The test system frequency flatness MU value is 0.13dB.

Proposal 3: 
The following OTA MU values are used for wanted in-band emissions 

MUTRP_total = 1.2dB 
f≤3GHz


MUTRP_total = 1.4dB
3GHz<f≤4.2GHz

Proposal4: 
For the OTA Base station output power requirement the TT = MU

TTOTA Base station output power = 1.2dB 
f≤3GHz


TTOTA Base station output power = 1.4dB
3GHz<f≤4.2GHz
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