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1 Introduction
In the last meeting the way forward [1] was approved outlining how the MU for the new Tx directional requirements could be estimated.
This contribution discusses the MU for the TX directional power requirements.

2 Discussion

The EIRP accuracy was assessed for REL13 using 4 different OTA chamber types, each has the uncertainty contributions described and quantified before the sum of the uncertainty contributions was used to estimate an overall MU value.

For the in band directional requirements the same uncertainties can be used, however they may need to be modified due to the nature of the requirement.

Directional power requirements which can be assessed in terms of dB can have the same methodology applied as EIRP. This papers covers these requirements and includes:

(9.3.2) OTA base station output power – OTA E-UTRA DL RS power

(9.4) OTA Output power dynamics

Both of these requirements measure demodulated parts of the LTE signal and use the global in channel TX test described in Annex F of TS 36.141.
2.1 DL RS power

DL RS power is an LTE measurement only and is described in TS 37.105 as:

The DL RS power is the resource element power of the Downlink Reference Symbol at the RIB transmitting the DL RS for a cell.

The absolute DL RS power is indicated on the DL-SCH. The absolute accuracy is defined as the maximum deviation between the DL RS power indicated on the DL-SCH and the DL RS power of each E-UTRA carrier.
As such it is an absolute power measurement so will be subject to most of the same errors as the EIRP accuracy requirement.
Comparing the conducted output power accuracy and the conducted DL RS power accuracy requirements we can see:
	Requirement
	Unit
	Equivalent Conducted MU

	
	
	Ref: 36.141 subclause4.1.2.1

	
	
	f ≤ 3.0 GHz
	3.0 GHz < f ≤ 4.2 GHz
	4.2 GHz < f ≤ 6 GHz

	Transmit power
	dB
	0.7
	1 dB
	1.5 dB

	E-UTRA DL RS power
	dB
	0.8
	1.1 dB
	1.6 dB


The DL RS power measurement uncertainty is 0.1dB higher than the transmit power measurement. This must be due to the test equipment uncertainty.
The measurement equipment uncertainty used for the EIRP measurement was for a power meter or a spectrum analyzer, the value was agreed in TR37.842 as follows:
	Instrument
	Use case
	Measurement Uncertainty type
	Standard uncertainty σ (dB)
	Probability distribution

	
	
	
	f ≦ 3 GHz
	3 GHz < f ≦ 4.2 GHz
	

	RF power measurement equipment (e.g. spectrum analyzer, power meter)
	EIRP measurement stage
	Total amplitude accuracy 

(with input levels down to ‑70 dBm)
	0.14
	0.26
	Gaussian


To demodulate and estimate the power of a RE however requires use of a test system capable of demodulation, the accuracy of such systems is not as great as measuring absolute power with a power meter.

The keysight E7517A UXM wireless test set quotes a LTE channel power accuracy of ±0.65 dB nominal. As no distinction is made for RF frequency it can be assumed this figure is valid for all frequencies.
Using 0.65dB for the measurement equipment MU (assuming data sheet uses same 95% confidence level as 3GPP)

OF the 4 OTA chamber methods identified in release 13, the FF anechoic chamber and the CATR are clearly suitable for the DL RS measurement. It is not clear how the NF to FF transform can be carried out of individual RE’s so for the moment the near field chamber is not analyzed (although it may be possible to use EIRP transform to generate an offset?)

As the CATR had the largest MU value when the analysis was done for EIRP, the CATR analysis will be used for the DL RS calculation:

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

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

	Stage 2: DUT measurement

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

	2
	 
	0.33
	0.33
	 Gaussian
	1
	 1
	0.33
	0.33

	
	RF power measurement equipment (e.g. spectrum analyzer, power meter)
	
	
	
	
	
	
	

	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

	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]


	0.59
	0.63

	
	
	

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


	1.16
	1.23

	
	
	


A similar calculation using the FF anechoic chamber gives:
	Combined standard uncertainty (1σ) [dB]


	0.54
	0.58

	
	
	

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


	1.05
	1.13

	
	
	


For <3GHz the MU is approx 1.1dB – note this is 0.1dB higher than EIRP accuracy so is in line with the conducted MU for the same parameter.

For 3GHz < f < 4.2GHz the MU is approx 1.2dB which is the same as EIRP accuracy, this is due to the MU of the test equipment not being higher at the higher frequency. To maintain consistency however it is suggested to use a MU of 1.3dB.

2.2 OTA Output power dynamics
All of the output power dynamics requirements are differential requirements and are based on code channel or RE power

OTA UTRA Inner loop power control in the downlink – UTRA only, Inner loop power control in the downlink is the ability of the AAS BS transmitter to adjust the transmitter output power of a code channel in accordance with the corresponding TPC symbols received in the uplink.
OTA Power control dynamic range – UTRA only,  the power control dynamic range is the difference between the maximum and the minimum code domain power of a code channel for a specified reference condition.
OTA Total power dynamic range - The total power dynamic range is the difference between the maximum and the minimum output power for a specified reference condition. 

For E-UTRA, the total power dynamic range is the difference between the maximum and the minimum transmit power of an OFDM symbol for a specified reference condition.

OTA IPDL time mask – UTRA only  - The mean power measured over a period starting 27 chips after the beginning of the IPDL period and ending 27 chips before the expiration of the IPDL period shall be equal to or less than 



Pmax,c,TRP - 35 dB

OTA RE Power control dynamic range – E-UTRA only 
As the requirement is differential many of the errors will cancel out hence the total MU is smaller. It can be seen for the conducted requirements:

	Requirement
	Unit
	Equivalent Conducted MU

	
	
	Ref: 36.141 subclause4.1.2.1

	
	
	f ≤ 3.0 GHz
	3.0 GHz < f ≤ 4.2 GHz
	4.2 GHz < f ≤ 6 GHz

	(9.2) Radiated Transmit power
	dB
	0.7
	1 dB
	1.5 dB

	(9.4) OTA Output power dynamics
	dB
	0.4


2.2.1 Test equipment

The test equipment inaccuracy for the differential power measurements is not given explicitly, however it can be assumed that whilst many errors cancel out, there are a number of things which may result in error:

· Max power accuracy is 0.28dB (i.e. 95% 1.06*1.4)  but RE measurement is 0.65dB, so when comparing a delta of max power to RE power, an error must still exist. (in this case it is approx 0.4dB)
· When comparing max output power and min output power, the rest equipment is likely in a different range (i.e. input attenuators, RX gain etc..). So calibration in gain may not cancel

· When measuring min power the low power level makes the measurement more uncertain.

As the errors in the conducted measurement other than the test equipment can be expected to cancel out a test equipment MU of 0.4dB can be used.

2.2.2 OTA system

Many of the OTA system errors will also cancel out however it is worth briefly examining each error source. It should be noted that as both measurements for the differential power requirement are for wanted signals, and hence it can be expected that they have the same beam forming weights applied and hence OTA errors which could be dependent on beam shape will be common (and hence cancel out).
Applying this to the NF anechoic chamber and the FFAC as before yields:

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

	
	
	f ≤ 3.0 GHz
	3.0 GHz < f ≤ 4.2 GHz
	
	
	
	f ≤ 3.0 GHz
	3.0 GHz < f ≤ 4.2 GHz
	

	Stage 2: DUT measurement
	 

	1
	Positioning misalignment between the AAS BS and the reference antenna
	0
	0
	Rectangular
	√3
	1
	0
	0
	Common

	2
	Pointing misalignment between the AAS BS and the receiving antenna
	0
	0
	Rectangular
	√3
	1
	0
	0
	Common

	3
	Quality of quiet zone
	0
	0
	Gaussian
	1
	1
	0
	0
	Common

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	0
	0
	Rectangular
	√3
	1
	0
	0
	Common

	5
	Mutual coupling between the AAS BS and the receiving antenna
	0
	0
	Rectangular
	√3
	1
	0
	0
	Common

	6
	Phase curvature
	0
	0
	Gaussian
	1
	 
	0
	0
	Common

	7
	Uncertainty of the RF Power Measurement Equipment
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20
	Use 0.4dB

	8
	Impedance mismatch in the receiving chain
	0
	0
	U-shaped
	√2
	1
	0
	0
	Common

	9
	Random uncertainty
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06
	Random so keep

	Stage 1: Calibration measurement
	 

	10
	Impedance mismatch between the receiving antenna and the network analyzer
	0
	0
	U-shaped
	√2
	1
	0
	0
	Common

	11
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	0
	0
	Rectangular
	√3
	1
	0
	0
	Common

	12
	Impedance mismatch between the reference antenna and the network analyzer.
	0
	0
	U-shaped
	√2
	1
	0
	0
	Common

	13
	Quality of quiet zone
	0
	0
	Gaussian
	1
	1
	0
	0
	Common

	14
	Polarization mismatch for reference antenna
	0
	0
	Rectangular
	√3
	1
	0
	0
	Common

	15
	Mutual coupling between the reference antenna and the receiving antenna
	0
	0
	Rectangular
	√3
	1
	0
	0
	Common

	16
	Phase curvature
	0
	0
	Gaussian
	1
	1
	0
	0
	Common

	17
	Uncertainty of the network analyzer
	0
	0
	Gaussian
	1
	1
	0
	0
	Common

	18
	Influence of the reference antenna feed cable
	0
	0
	Rectangular
	√3
	1
	0
	0
	Common

	19
	Reference antenna feed cable loss measurement uncertainty
	0
	0
	Gaussian
	1
	1
	0
	0
	Common

	20
	Influence of the receiving antenna feed cable
	0
	0
	Rectangular
	√3
	1
	0
	0
	Common

	21
	Uncertainty of the absolute gain of the reference antenna
	0
	0
	Rectangular
	√3
	1
	0
	0
	Common

	22
	Uncertainty of the absolute gain of the receiving antenna
	0
	0
	Rectangular
	√3
	1
	0
	0
	Common

	Combined standard uncertainty (1σ) [dB]


	0.21
	0.21
	 

	
	
	
	

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	0.42
	0.42
	 

	
	
	
	


Examining each of the errors it seem only the random error can be justifiably kept. This makes little difference to the total error. The CATR does not include any random error in its budget so the total MU is the same as the test equipment (i.e. 0.4dB)

It is proposed a MU of 0.4dB (95%  Gaussian distribution) is maintained.
3 Summary

The directional TX power measurements have been investigated in this paper. Suitable test equipment MU have been estimated based on test equipment data and the existing conducted MU for the same requirements.

New MU budgets for the far field anechoic chamber (FFAC) and the CATR chamber have been formulated based on the new test equipment uncertainties.

In the case of the differential measurements the OTA MU budgets have been modified so that uncertainties which cancel in the differential measurements are removed.
The following values are proposed

For the test equipment MU:
	Requirement
	Unit
	Test equipment  MU

	
	
	@ 95% confidence (1.96σ)

	
	
	f ≤ 3.0 GHz
	3.0 GHz < f ≤ 4.2 GHz
	4.2 GHz < f ≤ 6 GHz

	(9.2) Radiated Transmit power 
*For reference, values already agreed in TS 37.842
	dB
	0.273
	0.507
	x

	(9.3.2) OTA base station output power – OTA E-UTRA DL RS power
	dB
	0.65
	x

	(9.4) OTA Output power dynamics
	dB
	0.4
	x


For the overall MU

	Requirement
	Unit
	OTA MU

	
	
	@ 95% confidence (1.96σ)

	
	
	f ≤ 3.0 GHz
	3.0 GHz < f ≤ 4.2 GHz
	4.2 GHz < f ≤ 6 GHz

	(9.2) Radiated Transmit power
*For reference, values already agreed in TS 37.842
	dB
	1
	1.2
	x

	(9.3.2) OTA base station output power – OTA E-UTRA DL RS power
	dB
	1.1
	1.3
	x

	(9.4) OTA Output power dynamics
	dB
	0.4
	x
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