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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 signal quality 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.

The signal quality requirement however use different metrics, EIRP accuracy and test system measurement uncertainty is measured in dB, however the modulation accuracy requirements are measured in percentage EVM, frequency error in Hz, TAE in nano seconds and occupied BW in Hz.

2.1 EVM
EVM can be viewed as a ratio of the in band wanted signal to the in band noise (after equalization).
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In the example the co-channel noise is 45dBc which equates to an EVM of 0.56%, if the measurement system were to alter the ratio between the wanted signal and the co-channel signal then this would affect the EVM result in %.
2.1.1 Test equipment

EVM uncertainty is expressed in test equipment manufacturers data sheets a ‘residual EVM’ of approx 2% (for a TM31. 64QAM signal).
If it is assumed that this is an independent source of EVM than it can be added to the measured EVM by rms. Hence the effect will vary depending on the EVM being measured, if it applied to each of the EVM levels in the requirement as follows:

Table 2.1.1-1: Test equipment MU added to EVM requirement (rms)

	
	EVM
	MU
	Total EVM
	Increase

	QPSK
	17.5
	2
	17.61
	0.11

	16QAM
	12.5
	2
	12.66
	0.16

	64QAM
	8
	2
	8.25
	0.25

	256QAM
	3.5
	2
	4.03
	0.53


The MU used on 36.141 is 1% and it is added directly to the EVM requirement, for a 16QAM signal this is equivalent to approx 5% EVM contribution from the measurement equipment.
2.1.2 Chamber

As both the wanted and the noise part of the signal are the same frequency and they will be measured at the same time by the measurement equipment and the requirement is effectively differential many of the errors will cancel out. 

The wanted signal will be beam formed and hence the errors used for the EIRP accuracy will be valid, however the co-channel noise may not be beam formed and hence could suffer different errors due to the chamber quite zone, and phase profile. These items are included in both the calibration error and the measurement error, as the requirement is differential if there is a difference between the wanted and the unwanted it will only be due to the measurement phase. The calibration errors will cancel as calibration is only done one so they will be the same for both wanted and unwanted signals.
2.1.3 OTA system MU analysis

The analysis is done in dB, the residual error is then converted to % EVM and added to the test equipment MU.
The CART has the largest contribution so this will be shown in the example below:

	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
	RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0
	0
	 Gaussian
	1
	 1
	0
	0

	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
	0
	Normal
	1
	1 
	0
	0

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

	Stage 1: Calibration measurement

	6
	Network Analyzer
	0
	0
	Normal
	1
	1
	0
	0

	7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0
	0
	U-shaped
	√2
	1 
	0
	0

	8
	Insertion loss variation in receiver chain
	0
	0
	Rectangular
	√3
	1
	0
	0

	9
	RF leakage, test range antenna cable connector terminated.
	0
	0
	Normal
	1
	1 
	0
	0

	10
	Influence of the calibration antenna feed cable
	0
	0
	U-shaped
	√2
	1
	0
	0

	11
	SGH Calibration uncertainty
	0
	0
	Rectangular
	√3
	1
	0
	0

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

	13
	Misalignment  SGH and pointing error
	0
	0
	Exp. normal
	2
	1
	0
	0

	14
	Rotary joints
	0
	0
	U-shaped
	√2
	1
	0
	0

	15
	Standing wave between SGH and test range antenna
	0
	0
	U-shaped
	√2
	1 
	0
	0

	16
	QZ ripple with SGH
	0
	0
	Normal
	1
	1
	0
	0

	17
	Switching uncertainty
	0
	0
	Rectangular
	√3
	1
	0
	0
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Combined standard uncertainty (1σ) [dB]


	0.18
	0.18
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Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]


	0.35
	0.35

	
	
	


The CATR has a MU for everything except the test equipment of 0.35dB (IAC is 0.25dB), when this is added to the test equipment MU

e.g.
2% is equivalent to 20*log10(2/100) = -33.98dB

If the unwanted signal is 0.35dB higher than the wanted due to the test system then this will be degraded to -33.63dB, and


-33.68dB is equivalent to;
10(-33.68/20) *100 = 2.08%
As was shown in table 2.1.1-1 the MU used for EVM is a simple 1% added linearly, the small increase due to the chamber uncertainty results in a final value which is still well within the margin this simple method provides. 
Proposal 1: For EVM the conducted MU is maintained for the OTA measurement.
2.2 Frequency Error
Frequency error is not affected by any amplitude errors, as long as the signal is large enough the only measurement uncertainty will be associated with the measurement equipment.
Measurement equipment quote EVM accuracy down to approx -20dBm input power.

A quick look at the power levels for a AAS under test:

Looking a a few typical output power levels and antenna arrangements for different BS classes:
	Class
	Pout (dBm)
	G_AAS (dBi)
	L_ant
(m)
	d_FF
(m)
	FSPL
(dB)
	G_RX (dBi)
	P_RX (dBm)

	wide
	43
	17
	1
	13.33
	60.96
	9
	8.04

	med
	38
	9
	0.5
	6.67
	54.94
	9
	1.06

	local
	24
	5
	0.2
	2.67
	46.98
	9
	-8.98


It can be seen that there is considerable margin over -20dBm for the received power level, so it seems unlikely that this will cause any measurement problems.

Proposal 2: For Frequency error the conducted MU is maintained for the OTA measurement.

2.3 TAE

The TAE requirement measures the time difference between 2 received signals, as both signals are subjected to the same path between the AAS BS antenna and the measurement equipment no additional time error will be introduced by the OTA chamber.

It is also necessary that the signal power level is sufficient for the test equipment to give an accurate result, the same issue was analyzed for frequency error in the previous section and the OTA system is capable of ensuring sufficient power. 

Any measurement uncertainty therefore can be attributed to the test equipment and hence the MU is the same as for the conducted requirement.

Proposal 3: For TAE the conducted MU is maintained for the OTA measurement.

2.4 Occupied BW

Occupied BW is specified in Hz. It is defined as:
The occupied bandwidth is the width of a frequency band such that, below the lower and above the upper frequency limits, the mean powers emitted are each equal to a specified percentage /2 of the total mean transmitted power
The occupied BW is measured using a series of narrow band power samples across the modulated BW as follows:
1)
Measure the spectrum emission of the transmitted signal using at least the number of measurement points, and across a span, as listed in Table 6.6.1.4.2-1. The selected resolution bandwidth (RBW) filter of the analyser shall be 30 kHz or less for E-UTRA and 10 kHz or less for NB-IoT.

Table 6.6.1.4.2-1: Span and number of measurement points for OBW measurements

	Channel bandwidth BWChannel [MHz]
	0.2
	1.4
	3 
	5
	10 
	15
	20
	>20

	Span [MHz]
	0.4
	10
	10
	10
	20
	30
	40
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	Minimum number of measurement points
	400
	1429
	667
	400
	400
	400
	400
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NOTE:
The detection mode of the spectrum analyzer will not have any effect on the result if the statistical properties of the out-of-OBW power are the same as those of the inside-OBW power. Both are expected to have the Rayleigh distribution of the amplitude of Gaussian noise. In any case where the statistics are not the same, though, the detection mode must be power responding.  The analyser may be set to respond to the average of the power (root-mean-square of the voltage) across the measurement cell.

2)
Compute the total of the power, P0, (in power units, not decibel units) of all the measurement cells in the measurement span. Compute P1, the power outside the occupied bandwidth on each side. P1 is half of the total power outside the bandwidth. P1 is half of (100 % - (occupied percentage)) of P0. For the occupied percentage of 99 %, P1 is 0.005 times P0.

3)
Determine the lowest frequency, f1, for which the sum of all power in the measurement cells from the beginning of the span to f1 exceeds P1.

4)
Determine the highest frequency, f2, for which the sum of all power in the measurement cells from f2 to the end of the span exceeds P1.
5)
Compute the occupied bandwidth as f2 - f1.

As the result compares the total measured power to find the half power level and hence the half power points it is effectively a differential measurement as far as the amplitude error is concerned.

Provided the OTA chamber is calibrated or has a flat response over the channel band width it will not introduce any additional error.

The largest error it seems will be due to the number of measurement points taken, looking at the gap between points compared to the conducted MU:

	Channel bandwidth BWChannel [MHz]
	0.2
	1.4
	3
	5
	10
	15
	20
	>20

	Span [MHz]
	0.4
	10
	10
	10
	20
	30
	40
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	Minimum number of measurement points
	400
	1429
	667
	400
	400
	400
	400
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	gap between samples (MHz)
	0.001
	0.01
	0.01
	0.025
	0.05
	0.075
	0.1
	0.1

	conducted MU (MHz)
	 
	0.03
	0.03
	0.1
	0.1
	0.3
	0.3
	0.3


The MU is 3 to 4 time larger than the distance between the measurement points. Which allows the estimation of the 3dB point to be 1.5 to 2 steps out on each side of the modulated band width.
As the OTA system will not introduce any additional frequency error and it will not introduce any additional differential amplitude error, the MU for the OTA measurement should be the same as for the conducted requirement.
Proposal 4: For Occupied BW the conducted MU is maintained for the OTA requirement.

3 Summary

The 4 directional TX requirements which do not use power as a metric have been investigated and the measurement uncertainty with respect to the PTA measurement chamber has been analysed. 

Of the 4 only EVM is influenced by any additional amplitude error which may be due to the OTA chamber and the effect of this is so small that the overall OTA MU is the same as the conducted MU.

Frequency error and TAE are not affected by amplitude error and but it is necessary that the signal are large enough to be within the test equipment accuracy range. This has been checked and the power levels are easily high enough.

Occupied BW is effectively a differential power measurement, the MU is driven by the minimum number of test points taken in the frequency span and the power measurement flatness across that span. The OTA chamber response is expected to be flat over such a small % BW so will not introduce any additional error.

Hence the 4 following proposal are made:

Proposal 1: For EVM the conducted MU is maintained for the OTA measurement.
Proposal 2: For Frequency error the conducted MU is maintained for the OTA measurement.

Proposal 3: For TAE the conducted MU is maintained for the OTA measurement.

Proposal 4: For Occupied BW the conducted MU is maintained for the OTA requirement.
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