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--------------Start of change-------------
10.2.4 
OTA Transmitted signal quality –freq Error
10.2.4.1
General
Frequency error is the measure of the difference between the actual BS transmit frequency and the assigned frequency. The same source shall be used for RF frequency and data clock generation.

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.

As the OTA test system does not affect the measurement accuacry for frequency error the existing conducte MU can be used.

10.2.4.2
In-door anechoic chamber

10.2.4.2.1
General
10.2.4.2.2
Calibration

{editors note: if calibration is same as previous req then refernce}
10.2.4.2.3 
Procedure

{editors note: level of detail of procedure is open issue}

10.2.4.2.4 
MU assesment 

10.2.4.2.4.1 
MU Budget

10.2.4.2.4.2 
MU Value
10.2.4.3
CATR
10.2.4.3.1
General

10.2.4.3.2 
Calibration

{editors note: if calibration is same as previous req then refernce}
10.2.4.3.3 
Procedure

{editors note: level of detail of procedure is open issue}

10.2.4.3.4 
MU assesment 

10.2.4.3.4.1 
MU Budget

10.2.4.3.4.2 
MU Value

10.2.4.x
Summary
MU = ±12 Hz.
10.2.5 
OTA Transmitted signal quality –EVM
10.2.5.1
General EVM  is defined as:

The Error Vector Magnitude is a measure of the difference between the ideal symbols and the measured symbols after the equalization. This difference is called the error vector. The equaliser parameters are estimated as defined in Annex E. The EVM result is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed in percent. 

As such is an absolute power measurement of a single RE.

As the requirement is based on absolute directional power the absolute level will be subject to the same calibration and measurement errors as the EIRP measurement which has previously been analyses in TR 37.842. The measurement requires demodulation (and equalisation) of the modulated signal and is done  test using the global in channel TX test described in Annex F of TS 36.141.

Although EVM is represented as a % it can also be thought of as a relative power ratio in dBc, when looked at as a power ratio the effect of potential amplitude errors in the OTA chamber can be seen
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Figure 10.2.3.4.1-1: Example of EVM as a power ratio in dB.
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 %.

10.2.3.4.2

Test equipment MU

The existing conducted MU is 1% which is added in a linear fashion to the requirement, for example for 64QAM the 8% core requirement becomes a 9% test requirement.

Sources of EVM which are independent of each other however are added in an rms fashion, for an independent EVM contributor to change 8% to 9% would require an EVM of:
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 (2.8% for 256QAM)

The test equipment MU is quoted at approx [2%], so is greater than the MU value itself but smaller than allowable MU assuming an independent source.
10.2.5.2
In-door anechoic chamber

10.2.5.2.1
General
10.2.5.2.2
Calibration

{editors note: if calibration is same as previous req then refernce}
10.2.5.2.3 
Procedure

{editors note: level of detail of procedure is open issue}

10.2.5.2.4 
MU assesment 

10.2.5.2.4.1 
MU Budget
As both the wanted signal and the noise signal are at the same frequency they will be measured at the same time the requirement is effectively differential and most of the OTA chamber 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.
As EVM is also dependent on the pahse of the calibrated path it is possible that phase ripple in the quite zone or elsewhere may cuase additional EVM errors which do not appear in a power accuracy analysis as done for EIRP accuracy. Analasis of the effect of phase accuracy is FFS.
10.2.5.2.4.2 
MU Value
Table 10.2.5.2.4.2-1: Indoor Anechoic Chamber uncertainty assessment for OTA EVM
	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

	3
	Quality of quiet zone
	0.10
	0.10
	Gaussian
	1
	1
	0.10
	0.10

	6
	Phase curvature
	0.05
	0.05
	Gaussian
	1
	
	0.05
	0.05

	9
	Random uncertainty
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06

	Stage 1: Calibration measurement

	
	
	
	
	
	
	
	
	

	Combined standard uncertainty (1σ) [dB]
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	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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The indoor anechoic chamber budget is carried out without consiseration of the measurement equipment as this MU is given in %, converting to dB gives, for example:

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

If the unwanted signal is 0.25dB higher than the wanted due to the test system then this will be degraded to -33.63dB, and


-33.73dB is equivalent to;
10(-33.73/20) *100 = 2.06%

Additional error due to potential phase error has not been considered however the potential increase due to then OTA test equipment is well within the contribution allowable with a 1% linear MU. 
10.2.5.3
CATR
10.2.5.3.1
General

10.2.5.3.2 
Calibration

10.2.5.3.3 
Procedure

{editors note: level of detail of procedure is open issue}

10.2.5.3.4 
MU assesment 

10.2.5.3.4.1 
MU Budget
As both the wanted signal and the noise signal are at the same frequency they will be measured at the same time the requirement is effectively differential and most of the OTA chamber 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.

As EVM is also dependent on the pahse of the calibrated path it is possible that phase ripple in the quite zone or elsewhere may cuase additional EVM errors which do not appear in a power accuracy analysis as done for EIRP accuracy. Analasis of the effect of phase accuracy is FFS.
10.2.5.3.4.2 
MU Value
Table 10.2.5.3.4.2-1: CATR uncertainty assessment for OTA E-UTRA DL RS power measurement

	EIRP 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

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

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

	Stage 1: Calibration measurement

	
	
	
	
	
	
	
	
	

	Combined standard uncertainty (1σ) [dB]
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	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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The CATR budget is carried out without consiseration of the measurement equipment as this MU is given in %, converting to dB gives, for example:

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


-33.63dB is equivalent to;
10(-33.63/20) *100 = 2.08%

Additional error due to potential phase error has not been considered however the potential increase due to then OTA test equipment is well within the contribution allowable with a 1% linear MU. 
10.2.5.x
Summary
Without consideration of any phase uncertainty, the amplitude errr analysis shows the conducted MU of 1% can be maintained for the OTA MU.
If phase error uncertainty is found to be a significant contributor this MU may be increased.
10.2.6 
OTA Transmitted signal quality –TAE
10.2.6.1
General
TAE is the timiming difference between 2 modulated signals, either diversity, MIMO or CA carriers. Conducted TAE is measured as follows:
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Figure 10.2.6.1-1 – Conducted TAE measurement set up
As the conducted signals are combined before being input to the test equipment the OTA test is simple to implement.
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Figure 10.2.6.1-2 – OTA TAE measurement set up
The OTA signals are both transmitted from the AAS BS and added at the test receive antenna. As the test paths for the 2 signasl are identical there are no additional timming errors added to treh test system compared to the condicted test system.
As the TAE requirement is a measure of timing difference it is not affected by the accuracy of the test system amplitude calibration and measurement uncertainties. 

As long as the signals fed into the measurement equipment are of a sufficient amplitude then the only measurement uncertainty will be that of the measurement equipment itself.

The measuremet equipoment requires a level of > -20dBm to accurately carry oiut the TAE measurement.

As the requirement is done for the wanted beam at ful power, even for low power AAS BS it is not anticipate dthe received test signal will be lower than -10dBm.

As the OTA test system does not affect the measurement accuacry for TAE the existing conducte MU can be used.

10.2.6.2
In-door anechoic chamber

10.2.6.2.1
General
10.2.6.2.2
Calibration

{editors note: if calibration is same as previous req then refernce}
10.2.6.2.3 
Procedure

{editors note: level of detail of procedure is open issue}

10.2.6.2.4 
MU assesment 

10.2.6.2.4.1 
MU Budget

10.2.6.2.4.2 
MU Value
10.2.6.3
CATR
10.2.6.3.1
General

10.2.6.3.2 
Calibration

{editors note: if calibration is same as previous req then refernce}
10.2.6.3.3 
Procedure

{editors note: level of detail of procedure is open issue}

10.2.6.3.4 
MU assesment 

10.2.6.3.4.1 
MU Budget

10.2.6.3.4.2 
MU Value

10.2.6.x
Summary
MU = ±25 ns.
10.2.7 
OTA Transmitted signal quality –occupied bandwidth
10.2.7.1
General
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
It is measured by taking a number of narrow band power measurements across the modulated BW and finding the half power level and hence the frequency points which correspond to the half powr level. The measurement is effectively a differential measurement as total power and hence half power is found from the measured data.

The only effect the measurement chamber would have on the accuracy of the measurement were if the frequency response of the chamber were not flat, however a 40MHZ BW is unlikely to introduce any significant frequency rippleina RF chamber (40MHz is 4% of 1GHz) so this effect can be ignored.

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

Table 10.2.7.1-1: Occupied BW 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.
10.2.7.2
In-door anechoic chamber

10.2.7.2.1
General
10.2.7.2.2
Calibration

{editors note: if calibration is same as previous req then refernce}
10.2.7.2.3 
Procedure

{editors note: level of detail of procedure is open issue}

10.2.7.2.4 
MU assesment 

10.2.7.2.4.1 
MU Budget

10.2.7.2.4.2 
MU Value
10.2.7.3
CATR
10.2.7.3.1
General

10.2.7.3.2 
Calibration

{editors note: if calibration is same as previous req then refernce}
10.2.7.3.3 
Procedure

{editors note: level of detail of procedure is open issue}

10.2.7.3.4 
MU assesment 

10.2.7.3.4.1 
MU Budget

10.2.7.3.4.2 
MU Value

10.2.7.x
Summary
Table 10.2.7.x-1: Occupied BW OTA 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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	OTA MU (MHz)
	 
	0.03
	0.03
	0.1
	0.1
	0.3
	0.3
	0.3


--------------End of change-------------
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