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--------------Start of change-------------
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. 

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 10.2.5.1-1: 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:


[image: image2.wmf]%

1

.

4

8

9

2

2

=

-

 (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

This method measures the EVM in an anechoic chamber with the separation between the manufacturer declared coordinate system reference point of the AAS BS and the phase centre of the receiving antenna of no less than 2D2/λ, where D is the largest dimension of the antenna of AAS BS and λ is the wavelength. The measurement system setup is as depicted in figure 10.2.2.2.1-1.
10.2.5.2.2
Calibration

Calibration shall be done with the procedure shown in 10.2.2.2.2 to ensure that the SNR at the measurement equipment input is appropriate and the reception signal level at the measurement equipment is within the dynamic range of measurement equipment.
10.2.5.2.3 
Procedure

Reference procedure in subclause 10.2.2.2.3 where in step 6 measure the EVM for the appropriate test case and the specific test models are the same as those for the equivalent conducted requirement in TS 37.145-1

.
10.2.5.2.4 
MU assessment 

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.

Potentially, the EVM may vary in space due to different patterns of wanted signal and distortion. Thus for narrow beams, it may be possible that beam pointing and alignment errors could impact EVM results. The importance and impact of such effects is FFS.

As EVM is also dependent on the phase of the calibrated path it is possible that phase ripple in the quite zone or elsewhere, which arises due to multipath reflections, may lead to frequency ripple and cause additional EVM errors which do not appear in a power accuracy analysis as done for EIRP accuracy. Analysis of the effect of such effects is FFS.
10.2.5.2.4.2 
MU Value

The uncertainty causing by power variations when measuring EVM is indicated in table 10.2.5.2.4.2-1:
Table 10.2.5.2.4.2-1: Indoor Anechoic Chamber uncertainty assessment for power uncertainty aspects of 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 consideration 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. 
The potential impacts of both beam pointing misalignment and scattering within the chamber on the received waveform and measurement accuracy were investigated. The potential deviation in the measured EVM arising from beam pointing errors was examined considering a worst case scenario, in which variation in space of EVM is maximal due to the ideal signal being correlated and the distortion uncorrelated; hence the impact of misalignment error would be the difference between array gain and element gain. Even in this circumstance, alignment errors of several degrees would not lead to a significant error in the measured EVM. Considering all likely chamber sizes, for E-UTRA any scattering would fall within the cyclic prefix of the OFDM symbol and hence not cause ISI. Furthermore, the likely delay spread of any scattering would relate to coherence bandwidths much larger than any UTRA/E-UTRA channel bandwidth. Even if the scattered energy would cause interference, the interference level would anyhow not lead to a significant EVM increase. Thus it was concluded that the impact scattering within the measurement chamber would be negligible.
Note: Analysis of the phase uncertainties indicates that the contributions are not significant to affect the final MU value, however if future work indicates that phase or an other errors not related to amplitude calibratin may affect the EVM measurement uncertainty the MU analysis may be re-examined.


10.2.5.3
CATR
10.2.5.3.1
General

In a Compact Antenna Test Range (CATR) the DUT which radiates a wave front to a range antenna reflector which will then collimate the radiated spherical wave front into a feed antenna.  There is sufficient separation between the DUT and the receiver (feed antenna shown in figure 10.2.2.3.1-1) so that the emanating spherical wave achieves nearly plane phase fronts from transmitter to receiver. The range feed antenna is connected to a vector network analyzer or other equivalent test equipment.




Test method limitations and scope
The maximum size of the DUT is a chamber restriction that would affect the quality of the quiet zone. For larger DUT sizes larger size chambers should be considered such that the uncertainty of the quiet zone is considered.

10.2.5.3.2 
Calibration
Calibration shall be done with the procedure shown in 10.2.2.3.2 
to ensure that the SNR at the measurement equipment input is appropriate and the reception signal level at the measurement equipment is within the dynamic range of measurement equipment.















10.2.5.3.3 
Procedure

Reference procedure in subclause 10.2.2.3.3 where in step 6 the appropriate measurement parameter is the time alignment error and the specific test models are the same as those for the equivalent conducted requirement in TS 37.145-1








10.2.5.3.4 
MU assessment 

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.

Potentially, the EVM may vary in space due to different patterns of wanted signal and distortion. Thus for narrow beams, it may be possible that beam pointing and alignment errors could impact EVM results. The importance and impact of such effects is FFS.

As EVM is also dependent on the phase of the calibrated path it is possible that phase ripple in the quite zone or elsewhere, which arises due to multipath reflections, may lead to frequency ripple and cause additional EVM errors which do not appear in a power accuracy analysis as done for EIRP accuracy. Analysis of the effect of such effects is FFS.
10.2.5.3.4.2 
MU Value

The uncertainty causing by power variations when measuring EVM is indicated in table 10.2.5.2.4.2-1:
Table 10.2.5.3.4.2-1: CATR uncertainty assessment for power variation aspects 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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	0.18
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	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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The CATR budget is carried out without consideration 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. 
The potential impacts of both beam pointing misalignment and scattering within the chamber on the received waveform and measurement accuracy were investigated. The potential deviation in the measured EVM arising from beam pointing errors was examined considering a worst case scenario, in which variation in space of EVM is maximal due to the ideal signal being correlated and the distortion uncorrelated; hence the impact of misalignment error would be the difference between array gain and element gain. Even in this circumstance, alignment errors of several degrees would not lead to a significant error in the measured EVM. Considering all likely chamber sizes, for E-UTRA any scattering would fall within the cyclic prefix of the OFDM symbol and hence not cause ISI. Furthermore, the likely delay spread of any scattering would relate to coherence bandwidths much larger than any UTRA/E-UTRA channel bandwidth. Even if the scattered energy would cause interference, the interference level would anyhow not lead to a significant EVM increase. Thus it was concluded that the impact scattering within the measurement chamber would be negligible.
Note: Analysis of the phase uncertainties indicates that the contributions are not significant to affect the final MU value, however if future work indicates that phase or an other errors not related to amplitude calibratin may affect the EVM measurement uncertainty the MU analysis may be re-examined.


10.2.5.4
Near Field
10.2.5.4.1
General

The system is depicted in section 10.x.x.x.x. In case of OTA EVM type of measurements, NF to FF transform is not needed. EVM is measured in Near Field for the declared directions.

10.2.5.4.2 Test method limitations and scope

For AAS BS implementations that point a beam in the EVM conformance direction during testing, the near field technique may report too high, but will never report too low EVM. In case the BS does not point a beam centre in the test direction, there is a risk of the near field technique report too low EVM
10.2.5.4.3 
Calibration

Stage 1 – Calibration: 
Calibration shall be done with the procedure shown in 10.x.x.x.x.x. to ensure that the SNR at the measurement equipment input is appropriate and the reception signal level at the measurement equipment is within the dynamic range of measurement equipment.

10.2.5.4.4 
Procedure

Stage 2 - Measurement:
The testing procedure consists of the following steps:
1. Align the AAS BS with (Theta,Phi) angles corresponding to the declared beam direction to be measured

2. Configure TX branch and carrier at a time according to the manufacturer's declared rated output power
3. Set the AAS BS to transmit the test signal according to E-TM3.1 at 5 MHz bandwidth configuration.
4. Measure EVM of each carrier arriving at the measurement equipment (such as a spectrum analyzer or equivalent instrument).
5. Repeat steps 3-4 for all conformance test beam direction pairs as described in 3GPP TS 37.145-2 [24], subclause 6.2.
6. Repeat steps 3-5 for E-TM3.2, E-TM3.3 and E-TM2.
The EVM of each E-UTRA carrier for different modulation schemes on PDSCH to be less than the limits defined in 3GPP TS 37.105 [3], subclause 9.6.
For conformance tests, EVM shall be measured at maximum and minimum power settings while frequency error, and occupied BW at only maximum power setting.

10.2.5.4.5 
MU assessment 

10.2.5.4.5.1 
MU Budget

Table 10.2.5.3.5-1: Near Field Test Range Uncertainty contributors for eAAS OTA EVM measurement
	UID
	Description of uncertainty contribution
	Details in paragraph

	1
	Axes Intersection
	B4-1

	2
	Axes Orthogonality
	B4-2

	3
	Horizontal Pointing
	B4-3

	4
	Probe Vertical Position
	B4-4

	5
	Probe H/V pointing
	B4-5

	6
	Measurement Distance
	B4-6

	7
	Amplitude and Phase Drift
	B4-7

	8
	Amplitude and Phase Noise
	B4-8

	9
	Leakage and Crosstalk
	B4-9

	10
	Amplitude Non-Linearity
	B4-10

	11
	Amplitude and Phase Shift in rotary joints
	B4-11

	12
	Channel Balance Amplitude and Phase
	B4-12

	13
	Probe Polarization Amplitude and Phase
	B4-13

	14
	Probe Pattern Knowledge
	B4-14

	15
	Multiple Reflections
	B4-15

	16
	Room Scattering
	B4-16

	17
	DUT support Scattering
	B4-17

	18
	Scan Area Truncation
	B4-18

	19
	Sampling Point Offset
	B4-19

	20
	Spherical Mode Truncation
	B4-20

	21
	Positioning
	B4-21

	22
	Probe Array Uniformity
	B4-22

	23
	Mismatch of receiver chain (i.e. between receiving antenna and measurement receiver)
	B4-23

	24
	Insertion loss of receiver chain
	B4-24

	25
	Uncertainty of the absolute gain of the probe antenna
	B4-25

	26
	RF Measurement Equipment
	E

	27
	Measurement repeatability - Positioning Repeatability
	B4-27



Note: Refer to TR37.842 Annex B for description of each uncertainty term
10.2.5.4.5.2 
MU Value

Table 10.2.5.3.5.1-1: Near Field Test Range Uncertainty assessment for eAAS OTA EVM measurement
	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

	1
	Axes Intersection
	FFS
	FFS
	Gaussian
	1.00
	1
	FFS
	FFS

	2
	Axes Orthogonality
	FFS
	FFS
	Gaussian
	1.00
	1
	FFS
	FFS

	3
	Horizontal Pointing
	FFS
	FFS
	Gaussian
	1.00
	1
	FFS
	FFS

	4
	Probe Vertical Position
	FFS
	FFS
	Gaussian
	1.00
	1
	FFS
	FFS

	5
	Probe H/V pointing
	FFS
	FFS
	Gaussian
	1.00
	1
	FFS
	FFS

	6
	Measurement Distance
	FFS
	FFS
	Gaussian
	1.00
	1
	FFS
	FFS

	7
	Amplitude and Phase Drift
	FFS
	FFS
	Gaussian
	1.00
	1
	FFS
	FFS

	8
	Amplitude and Phase Noise
	FFS
	FFS
	Gaussian
	1.00
	1
	FFS
	FFS

	9
	Leakage and Crosstalk
	FFS
	FFS
	Gaussian
	1.00
	1
	FFS
	FFS

	10
	Amplitude Non-Linearity
	FFS
	FFS
	Gaussian
	1.00
	1
	FFS
	FFS

	11
	Amplitude and Phase Shift in rotary joints
	FFS
	FFS
	Gaussian
	1.00
	1
	FFS
	FFS

	12
	Channel Balance Amplitude and Phase
	FFS
	FFS
	Gaussian
	1.00
	1
	FFS
	FFS

	13
	Probe Polarization Amplitude and Phase
	FFS
	FFS
	Gaussian
	1.00
	1
	FFS
	FFS

	14
	Probe Pattern Knowledge
	FFS
	FFS
	Gaussian
	1.00
	1
	FFS
	FFS

	15
	Multiple Reflections
	FFS
	FFS
	Gaussian
	1.00
	1
	FFS
	FFS

	16
	Room Scattering
	FFS
	FFS
	Gaussian
	1.00
	1
	FFS
	FFS

	17
	DUT support Scattering
	FFS
	FFS
	Gaussian
	1.00
	1
	FFS
	FFS

	18
	Scan Area Truncation
	FFS
	FFS
	Gaussian
	1.00
	1
	FFS
	FFS

	19
	Sampling Point Offset
	FFS
	FFS
	Gaussian
	1.00
	1
	FFS
	FFS

	20
	Spherical Mode Truncation
	FFS
	FFS
	Gaussian
	1.00
	1
	FFS
	FFS

	21
	Positioning
	FFS
	FFS
	Rectangular
	1.73
	1
	FFS
	FFS

	22
	Probe Array Uniformity
	FFS
	FFS
	Gaussian
	1.00
	1
	FFS
	FFS

	23
	Mismatch of receiver chain
	FFS
	FFS
	U-Shaped
	1.41
	1
	FFS
	FFS

	24
	Insertion loss of receiver chain
	FFS
	FFS
	Gaussian
	1.00
	1
	FFS
	FFS

	25
	Uncertainty of the absolute gain of the probe antenna
	FFS
	FFS
	Gaussian
	1.00
	1
	FFS
	FFS

	26
	RF measurement equipment 
	FFS
	FFS
	Rectangular
	1.73
	1
	FFS
	FFS

	27
	Measurement repeatability – positioning repeatability
	FFS
	FFS
	Gaussian
	1.00
	1
	FFS
	FFS


Note: The way the different standard uncertainty terms will be combined is FFS.
10.2.5.x
Summary

Without consideration of any phase uncertainty, the amplitude error analysis shows the conducted MU of 1% can be maintained for the OTA MU. 
Note: Analysis of the phase uncertainties indicates that the contributions are not significant to affect the final MU value, however if future work indicates that phase or an other errors not related to amplitude calibratin may affect the EVM measurement uncertainty the MU analysis may be re-examined.



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



























�Diagram not needed as on in earlier section can be referenced.


�Rapporteur: In the TP (5850 this was in a separate test limitation section, but we do not have that in this format so I put test here.


�Calibration information is same as in DL-RS subclause (which is 1st in this section) so just reference that
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