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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]


The in-band wanted signal power was discussed in [x], however there are a number of requirements which are in-band TRP and measure unwanted emissions, including: ACLR, SEM and operating band unwanted emissions. These requirements are at much lower power levels than the wanted power so will have an effect on MU, this issue is discussed in this paper.
2 Discussion

In-band unwanted emissions are a much lower level than the wanted power, this may impact by both the accuracy of the measurement equipment and the dynamic range of the measurement system when calculating TRP.

The in-band emissions requirements are as follows:

· ACLR

· Relative measurement accuracy 45dBc

· Absolute level accuracy -9dBm/MHz (lowest level UTRA CAT B)

· SEM (UTRA only)

· Depends on Pout but minimum power level -19dBm/1MHz (wide area power levels requirement is -7dBm)

· Operating band unwanted emissions (MSR and E-UTRA)

· -6dBm (wide area)

The conducted MU values for each of the requirements is as follows:

	Requirement
	Unit
	Conducted MU

	
	
	Ref: 36.141 subclause 4.1.2.2

	Name
	AAS clause
	
	f ≤ 3.0 GHz
	3.0 GHz < f ≤ 4.2 GHz
	4.2 GHz < f ≤ 6.0 GHz

	
	cond
	OTA
	
	AAS
	AAS
	E-UTRA

	ACLR
	6.6.3
	6.7.3
	 
	 

	ACLR / CACLR (relative), BW≤20MHz
	
	
	dB
	0.8
	0.8
	0.8

	ACLR / CACLR (relative), BW>20MHz
	
	
	dB
	x
	x
	x

	ACLR / CACLR (absolute)
	
	
	dB
	2.0
	2.5
	3.0

	Spectrum emissions mask
	6.6.4
	6.7.4
	dB
	1.5
	1.8
	x

	Operating band unwanted emissions
	6.6.5
	6.7.5
	dB
	1.5
	1.8
	2.2

	 close to carrier (e.g. <10MHz)
	
	
	
	
	
	

	 far from carrier (e.g. ≥10MHz)
	
	
	
	
	
	


SEM and operating band unwanted emissions use the same MU, however ACLR is considerably larger MU value. It’s not clear why this is the case as the power levels are similar. In fact if the wanted signal MU were added to the ACLR relative MU the MU would still be lower than the absolute MU value (0.7dB + 0.8dB <2.0dB)?

As with other anomalies however it is not the task of the OTA WI to solve anomalies with the conducted requirements.

2.1 Absolute Requirements

2.1.1 Adding Conducted and OTA MU

It is not clear why the absolute conducted power measurement accuracy is significantly larger than the accuracy for the wanted signal. The power level is lower but is > -20dBm in all case s so should still be within the accuracy range of the measurement equipment. As the measurements are in band the effect of the wanted signal must be taken into account, the wanted signal may need filtering and/or will have an effect on the measured power due to its ACLR. 

There is some precedent here in the approach used for the receiver directional requirements where the conducted MU values were combined with the additional errors from the OTA chamber.

The conducted measurement system for the additional spurious emissions requirement is as follows:
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Figure D.1-1: Measuring system set-up for base station output power, transmitter ON/OFF power, modulation quality, transmitter spurious emissions and operating band unwanted emissions 

The per point measurement system for OTA is:
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The approach for the RX direction requirements from [2] was
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A similar method could be applied to the transmitter spurious emissions requirements. The mismatch uncertainty is included in both the conducted and the OTA budget so it should be removed from one.

As follows:
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Substituting the following (SEM for example < 3GHz):

MUconducted =  1.5 dB (f<3GHz)

MUOTA_EIS = 1.0 dB (f<3GHz)

MUmatching = 0.2 dB (f<3GHz)

MUTestEquipment = 0.14 dB (f<3GHz)

so
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Proposal 1: MU per point is given by 
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2.1.2 Dynamic range
If the OTA requirement is approx -9dBm/MHz then the OTA power level at the measurement equipment is approx:
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This level is 50dB greater than the estimated noise floor of the measurement equipment, based o the analysis of the effect of the measurement system dynamic range on the accuracy a DR of 50dB has almost no effect on the accuracy of the TRP.

Proposal 2: There is no need to add any MU for the test system dynamic range effect.

2.1.3 Systematic error

The systematic error calculated in [1] for the in-band performance is based on the test point grid for the wanted signal. As the in-band requirements have the same worst case beam (i.e. narrowest) as the wanted signal  the same SE can be used.
Proposal 3: The SE for in-band unwanted emissions is 0.75dB

2.1.4 Absolute Error MU

Using the proposal from above 

Proposal 4: The OTA MU values for each of the absolute in-band emissions requirements are as follows:

	Requirement
	Unit
	Conducted MU
	OTA MU

	
	
	Ref: 36.141 subclause 4.1.2.2
	Ref: 36.141 subclause 4.1.2.2

	Name
	AAS clause
	
	f ≤ 3.0 GHz
	3.0 GHz < f ≤ 4.2 GHz
	4.2 GHz < f ≤ 6.0 GHz
	f ≤ 3.0 GHz
	3.0 GHz < f ≤ 4.2 GHz
	4.2 GHz < f ≤ 6.0 GHz

	
	cond
	OTA
	
	AAS
	AAS
	E-UTRA
	AAS
	AAS
	E-UTRA

	ACLR
	6.6.3
	6.7.3
	 
	 
	 

	ACLR / CACLR (absolute)
	
	
	dB
	2
	2.5
	3
	2.35
	2.85
	x

	Spectrum emissions mask
	6.6.4
	6.7.4
	dB
	1.5
	1.8
	x
	1.94
	2.27
	x

	Operating band unwanted emissions
	6.6.5
	6.7.5
	dB
	1.5
	1.8
	2.2
	1.94
	2.27
	x

	 close to carrier (e.g. <10MHz)
	
	
	
	
	
	
	
	
	

	 far from carrier (e.g. ≥10MHz)
	
	
	
	
	
	
	
	
	


2.1.5 TT
The approach for the TT is outlined in [3], the absolute requirements have different approach to TT depending on the offset form the carrier

The absolute ACLR and the unwanted emissions far for the carrier requirements are based on the regulatory requirements and hence TT = 0

The unwanted emissions close to the carrier are related to the relative ACLR requirements which are set by 3GPP and hence TT=MU.
2.2 Relative ACLR

As the relative ACLR is only applicable when the absolute power level is above the absolute power level requirements the findings in proposal 2 are valid for the relative requirement.
The bam patterns for the adjacent channel power and the wanted signal power may be different and hence the systematic error, which is dependent on the beam pattern does not cancel out and should be applied.

The conducted MU value applied to the conducted test equipment can be applied to the MU budget. In addition some of the uncertainties in the OTA budget may cancel as the requirement is differential.

In addition it should be considered that the wanted and the adjacent channels are different frequencies

The following MU budgets are given for the IAC and the CATR, all contributors are included but if they cancel for the differential requirement they are set to zero.

Table 2.2-1: ACLR MU budget for IAC

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

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

	3
	Quality of quiet zone
	0.1
	0.1
	Gaussian
	1
	1
	0.1
	0.1

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	0.01
	0.01
	Rectangular
	√3
	1
	0.01
	0.01

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

	6
	Phase curvature
	0.05
	0.05
	Gaussian
	1
	 
	0.05
	0.05

	x
	Conducted measurement uncertainty
	0.41
	0.41
	Gaussian
	1
	1
	0.41
	0.41

	8
	Impedance mismatch in the receiving chain
	0.14
	0.33
	U-shaped
	√2
	1
	0.1
	0.23

	9
	Random uncertainty
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06

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

	Stage 1: Calibration measurement

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

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

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

	13
	Quality of quiet zone
	0.1
	0.1
	Gaussian
	1
	1
	0.1
	0.1

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

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

	16
	Phase curvature
	0
	0
	Gaussian
	1
	1
	0
	0

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

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

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

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

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

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

	Combined standard uncertainty (1σ) [dB]
	0.47
	0.51

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	0.92
	1.00


 Table 2.2-2: ACLR MU budget for CATR

	CATR

	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<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

	x
	Conducted measurement uncertainty
	0.41
	0.41
	 Gaussian
	1
	 1
	0.41
	0.41

	3
	Standing wave between DUT and test range antenna
	0
	0
	U-shaped
	√2
	1 
	0
	0

	4
	RF leakage, test range antenna cable connector terminated.
	0
	0
	Normal
	1
	1 
	0
	0

	5
	Quality of quiet zone
	0.1
	0.1
	Normal 
	1
	1
	0.1
	0.1

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

	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
	0.009
	0.009
	Normal
	1
	1
	0.009
	0.009

	17
	Switching uncertainty
	0
	0
	Rectangular
	√3
	1
	0
	0

	Combined standard uncertainty (1σ) [dB]
	0.44
	0.44

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	0.86
	0.86


In summary

Table 2.2-3: ACLR MU per point budget 

	chamber
	f<3 GHz
	3<f<4.2 GHz

	Indoor anechoic
	0.92
	1.00

	CATR
	0.86
	0.86

	Near field
	-
	-

	Common maximum accepted test system uncertainty
	0.92
	1.00


These values are added to the SE as follows:
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And from the MU budget in the table above we have 


MUper-point = 0.92dB 
f≤3GHz


MUper-point = 1.00dB 
3GHz<f≤4.2GHz

So we can calculate the MUTRP_total values as:


[image: image14.wmf]dB

MU

total

TRP

19

.

1

75

.

0

92

.

0

2

2

_

=

+

=

,

f≤3GHz

And


[image: image15.wmf]dB

MU

total

TRP

25

.

1

75

.

0

00

.

1

2

2

_

=

+

=

,

3GHz<f≤4.2GHz

Proposal 5: The following OTA MU values are used for ACLR 

MUTRP_total = 1.2dB 
f≤3GHz


MUTRP_total = 1.3dB
3GHz<f≤4.2GHz

2.3 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

Proposal 6: 
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 = 1.3dB
3GHz<f≤4.2GHz

3 Summary

The MU for the absolute MU of the in-band emissions requirements have been investigated with the following proposals:
Proposal 1: MU per point is given by 
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Proposal 2: There is no need to add any MU for the test system dynamic range effect.

Proposal 3: The SE for in-band unwanted emissions is 0.75dB

Proposal 4: The OTA MU values for each of the absolute in-band emissions requirements are as follows:

	Requirement
	Unit
	OTA MU

	
	
	Ref: 36.141 subclause 4.1.2.2

	Name
	AAS clause
	
	f ≤ 3.0 GHz
	3.0 GHz < f ≤ 4.2 GHz
	4.2 GHz < f ≤ 6.0 GHz

	
	cond
	OTA
	
	AAS
	AAS
	E-UTRA

	ACLR
	6.6.3
	6.7.3
	 
	 

	ACLR / CACLR (absolute)
	
	
	dB
	2.4
	2.9
	x

	Spectrum emissions mask
	6.6.4
	6.7.4
	dB
	1.9
	2.3
	x

	Operating band unwanted emissions
	6.6.5
	6.7.5
	dB
	1.9
	2.3
	x

	 close to carrier (e.g. <10MHz)
	
	
	
	
	
	


The MU and TT for the relative ACLR are as follows:

Proposal 5: The following OTA MU values are used for ACLR 

MUTRP_total = 1.2dB 
f≤3GHz


MUTRP_total = 1.3dB
3GHz<f≤4.2GHz

Proposal 6: 
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 = 1.3dB
3GHz<f≤4.2GHz
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