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1 Introduction
In the last meeting the WF [1] was agreed on how to combine the conducted and OTA measurement uncertainties. A number of open issues remained around the power levels for the test signal and the need for a PA and its possible effect on the MU.
This paper further discusses the issues.

2 Discussion

It was agreed that the MU values should be added as follows (slide 3 of [1]):
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For example for ACS requirement where f<3GHz

From the conducted calculation in TS 36.141: 

MUwanted = 0.7dB, MUint = 0.7dB, ACLReffect = 0.4dB

From the Far field anechoic chamber calculations in TR 37.842 (1.96 sigma): 

MUEIS = 1.22dB, MUTest equipment = 0.90dB, 

MUmatching = 0.19dB (U shaped uncertainty  so  divide by 1.414 for rms sum i.e. 0.14/1.141 * 1.96 = 0.19)
If these values are used the total MU will be:
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Assuming the same mismatch uncertainty for the conducted set up as the OTA:
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And
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So
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2.1 Mismatch uncertainty

The example above uses the data from the far field anechoic chamber analysis in TR 37.842.

The mismatch uncertainty is given as error C1-8

C1-8 Impedance mismatch in the transmitting chain

This contribution originates from multiple reflections between the transmitting antenna and the signal generator. The multiple reflections can produce an overall reflection that depends not only upon the individual reflections of each part but their reflective interactions as well. The combination loss by the overall reflection can be higher or lower than individual loss by multiple reflections. The combination loss is called the mismatch error and leads to the measurement uncertainty.

The value is 0.14dB (f≤3GHz)  and 0.23 (3<f≤4.2GHz) with a U shaped distribution (so the 1.96 sigma value is 0.19dB (f≤3GHz)  and 0.32 (3<f≤4.2GHz))

However for the CATR the mismatch error is described as described as a standing wave error (C2-2)

C2-2 Standing wave between DUT and test range antenna

This value is extracting the uncertainty value and standard deviation of gain ripple coming from standing waves between DUT and test range antenna.  This value can be captured by moving the DUT towards the test range antenna as the standing waves go in and out of phase causing a ripple in measured gain.

The value in this case is 0.21dB (f<3GHz and 3<f≤4.2GHz), the distribution is the same U shape. (so the 1.96 sigma value is 0.29dB).
Clearly as each of the OTA budgets is done separately then it is acceptable that they use different information however it is clear that the choice of chamber should not affect the value assumed when removing the mismatch from the conducted values.

The mismatch loss is related to the mismatch itself, it can be seen that for the loss to become >0.2dB then the mismatch must be worse than approx 1.6:1 (or 13dB) 
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It seems unlikley that for a conducted test syste the match will be worse than 13dB, even if the BS reciever input has a VSWR worse than this an attenuator could be used to reduce the effect (even a 3dB attenuator would improve the input match by 6dB).

Hnece for the conducted missmatch a figure of 0.2dB seem reasonable for all cases. 

The calculation for overall MU can hence be:
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For RX IMD there is an additional CW interferer whose effect is double,  the calculation is therefore:
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Note the conducted mismatch loss is removed 4 times in this calculation (rather than 2) as it is included in the CW interferer MU and should be removed. 

2.2 ACLR effect

Currently the ACLR effect is an additional 0.4dB.

The wanted signal is either OTA REFSEN + 6dB or minSENS+6dB, the worst case is OTA REFSENS+6dB so this will be considered.

The OTS REFSENS value is given by:


EISREFSENS = -101.5dBm - ΔOTAREFSENS ,where ΔOTAREFSENS = 44.1 - 10*log10(BeWθ,REFSENS*BeWφ,REFSENS) (dB) 
for the reference direction
For an AAS it has been assumed that the element pattern is approx 65° x 65° so :


EISREFSENS = -101.5dBm - 44.1 - 10*log10(65*65) = -93.6dBm
Considering the loss of the test chamber is based of the FSPL and the FSPL is based on the min far field distance which in turn depends on the antenna size. Again the assumptions being used for AAS are the max distance is approx 9λ tall (0.9λ x 10).

The FSPL is hence:
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So at 2GHz



[image: image11.wmf]dB

c

GHz

FSPL

d

FF

5

.

63

2

*

18

4

log

*

20

,

18

9

*

2

10

=

÷

ø

ö

ç

è

æ

=

=

=

p

l

l


Assuming that the test antenna has gain e.g. 9dBi then the level of the conducted wanted signal at the chamber input is:
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Applying the same example figures to all the Rx requirements:

	example
	ΔREFSENS
	7.74
	dB
	
	
	ACLReffect
	0.4
	dB

	
	 ΔminSENS
	20
	dB
	
	
	
	
	

	Requirement
	Unit
	wanted
	Interferer
	Estimated IP3

	
	
	Req.
	level e.g.
	Cond. test level e.g.
	Req.
	level e.g.
	Cond. test level e.g.
	

	7.2 OTA sensitivity
	dBm
	EISminSENS
	-121.5
	-67
	x
	x
	x
	x

	7.3 OTA Reference sensitivity level
	dBm
	EISREFSENS
	-93.6
	-39.1
	x
	x
	x
	x

	7.4 OTA Dynamic range
	dBm
	-70.2 - ΔREFSENS
	-77.94
	-23.4
	-79.5 - ΔREFSENS
	-87.2
	-32.7
	-40.0

	7.5 OTA Adjacent channel selectivity and narrowband blocking
	dBm
	EISminSENS + 6dB
	-115.5
	-61
	-52 - ΔminSENS
	-72.0
	-17.5
	1.7

	7.5 Narrowband blocking
	dBm
	EISREFSENS + 6dB
	-87.6
	-33.1
	-49 - ΔREFSENS
	-56.7
	-2.2
	10.6

	
	
	EISminSENS + 6dB
	-115.5
	-61
	-49 - ΔminSENS
	-69.0
	-14.5
	6.2

	7.6 OTA in-band blocking
	dBm
	EISREFSENS + 6dB
	-87.6
	-33.1
	-40 - ΔREFSENS
	-47.7
	6.8
	24.1

	
	
	EISminSENS + 6dB
	-115.5
	-61
	-40 - ΔminSENS
	-60.0
	-5.5
	19.7

	7.8 OTA Receiver intermodulation
	dB
	EISREFSENS + 6dB
	-87.6
	-33.1
	-48 - ΔREFSENS
	-55.7
	-1.2
	12.1


	
	
	EISminSENS + 6dB
	-115.5
	-61
	-48 - ΔminSENS
	-68.0
	-13.5
	7.7

	7.9 OTA In-channel selectivity
	dB
	-98.5 - ΔREFSENS
	-87.6
	-33.1
	-77 - ΔREFSENS
	-84.7
	-30.2
	-31.4

	
	
	-98.5 - ΔminSENS
	-115.5
	-61
	-77 - ΔminSENS
	-97.0
	-42.5
	-35.8


IP3 is estimated by 
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The worst case is the in-band blocking where a 24.1dBm IP3 is required. Assuming between the signal generator and the conducted input there are cables attenuators and combiners with up to 10dB loss this means the interferer signal source must be capable of outputting a modulated signal of +17dBm with an IP3 of approx +35dBm. 

This is probably a greater level than a standard signal generator is capable of providing hence it seems an additional amplified is necessary.

It could be argued that ACLR does not test the adjacent channel so the IP3 is not the relevant figure to compare but the IP5 or the generator noise floor. However ignoring the IP3 and looking at the wanted power level indicates an amplifier will be required.

There are 2 questions raised by this result:

· Would increasing the value of ACLReffect make any difference.
· What is the effect of a power amplifier on the MU budget

Increasing ACLReffect
The current IP3 estimate is take from:
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Where


P is the signal power, in this case the interferer signal = 6.8dBm + 10dB =16.8dBm


ACLR (as negative number) is the required ACLR = -(Pint – (Pwanted + 0.4dB) = 16.8 – ((-33.1+10) +0.4) = -39.5dB


PAR is peak to average ratio e.g. 10dB

So 
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The ACLReffect value is part of the ACLR value – it can be seen that increasing the ACLR effect by 1dB would only have a 0.5dB effect on the required IP3.
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It seems increasing ACLReffect is not an effective method to reduce the IP3 requirement of the interference signal source.

Adding an amplifier
There are a number of 1W instrumentation amplifiers available which can provide linear gain with IP3’s in excess of the identified values.

The use of an active element in the measurement however means additional MU may be required to account for amplified gain variation.

It can be expected that an instrumentation amplifier will be in a stable room temperature environment and will be cooled with heat sinks and fans. As such the ambient temperature of the device once it has reached equilibrium should not vary much. As such amplifiers are often class A biased to achieve the required linearity the temperature should also not vary much with load.

Adding a variation of σ=0.25dB (1.96σ=0.49dB)

 Note this is only needed in the interferer path not the wanted signal as a signal generator should be able to easily generate the wanted signal.

The CW interferer for the RX IMD requirement is also sufficiently low power that a PA is not required.

The conducted MU for the interferer for in-band blocking is:


[image: image17.wmf]dB

MU

MU

MU

MU

matching

PA

conducted

signal

1

.

1

2

.

0

5

.

0

1

2

2

2

2

2

2

int

int

=

-

+

=

-

+

=


2.3 Measurement uncertainty totals

Based on the above analysis the following MU’s are calculated for each of the receiver requirements:

	Requirement
	Freq range
	Unit
	MU 

	
	
	
	Cond.  want
	cond. int. (mod)
	PA
	cond. int. (CW)
	cond. match
	chamber (inc. match)
	Impact of sign gen (ALCR or noise)
	Total

	7.4 OTA Dynamic range
	f ≤ 3.0 GHz
	dB
	 
	 
	 
	 
	 
	 
	 
	0.3

	
	3.0 GHz < f ≤ 4.2 GHz
	
	 
	 
	 
	 
	 
	 
	 
	0.3

	
	4.2 GHz < f ≤ 6 GHz
	
	 
	 
	 
	 
	 
	 
	 
	0.3

	7.5 OTA Adjacent channel selectivity and narrowband blocking
	f ≤ 3.0 GHz
	dB
	0.7
	0.7
	0.5
	 
	0.2
	0.98
	0.4
	1.9

	
	3.0 GHz < f ≤ 4.2 GHz
	
	1
	1
	0.5
	 
	0.2
	1.06
	0.4
	2.2

	
	4.2 GHz < f ≤ 6 GHz
	
	1.5
	1.5
	0.5
	 
	0.2
	FFS
	0.4
	FFS

	7.6 OTA general blocking (in-band)
	f ≤ 3.0 GHz
	dB
	0.7
	1
	0.5
	 
	0.2
	0.98
	0.4
	2.0

	
	3.0 GHz < f ≤ 4.2 GHz
	
	1
	1.2
	0.5
	 
	0.2
	1.06
	0.4
	2.3

	
	4.2 GHz < f ≤ 6 GHz
	
	1.5
	1.8
	0.5
	 
	0.2
	FFS
	0.4
	FFS

	7.8 OTA Receiver intermodulation
	f ≤ 3.0 GHz
	dB
	0.7
	0.7
	0.5
	0.5
	0.2
	0.98
	0.4
	2.2

	
	3.0 GHz < f ≤ 4.2 GHz
	
	1
	1
	0.5
	0.7
	0.2
	1.06
	0.4
	2.7

	
	4.2 GHz < f ≤ 6 GHz
	
	1.5
	1.5
	0.5
	1
	0.2
	FFS
	0.4
	FFS

	7.9 OTA In-channel selectivity
	f ≤ 3.0 GHz
	dB
	0.7
	0.7
	 
	 
	0.2
	0.98
	0.4
	1.8

	
	3.0 GHz < f ≤ 4.2 GHz
	
	1
	1
	 
	 
	0.2
	1.06
	0.4
	2.1

	
	4.2 GHz < f ≤ 6 GHz
	
	1.5
	1.5
	 
	 
	0.2
	FFS
	0.4
	FFS


Note the frequency range 4.2 GHz < f ≤ 6 GHz is shown as it will be needed for NR. The OTA chamber values are FFS but the conducted MU values are known.

2.4 Information in conformance specification

In the existing TS 36.141 an explanation is given in the table where the MU is captured. In order to simplify the MU calculation for this table the following is suggested (blue text is for explanation only not part of the proposed text:

Overall system uncertainty comprises four quantities:

1. Wanted signal level error

2. Interferer signal level error
3.OTA chamber uncertainty
4. Additional impact of interferer ACLR

Items 1,2 and 3 are assumed to be uncorrelated so can be root sum squared to provide the ratio error of the two signals. The interferer ACLR effect is systematic, and is added aritmetically.
Test System uncertainty = [SQRT (wanted_level_error2 + interferer_level_error2 + OTA chamber uncertainty2)] + ACLR effect.

f ≤ 3.0GHz

Wanted signal level ± 0.67dB  {this is the conducted MU minus the mismatch uncertainty}

Interferer signal level ± 0.84dB {this is the conducted MU minus the mismatch uncertainty plus the PA uncertainty}
OTA chamber uncertainty ± 0.98dB {this includes the chamber mismatch unceratinty}
3.0GHz < f ≤ 4.2GHz

Wanted signal level ± 0.98dB

Interferer signal level ± 1.1dB
OTA chamber uncertainty ± 1.06dB

f ≤ 6.0GHz

Impact of interferer ACLR 0.4dB. 
This explaination is similar to the levelin the existing specifcations and has the fewest terms so is simple. The derivation of the values can be captured and further explained in the TR.

3 Summary

The open issues in the WF [1] have been discussed and a number of points have been highlighted:
· As matching MU is different chamber type sit is suggested that 0.2dB is used as the assumption for the conducted matching (i.e. is removed from the conducted MU total) and each OTA chamber retains its own matching MU value.

· Power level analysis has shown a PA is needed for some of the interference tests

· The PA needs a modulated power capability of approx 17dBm and an IP3 of approx 34dBm

· O.5dB has been added for the additional PA MU

· Increasing the ALCReffect value serves no useful purpose.

· MU values for each of the requirements have been provided in a table.

.
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