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Introduction
The XPD MU element has been defined in B.1.1.4.10 of [1] and in B.2.1.10 of [2]. This contribution is addressing a correction of the MU element definition and the MU value used by test cases referencing this MU element [2].
Derivation of the XPD MU Element
As defined in [1]

 REF _Ref532478510 \n \h 
[2], the XPD takes into account the uncertainty due to the finite cross polar discrimination (XPD) between the two polarization ports of the dual-linearly polarized measurement probe usually stated in the datasheet of the antenna. 
The derivation of the MU element in this contribution is based on powers, 10^(XPD/10), instead of signal levels, 10^(XPD/20). 
A transmission matrix and calibration setup as shown in Figure 1 is considered here. Typically, a single-polarized reference antenna with known gain is placed at the centre of the quiet zone and the total attenuation, L, between the reference antenna terminal and the feed antenna terminals is determined as part of the range reference calibration procedure.

[image: image1]
Figure 1: Calibration Setup
Since the reference antenna is considered a single-polarized antenna, no XPD needs to be taken into account for the reference antenna. Since the measurement probe is assumed to be a dual-linearly polarized antenna, leakage from one terminal/polarization to the other, i.e., XPD, needs to be considered.

The dual-linearly polarized measurement probe has two terminals corresponding to a set of orthogonal polarizations,  and  which match the orientations of the reference antenna. The most thorough calibration procedure would determine the path losses between the four different combinations of signal paths: , and , e.g., the power received by the measurement probe at the  polarization/terminal, PFeed,, is attenuated by L with respect to the power delivered to the reference antenna oriented in the  polarization and placed in the centre of quiet zone, PQZ,. 
The most common calibration approach, however, is based on calibrating the polarization matched paths in Figure 1 (thick solid lines), i.e.,  and . In this case, as illustrated in Figure 2, the normalized pathlosses L and L are 1 and the pathlosses of the crossed components become the XPD terms of the measurement probe:
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and  
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[image: image4]
Figure 2: Common calibration approach based on calibrating the polarization matched signal paths
In the remainder of this analysis, it is assumed that the leakage between the two polarization ports of the measurement probe is assumed to be the same, i.e., XPD = XPD = XPD and  =  = . 
The normalized powers at the measurement probe terminals can then be written as



[image: image5.wmf]Probe,QZ,QZ,

PPP

qqf

a

=+

 
 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.3)



[image: image6.wmf]Probe,QZ,QZ,

PPP

ffq

a

=+

 
 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.4)

The normalized ratio of total powers at measurement probe and the centre of the quiet zone is therefore
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This simple analysis shows that the XPD of the measurement probe introduces a small error of the total power measured by the measurement probe and that the conservation of measured powers is not guaranteed, i.e., the MU based on the XPD can be expressed as
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Observation: The MU based on XPD derived in Equation [1](1.6)

 is different than the expression in  GOTOBUTTON ZEqnNum171764  \* MERGEFORMAT and [2].

This XPD MU is tabulated for different levels of XPD in Table 1.
Table 1: XPD MU for different XPD values

	XPD [dB]
	MUXPD [dB]

	-20
	0.043

	-25
	0.014

	-30
	0.004

	-35
	0.001

	-40
	0.000


Proposal 1: Change the MU value in [2] from [0.48] dB [3] to 0.01 dB for an XPD of -25 dB. 
When the range reference calibration is based on a full matrix-based approach, i.e., all signal paths are calibrated, the conservation of measured powers is guaranteed. As shown in Figure 3, the polarization-matched signal paths take into account the leakage of power into the cross paths.

[image: image9]
Figure 3: Calibration approach based on calibrating all signal paths

The powers at the measurement probe can now be written as
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The normalized ratio of total powers at measurement probe and the centre of the quiet zone is then


[image: image12.wmf]Probe,Probe,QZ,QZ,

Probe

QZQZ,QZ,QZ,QZ,

PPPP

P

1

PPPPP

qfqf

qfqf

++

===

++

 
 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.9)

This simple analysis now shows that for a matrix-based calibration of all signal paths the XPD of the measurement probe no longer introduces any error and that the conservation of measured powers is guaranteed, i.e., the MU based on the XPD is 0dB.
Proposal 2: Set the MU element of the XPD of the measurement probe to 0dB for a calibration approach based on calibrating all signal paths
Proposal 3: Replace the derivation of the MU element of the XPD in 38.903 with the derivation outlined in this contribution
Conclusion
The following observations and proposals were made in this contribution
Observation: The MU based on XPD derived in Equation [1](1.6)

 is different than the expression in  GOTOBUTTON ZEqnNum171764  \* MERGEFORMAT and [2].
Proposal 1: Change the MU value in [2] from [0.48] dB [3] to 0.01 dB for an XPD of -25 dB. 
Proposal 2: Set the MU element of the XPD of the measurement probe to 0dB for a calibration approach based on calibrating all signal paths
Proposal 3: Replace the derivation of the MU element of the XPD in 38.903 with the derivation outlined in this contribution
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Annex A: Derivation of the XPD MU based on Electric Fields

The derivation of the XPD MU based on powers is a more straightforward and less complex approach than with electric fields as attempted in [2]. This annex shows that the same XPU MU result as derived in (1.5)

 can be derived using electric fields. 
The corresponding signal paths are illustrated in Figure 4. 


[image: image13]
Figure 4: Signal paths for electric fields (based on calibrating the polarization matched signal paths)
The normalized fields at the measurement probe terminals can then be written as
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The transmission matrix can be defined as H
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The total magnitude component of the electric field including coherence/interference terms at the probe is


[image: image18.wmf](

)

(

)

(

)

(

)

22

2

2

Probe,Probe,Probe,QZ,QZ,QZ,QZ,

222

2

QZ,QZ,QZ,QZ,QZ,QZ,

2222222

QZ,QZ,QZ,QZ,QZ,

cos()sin()cos()sin()

2cos()cos()sin()

jdjb

T

EEEEceEEaeE

EcEdcEdEaEbaEb

EcEEdcEdcEd

qfqffq

qfffqq

qqfff

=+=+++

éùéù

=+++++

êúêú

ëûëû

+++

=

(

)

(

)

(

)

2222222

QZ,QZ,QZ,QZ,QZ,

2222

QZ,QZ,QZ,QZ,

2cos()cos()sin()

112cos()cos()

EaEEbaEbaEb

EaEcEEcdab

fqfqq

qfqf

éù

+

ëû

éù

+++

ëû

=+++++

 
 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.14)

When it is assumed that leakage between the two polarization ports of the measurement probe is assumed to be the same, then a=c=10XPD/20 in (1.14)

 will become
(1.14)

. Additionally, it has to be assumed that d=b+π which guarantees the orthogonality between the two field vectors, i.e., the dot product between the vectors has to be zero. With these assumptions, Equation 
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The normalized ratio of total powers at measurement probe and the centre of the quiet zone is therefore
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The derived XPD MU based on electric fields which included the coherence/interference terms in (1.6)

.(1.16)

 is the same as in 
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