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1. Introduction
This contribution discusses the MU of OTA TX-IM requirement.


2. MU assessment of OTA TX-IM
In the last RAN4 #AH1807 meeting, a WF was approved for OTA TX-IM requirement [1]. In the WF, a MU budget table shown below was proposed as a start line [1]. In this paper, the value is input for deciding the MU for OTA TX-IM. 

Table 1. MU table for OTA TX-IM
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Highlighted parts are parts where no MU values are set. 
Here, we evaluate the MU values on table 1 as shown below:
(1) Uncertainty of the RF signal generator (UID 1)
This value has been provided by Keysight [2]. The MU of SG is 0.58 for 4.2 GHz < f < 6GHz.
(2) Uncertainty of the RF power measurement equipment (UID 2)
Here, the signal to be measured is the interference signal that have large level. So we can use the value in [2] and the value is 0.26 for 4.2 GHz <f < 6GHz.
(3) Impedance mismatch in the transmitting chain (UID 3)
This value can be derived by the same method in [3]. Since this measurement, PA is required, the mismatch error calculation model is like Fig. 1. Here, SG is not considered because the antenna and SG are isolated by PA. 
[image: ]
Fig. 1  Mismatch error calculation model


The mismatch error can be obtained by the following equation.
Mismatch error = 20log(|(1-ΓSGΓadapter ) (1-ΓadapterΓantenna )- ΓSGΓantennaΓadapter^2|)	(1)

Generally, VSWR of commercially available PA is 2 for frequencies below 6 GHz, and this results in the PA’s reflection coefficient of 0.33. The refection coefficients of adaptor and antenna are 0.11 and 0.2 since the VSWRs of adaptor and antenna are 1.25 and 1.5 in [3]. From above considerations, the mismatch error is 0.53 for all frequencies.
(4) Random uncertainty (UID 4) , Gain variation of power amplifier (UID 5), Influence of the transmitting antenna feed cable (UID 6)
Since this value is frequency independent, they are same as those below 4.5 GHz. 
(5) [Uncertainty of the network analyser at co-location [test] antenna calibration stage] (UID 7)
Since the return loss of CLTA is at least 10 dB, the calibration for CLTA is not required. So, this part can be deleted.
(6) Separation “d” error (UID 8), Vertical alignment error (UID 9), Front-back alignment error (UID 10), Vertical radiation length “h” error (UID 11), Polarization error (UID 12), and beam width error (UID 13)
In order to obtain the MU values for these items, the 3D finite element method (FEM) electromagnetic simulation was used. Fig. 2 is the simulation model. Simulation was done at 2 GHz.
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(a) Front view
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(b) Side view
Fig.2 Simulation model

The both array has 8 elements and each element is half-wave dipole antenna. The array on the left is AAS BS’s right most column array. And the array on the right is CLTA. The polarization of 45 degrees is assumed and only co-pole case is considered. Signals that input port(s) from/to output(s) port of power combiner is equally divided or combined with regard to signal level and phase. Distance between AAS BS and CLTA is determined to achieve the coupling between AAS BS and CLTA of approximately 30 dB. 

Each MU was derived by shifting distance or angles as shown in Fig. 2.
Figs. 3(a) to 3(e) are variation of coupling between AAS BS and CLTA when the alignment of CLTA is changed. 
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(a) Separation error 
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(b) Vertical alignment error 
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(c) Front-back alignment error 
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(d) Vertical radiation length error
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(e) Polarization error
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(f) Beam width error

Fig. 3 Coupling variation between CLTA and AAS BS
From these results, the MU of these items are summarized in Table 2.
With regard to Beam width error (UID 13), we change the beam width by changing the length of element. The beam width is varied 20 degrees and the mismatch is compensated to achieving more than 10 dB of returns loss by impedance tuning. Fig 3(f) is the variation when beam width is changed. MU due to beam width is also shown in Table 2.

Table 2. Variation on signal level from CLTA for OTA TX-IM for indoor anechoic chamber


With regard to Polarization error and vertical alignment error, they can be ignored since these values are quite small. Beam width error shows that all values are minus values in Fig.3 (f). This means we have to increase the level of interference signal to compensate this error. However, the TT for TX-IM will be applied to decrease the interference level. Therefore, the contribution of beam width error should not be used for MU to derive the TT value. Though these simulation is performed at 2 GHz, we apply them to all frequency range below 6 GHz.
From above discussions, we propose Table 3 as the MU table for OTA TX-IM

Table 3. MU value of un-wanted signal for OTA ACLR relative requirement for IAC
 
	UID
	Uncertainty source
	Uncertainty value
f ≦ 3GHz
	Uncertainty value
3GHz ≦ f < 4.2 GHz
	Uncertainty value
4.2GHz ≦ f < 6 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
	Standard uncertainty ui  [dB]
4.2GHz ≦ f < 6 GHz

	Uncertainty of interference signal input level to co-location [test] antenna

	1
	Uncertainty of the RF signal generator
	0.46
	0.46
	0.58
	Gaussian
	1.00
	1
	0.46
	0.46
	0.58

	2
	Uncertainty of the RF power measurement equipment
	0.14
	0.26
	0.26
	Gaussian
	1.00
	1
	0.14
	0.26
	0.26

	3
	Impedance mismatch in the transmitting chain
	0.53
	0.53
	0.53
	U-shaped
	1.41
	1
	0.37
	0.37
	0.37

	4
	Random uncertainty
	0.1
	0.1
	0.1
	Rectangular
	1.73
	1
	0.06
	0.06
	0.06

	5
	Gain variation of power amplifier
	0.02
	0.02
	0.02
	Rectangular
	1.73
	1
	0.01
	0.01
	0.01

	6
	Influence of the transmitting antenna feed cable
	a)	Flexing cables, adapters, attenuators, and connector repeatability
	0.05
	0.05
	0.05
	Rectangular
	1.73
	1
	0.03
	0.03
	0.03

	Uncertainty of co-location [test] antenna
	

	7
	Separation “d” error 
	 0.13
	 0.13
	 0.13
	 Gaussian
	 1.00
	 1
	 0.13
	 0.13
	 0.13

	8
	Vertical alignment error
	 0
	 0
	 0
	 Gaussian
	 1.00
	 1
	 0
	 0
	 0

	9
	Front-back alignment error
	 0.20
	 0.20
	 0.20
	 Gaussian
	 1.00
	 1
	 0.20
	 0.20
	 0.20

	10
	Vertical radiation length “h” error
	0.20
	0.20
	0.20
	 Gaussian
	 1.00
	 1
	0.20
	0.20
	0.20

	11
	Polarization error
	 0
	 0
	 0
	 Gaussian
	 1.00
	 1
	 0
	 0
	 0

	12
	Beam width error
	 0
	 0
	 0
	 Gaussian
	 1.00
	1 
	 0
	 0
	 0

	Combined standard uncertainty (1σ) [dB]
	 0.69
	0.72
	0.80

	 Expanded uncertainty (1.96σ – confidence interval of 95%) [dB]
ue = 1.96uc
	 1.34
	1.41
	1.57



Proposal : Use Table 3 for MU value of un-wanted signal for OTA TX-IM requirement for eAAS and NR FR1.
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4	Summary

In this document, we have discussed the MU of OTA TX-IM requirement. We made the following proposals.


Proposal : Use Table 3 for MU value of un-wanted signal for OTA TX-IM requirement for eAAS and NR FR1.
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UID  Uncertainty source  Uncertainty  value   f  ≦   3GHz  Uncertainty  value   3GHz  ≦   f <  4.2 GHz  Uncertainty  value   4.2GHz  ≦   f  < 6 GHz  Distribution  of the  probability  Divisor  based on  distribution  shape  c i  Standard  uncertainty  u i   [dB]   f   ≦   3GHz  Standard  uncertainty  u i    [dB]   3GHz < f  ≦   4.2 GHz  Standard  uncertainty  u i    [dB]   4.2GHz  ≦   f  < 6 GHz  

  Uncertainty of interference signal input level to co - location [test] antenna   

1  Uncertainty of the RF  signal generator  0.46  0.46   Gaussian  1.00  1  0.46  0.46   

2  Uncertainty of the RF  power measurement  equipment  0.14  0.26   Gaussian  1.00  1  0.14  0.26   

3  Impedance mismatch in  the transmitting chain  0.14  0.23   U - shaped  1.41  1  0.10  0.16   

4  Random uncertainty  0.1  0.1   Rectangular  1.73  1  0.06  0.06   

5  Gain variation of power  amplifier  [0.02]  [0.02]   Rectangular  1.73  1  0.01  0.01   

6  Influence of the  transmitting antenna  feed cable     a)   Flexing  cables, adapters,  attenuators, and  connector repeatability  0.05  0.05   Rectangular  1.73  1  0.03  0.03   

[7]  [Uncertainty of the  network analyser at co - location [test] antenna  calibration stage]    [0.13]  [0.20]   [Gaussian]  [1.00]  [1]  [0.13]  [0.20]   

Uncertainty of co - location [test] antenna   

[8]  Separation “d” error                          
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Uncertainty source  Uncertainty  value   @ 2 GHz  Distribution of  the probability  Divisor based on  distribution  shape  c i  Standard uncertainty  u i   [dB]   f @ 2GHz  

Separation “d” error     0.13    Gaussian    1.00    1  0.13    

Vertical alignment error    0.01    Gaussian    1.00    1    0.01  

Front - back alignment  error    0.20    Gaussian    1.00    1    0.20  

Vertical radiation length  “h” error  0.20    Gaussian    1.00    1    0.20  

Polarization error    0.04    Gaussian    1.00    1    0.04  

Beam width error    1.05    Gaussian    1.00  1      1.05  
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