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1 Introduction
The TX IMD requirements use the co-location reference antenna to inject the interferer into the OTA AAS BS front end, OTA emissions measurements are then done using the OTA chamber in the same way as the normal spurious emissions testing.

There are hence 2 aspects to the MU budget for TX IMD, those associated with the accuracy of the interferer and those associated with the emissions measurements.

A WF [2] was approved in the last meeting where agreements and open issues were captured. These issues will be further investigated in this paper.

The MU budget is discussed in this paper and MU values proposed.

The accuracy of the co-location coupling are the same as those analyzed for the TX OFF measurement, this is detailed in [1] and [1] should be read before this paper.

2 Discussion

The WF [2] captured the following agreements:

· Conformance test shall be done in a way where the interfering signal ACLR impact on the OTA emissions measurements is minimized

· Sufficient frequency offset between interferer signal and measurement frequency is used to allow using realistic filters to suppress interferer ACLR

· Exact parameters are targeted to be decided in RAN4#88 in Gothenburg if needed

· In case interferer ACLR is shown to have impact, the MU/TT evaluation for the emissions requirements for the TX IMD test may be modified i.e. they may be different from the normal emissions requirements MU/TT values. 

· MU/TT impact on TX IMD emissions measurements is targeted to be decided in RAN4#88 in Gothenburg if needed

With the following WF

For MU/TT derivation for interferer signal

· TT for TX IMD for eAAS and NR FR1 will be finalized in RAN4 #88 meeting

· Companies are encouraged to contribute on 

· MU for each uncertainty source for up to 6GHz 

· MU for not only eAAS (up to 4.2GHz) but also NR FR1 (up to 6GHz)

· How to convert from MU to TT, e.g. TT=0, TT=MU

· The next slide can be considered as a starting point

· Open issues for MU derivation are highlighted in yellow

	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 
	
	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 
	  
	  
	
	  
	  
	  
	  
	  
	

	[9] 
	Vertical alignment error 
	  
	  
	
	  
	  
	  
	  
	  
	

	[10] 
	Front-back alignment error 
	  
	  
	
	  
	  
	  
	  
	  
	

	[11] 
	Vertical radiation length “h” error 
	  
	  
	
	  
	  
	  
	  
	  
	

	[12] 
	Polarization error 
	  
	  
	
	  
	  
	  
	  
	  
	

	[13] 
	Beam width error 
	  
	  
	
	  
	  
	  
	  
	  
	

	Combined standard uncertainty (1σ) [dB]
	  
	  
	

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


2.1.1 Uncertainty of the co-location test antenna

The uncertainty of the co-location test antenna (CLTA) based on the tolerance values agreed in the last meeting were analyzed extensively in [1] when considering the TX OFF requirements. Below is a summary:
The CLTA is defined as follows in the draft TR:

[Table 5.1.2.2.2-1: CLTA characteristics 

	Parameter
	in band 
	out of band

	height (h)
	[±FFS]
	N/A

	Horizontal beam width
	65° ± 10°
	65° ± 10°

	Vertical beam width
	N/A
	VBWinband  ± 3°

	Polarisation
	match
	match to inband

	Vertical alignment
	centre ± 1cm
	centre ± 1cm

	Front to band alignment
	Radome front ± 1cm
	Radome front ± 1cm

	Conducted interface return loss
	> 10dB
	> 10dB

	NOTE 1: If a multi-column or multi-band antenna is used the column closest to the AAS BS shall be selected while other columns are terminated during testing.  


The alignment between the AAS BS under test and the co-location test antenna is described in Table 4.15.2.3-1 and Figure 4.15.2.3-1.

[Table 5.1.2.2.2-2: CLTA alignment tolerances 

	Parameter
	in band 
	out of band

	Vertical alignment
	centre ± 1cm
	centre ± 1cm

	Front to band alignment
	Radome front ± 1cm
	Radome front ± 1cm


Based on these tolerances and the analysis in [1] the following uncertainties are proposed.

Antenna size

Varying the vertical beam width of the antenna 10°±3° varies the directivity approximately 17.5dBi ± 1.5dB (σ = 0.77dB)
Varying the horizontal beamwidth of the antenna 65°±10° varies the directivity approximately 17.5dBi ± 0.75dB (σ = 0.38dB)
Antenna separation
At 2GHz the variation in FSPL due to 10cm±1cm is approx ± 0.9dB (σ = 0.46dB)

Antenna alignment

The front to back alignment of the antenna accuracy is 1cm, for 2 antenna 10cm apart this gives an error of approx  ±3dB (σ = 1.53dB)

The vertical alignment of the antenna accuracy is 1cm, for 2 antenna 10cm apart this gives an error of approx  ±1dB (σ = 0.5 dB)

Polarization mismatch between the AAS BS and the receiving antenna

A polarisation mismatch of 10° gives less than 0.1dB loss.

2.1.2 Uncertainty of interference signal input level to co-location [test] antenna 
The interferer signal generation part will contain similar uncertainties to the receiver sensitivity signal generation. Each of the parameters are discussed below:
Uncertainty of the RF signal generator 

This has been previously agreed and is 046 dB (1 σ)

Uncertainty of the RF power measurement equipment 

It’s not clear how this will affect the accuracy of the interferer signal so will be removed from the budget
Impedance mismatch in the transmitting chain 

Different impedance matching values have been used in different MU budgets but a value of 0.2dB (1 σ) is about the average and we feel it is clearer if the same figure is used in all placed (unless there is a reason not to)
Random uncertainty 

Its not clear what random uncertainty is as all uncertainties are presumed random within their defined distribution. However as these measurements are very new including an addition unknown uncertainty is perhaps wise so the value of 0.1dB can be included as it is in other MU budgets.
Gain variation of power amplifier 

When amplifiers have been included in other budgets whilst large variation can be calibrated out in the calibration phase, the gain may vary under full load (particularly with a PA for the IMD interferer) so an uncertainty of 0.5dB (1 σ) is included.
Influence of the transmitting antenna feed cable (Flexing cables, adapters, attenuators, and connector repeatability)
In previous MU budget the effect of cable variation has been included in the calibration error as follows:

	18
	Influence of the reference antenna feed cable
	0.05

	19
	Reference antenna feed cable loss measurement uncertainty
	0.06

	20
	Influence of the receiving antenna feed cable
	0.05


These are all small uncertainties so do not greatly affect the total. If they are to be grouped under a single entry as in the proposed budget then a figure of 0.1dB capture all of the above.

 Uncertainty of the network analyzer at co-location [test] antenna calibration stage
The network analyzer would be used t calibrate the path for the conducted signal so it is reasonable to include, the value has been previous agreed as 0.13 dB f≤3GHz and 0.2dB 3<f≤4.2GHz.

2.2 MU budget

Based on the above the following MU budget is proposed:

	UID
	Uncertainty source
	Uncertainty value
	Distribution of the probability
	Divisor based on distribution shape
	ci
	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
	Uncertainty of the RF signal generator 
	0.46
	0.46
	Gaussian 
	1
	1
	0.46
	0.46

	3
	Impedance mismatch in the transmitting chain 
	0.2
	0.2
	U-shaped 
	1.41
	1
	0.1
	0.16

	4
	Random uncertainty 
	0.1
	0.1
	Rectangular 
	1.73
	1
	0.06
	0.06

	5
	Gain variation of power amplifier 
	0.5
	0.5
	Gaussian 
	1
	1
	0.5
	0.5

	 
	Separation “d” error  
	0.46
	0.46
	Gaussian 
	1
	1
	0.46
	0.46

	 
	Vertical alignment error 
	0.5
	0.5
	Gaussian 
	1
	1
	0.5
	0.5

	 
	Front-back alignment error 
	1.53
	1.53
	Gaussian 
	1
	1
	1.53
	1.53

	 
	Vertical radiation length “h” error 
	0.77
	0.77
	Gaussian 
	1
	1
	0.77
	0.77

	 
	Polarization error 
	0.1
	0.1
	Gaussian 
	1
	1
	0.1
	0.1

	 
	Beam width error 
	0.38
	0.38
	Gaussian 
	1
	1
	0.38
	0.38

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Stage 1: Calibration measurement

	7
	Uncertainty of the network analyser 
	0.13
	0.2
	Gaussian 
	1
	1
	0.13
	0.2

	6
	Influence of the transmitting antenna feed cable  (Flexing cables, adapters, attenuators, and connector repeatability )
	0.1
	0.1
	Rectangular 
	1.73
	1
	0.06
	0.06

	Combined standard uncertainty (1σ) [dB]
	2.01
	2.02

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	3.94
	3.96


There is less variation between the frequencies as most of the uncertainties are due to physical parameters which scale with frequency. In the conducted requirements no account is taken for frequency so the upper value is proposed up to 4.2GHz.

Note. If values are considered up to 6GHz then the MU may need to be increased.
3 Summary

The measurement method and uncertainties for the co-location emissions level measurement have all been investigated and the following MU is propped.

Co-location TX IMD interferer level MU = 4.0dB ,
f≤4.2GHz
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