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1. Introduction

The original plan for this document was to compare the two sets of antenna patterns being used in the harmonization test campaign with a view to analyzing any differences and explaining these with reference to conducted and radiated measurements. Unfortunately it has not proven possible to do this analysis due to uncertainty in the correct patterns to analyze and, at the time of this submission, no MPAC ADTF conducted or radiated performance measurements at each azimuth position are available. Instead, this contribution will discuss antenna pattern validation methods from a more abstract perspective and propose next steps in pattern validation and how this relates to the wider question of MU for the two-stage method. An update to the current two-stage MU template is included.
2. Accuracy of antenna patterns
In the current MIMO OTA measurement campaign agreed in [1], it was further agreed in [2] that ADTF would be used as part of the process. The source of the antenna patterns to be used in the campaign was agreed in [2] as:

The AC, RC and RC+CE methods shall use antenna pattern data provided by CTIA (B7, B13), Motorola will provide the band 41 reference antenna sample and antenna pattern. To minimize uncertainty for harmonization purposes, the two-stage method will measure the reference antenna patterns in the first stage and use those patterns for the conducted and radiated second stage. 
Since two sets of antenna patterns are being used it is of considerable value to compare those patterns in order to explain small expected differences in conducted and radiated performance. In the ideal case the patterns should match, however, there are many reasons why patterns measured using the first stage of the two-stage method might differ slightly from those measured using passive techniques. The ultimate pattern, i.e. that perceived by the UE receiver, is not measurable, however it is possible to get close. The main impairments for each method are as follows:
UE-measured patterns using the first stage of the two-stage method:

· Ripple in the anechoic chamber used to make the pattern measurement

· Antenna gain calibration which is linked to the anechoic chamber range calibration accuracy

· Linearity of the UE antenna test function defined in [3]
Passive antenna measurement

· Ripple in the anechoic chamber used to make the pattern measurement

· Antenna gain calibration which is linked to the anechoic chamber range calibration accuracy

· Impairments in the pattern caused by unwanted coupling between the antenna and the test system e.g. use of choked or ferrite loaded cables, optical transducers etc.
· Load pull or any mismatch uncertainties due to differences between the test system impedance and the UE receiver impedance

· Differences between patterns representing typical performance of a batch of antennas and the actual performance of a specific antennas

From this list it is clear why an exact match between patterns should not be expected. However, with careful consideration for these effects close results can be achieved. One comparison of four sourced of reference antenna measurements can be found in [4]. This comparison was done some time ago and is not considered state of the art. It shows all results falling within ~ 1.5 dB, however the source of one pattern has been questioned and this analysis needs to be re-confirmed.
3. Validation of antenna patterns
The validation of antenna patterns is of primary concern to the two-stage method, since it is one of two primary contributors to the MU budget. By contrast, the multi-probe method has no need to know the UE antenna pattern but it faces the alternative challenge of correctly emulating the RF field.
In principle, the use of ADTF could be used as an antenna pattern validation tool. However, this is not without its limitations. One approach would be to take a reference antenna with a passively measured pattern and show this is accurate by observing a minimal difference between MPAC ADTF results for conducted and radiated performance. This antenna could then be measured using the first stage of the two-stage method and ADTF repeated. Ideally all results would match providing traceability to known standards, however, given the impairments listed above, plus differences in the accuracy of the conducted stage implementation of both methods, it is likely that there may be differences between the two sets of conducted results.
However, when it comes to measuring the radiated performance, there are far fewer reasons why there should be any difference between the methods if the pattern measured by the first-stage is an accurate representation of what the UE sees. Since it is not possible to perfectly measure the antenna passively, a direct comparison of patterns is not an indication of accuracy. It would however be expected that the radiated performance of both methods should closely match, in particular for each azimuth position. Should such close correlation in OTA results between methods be achieved, then in the absence of any simple alternative with better accuracy, this would be the best indication that the first stage measured pattern was indeed correct.
4. Next steps for pattern validation
It is proposed that validation of antenna patterns be carried out on reference antennas by direct comparison of OTA results by azimuth angle between the two stage method and the MPAC method. Analysis of ADTF cable conducted results may be of interest but is likely to be a source of less quantifiable error.

Keysight will analyze available devices and pick several diverse 2D cuts that lend themselves to a validation of first-stage measured antenna patterns. The OTA performance of the selected cuts will be measured on an appropriate multi-probe system and compared directly with equivalent radiated measurements using the same UE by the radiated second stage of the two-stage method and with the antenna pattern measured in the first stage. It would also be possible to do this exercise using the reference antennas. This would allow direct comparison of the first-stage pattern and any passively measured pattern but due to the many factors discussed in this contribution, differences in patterns should be expected. Such differences should not be considered as errors in the correct pattern as perceived through the UE receiver.
Results conforming to the above proposal are already available from the current measurement campaign. An example is given in Figure 1.
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Figure 1. Multi-probbe vs. twos-stage comparions for 70%, 90% and 95% outage for UMi channel model
This example of correlated performance in azimuth between the two methods is a very strong indicator that the antenna pattern used for the two-stage method is an accurate reflection of the actual pattern used in the multi-probe OTA measurements.
However, more extensive analysis is required hence the proposal to study this further.

5. Conclusion
A discussion on the need for antenna pattern validation was followed by an overview of the challenges in measuring antenna patterns. The use of ADTF as a pattern validation tool is also discussed. A proposal to validate antenna patters through analysis of performance by azimuth between two-stage and multi-probe methods is proposed as the most fruitful way to study pattern validation without direct comparison to passively measured antennas.
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B.2
Measurement uncertainty budget contributors for two-stage method

Table B.2-1 Measurement uncertainty budget contributors for two-stage method 
	Description of uncertainty contribution
	Details in paragraph
	Probability
Distribution
	Divisor
	Comments

	Stage 1, DUT complex antenna pattern measurement (1st stage of two-stage method)

	1)
Mismatch of transmitter chain 
(i.e. between probe antenna and base station simulator) 
	TS 34.114 [4] E.1-E.2
	N
	1
	

	2)
Insertion loss of transmitter chain
	TS 34.114 E.3-E.5
	R
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	Systematic with Stage 1 (=> cancels)

	3)
Influence of the probe antenna cable
	TS 34.114 E.6
	R
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	Systematic with Stage 2 (=> cancels)

	4)
Uncertainty of the absolute antenna gain of the probe antenna
	TS 34.113 E.7
	R
	[image: image4.wmf]3


	Systematic with Stage 2 (=> cancels)

	5)
Base station simulator: uncertainty of the absolute output level
	TS 34.114 E.17,

TS 36.521-1 F.1.3 [12]
	R
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	Manufacturer's uncertainty specifications

	6) LTE band channel flatness
	TBD
	
	
	

	7)
DUT  RSAP linearity
	TBD 
	
	
	The UE requirement for RSAP is 1 dB (TR 36.978) and will be used to calculate the impact of pattern error on the overall MU

	8)
DUT  RSARP linearity
	TBD
	
	
	The UE requirement for RSARP is 5 degrees (TR 36.978) and will be used to calculate the impact of pattern error on the overall MU

	9)
DUT receiver amplitude linearity
	TBD
	
	
	

	10)
Measurement distance:

a)
offset of DUT phase centre from axis(es) of rotation


b)
mutual coupling between the DUT and the probe antenna


c)
phase curvature across the DUT
	34.114 E.9
	R
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	11) Quality of quiet zone 
	TS 34.114 E.10
	N
	1
	Standard deviation of E-field in QZ measurement

	12
 Uncertainty related to the use of phantoms: (applicable when a phantom is used):

a)
Uncertainty of dielectric properties and shape of the hand phantom

b)
Uncertainty related to the use of the Laptop Ground Plane phantom
	TR 25.914 [11]
A.12.3

A.12.4
	R
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	13)
 sampling grid
	TS 34.114 E.13
	N
	1
	

	14)
 Random uncertainty (repeatability)

- positioning uncertainty of the DUT against the SAM or DUT plugged into 


the Laptop Ground Plane phantom
	TS 34.114 E.14
	R
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	Stage 2, Calibration measurement, network analyzer method

	15)
 Uncertainty of network analyzer 
	TS 34.114 E.15
	R
	[image: image9.wmf]3


	Manufacturer's uncertainty calculator, covers NA setup

	16) Mismatch in the connection of transmitter chain (i.e. between probe antenna and NA)
	TS 34.114 E.1-E.2
	U
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	Taken in to account in NA setup uncertainty

	17)
 Insertion loss of transmitter chain
	TS 34.114 E.3-E.5
	R
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	Systematic with Stage 1 (=> cancels)

	18)
 Mismatch in the connection of calibration antenna
	TS 34.114 E.1
	R
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	Taken in to account in NA setup uncertainty

	19)
 Influence of the calibration antenna feed cable
	TS 34.114 E.6
	R
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	20)
 Influence of the probe antenna cable
	TS 34.114 E.6
	R
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	Systematic with Stage 1 (=> cancels)

	21)
 Uncertainty of the absolute gain of the probe antenna
	TS 34.114 E.7
	R
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	Systematic with Stage 1 (=> cancels)

	22) Uncertainty of the absolute gain/radiation efficiency of the calibration antenna
	TS 34.114 E.16
	R
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	Calibration certificate

	23)
 Measurement distance:

a)
Offset of calibration antenna's phase centre from axis(es) of rotation


b)
Mutual coupling between the calibration antenna and the probe antenna


c)
Phase curvature across the calibration antenna
	TS 34.114 E.9
	R
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	24)
 Quality of quiet zone
	TS 34.114 E.10
	N
	1
	Standard deviation of E-field in QZ measurement

	Stage 3a, DUT throughput measurement (conducted 2nd stage of two-stage method)

	25a) Mismatch uncertainty between DUT antenna system radiated connectivity and 
DUT conducted mode test connectivity 
	TBD
	
	
	

	Non-linear effects in the receiver due to mismatch
	TBD
	
	
	

	26a) Insertion loss of transmitter chain
	TS 34.114 E.3-E.5
	R
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	27a) Base station simulator: uncertainty of the absolute output level
	TS 34.114 E.17,

TS 36.521-1 F.1.3 [12]
	R
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	Manufacturer's uncertainty specifications

	28a) LTE band channel flatness
	TBD
	
	
	

	29a) Application of antenna patterns into MIMO channel
	TBD
	
	
	

	30a) Channel emulator output uncertainty
	TBD
	R
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	Manufacturer's uncertainty specifications

	31a) Channel model implementation
	TBD
	
	
	

	32a) Throughput measurement: output level step resolution
	TS 34.114 E.18
	R
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	33a) Statistical uncertainty of throughput measurement
	TS 34.114 E.19
	N
	1
	

	34a) Throughput data rate normalization
	TS 34.114 E.20
	N
	1
	

	Error associated with estimation of self de-sense using TBD method
	TBD
	TBD
	TBD
	

	Stage 3b, DUT throughput measurement (radiated 2nd stage of two-stage method)

	25b) Insertion loss of transmitter chain
	TS 34.114 E.3-E.5
	R
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	26b) Base station simulator: uncertainty of the absolute output level
	TS 34.114 E.17,

TS 36.521-1 F.1.3 [12]
	R
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	Manufacturer's uncertainty specifications

	27b) LTE band channel flatness
	TBD
	
	
	

	28b) Application of antenna patterns into MIMO channel
	TBD
	
	
	

	29b) Channel emulator output uncertainty
	TBD
	R
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	Manufacturer's uncertainty specifications

	30b) Channel model implementation
	TBD
	
	
	

	31b) Throughput measurement: output level step resolution
	TS 34.114 E.18
	R
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	32b) Statistical uncertainty of throughput measurement
	TS 34.114 E.19
	N
	1
	

	33b) Throughput data rate normalization
	TS 34.114 E.20
	N
	1
	

	34b) Impact of isolation in between radiated channels including clipping of the fading and 
impact of coupling between DUT antennas on achievable isolation
	TBD
	
	
	Working assumption is that 18 dB isolation is sufficient to minimize impact on throughput.

	35b)
 Quality of quiet zone
	TS 34.114 E.10
	N
	1
	Standard deviation of E-field in QZ measurement
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