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Abstract:

This contribution illustrates the concerns raised in R4-121864 by applying a generic MRC algorithm on a set of antenna radiation patterns. We propose further discussions on the topic of the concerns raised in this paper among the RAN4 OTA experts.
1. Introduction
During the RAN #55 meeting, a Study Item with the objective of defining TRP testing methodologies for LTE UEs and TRS testing methodologies for multiple receive antenna LTE UEs was approved [1].  During the RAN4 #62-bis meeting a set of general observations on running TRS tests with SIMO-capable devices were outlined [2].  In this contribution we provide an analysis of measured radiated directivity patterns to illustrate the total effective radiated response of a UE performing maximal ratio combining in the presence of single-polarized and dual-polarized wave fronts.  This analysis illustrates the concern that the standardization of the dual-Rx TRS methodology currently under consideration by RAN4 may result in a metric that may not be representative of real world conditions.  This analysis further shows that the effect of characterizing a dual-antenna device using a SISO OTA methodology introduces an error that varies across antenna designs and frequencies.
2. Discussion

Figure 1 below illustrates the typical TRS testing setup with a SIMO-capable UE. 
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Figure 1: Illustration of a typical anechoic chamber TRS testing setup with a dual-receiver UE
As was outlined in [2], applying SISO testing methodology of characterizing the UE response to vertically and horizontally polarized wave fronts separately may result in the UE applying its baseband combining algorithm to these polarized wave fronts in different ways.  Consequently, the combined TRS metric measured in this way may not represent UE performance under any possible real-world condition.
To illustrate this issue, we utilized the measured 3-dimensional radiated directivity pattern (RDP) data of the reference CTIA antennas used in the MIMO OTA Study Item [3].  To keep this analysis simple, we make a general assumption about the antenna combining algorithm, apply it to the measured RDPs, compute the effective RDP for the combined result, and quantify the gap between the per-polarization combining and total combining metrics.  We choose a generic maximal ratio combining (MRC) algorithm to calculate the weights applied to the input RDPs.

Figure 1 below illustrates the analysis used to generate the effective radiated response with per-polarization MRC.

[image: image2.emf]MRCHorizontal

Ant1 Vertical

Ant1 Horizontal

Ant2 Vertical

Ant2 Horizontal

MRCVertical

MRCPer-PolTotal


Figure 2: RDP analysis to generate the effective response with per-polarization MRC
The “MRC Vertical” and “MRC Horizontal” steps shown above represent the UE’s effective RDP after performing the vertical and horizontal measurement steps in the dual-Rx TRS measurement procedure, respectively.  The “MRC Per-Pol Total” step shown above generates the total effective RDP.  Its surface integral (efficiency) represents the effective total RDP, which is the underlying assumption used in the calculation of the TRS metric in the dual-Rx TRS measurement procedure.
Given 
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, the UE’s ith vertically polarized RDP at frequency f, elevation angle 
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, we formulate the expressions for the received signal vector 
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 received by the UE during the per-polarization combining step of the vertical polarizations:
	
[image: image7.wmf]ú

û

ù

ê

ë

é

+

ú

û

ù

ê

ë

é

=

ú

ú

û

ù

ê

ê

ë

é

2

1

2

,

1

,

2

,

1

,

)

,

,

(

)

,

,

(

n

n

x

f

g

f

g

y

y

v

v

ppv

ppv

f

q

f

q


	(1)


Similarly, given the UE’s horizontally polarized RDPs, we have 
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The application of a simplified MRC algorithm assumes perfect channel state information at the receiver.  Thus, the MRC results for the vertical and horizontal cases above are:
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The MRC weights derived above are applied to the measured RDPs to form the effective MRC response of the UE corresponding to the per-polarization methodology of dual-Rx TRS testing.
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Figure 3 below illustrates the analysis used to generate the effective radiated response with MRC applied to the total RDP.
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Figure 3: RDP analysis to generate the effective response with total MRC

The “Ant1 Total” and “Ant2 Total” steps shown above represent the UE antennas’ radiated response to a balanced dual-polarized wave front (the combination of vertical and horizontal components of the measured RDP).  The “MRC Total” step shown above generates the total effective RDP.  Its surface integral (efficiency) represents the effective total RDP when MRC is applied in this more realistic condition for a SIMO device, where both polarization components are input to the UE’s MRC algorithm.
Similarly to (1), we formulate the expressions for applying MRC to the total UE RDPs 
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The application of a simplified MRC algorithm assumes perfect channel state information at the receiver.  Thus, the MRC results are:
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The MRC weights derived above are applied to the measured RDPs to form the effective MRC response of the UE corresponding to a test condition where both polarization are present at the input to the MRC algorithm.

Figures 4 through 7 illustrate the RDPs obtained at each step of the analysis process.
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Figure 4: CTIA “nominal” antenna radiation directivity patterns at f=2620 MHz:
(a) Port 1 Vertical, (b) Port 1 Horizontal, (c) Port 2 Vertical, (d) Port 2 Horizontal
Figure 5 below shows the two RDPs obtained by applying MRC weights to the vertical and horizontal polarization components separatel.
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Figure 5: Calculated spatial response of CTIA “nominal” antennas after MRC of Ports 1 & 2:
(a) Vertical polarization, (b) Horizontal polarization
Figure 6 below illustrates the total (vertical + horizontal) response of each antenna.
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Figure 6: CTIA “nominal” antenna radiation directivity patterns at f=2620 MHz:
(a) Port 1 Total, (b) Port 2 Total
Figure 7 below illustrates the two effective radiated responses generated with per-polarization combining (7a) and total combining (7b).
(a)[image: image25.png]elevation (deg)

Total After MRC Combining Per Polarization

8.0 dB

04 dB

13.2d8

1.8 B

H14.4 08

10 180 200 008

azimuth (deg)




(b)[image: image26.png]elevation (deg)

MRC Combining Of Total Patterns

100

180 200
azimuth (deg)

250

300

8.0 dB

04 dB

13.2d8

1.8 B

H14.4 08

200 0B




Figure 7: Total MRC response with CTIA “nominal” antennas at f=2620 MHz:
(a) combining per polarization, (b) combining total responses
We note that with this particular antenna design and frequency combination the patterns look very similar; we quantify the gap between the two combining methods across all designs and frequency combinations further below. Figure 8 below shows the per-polarization combining (8a) and total combining (8b) effective RDPs.
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Figure 8: Total MRC response with CTIA “good” antennas at f=2620 MHz:
(a) combining per polarization, (b) combining total responses
We note that for this design and frequency combination, the pattern similarities are not as evident.
Table 1 below lists the results for all CTIA antenna designs and frequency combinations.  For each combination of antenna designs and frequency, the surface integral was computed from the per-polarization combining RDP and from the total combining RDP results.  The gap is the difference (in dB) between the per-polarization and total combining integral results.

Table 1: Summary of RDP combining results
	Freq (MHz)
	Antenna 1
	Antenna 2
	Efficiency Ant1 (dB)
	Efficiency Ant2 (dB)
	Efficiency after per-pol combining (dB)
	Efficiency after total combining (dB)
	Efficiency gap in per-pol to total combining

	746.5
	       BAD1
	       BAD2
	-7.68
	-7.7
	-10.79
	-10.85
	0.07

	751
	       BAD1
	       BAD2
	-7.88
	-8.08
	-10.41
	-10.47
	0.07

	757.75
	       BAD1
	       BAD2
	-8.68
	-8.99
	-10.56
	-10.63
	0.07

	746.5
	   NOMINAL1
	   NOMINAL2
	-6.74
	-6.2
	-8.52
	-9.19
	0.67

	751
	   NOMINAL1
	   NOMINAL2
	-6.42
	-6.39
	-6.62
	-6.62
	0.0

	757.75
	   NOMINAL1
	   NOMINAL2
	-6.76
	-6.6
	-8.09
	-8.73
	0.64

	1929.5
	   NOMINAL1
	   NOMINAL2
	-2.71
	-4.41
	-2.24
	-2.79
	0.55

	1959.5
	   NOMINAL1
	   NOMINAL2
	-3.03
	-5.35
	-2.68
	-3.18
	0.49

	1989.5
	   NOMINAL1
	   NOMINAL2
	-2.99
	-5.6
	-2.66
	-3.1
	0.43

	2620
	   NOMINAL1
	   NOMINAL2
	-2.7
	-3.59
	-0.72
	-1.35
	0.63

	2655
	   NOMINAL1
	   NOMINAL2
	-2.76
	-4.93
	-1.28
	-1.89
	0.6

	2690
	   NOMINAL1
	   NOMINAL2
	-4.6
	-6.98
	-3.2
	-3.77
	0.56

	746.5
	      GOOD1
	      GOOD2
	-1.91
	-2.49
	-0.89
	-0.63
	-0.26

	751
	      GOOD1
	      GOOD2
	-1.51
	-2.08
	-0.49
	-0.23
	-0.26

	757.75
	      GOOD1
	      GOOD2
	-2.33
	-2.64
	-1.28
	-1.01
	-0.26

	1929.5
	      GOOD1
	      GOOD2
	-0.51
	-1.95
	-0.47
	-0.78
	0.31

	1959.5
	      GOOD1
	      GOOD2
	-0.96
	-2.2
	-0.88
	-1.23
	0.36

	1989.5
	      GOOD1
	      GOOD2
	-1.13
	-2.19
	-1.06
	-1.5
	0.43

	2620
	      GOOD1
	      GOOD2
	-0.5
	-1.73
	-0.01
	-1.09
	1.08

	2655
	      GOOD1
	      GOOD2
	-1.5
	-1.36
	-0.42
	-1.42
	1.0

	2690
	      GOOD1
	      GOOD2
	-2.49
	-2.13
	-1.45
	-2.16
	0.71


Figure 9 below plots the gap described above.
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Figure 9: Gap in MRC response efficiency between per-polarization and total pattern combining
(using all measured CTIA reference antenna patterns)

We observe that the total spatial response of a dual-antenna system implementing a generic MRC algorithm depends on the polarization mixture of the incident wave front.  In the majority of antenna design & frequency combinations analyzed, the total spatial response obtained by applying MRC to single-polarized (vertical and, separately, horizontal) wave fronts exceeds the total spatial response obtained by applying MRC to dual-polarized (equal parts vertical and horizontal) wave fronts by up to 1 dB.  In some cases, the two methods gave similar results.  This analysis illustrates the concern that the standardization of the dual-Rx TRS methodology currently under consideration by RAN4 may result in a metric that may not be representative of real world conditions.  This analysis further shows that the effect of characterizing a dual-antenna device using a SISO OTA methodology introduces an error that varies across antenna designs and frequencies.
3. Proposal
We propose further discussions on the topic of the concerns raised in this paper among the RAN4 OTA experts.  Characterization of the RF performance of the antennas [4] has shown that some antenna design and frequency combinations have poor isolation (up to -4 dB in some instances).  We expect to treat this aspect in an update to this analysis.
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