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1. Introduction 
This contribution presents results from measurements on one set of the MOSG reference antennas and units. The measurements have been performed utilizing multi probe anechoic chamber methodology. This report will provide some measurement results based on that.
1.1 Reference Antennas and Reference DUTs
In the contribution, CTIA recommended DUTs and reference antennas are used. All the measurements are based on one HTC handset and one Samsung handset, as shown in Figure 1.1.1. The HTC and Samsung handset utilize LTE band 13 and band 7, respectively. And reference antennas for both those frequency bands are matched for the test DUTs, as shown in Figure 1.1.2. Table 1.1.1 and Table 1.1.2 summarize the identification data for the reference units. 
[image: image46.png]


 [image: image2.jpg]



Figure 1.1.1   Picture of the reference DUTs 
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Figure 1.1.2   Picture of reference antennas for LTE band 13 HTC handset and LTE band 7 Samsung handset
Table 1.1.1   Identification data for reference unit 1.
	Reference Unit 1
	HTC

	
	
	

	Reference Unit 1 Specifications
	
	

	
	Band
	13

	
	Vendor
	HTC

	
	Model no.
	ADR6425LVW

	
	CTIA ID no.
	MOSG-RD-13-03

	
	IMEI#
	990000327075521

	
	SN
	HT18KS200207

	
	Comment
	External antenna cables provided

	Good Antenna
	
	

	
	SN
	018

	
	Rev.
	B

	
	Comment
	

	Nominal Antenna
	
	

	
	SN
	018

	
	Rev.
	B

	
	Comment
	

	Bad Antenna
	
	

	
	SN
	018

	
	Rev.
	B

	
	Comment
	


Table 1.1.2   Identification data for reference unit 2.
	Reference Unit 2
	Samsung Galaxy S2 LTE

	
	
	

	Reference Unit 2 Specifications
	
	

	
	Band
	7

	
	Vendor
	Samsung

	
	Model no.
	GT-I9210

	
	CTIA ID no.
	MOSG-RD-07-02

	
	IMEI#
	357807/04/021678/7

	
	SN
	R31C40D68WZ

	
	Comment
	Fixed antenna connectors attached to the handset.

	Good Antenna
	
	

	
	SN
	018

	
	Rev.
	B

	
	Comment
	

	Nominal Antenna
	
	

	
	SN
	018

	
	Rev.
	B

	
	Comment
	


1.2 Multi Probe Anechoic Chamber
In this contribution, the ETS-Lindgren AMS-8947 TMC lab is custom designed to provide fully-compliant radiated wireless antenna measurements over the frequency range from 700 MHz to 6 GHz with an approximately 3.2-meter measurement radius. The whole system includes an 8m x 8m x 8m RF-shielded anechoic chamber, 8 multi-probe arrays, positioning system, Spirent VR5 HD for channel emulator, and CMW500 for base station simulator, as shown in Figure 1.2.1. For two rings application, it is suitable for traditional TRP and TRS SISO test, and also for MIMO throughput test.
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Figure 1.2.1   Multi-Probe Anechoic Chamber in TMC lab

1.3 Equipment List
Table 1.3.1 summarize the identification data of equipment for MIMO OTA test in MOSG IL/IT.
Table 1.3.1   Equipment utilized during the MOSG IL/IT
	Methodology
	Multi Probe Chamber

	
	
	

	Multi Probe Chamber Specifications
	
	

	
	Vendor
	ETS-Lindgren

	
	Model no.
	AMS 8947

	
	SN
	TMC BDA-001

	
	
	

	eNodeB Specifications
	
	

	
	Vendor
	R&S

	
	Model no.
	CMW500

	
	FW version
	3.0.10 (base), 
3.0.10 (LTE)

	Channel Emulator Specifications
	
	

	
	
	

	
	Vendor
	Spirent

	
	Model no.
	VR5 HD

	
	FW version
	1.12.173.3


1.4 Calibration and Validation Kit

Table 1.4.1 summarize the identification data of equipment for calibration and validation. 

Table 1.4.1   calibration and validation Kit utilized during the MOSG IL/IT

	Methodology
	Multi Probe Chamber

	Vector Network Analyser 


	
	

	
	Vendor
	Agilent 

	
	Model no.
	E8362B

	Calibration Kit for VNA

	Model no.
	Agilent 8503 3D 3.5mm

	836 Dipole 


	
	

	
	Vendor
	ETS-Lindgren

	
	Model no.
	Sleeve dipole model 3126-836

	
	
	

	2450 Dipole
	
	

	
	Vendor
	ETS-Lindgren

	
	Model no.
	Sleeve dipole model 3126-2450

	
	
	


2. Measurement Setup and Procedure
2.1 Radiated Measurement Setup
2.1.1 Anechoic Chamber Setup

In this contribution, the reference antenna is in the center of the turn table. The +X axis is direct to the zero degree phi direction. It is also have 30 degree step to rotate the reference antenna. As shown in Fig 2.1.1.1
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Figure 2.1.1.1   Reference antenna positioning system
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Figure 2.1.1.2   MIMO OTA system scheme 
Eight probes are utilized in the horizontal ring for Multi cluster and Single cluster channel model generation. As large distance between DUT and probe antennas, additional 33~37dB low noise power amplifiers are needed. Figure 2.1.1.2 show some basic scheme for our test environment.
2.1.2 Channel emulator Configuration
Spirent VR5 HD channel emulator is used to generate different channel models. As reference A CTIA MOSG120521R4 “Inter-Lab/Inter-Technique OTA Performance Comparison Testing for MIMO Devices”, we try to implement four channel model during this round test. Multi/Single cluster SCME UMi and UMa, see table 2.1.2.1-4 and fig 2.1.2.1-4. For ideal PDP and DOD DOA information are shown. 
In this contribution, base station antenna is uncorrelated for 8 vertical and 4X dual-polarized setting. 
Table 2.1.2.1: SCME urban micro-cell channel model

	SCME Urban micro-cell

	Cluster #
	Delay [ns]
	Power [dB]
	AoD [(]
	AoA [(]

	1
	0
	5
	10
	-3.0
	-5.2
	-7.0
	6.6
	0.7

	2
	285
	290
	295
	-4.3
	-6.5
	-8.3
	14.1
	-13.2

	3
	205
	210
	215
	-5.7
	-7.9
	-9.7
	50.8
	146.1

	4
	660
	665
	670
	-7.3
	-9.5
	-11.3
	38.4
	-30.5

	5
	805
	810
	815
	-9.0
	-11.2
	-13.0
	6.7
	-11.4

	6
	925
	930
	935
	-11.4
	-13.6
	-15.4
	40.3
	-1.1

	Delay spread [ns]
	294

	Cluster AS AoD / AS AoA [(]
	5 / 35

	Cluster PAS shape
	Laplacian

	Total AS AoD / AS AoA [(]
	18.2 / 67.8

	Mobile speed [km/h] / Direction of travel [(]
	30 / 120

	XPR
NOTE: V & H components based on assumed BS antennas
	9 dB


	Mid-paths Share Cluster parameter values for: 
	AoD, AoA, AS, XPR
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Fig 2.1.2.1 SCME urban micro-cell channel model of PDP, DOD, DOA
Table 2.1.2.2: SCME urban macro-cell channel model

	SCME Urban macro-cell

	Cluster #
	Delay [ns]
	Power [dB]
	AoD [(]
	AoA [(]

	1
	0
	5
	10
	-3
	-5.2
	-7
	82
	66

	2
	360
	365
	370
	-5.2
	-7.4
	-9.2
	81
	46

	3
	255
	260
	265
	-4.7
	-6.9
	-8.7
	80
	143

	4
	1040
	1045
	1050
	-8.2
	-10.4
	-12.2
	99
	33

	5
	2730
	2735
	2740
	-12.1
	-14.3
	-16.1
	102
	-91

	6
	4600
	4605
	4610
	-15.5
	-17.7
	-19.5
	107
	-19

	Delay spread [ns]
	839.5

	Cluster AS AoD / AS AoA [(]
	2 / 35

	Cluster PAS shape
	Laplacian

	Total AS AoD / AS AoA [(]
	7.8 / 62.6

	Mobile speed [km/h] / Direction of travel [(]
	30 / 120

	XPR
NOTE: V & H components based on assumed BS antennas
	9 dB 


	Mid-paths Share Cluster parameter values for: 
	AoD, AoA, AS, XPR
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Fig 2.1.2.2 SCME urban macro-cell channel model of PDP, DOD, DOA
Table 2.1.2.3: Single spatial cluster model with multi-path based on SCME urban micro-cell channel model

	Single Spatial Cluster Model with Multi-path based on SCME Urban micro-cell

	Cluster #
	Delay [ns]
	Power [dB]
	AoD [(]
	AoA [(]

	1
	0
	5
	10
	-3.0
	-5.2
	-7.0
	6.6
	0

	2
	285
	290
	295
	-4.3
	-6.5
	-8.3
	14.1
	0

	3
	205
	210
	215
	-5.7
	-7.9
	-9.7
	50.8
	0

	4
	660
	665
	670
	-7.3
	-9.5
	-11.3
	38.4
	0

	5
	805
	810
	815
	-9.0
	-11.2
	-13.0
	6.7
	0

	6
	925
	930
	935
	-11.4
	-13.6
	-15.4
	40.3
	0

	Delay spread [ns]
	294

	Cluster AS AoD / AS AoA [(]
	5 / 35

	Cluster PAS shape
	Laplacian

	Total AS AoD / AS AoA [(]
	18.2 / 35

	Mobile speed [km/h] / Direction of travel [(]
	30

	XPR
NOTE: V & H components based on assumed BS antennas
	9 dB


	Mid-paths Share Cluster parameter values for: 
	AoD, AoA, AS, XPR
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Fig 2.1.2.3 Single Cluster SCME urban micro-cell channel model of PDP, DOD, DOA
Table 2.1.2.4: Single spatial cluster model with multi-path based on SCME urban macro-cell channel model
	Single Spatial Cluster Model with Multi-path based on SCME Urban macro-cell

	Cluster #
	Delay [ns]
	Power [dB]
	AoD [(]
	AoA [(]

	1
	0
	5
	10
	-3
	-5.2
	-7
	82
	0

	2
	360
	365
	370
	-5.2
	-7.4
	-9.2
	81
	0

	3
	255
	260
	265
	-4.7
	-6.9
	-8.7
	80
	0

	4
	1040
	1045
	1050
	-8.2
	-10.4
	-12.2
	99
	0

	5
	2730
	2735
	2740
	-12.1
	-14.3
	-16.1
	102
	0

	6
	4600
	4605
	4610
	-15.5
	-17.7
	-19.5
	107
	0

	Delay spread [ns]
	839.5

	Cluster AS AoD / AS AoA [(]
	2 / 35

	Cluster PAS shape
	Laplacian

	Total AS AoD / AS AoA [(]
	7.8 / 35

	Mobile speed [km/h] / Direction of travel [(]
	30 

	XPR
NOTE: V & H components based on assumed BS antennas
	9 dB

	Mid-paths Share Cluster parameter values for: 
	AoD, AoA, AS, XPR
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Fig 2.1.2.4 Single Cluster SCME urban macro-cell channel model of PDP, DOD, DOA
2.1.3 eNodeB emulator Configuration
The eNodeB emulator is performed following the Appendix A of CTIA MOSG120521R4, “Inter-Lab/Inter-Technique OTA Performance Comparison Testing for MIMO Devices” specification. 
2.2 Conducted Measurement Setup

Refer to “TMC MIMO OTA IL/IT report for reverberation chamber”.
2.3 SNR Implementation
In order to achieve the SNR measurement specified for the different tests cases, AWGN is added to the signal using the channel emulator. AWGN is added to the output signal after the channel emulator fading. For vertical single polarized model through 8 probes, all AWGN are added to 8 probes. For vertical and horizontal dual polarized model through 4X probes, four AWGN branches are applied to 4 probes vertical polarization, and also another four AWGN branches are applied to 4 probes horizontal polarization. In this contribution, we fixed LTE signal transmit power, and decreasing the AWGN noise level to implement SNR in order to protect channel emulator VR5 output level. 
3. Results
3.1 Channel Validation Results

The channel validation is performed following the Appendix A of CTIA MOSG120521R4, “Inter-Lab/Inter-Technique OTA Performance Comparison Testing for MIMO Devices”, with the following exceptions:

a. In PDP validation, the span of VNA is set as 40MHz due to the limit of available bandwidth of the channel emulator.

b. In PDP validation, the result is averaged over 300 traces instead of 1000 traces due to the tight limited of schedule time.

c. In cross-polarization validation, the result is averaged over 300 traces instead of 1000 traces due to the tight limited of schedule time.
3.1.1 PDP Validation Results
The PDP validation experiment is performed with multi-cluster UMI and UMA channels, for both band 7 (2655MHz) and band 13 (751MHz). The corresponding results are shown in Fig. 3.1.1.1-4 and Table 3.1.1.1- 4.
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Fig. 3.1.1.1 PDP of Multi-cluster UMI Band 7

Table 3.1.1.1 PDP Validation Result for Multi-cluster UMI Band 7

	Cluster
	Delay [ns]
	Power [dB]*
	Delay Spread [ns]

	
	Theoretical
	measured
	Delta
	Theoretical
	measured
	Delta
	Theoretical
	measured
	Delta

	1
	0
	0
	(ref)
	0
	0
	(ref)
	294
	331
	37

	2
	285
	300
	15
	-1.3
	-2.5
	-1.2
	
	
	

	3
	205
	200
	-5
	-2.7
	-2.5
	0.2
	
	
	

	4
	660
	676
	16
	-4.3
	-3.5
	0.8
	
	
	

	5
	805
	801
	-4
	-6
	-4.5
	1.5
	
	
	

	6
	925
	926
	1
	-8.4
	-5.4
	3
	
	
	


(*) Since the three sub-paths can not be differentiated in the measurement, the total power of each cluster is compared here, which is obtained by linearly summing the powers of the three sub-paths in each cluster.
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Fig. 3.1.1.2 PDP of Multi-cluster UMA Band 7

Table 3.1.1.2 PDP Validation Result for Multi-cluster UMA Band 7

	Cluster
	Delay [ns]
	Power [dB]
	Delay Spread [ns]

	
	Theoretical
	measured
	Delta
	Theoretical
	measured
	Delta
	Theoretical
	measured
	Delta

	1
	0
	0
	(ref)
	0
	0
	(ref)
	839.5
	1198.7
	359.2

	2
	360
	375
	15
	-2.2
	-3.8
	-1.6
	
	
	

	3
	255
	250
	-5
	-1.7
	-2.8
	-1.1
	
	
	

	4
	1040
	1051
	11
	-5.2
	-3.9
	1.3
	
	
	

	5
	2730
	2728
	-2
	-9.1
	-7.3
	1.8
	
	
	

	6
	4600
	4605
	5
	-12.5
	-8.0
	4.5
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Fig. 3.1.1.3 PDP of Multi-cluster UMI Band 13

Table 3.1.1.3 PDP Validation Result for Multi-cluster UMI Band 13

	Cluster
	Delay [ns]
	Power [dB]
	Delay Spread [ns]

	
	Theoretical
	measured
	Delta
	Theoretical
	measured
	Delta
	Theoretical
	measured
	Delta

	1
	0
	0
	(ref)
	0
	0
	(ref)
	294
	319.5
	25.5

	2
	285
	300
	15
	-1.3
	-1.3
	0
	
	
	

	3
	205
	200
	-5
	-2.7
	-2.2
	0.5
	
	
	

	4
	660
	676
	16
	-4.3
	-2.6
	1.7
	
	
	

	5
	805
	801
	-4
	-6
	-4.6
	1.4
	
	
	

	6
	925
	926
	1
	-8.4
	-5.5
	2.9
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Fig. 3.1.1.4 PDP of Multi-cluster UMA Band 13

Table 3.1.1.4 PDP Validation Result for Multi-cluster UMA Band 13

	Cluster
	Delay [ns]
	Power [dB]
	Delay Spread [ns]

	
	Theoretical
	measured
	Delta
	Theoretical
	measured
	Delta
	Theoretical
	measured
	Delta

	1
	0
	0
	(ref)
	0
	0
	(ref)
	839.5
	1171.8
	332.3

	2
	360
	375
	15
	-2.2
	-3.1
	-0.9
	
	
	

	3
	255
	250
	-5
	-1.7
	-2.9
	-1.2
	
	
	

	4
	1040
	1051
	11
	-5.2
	-4.0
	1.2
	
	
	

	5
	2730
	2753
	23
	-9.1
	-7.2
	1.9
	
	
	

	6
	4600
	4605
	5
	-12.5
	-8.3
	4.2
	
	
	


From the above results, the PDP of the generated UMA channel is close to the theoretical values, and it is not corresponding very well with the especially the power of the 6th cluster. This causes an extension about 300ns on the delay spread. Maybe, the reason for this phenomenon is caused by not enough average. We need more investigation in future.

3.1.2 Doppler/Time Correlation Validation Results
The time correlation validation is performed with single cluster UMI and UMA channels, for both band 7 and 13. The corresponding results are shown in Table 3.1.2.1 and Fig. 3.1.2.1-4. From the results, the generated channel model by the channel emulator corresponds well with the theoretical model on the Doppler spectrum.

Table 3.1.2.1 Doppler Spectrum Spread Measurement Result

	
	Frequency

[MHz]
	MS Speed

[kph]
	Theoretical Maximum Spectrum Spread [Hz]
	Measured Maximum Spectrum Spread [Hz]
	Delta [Hz]

	Band 7
	2655
	100
	245.8
	250
	4.2

	Band 13
	751
	
	69.5
	70
	0.5
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Fig. 3.1.2.1 Time correlation of Single Cluster UMI Band 7
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Fig. 3.1.2.2 Time correlation of Single Cluster UMA Band 7
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Fig. 3.1.2.3 Time correlation of Single Cluster UMI Band 13
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Fig. 3.1.2.4 Time correlation of Single Cluster UMA Band 13

3.1.3 Spatial Correlation Validation Results
We will provide this session results later.

3.1.4 Cross-polarization Validation Results 
The cross-polarization validation is performed with single cluster UMI and UMA channels, for band 13. The results are summarized in Table 3.1.4.1.

Table 3.1.4.1 Cross-polarization Measurement Results with Single Cluster Model

	Channel model
	Measured Result [dB]
	Calculated V/H ratio [dB] *note1
	Calibrated V/H ratio [dB] *note2
	Theoretical V/H ratio [dB]
	Delta [dB] *note3

	
	V
	H-1 *note1
	H-2 *note1
	
	
	
	

	UMI
	-9.11
	-9.08
	-13.14
	-1.47
	-1.41
	0.83
	-2.24

	UMA
	-8.25
	-14.51
	-17.69
	4.55
	5.52
	8.13
	-2.61


*note 1: H-1 and H-2 respectively denote the power measured by a horizontal sleeve dipole in two orthogonal positions. The “Calculated V/H ratio” then is calculated as follows. First add the H-1 and H-2 linearly to obtain the total horizontal component power, and then compute the difference between the vertical and horizontal component.

*note2: The calibration on the V/H ratio is done as follows. We generate a vertical-only polarized signal in the chamber, and measure the vertical and horizontal component power in the chamber using the same dipole that used in the channel validation. It shows that there exists horizontal polarized component in the chamber, whose power is only 14dB lower than that of vertical component. This result means that there exists cross-polarization in our measurement system, which will affect the validation measurement.

Use PV and PH to denote the actual power of the vertical and horizontal component in the chamber when performing the channel validation. Then the actual V/H ratio then is PV/PH. However, due to the cross-polarization in the measurement system as described above, our measured power using vertical-positioned and horizontal-positioned dipole is,

PV-m = PV + PH/101.4,    PH-m = PH + PV/101.4         (1)

The “Calculated V/H ratio” then is PV-m/PH-m.

Based on the above equation, we have that
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Therefore, to obtain the actual V/H ratio, the following calibration should be carried out,
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*note3: The delta is the difference between the calculated V/H ratio and the expected V/H ratio.

From Table 3.1.4.1, it seems that the measured V/H ratio is about 2.5dB lower than the expected value, and the differences under UMI and UMA channels are almost the same. This difference may come from the channel emulator calibration, but needs more investigation.

3.2 Measurement Results
The throughput measurements are performed using the HTC and Samsung DUTs with the corresponding set of reference antennas, i.e., band 13 good, nominal and bad antennas for HTC DUT, as well as band 7 good and nominal antennas for Samsung DUT. All measurements are performed as per CTIA MOSG120521R4, “Inter-Lab/Inter-Technique OTA Performance Comparison Testing for MIMO Devices”, with the following exceptions:

a. For multi-cluster channel models, only vertical polarized component are generated in the chamber due to the limited ports of channel emulator.

3.2.1 HTC DUT results
This section presents the OTA measurement result with HTC DUT. Due to the limit of time, only the measurements listed in Table 3.2.1.1 are performed. The normalized throughput vs. SNR results are shown in Fig.3.2.1.1 - 8. 

Table 3.2.1.1 Performed Measurement with HTC DUT

	
	Multi-cluster UMI
	Multi-cluster UMA
	Single-cluster UMI

	TM2 R.11
	√
	√
	√

	TM3 R.11
	√
	
	


Fig. 3.2.1.1 - 4 show the comparisons between good, nominal and bad antennas under different scenarios.
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Fig. 3.2.1.1 Normalized throughput with TM2 R.11 Multi-cluster UMI channel
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Fig. 3.2.1.2 Normalized throughput with TM2 R.11 Multi-cluster UMA channel
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Fig. 3.2.1.3 Normalized throughput with TM2 R.11 Single-cluster UMI channel
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Fig. 3.2.1.4 Normalized throughput with TM3 R.11 Multi-cluster UMI channel

From the above comparisons, the gap between the good and nominal antennas is very small in all the investigated scenarios, while that between the nominal and bad antennas is much larger.

Fig. 3.2.1.5-7 show the comparisons among multi-cluster UMI, UMA, and single-cluster UMI channels.
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Fig. 3.2.1.5 Normalized throughput with TM2 R.11 Good antenna
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Fig. 3.2.1.6 Normalized throughput with TM2 R.11 Nominal antenna
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Fig. 3.2.1.7 Normalized throughput with TM2 R.11 Bad antenna

From Fig. 3.2.1.5-7, generally the performance under multi-cluster UMI channel is better than that under multi-cluster UMA channel, while that under single-cluster channel model is the worst. Note that in Fig. 3.2.1.7, there is cross-over between the curves of multi-cluster UMI and UMA. This phenomenon may be due to the measurement uncertainty, which needs more investigation.

Furthermore, we performed an experiment on how to adding AWGN in dual-polarization single-cluster UMI channel model, with good antenna and TM2 transmit mode. Since the reference antenna is primarily vertically polarized, it is assumed that the horizontal signal component has little effect on the received power of the useful signal at the DUT. Based on this assumption, there is also no need to add AWGN on the horizontal output ports of channel emulator. Therefore, we performed a test to compare the performance with and without adding AWGN on the horizontal output ports. The corresponding results are shown in Fig. 3.2.1.8.
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Fig. 3.2.1.8 Normalized throughput with and without noise on the horizontal ports

From Fig. 3.2.1.8, it shows that the noise component on the horizontal ports has significant effect on the throughput. Removing the noise on horizontal ports will cause an overestimation of the performance by approximately 2dB. Therefore, even the reference antenna is primarily vertically polarized, it is still necessary to add AWGN on both the horizontal and vertical ports in the channel emulator when simulating the dual-polarized channels.

3.2.2 Samsung DUT results
This section presents the OTA measurement result with Samsung DUT. Due to the limit of time, only the measurements listed in Table 3.2.2.1 are performed. The normalized throughput vs. SNR results are shown in Fig. 3.2.2.1-8.

Table 3.2.2.1 Performed Measurement with HTC DUT

	
	Multi-cluster UMI
	Multi-cluster UMA

	TM2 R.11
	√
	√

	TM3 R.11
	√
	√


Fig. 3.2.2.1-4 compare the performance with good and nominal antennas under different channel models.
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Fig. 3.2.2.1 Normalized throughput with TM2 R.11 Multi-cluster UMI channel
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Fig. 3.2.2.2 Normalized throughput with TM2 R.11 Multi-cluster UMA channel
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Fig. 3.2.2.3 Normalized throughput with TM3 R.11 Multi-cluster UMI channel
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Fig. 3.2.2.4 Normalized throughput with TM3 R.11 Multi-cluster UMA channel

From the above comparisons, the performance of the good antenna is slightly better than that of nominal antenna, in all the investigated scenarios.

Fig. 3.2.2.5-8 compare the performance of UMI and UMA channel.
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Fig. 3.2.2.5 Normalized throughput with TM2 R.11 Good Antenna
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Fig. 3.2.2.6 Normalized throughput with TM2 R.11 Nominal Antenna
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Fig. 3.2.2.7 Normalized throughput with TM3 R.11 Good Antenna
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Fig. 3.2.2.8 Normalized throughput with TM3 R.11 Nominal Antenna

From Fig. 3.2.2.5-8, with TM2 transmission mode, the performance with UMI is better than that with UMA. However, with TM3 transmission mode, the performance of UMI and UMA are almost the same. 

4. Result Analysis and conclusion 
In this contribution, we follow the requirement of CTIA MOSG120521R4 specification. Two handset DUTs with reference antennas are validated. Some basic result analysis could be found. 

· Samsung handset with LTE band7 2.6GHz antennas, HTC handset with LTE band13 700MHz antennas, good and normal do not have very large distinction in 16QAM modulation, especially in SNR test mode. Bad antenna is worst with large gap compare to good and normal. And some more assumptions are trying to do in the future, such as, base station antenna with correlation to see good and normal comparison, and high modulation 64QAM etc. 
· For SNR test mode, dual polarization channel model, AWGN should be added to both polarizations. And more investigation and validation are needed. 
· Multi cluster 8V performance trend is similar to single cluster 4X. And Single cluster is more sensitivity for the test DUTs. Single cluster channel model is suggested in future. 
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