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1
Introduction
This document describes a test specification for the purpose of comparing the measurement results from four proposed MIMO OTA methods across multiple laboratories using a standardized UE and reference antennas. This comparison testing is necessary to help ensure that the test methodologies under development in the CTIA MIMO OTA Sub Group (MOSG) render repeatable results with low measurement uncertainty. This document has been contributed to 3GPP RAN4 in order to keep the group apprised of changes to the evaluation methodology employed by the MOSG for inter-lab, inter-technique tests to be executed in 1Q2013.
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1 Introduction

Since July, 2011, the CTIA MIMO OTA Sub Group (MOSG) has been investigating the various aspects associated with MIMO OTA performance evaluation. Numerous contributions have been considered by the group covering a wide variety of topics. However, now the MOSG is at a critical point in the development of a standardized test specification where the group must compare the results of the various methods that have been proposed so that the group can begin the process of defining an exact methodology for each technique while ensuring that the various techniques will render a test result which is comparable between methods.

2 Background

To date, there is no definitive design information which specifies exactly which attributes of a MIMO-capable device have the most influence on MIMO OTA performance. However, the industry has generally accepted the following three basic design attributes as representing a reasonable starting point:


1) Antenna Design: Antenna gain for each branch in dBi, branch gain balance in dB, complex correlation coefficient and antenna efficiency.

2) Self-Interference: Noise radiated from the device that’s received by its own antenna


3) RF Front-End and Baseband Performance: Sensitivity, noise figure, receiver gain balance and baseband processing

In this contribution, the authors propose an initial approach to evaluating MIMO antenna OTA performance as a full system, including all three of the basic device aspects listed above. The first two items on the list above can only be assessed through OTA measurement, while the last is best quantified using conducted measurement techniques. 

3 Test Prerequisites

All labs participating in this inter-lab/inter-technique comparison test effort shall comply with the following MIMO OTA test prerequisites:


1. Only the CTIA-specified reference antennas shall be used in conjunction with the CTIA test devices specified in Table 3.1 below. Reference antennas will be supplied with each CTIA reference UE.


2. To reduce measurement uncertainty, all participating labs shall use the same test equipment for conducted measurements as for OTA measurements.


3. Participating labs must be capable of beginning MIMO comparison testing as soon as the reference devices/reference antennas are received.


4. Labs with more than one MIMO OTA technique available are expected to perform MIMO OTA testing against all available techniques


Table 3.1; CTIA Reference Devices and Antennas for Comparison Testing

		Band

		Manufacturer

		Model

		CTIA ID Numbers



		Band 7

		Samsung

		GT-i9210

		MOSG-RD-07-01 through MOSG-RD-07-05



		Band 7

		Satimo

		

		MOSG-RA-07-01 through MOSG-RA-07-05



		Band 13

		HTC

		ADR6425LVW

		MOSG-RD-13-01 through MOSG-RD-13-05



		Band 13

		Satimo

		

		MOSG-RA-13-01 through MOSG-RA-13-05





The test equipment used for all tests in this document shall be configured according to Sections 3.1 through 3.9.

3.1 eNodeB Configuration

The eNodeB emulator used during execution of the tests described in Section 4 of this document shall be configured according to Table 3.1.1-A or Table 3.1.1-B.

Table 3.1.1-A; eNodeB Configuration Parameters for Open-Loop Spatial Multiplexing (TM3) Tests Employing SNR Control

		Parameter

		Value



		Downlink Bandwidth

		10 MHz



		Duplex Mode

		FDD



		Downlink Reference Channel

		

		R.35 FDD 



		Downlink Modulation

		

		64QAM



		Maximum Theoretical Throughput

		

		35.424 Mbps



		Minimum Number of Subframes

		

		20000 (Note 4)



		Downlink RS-EPRE (Note 1)

		

		-57 dBm/15 kHz (Note 3)



		Downlink TBS Index

		

		18 (Note 2)



		Downlink MIMO Transmission Mode 

		TM3



		Number of MIMO Transmit Antennas

		2



		Rank Indicator

		2 (forced)



		Number of Downlink RBs

		50



		Downlink RBStart

		0



		Uplink Bandwidth

		10 MHz



		Uplink Modulation

		QPSK



		Uplink TBS Index

		6



		Number of Uplink RBs

		50



		Uplink RBStart

		0



		Transmit Power Control

		Open loop nominal power = 
-10 dBm at full RB allocation; TX power control = constant power



		PDSCH Power Offset Relative to RS EPRE

		ρA= -3 dB
ρB= -3 dB



		HARQ Transmissions

		1 (No HARQ)



		Initial SNR at DUT Antenna Port

		

		25 dB



		OCNG Pattern

		None



		AWGN Power Level

		As needed to establish specified Initial SNR 





Note 1: When executing the conducted tests described in Section 4.3 of this document, the specified RS-EPRE power level shall be measured at the UE antenna port.

Note 2: R.35 subframes 1-4 and 6-9 utilize DL TBS 18, while R.35 subframe 0 utilizes TBS 17 (See Table A.3.3.2.1-1 Fixed Reference Channel two antenna ports in 3GPP TS 36.521-1, V10.1.0).

Note 3: The initial RS-EPRE value is recommended, and labs are free to use a different initial power value so long as it is 3 dB above the RS-EPRE required for 95% throughput.


Note 4: The minimum number of subframes is recommended, and labs are free to use a different value if appropriate for their test technique. The number of subframes used shall be included in the test report.

Table 3.1.1-B; eNodeB Configuration Parameters for Open-Loop Spatial Multiplexing (TM3) Tests Without SNR Control (UE Noise-Limited Tests)

		Parameter

		Value



		Downlink Bandwidth

		10 MHz



		Duplex Mode

		FDD



		Downlink Reference Channel

		

		R.35 FDD 



		Downlink Modulation

		

		64QAM



		Maximum Theoretical Throughput

		

		35.424 Mbps



		Minimum Number of Subframes

		

		20000 (Note 4)



		Downlink RS-EPRE (Note 1)

		

		-85 dBm/15 kHz(Note 3)



		Downlink TBS Index

		

		18 (Note 2)



		Downlink MIMO Transmission Mode 

		TM3



		Number of MIMO Transmit Antennas

		2



		Rank Indicator

		2 (forced)



		Number of Downlink RBs

		50



		Downlink RBStart

		0



		Uplink Bandwidth

		10 MHz



		Uplink Modulation

		QPSK



		Uplink TBS Index

		6



		Number of Uplink RBs

		50



		Uplink RBStart

		0



		Transmit Power Control

		Open loop nominal power = 
-10 dBm at full RB allocation; TX power control = constant power



		PDSCH Power Offset Relative to RS EPRE

		ρA= -3 dB
ρB= -3 dB



		HARQ Transmissions

		1 (No HARQ)



		OCNG Pattern

		None



		AWGN Power Level

		None 





Note 1: When executing the conducted tests described in Section 4.3 of this document, the specified RS-EPRE power level shall be measured at the UE antenna port.

Note 2: R.35 subframes 1-4 and 6-9 utilize DL TBS 18, while R.35 subframe 0 utilizes TBS 17 (See Table A.3.3.2.1-1 Fixed Reference Channel two antenna ports in 3GPP TS 36.521-1, V10.1.0).

Note 3: The initial RS-EPRE value is recommended, and labs are free to use a different initial power value so long as it is 3 dB above the RS-EPRE required for 95% throughput. 

Note 4: The minimum number of subframes is recommended, and labs are free to use a different value if appropriate for their test technique. The number of subframes used shall be included in the test report 

3.2  MIMO Channel Models


The following channel models shall be used in the evaluation of MIMO OTA performance. The single cluster and average isotropic models have been included to allow for evaluation of larger devices and to possibly provide for a lower complexity approach.

The generic models are

· SCME Urban micro-cell

· SCME Urban macro-cell.

The single cluster models are based on


· SCME Urban micro-cell

· SCME Urban macro-cell.

The 3D isotropic models are based on


· SCME Urban micro-cell


· SCME Urban macro-cell


· NIST model

The cross polarization power ratio a in the selected propagation channel is defined as 
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and


· SVV is the coefficient for scattered/reflected power on V-polarization and incident power on V-polarization


· SVH is the coefficient for scattered/reflected power on V-polarization and incident power on H-polarization


· SHV is the coefficient for scattered/reflected power on H-polarization and incident power on V-polarization


· SHH is the coefficient for scattered/reflected power on H-polarization and incident power on H-polarization

The following SCME Urban Micro-cell is unchanged from the original SCME paper, with added XPR values, Direction of Travel, and Velocity.


Table 3.2.1: SCME urban micro-cell channel model (UMi MC/A)

		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





For Table 3.2.2-A, the following SCME Urban Macro-cell is unchanged from the original SCME paper, with added XPR values, Direction of Travel, and Velocity. For Table 3.2.2-B, a modification is also made to modify the mean AoD by -15 degrees. Both options should be used for comparison purposes.

Table 3.2.2-A: SCME urban macro-cell channel model (UMa MC/A)

		SCME Urban macro-cell



		Cluster #

		Delay [ns]

		Power [dB]

		AoD [(]

		AoA [(]



		1

		0

		5

		10

		-3

		-5.2

		-7

		82.0.

		65.7



		2

		360

		365

		370

		-5.2

		-7.4

		-9.2

		80/5

		45.6



		3

		255

		260

		265

		-4.7

		-6.9

		-8.7

		79.6

		143.2



		4

		1040

		1045

		1050

		-8.2

		-10.4

		-12.2

		98.6

		32.5



		5

		2730

		2735

		2740

		-12.1

		-14.3

		-16.1

		102.1

		-91.1



		6

		4600

		4605

		4610

		-15.5

		-17.7

		-19.5

		107.1

		-19.2



		Delay spread [ns]

		839.5



		Cluster AS AoD / AS AoA [(]

		2 / 35



		Cluster PAS shape

		Laplacian



		Total AS AoD / AS AoA [(]

		7.9 / 62.4



		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





Table 3.2.2-B: SCME urban macro-cell channel model (UMa MC/B)

		SCME Urban macro-cell



		Cluster #

		Delay [ns]

		Power [dB]

		AoD [(]

		AoA [(]



		1

		0

		5

		10

		-3

		-5.2

		-7

		67.0

		65.7



		2

		360

		365

		370

		-5.2

		-7.4

		-9.2

		65.5

		45.6



		3

		255

		260

		265

		-4.7

		-6.9

		-8.7

		64.6

		143.2



		4

		1040

		1045

		1050

		-8.2

		-10.4

		-12.2

		83.6

		32.5



		5

		2730

		2735

		2740

		-12.1

		-14.3

		-16.1

		87.1

		-91.1



		6

		4600

		4605

		4610

		-15.5

		-17.7

		-19.5

		92.1

		-19.2



		Delay spread [ns]

		839.5



		Cluster AS AoD / AS AoA [(]

		2 / 35



		Cluster PAS shape

		Laplacian



		Total AS AoD / AS AoA [(]

		7.9 / 62.4



		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





The following Single Cluster model is based on the SCME Urban Micro-cell model with all AoAs assumed to be zero degrees. XPR values, Direction of Travel, and Velocity were specified. An option allows a cluster angle spread to be specified with σAS = 35º or with σAS = 25º to enable a range of spatial correlation for different types of devices.

Table 3.2.3: Single spatial cluster model with multi-path based on SCME urban micro-cell channel model (UMi SC)

		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 / 25 or 35



		Cluster PAS shape

		Laplacian



		Total AS AoD / AS AoA [(]

		18.2 / 25 or 35



		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





For Table 3.2.4-A, the following SCME Urban Macro-cell is defined for the single cluster model based on the original SCME Urban Macrocell Model, but having the AoAs set to zero degrees, with added XPR values, Direction of Travel, and Velocity.  For Table 3.2.4-B, a modification is also made to modify the mean AoD by -15 degrees. Both options should be used for comparison purposes. An option allows a cluster angle spread to be specified with σAS = 35º or with σAS = 25º to enable a range of spatial correlation for different types of devices.

Table 3.2.4-A: Single spatial cluster model with multi-path based on SCME urban macro-cell channel model (UMa SC/A)

		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

		0



		2

		360

		365

		370

		-5.2

		-7.4

		-9.2

		80.5

		0



		3

		255

		260

		265

		-4.7

		-6.9

		-8.7

		79.6

		0



		4

		1040

		1045

		1050

		-8.2

		-10.4

		-12.2

		98.6

		0



		5

		2730

		2735

		2740

		-12.1

		-14.3

		-16.1

		102.1

		0



		6

		4600

		4605

		4610

		-15.5

		-17.7

		-19.5

		107.1

		0



		Delay spread [ns]

		839.5



		Cluster AS AoD / AS AoA [(]

		2 / 25 or 35



		Cluster PAS shape

		Laplacian



		Total AS AoD / AS AoA [(]

		7.9 / 25 or 35



		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





Table 3.2.4-B: Single spatial cluster model with multi-path based on SCME urban macro-cell channel model with mean AoD offset of -15 degrees (UMa SC/B)

		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

		67.0

		0



		2

		360

		365

		370

		-5.2

		-7.4

		-9.2

		65.5

		0



		3

		255

		260

		265

		-4.7

		-6.9

		-8.7

		64.6

		0



		4

		1040

		1045

		1050

		-8.2

		-10.4

		-12.2

		83.6

		0



		5

		2730

		2735

		2740

		-12.1

		-14.3

		-16.1

		87.1

		0



		6

		4600

		4605

		4610

		-15.5

		-17.7

		-19.5

		92.1

		0



		Delay spread [ns]

		839.5



		Cluster AS AoD / AS AoA [(]

		2 / 25 or 35



		Cluster PAS shape

		Laplacian



		Total AS AoD / AS AoA [(]

		7.9 / 25 or 35



		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





The following SCME Urban Micro-cell (Table 3.2.5) is defined for the 3D isotropic model based on the original SCME Urban Microcell Model, but having the AoAs set to average isotropic, with added XPR values and Velocity. 

Table 3.2.5: Isotropic model based on SCME  urban micro-cell channel model (UMi IS)

		3D isotropic model 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

		Average Isotropic*



		2

		285

		290

		295

		-4.3

		-6.5

		-8.3

		14.1

		Average Isotropic*



		3

		205

		210

		215

		-5.7

		-7.9

		-9.7

		50.8

		Average Isotropic*



		4

		660

		665

		670

		-7.3

		-9.5

		-11.3

		38.4

		Average Isotropic*



		5

		805

		810

		815

		-9.0

		-11.2

		-13.0

		6.7

		Average Isotropic*



		6

		925

		930

		935

		-11.4

		-13.6

		-15.4

		40.3

		Average Isotropic*



		Delay spread [ns]

		294



		Cluster AS AoD / AS AoA [(]

		5 / Average Isotropic*



		Cluster PAS shape

		3D Uniform



		Total AS AoD / AS AoA [(]

		18.2 / Average Isotropic*



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

		30 / N/A



		XPR

NOTE: V & H components based on assumed BS antennas

		0





*Geometric channel models that employ the Average Isotropic environment have been presented in MOSG documents:  MOSG110805, MOSG110906, MOSG111008, MOSG120403, and MOSG111205R1 .


For Table 3.2.6-A, the following SCME Urban Macro-cell is defined for the 3D isotropic model based on the original SCME Urban Macrocell Model, but having the AoAs set to average isotropic, with added XPR values and Velocity. For Table 3.2.6-B, a modification is also made to modify the mean AoD by -15 degrees. Both options should be used for comparison purposes.

Table 3.2.6-A: Isotropic model based on SCME urban macro-cell channel model (UMa IS/A)

		3D isotropic model based on SCME Urban macro-cell



		Cluster #

		Delay [ns]

		Power [dB]

		AoD [(]

		AoA [(]



		1

		0

		5

		10

		-3

		-5.2

		-7

		82

		Average Isotropic*



		2

		360

		365

		370

		-5.2

		-7.4

		-9.2

		81

		Average Isotropic*



		3

		255

		260

		265

		-4.7

		-6.9

		-8.7

		80

		Average Isotropic*



		4

		1040

		1045

		1050

		-8.2

		-10.4

		-12.2

		99

		Average Isotropic*



		5

		2730

		2735

		2740

		-12.1

		-14.3

		-16.1

		102

		Average Isotropic*



		6

		4600

		4605

		4610

		-15.5

		-17.7

		-19.5

		107

		Average Isotropic*



		Delay spread [ns]

		839.5



		Cluster AS AoD / AS AoA [(]

		2 / Average Isotropic*



		Cluster PAS shape

		3D Uniform



		Total AS AoD / AS AoA [(]

		7.8 / Average Isotropic*



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

		30 / N/A



		XPR

NOTE: V & H components based on assumed BS antennas

		0








*Geometric channel models that employ the Average Isotropic environment have been presented in MOSG documents: MOSG110805, MOSG110906, MOSG111008, MOSG120403, and MOSG111205R1 .


Table 3.2.6-B: Isotropic model based on SCME urban macro-cell channel model with mean AoD offset of -15 degrees (UMa IS/B)

		3D isotropic model based on SCME Urban macro-cell



		Cluster #

		Delay [ns]

		Power [dB]

		AoD [(]

		AoA [(]



		1

		0

		5

		10

		-3

		-5.2

		-7

		67.0

		Average Isotropic*



		2

		360

		365

		370

		-5.2

		-7.4

		-9.2

		65.5

		Average Isotropic*



		3

		255

		260

		265

		-4.7

		-6.9

		-8.7

		64.6

		Average Isotropic*



		4

		1040

		1045

		1050

		-8.2

		-10.4

		-12.2

		83.6

		Average Isotropic*



		5

		2730

		2735

		2740

		-12.1

		-14.3

		-16.1

		87.1

		Average Isotropic*



		6

		4600

		4605

		4610

		-15.5

		-17.7

		-19.5

		92.1

		Average Isotropic*



		Delay spread [ns]

		839.5



		Cluster AS AoD / AS AoA [(]

		2 / Average Isotropic*



		Cluster PAS shape

		3D Uniform



		Total AS AoD / AS AoA [(]

		7.9 / Average Isotropic*



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

		30 / N/A



		XPR

NOTE: V & H components based on assumed BS antennas

		0








*Geometric channel models that employ the Average Isotropic environment have been presented in MOSG documents: MOSG110805, MOSG110906, MOSG111008, MOSG120403, and MOSG111205R1 .


The following NIST model (Table 3.2.7) is defined for the 3D isotropic model is based on the NIST model with isotropic AoAs and added XPR values and Velocity. The model described below is a simplification of the full model, where a continuous exponential decaying power transfer function with an RMS delay spread of 80 ns is obtained.


Table 3.2.7: Isotropic model based on NIST channel model (NIST IS)

		3D isotropic model based on SCME Urban macro-cell



		Tap #

		Delay [ns]

		Power [dB]

		AoD [(]

		AoA [(]



		1

		0

		0.0

		N/A

		Average Isotropic*



		2

		40

		-1.7

		N/A

		Average Isotropic*



		3

		120

		-5.2

		N/A

		Average Isotropic*



		4

		180

		-7.8

		N/A

		Average Isotropic*



		5

		210

		-9.1

		N/A

		Average Isotropic*



		6

		260

		-11.3

		N/A

		Average Isotropic*



		7

		350

		-15.2

		N/A

		Average Isotropic*



		Delay spread [ns]

		80



		Cluster AS AoD / AS AoA [(]

		N/A / Average Isotropic*



		Cluster PAS shape

		3D Uniform



		Total AS AoD / AS AoA [(]

		N/A / Average Isotropic*



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

		1 / N/A



		XPR

		0





*Geometric channel models that employ the Average Isotropic environment have been presented in MOSG documents: MOSG110805, MOSG110906, MOSG111008, MOSG120403, and MOSG111205R1 .

The parameters of the channel models are the expected parameters for the MIMO OTA channel models. However, the final channel model achieved for different methods could be a combined effect of the chamber and the channel emulator.

The Rayleigh fading may be implementation specific. However, the fading can be considered to be appropriate as long as the statistics of the generated Rayleigh fading are within standard requirement on Rayleigh fading statistics.

The identity matrix [1 0; 0 1] is utilized as a static channel matrix in the radiated part of the decomposition method.

3.3 Channel Model Emulation of the Base Station Antenna Pattern Configuration

The emulated base station antennas shall be assumed to be dual polarized equal power elements with a fixed 0λ separation, 45 degrees slanted [1]. 

The slant 45 degree antenna is an “X” configuration and is modelled as an ideal dipole with isotropic gain and subject to a foreshortening of the slanted radiating element, which is observed to vary as a function of the path angle of departure.  This foreshortening with AoD represents typical slanted dipole behaviour and is a source of power variation in the channel model.  The effective antenna pattern for this antenna is illustrated in Figure 3.3.1.
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Figure 3.3.1, “X” antenna gain assumption (a) Linear gain (b) dB gain

3.4 Channel Model Validation in the Test Volume


Labs are expected to validate that the propagation channel in the anechoic or reverberation chamber test volume matches the appropriate channel models from Section 3.2 and Table 4.1 within documented tolerances for each key parameter. This validation shall be performed for each key parameter in accordance with the procedure described in Appendix A. The results from each of the validation tests shall be included in the lab’s test report (refer to Section 5.1). 

Labs utilizing the decomposition MIMO OTA measurement technique shall validate the channel model in the test volume as applicable, providing an explanation of the requisite calibration measurements in Section 5.1.


3.5 EUT Orientation Within the Test Volume

In order to minimize measurement uncertainty, it’s important that labs ensure the EUT is oriented within the test volume in a standardized manner. 

The EUT consists of the CTIA reference antenna and its corresponding UE within the antenna’s shielded compartment. For this test effort, the axes of the EUT shall be defined according to Figure 3.5.1 below:


Figure 3.5.1: EUT Coordinate System
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The EUT shall be tested in free space during execution of the radiated measurements described in this document. Some special considerations apply according to chamber type:

· Labs utilizing 2D anechoic chambers shall rotate the EUT about its Z axis in 30-degree phi angle increments, beginning with the EUT’s +X Axis oriented at phi =0 degrees. The EUT shall be situated such that its Z axis is perpendicular to the turntable with the +Z axis facing away from the turntable. The center of the EUT’s Z axis shall be situated over the turntable’s center of rotation.

· Labs utilizing 3D anechoic chambers or the decomposition method shall position the EUT in accordance with the handset free-space positioning procedures called out in Test Plan for Mobile Station Over the Air Performance, Version 3.2 [3]. The decomposition method assesses UE radiated performance at a set of 3D measurement antenna constellations.

· Labs utilizing Reverberation chambers shall rotate the EUT such that the Z axis is perpendicular to the turntable with the +Z axis facing away from the turntable. No specific phi angle considerations apply. As long as isotropy at the EUT is independent of the EUT’s position on the turntable, the center of the EUT’s Z axis need not be situated over the turntable’s center of rotation.

3.6 SNR Calculation

During the previous MOSG IL/IT test effort, labs were allowed to utilize any SNR control technique they desired. This allowed the MOSG to obtain a wide variety of test results from the possible noise injection approaches in an attempt to better understand the advantages and disadvantages of each. However, in this version of the MOSG IL/IT test methodology, the means by which SNR is controlled shall focus on emulating the environment utilized for 3GPP conducted throughput testing. 

In the preferred implementation, the AWGN noise power used to create a desired SNR within the test volume shall be represented by an unfaded, omnidirectional signal (See Scheme # 3 in [2]). This approach has the advantage of closely emulating the SNR control method currently defined for all current 3GPP throughput tests in 36.521-1, and it is a reasonable approximation of a real-world noise environment. 

Emulating an omnidirectional noise signal of the type used for conducted testing as described above may be difficult in some of the proposed techniques, and therefore a directional noise source (See Scheme #4 in [2]) may be employed instead.


The SNR for all conducted tests that require SNR control shall be calculated according to the formula in 3GPP TS 36.521-1, Section 8.1.1.


Details concerning the lab’s implementation of SNR control shall be included in the test report. 


3.7 Throughput Calculation

All tests described in this document call for the lab to calculate throughput. The definition of throughput described in 3GPP TS 37.977, Section 5.1.1 shall be used. Labs shall ensure that their reported throughput measurements were calculated according to this 3GPP definition.


3.8 Test Frequencies

Unless otherwise noted, all tests described in this document shall be executed in the mid-channel for the band supported by the reference device/reference antenna as defined by 3GPP TS 36.508, Section 4.3.1.1.


3.9 Absolute Throughput

In order to verify that the propagation channel seen in the test volume matches the channel model selected for a given test, it’s recommended that labs execute an absolute throughput verification test using the applicable channel models specified in Section 3.2 and using the same assumptions for UE orientation and spatial averaging that were used during the OTA test. In addition, this test relies on the use of the same eNodeB emulator and channel emulator(s) during conducted and radiated testing. 

Refer to Section 4.9 for additional information concerning the use of absolute throughput to verify the test volume’s propagation channel characteristics.

4 Test Methodology

4.1 Introduction

MIMO radiated performance shall be assessed in terms of measured throughput relative to the theoretical maximum for the R.35 reference channel. Initial measurement of the DUT under ideal conducted conditions allows the lab to ensure that the DUT and the test equipment are performing as expected prior to beginning actual OTA testing. All tests described in this document will be limited to transmission mode TM3 (Open Loop Spatial Multiplexing). When testing in Band 13, labs shall utilize the CTIA MIMO OTA Band 13 reference UE in conjunction with the CTIA Band 13 “Good’, “Nominal;” or “Bad” reference antennas. For tests executed in Band 7, labs shall utilize the CTIA MIMO OTA Band 7 reference UE in conjunction with the CTIA Band 7 “Good” and “Nominal” reference antennas.

Labs shall perform the tests listed in Table 4.1 to assess “Basic” MIMO OTA performance of the reference UE and its matching reference antenna. Test execution shall be prioritized according to the status (e.g. Mandatory or Optional).included in Table 4.1.

Table 4.1, MIMO Test Identifiers and Status by Operating Band

		Operating Band

		Conducted Baseline Performance (Section 4.2)

		Conducted Performance With Channel Impairments (Section 4.3)

		Radiated Performance With Channel Impairments (Section 4.4)



		Tests Executed in an SNR-Controlled Environment



		Band 7

		Not Applicable

		TC 4.3.1 and 4.3.2, 
Test Status: Optional

		TC 4.6.1 and 4.6.2, Test Status: Optional



		Band 13

		Not Applicable

		TC 4.3.1 and 4.3.2, 
Test Status: Mandatory

		TC 4.6.1 and 4.6.2, Test Status: Mandatory



		Tests Executed in an Environment with No SNR-Control (UE Noise-Limited)



		Band 7

		TC 4.2, 
Test Status: Optional (1)

		TC 4.3.3 and 4.3.4, Test Status: Optional

		TC 4.6.3 and 4.6.4, Test Status: Optional



		Band 13

		TC 4.2,
Test Status: Mandatory

		TC 4.3.3 and 4.3.4, Test Status: Mandatory

		TC 4.6.3 and 4.6.4, Test Status: Mandatory





Notes

(1) This test is mandatory if the lab elects to execute tests from Sections 4.3 and 4.6 in Band 7


4.2 Baseline Conducted MIMO Performance Without Channel Impairments 

Measure the DUT’s maximum 2x2 MIMO (TM3) DL throughput using an eNodeB emulator connected directly to the DUT (conducted) while employing the static propagation channel matrix defined in 3GPP TS 36.521-1, clause B.1, at a downlink RS-EPRE of -80 dBm/15 kHz and no AWGN. This test shall be executed using RMC R.35. The measured throughput at this downlink power level shall be considered the maximum for this DUT and eNodeB emulator under unimpaired radio conditions, and shall be > 97% of the theoretical throughput specified by Table 3.1.1-B. If the DUT cannot meet the 97% criteria above, the lab shall not proceed with any additional tests until the cause of this performance discrepancy is identified and resolved.

4.3 Conducted MIMO Performance With Channel Impairments 

The object of this portion of the procedure is to measure throughput under conducted test conditions using the CTIA reference UE employed for the baseline performance measurement described in Section 4.2. The lab shall measure the DUT’s 2x2 MIMO DL throughput while emulating the appropriate channel models from Section 3.2 according to the test priority documented in Table 4.1 and the applicable test techniques listed in Table 4.2:

Table 4.2, Conducted MIMO Performance Test Cases


		Test Case Number

		Propagation Channel Type

		Propagation Channel Definition

		Applicable MIMO OTA Techniques



		SNR Controlled Test Cases



		4.3.1

		SCME UMa MC/A


SCME UMa MC/B 

		Table 3.2.3

		Anechoic Multi Probe, 
2-Stage 



		4.3.1

		SCME UMa SC/A

SCME UMa SC/B

		Table 3.2.4

		Anechoic Single Cluster, 
2-Stage



		4.3.1

		SCME UMa IS/A

SCME UMa IS/B

		Table 3.2.6

		Reverberation



		4.3.2

		SCME UMi MC

		Table 3.2.1

		Anechoic Multi Probe, 
2-Stage



		4.3.2

		SCME UMi SC

		Table 3.2.2

		Anechoic Single Cluster, 
2-Stage



		4.3.2

		SCME UMi IS

		Table 3.2.5

		Reverberation



		4.3.5

		NIST IS

		Table 3.2.7

		Reverberation, Decomposition



		UE Noise Limited Test Cases



		4.3.3

		SCME UMa, MC/A

SCME UMa MC/B

		Table 3.2.3

		Anechoic Multi Probe, 
2-Stage



		4.3.3

		SCME UMa, SC/A

SCME UMa SC/B

		Table 3.2.4

		Anechoic Single Cluster, 
2-Stage



		4.3.3

		SCME UMa, IS/A SCME UMa IS/B

		Table 3.2.6

		Reverberation



		4.3.4

		SCME UMi, MC

		Table 3.2.1

		Anechoic Multi Probe, 
2-Stage



		4.3.4

		SCME UMi, SC

		Table 3.2.2

		Anechoic Single Cluster, 
2-Stage



		4.3.4

		SCME UMi, IS

		Table 3.2.5

		Reverberation



		4.3.6

		NIST IS

		Table 3.2.7

		Reverberation, Decomposition





4.4 Conducted MIMO Test Prerequisites


4.4.1 SNR-Controlled Tests: For tests which require SNR control, the eNodeB emulator shall be configured according to the settings defined in Table 3.1.1-A.

4.4.2 UE Noise-Limited Tests: For tests which do not require SNR control, the eNodeB emulator shall be configured according to the settings defined in Table 3.1.1-B

4.4.3 Channel Emulator: The channel emulator shall be configured according to the propagation channel called for in Table 4.2 for each applicable test case. The channel model(s) shall comply with the definitions in Section 3.2.

4.4.4 Base Station Antenna Correlation: The emulated base station antenna correlation shall conform to the requirements of Section 3.3. 

4.4.5 SNR Calculation: The SNR within the test volume, if applicable, shall be calculated and controlled according to Section 3.6.

4.5 Conducted MIMO Test Methodology

4.5.1 SNR-Controlled Test Methodology: When executing conducted tests which require SNR control, the lab shall generate the initial SNR called for by Table 3.1.1-A as measured at the UE antenna connector, with SNR calculated according to Section 3.6 of this document. The DUT’s throughput shall be documented for this initial SNR setting (throughput measurements shall be based on the minimum number of subframes called for in Table 3.1.1-A). The SNR shall be decreased by increasing the AWGN power in 1 dB steps until the DUT’s throughput drops to ≤ 95% of theoretical for R.35, documented in Table 3.1.1-A, at which point the AWGN power shall continue to be increased in 0.5 dB steps until the DUT throughput drops to 
≤ 70% of theoretical. The DUT’s throughput for each AWGN power step shall be documented in Table 5.2.

4.5.2 UE Noise-Limited Test Methodology: When executing conducted tests which do not require SNR control, the lab shall configure the test environment according to Table 3.1.1-B. The DUT’s throughput shall be documented for the initial RE-EPRE setting (throughput measurements shall be based on the minimum number of subframes called for in Table 3.1.1-B). The RS-EPRE shall be decreased in 1 dB steps until the DUT’s throughput drops to ≤ 95% of theoretical for R.35 as documented in Table 3.1.1-B, at which point the RS-EPRE shall be decreased in 0.5 dB steps until the DUT throughput drops to ≤ 70% of theoretical. The DUT’s throughput for each RS-EPRE power step shall be documented in Table 5.2.

4.6 Radiated MIMO Performance 

The object of this portion of the procedure is to measure throughput under radiated test conditions using the reference UE employed for the conducted measurements in Section 4.3 and the matching CTIA MIMO reference antennas. All test environment parameters, such as transmission mode and modulation type, will remain the same as those used during conducted tests 4.3.1 through 4.3.6 above. The lab shall measure the DUT’s 2x2 MIMO DL throughput while emulating the appropriate channel models from Section 3.2 according to the test priority documented in Table 4.1 and the applicable MIMO test techniques listed in Table 4.3. 

Table 4.3, Radiated MIMO Performance Test Cases


		Test Case Number

		Propagation Channel Type

		Propagation Channel Definition

		Applicable MIMO Test Techniques



		SNR Controlled Test Cases



		4.6.1

		SCME UMa MC/A


SCME UMa MC/B

		Table 3.2.3

		Anechoic Multi Probe



		4.6.1

		SCME UMa SC/A

SCME UMa SC/B

		Table 3.2.4

		Anechoic Single Cluster



		4.6.1

		SCME UMa IS/A SCME UMa IS/B

		Table 3.2.6

		Reverberation



		4.6.2

		SCME UMi MC

		Table 3.2.1

		Anechoic Multi Probe



		4.6.2

		SCME UMi SC

		Table 3.2.2

		Anechoic Single Cluster



		4.6.2

		SCME UMi IS

		Table 3.2.5

		Reverberation



		4.6.5

		NIST IS

		Table 3.2.7

		Reverberation



		4.6.7

		Identity Matrix

		

		Decomposition



		UE Noise Limited Test Cases



		4.6.3

		SCME UMa, MC/A

SCME UMa MC/B

		Table 3.2.3

		Anechoic Multi Probe



		4.6.3

		SCME UMa, SC/A

SCME UMa SC/B

		Table 3.2.4

		Anechoic Single Cluster



		4.6.3

		SCME UMa, IS/A

SCME UMa IS/B

		Table 3.2.6

		Reverberation



		4.6.4

		SCME UMi, MC

		Table 3.2.1

		Anechoic Multi Probe



		4.6.4

		SCME UMi, SC

		Table 3.2.2

		Anechoic Single Cluster



		4.6.4

		SCME UMi, IS

		Table 3.2.5

		Reverberation



		4.6.6

		NIST IS

		Table 3.2.7

		Reverberation



		4.6.8

		Identity Matrix

		

		Decomposition





4.7 Radiated MIMO Test Prerequisites


4.7.1 SNR-Controlled Tests: For tests which require SNR control, the eNodeB emulator shall be configured according to the settings defined in Table 3.1.1-A.

4.7.2 UE Noise-Limited Tests: For tests which do not require SNR control, the eNodeB emulator shall be configured according to the settings defined in Table 3.1.1-B

4.7.3 Channel Emulator: The channel emulator shall be configured according to the propagation channel called for in Table 4.2 for each applicable test case. 

4.7.4 Base Station Antenna: The chamber’s base station antenna correlation shall conform to the requirements of Section 3.3. 

4.7.5 SNR Calculation: The SNR within the test volume, if applicable, shall be calculated and controlled according to Section 3.6.

4.8 Radiated MIMO Test Methodology

4.8.1 SNR-Controlled Test Methodology: When executing radiated tests which require SNR control, the lab shall generate the initial SNR called for by Table 3.1.1-A as measured within the test volume, with SNR calculated according to Section 3.6 of this document. After positioning the DUT within the test volume according to Section 3.5, the DUT’s throughput in the applicable channel model shall be documented for the initial SNR setting specified in Table 3.1.1-A. All throughput measurements shall be based on the minimum number of subframes called for in Table 3.1.1-A. The SNR shall be decreased by increasing the AWGN power in 1 dB steps until the DUT’s throughput drops to ≤ 95% of theoretical for R.35, documented in Table 3.1.1-A, at which point the AWGN power shall continue to be increased in 0.5 dB steps until the DUT throughput drops to ≤ 70% of theoretical. The DUT’s throughput for each AWGN power step shall be documented in Table 5.3. 

4.8.2 UE Noise-Limited Test Methodology: When executing radiated tests which do not require SNR control, the lab shall generate the initial RS-EPRE value called for by Table 3.1.1-B as measured within the test volume. After positioning the DUT within the test volume according to Section 3.5, the DUT’s throughput in the applicable channel model shall be documented for the initial RS-EPRE setting specified in Table 3.1.1-B. All throughput measurements shall be based on the minimum number of subframes called for in Table 3.1.1-B. The RS-EPRE shall be decreased in 1 dB steps until the DUT’s throughput drops to ≤ 95% of theoretical for R.35, documented in Table 3.1.1-B, at which point the RS-EPRE power shall continue to be decreased in 0.5 dB steps until the DUT throughput drops to ≤ 70% of theoretical. The DUT’s throughput for each RS-EPRE power step shall be documented in Table 5.3. 

4.9        Absolute Throughput Performance


In order to verify that the propagation channel in the test volume matches the channel model selected for a given test, it’s recommended that labs execute an absolute throughput verification test using the channel models specified in Section 3.2 and using the same assumptions for UE orientation and spatial averaging that were used during the OTA test.

The absolute throughput test procedure requires the use of a channel emulator capable of combining the selected channel model from Section 3.2 with the associated complex pattern data for the UE’s reference antenna. At this time, not all channel emulators support this capability, and the application of the absolute throughput concept to each of the MIMO OTA test techniques described this IL/IT test methodology document is still under investigation. Therefore, while measurement of absolute throughput according to the methodology in Appendix B is recommended, it is not required.

If absolute throughput tests are executed, the conducted vs. radiated throughput curves (and the data used to generate them) shall be provided with the lab report. Test results shall be plotted on the same graph so that the radiated and absolute throughput conducted performance can be directly compared. At this time, the MOSG does not have criteria for performance deviation between the conducted and the radiated performance data.

4.9.1 Absolute Throughput Overview: The object of this portion of the procedure is to measure throughput under conducted test conditions using the CTIA reference UE employed for the conducted performance measurement in Section 4.3 while applying the selected channel model to the associated reference antenna’s complex radiation pattern data. This process is described in Appendix B. The labs who opt to execute this test shall measure the DUT’s 2x2 MIMO DL throughput while emulating the appropriate channel models from Section 3.2 according to the test status documented in Table 4.1 and the applicable MIMO OTA techniques listed in Table 4.2. 

4.9.2 Absolute Throughput Methodology: Absolute throughput shall be measured by repeating tests 4.3.1 through 4.3.6, as applicable, while employing the absolute throughput framework described in Appendix B. In addition, the test environment must also comply with the requirements of Sections 3.1 through 3.9. Any variances shall be reported as described in Section 5.1. Results for the absolute throughput measurements shall be recorded in Table 5.2, and conducted absolute throughput results from this section shall be kept separate from the conventional conducted test results obtained in Section 4.4.

5 Result Reporting

5.1 Basic Reporting Requirements

Labs shall include the following information in their report:

5.1.1 Description of the radiated test technique utilized by the lab. If more than one technique was employed, a separate test report shall be generated for each.

5.1.2 The eNodeB Emulator make, model and software/firmware version(s) used for test execution

5.1.3 Detailed description of any variances from the propagation environment specified in Section 3.2.

5.1.4 Detailed description of any variances from the base station antenna parameters specified in Section 3.3.

5.1.5 Results of the tests executed to verify the characteristics of the propagation channel in the test volume as specified in Section 3.4

5.1.6 A detailed estimate of measurement uncertainty sources and the resulting total measurement uncertainty

5.1.7 A report of any variances from the test methodology described in this document, such as modifications necessary to resolve problems observed during test execution, changes to any specified test parameters, additional steps required, etc.

5.1.8 If the number of subframes differs from the recommended values specified in Table 3.1.1-A and/or Table 3.1.1-B, the lab shall provide documentation explaining how the minimum number of subframes was determined.

5.1.9 If the initial downlink RS-EPRE differs from the recommended values specified in Table 3.1.1-A and/or Table 3.1.1-B, the lab shall provide documentation explaining how the initial RS-EPRE power was determined.

5.1.10 The lab shall include information concerning which one of the two noise injection implementations described in Section 3.6 was utilized. The lab shall also provide details concerning the measurement and control of SNR for the selected noise injection implementation.

5.2 Reporting of Conducted Test Results

Table 5.2: Conducted Measurement Data Table Format


		Absolute data throughput: conducted measurement data



		ID

		<measurement ID>

		

		

		



		Lab info

		<lab name, location, chamber ID>

		

		

		



		Date

		<YYYY-MM-DD>

		

		

		



		eNodeB emulator

		<manufacturer name, model number, serial number>

		

		

		



		eNodeB emulator version

		<hardware and firmware version numbers>

		

		

		



		eNodeB test application name and version

		<test application name and version>

		

		

		



		eNodeB ant config

		Sec 3.3 in MOSG120521

		

		

		



		eNodeB PHY config

		Sec 3.1 in MOSG120521

		

		

		



		Band

		<band num>

		

		

		



		DL channel

		<channel num

		

		

		



		UL channel

		<channel num

		

		

		



		RMC

		<R.11 or R.35>

		

		

		



		Transmission Mode

		<TM2 or TM3>

		

		

		



		Num subframes per SNR pt

		

		

		

		



		Channel emulator

		<manufacturer name, model number, serial number>

		

		

		



		Channel emulator version

		<hardware and firmware version numbers>

		

		

		



		Channel model config

		Sec 3.3 in MOSG120521

		

		

		



		Channel model

		<UMi, UMa, etc>

		

		

		



		Emulated vehicular speed

		<speed in km/h>

		

		

		



		Reference antenna classification

		<good, nominal, or bad>

		

		

		



		Ant1 pattern

		<filename of reference antenna data as described in Sec B2>

		

		

		



		Ant2 pattern

		<filename of reference antenna data as described in Sec B2>

		

		

		



		UE manufacturer

		<manufacturer name>

		

		

		



		UE model

		<model name>

		

		

		



		UE ID

		<IMEI and possible additional unique ID number>

		

		

		



		Max theoretical throughput

		<kbps>

		

		

		



		Num theta positions

		<if applicable>Sec B3

		

		

		



		Theta positions

		<if applicable>Sec B3

		

		

		



		Num phi positions

		<if applicable>Sec B3

		

		

		



		Phi positions

		<if applicable>Sec B3

		

		

		



		Test plan name and version

		

		

		

		



		Comments

		

		

		

		



		Test points per single position below

		Skip if not applicable

		

		 

		 



		Theta (deg)

		Phi (deg)

		RS EPRE (dBm/15 kHz)

		DL SNR (dB)

		DL TPT (kbps)



		90

		0

		r_max

		s_max

		TPT_max



		...

		...

		…

		...

		...



		90

		0

		r_1

		s_1

		TPT_1



		90

		0

		r_2

		s_2

		TPT_2



		...

		...

		…

		...

		...



		90

		0

		r_min

		s_min

		TPT_min



		90

		30

		r_max

		s_max

		TPT_max



		...

		...

		…

		...

		...



		90

		30

		r_1

		s_1

		TPT_1



		90

		30

		r_2

		s_2

		TPT_2



		...

		...

		…

		...

		...



		90

		30

		r_min

		s_min

		TPT_min



		Spatial average results below

		

		

		

		



		RS EPRE (dBm/15 kHz)

		DL SNR (dB)

		AVG DL TPT (kbps)

		Comments

		



		r_max

		s_max

		TPT_max

		

		



		…

		...

		...

		

		



		r_1

		s_1

		TPT_1

		

		



		r_2

		s_2

		TPT_2

		

		



		…

		...

		...

		

		



		r_min

		s_min

		TPT_min

		

		





5.3 Reporting of Radiated Test Results


Table 5.3: Radiated Measurement Data Table Format


		Absolute data throughput: radiated measurement data



		ID

		<measurement ID>

		

		

		



		Lab info

		<lab name, location, chamber ID>

		

		

		



		Date

		<YYYY-MM-DD>

		

		

		



		Test methodology

		

		

		

		



		eNodeB emulator

		<manufacturer name, model number, serial number>

		

		

		



		eNodeB emulator version

		<hardware and firmware version numbers>

		

		

		



		eNodeB test application name and version

		<test application name and version>

		

		

		



		eNodeB ant config

		Sec 3.3 in MOSG120521

		

		

		



		eNodeB PHY config

		Sec 3.1 in MOSG120521

		

		

		



		Band

		<band num>

		

		

		



		DL channel

		<channel num

		

		

		



		UL channel

		<channel num

		

		

		



		RMC

		<R.11 or R.35>

		

		

		



		Transmission Mode

		<TM2 or TM3>

		

		

		



		Num subframes per SNR pt

		

		

		

		



		Channel emulator

		<manufacturer name, model number, serial number>

		

		

		



		Channel emulator version

		<hardware and firmware version numbers>

		

		

		



		Channel model config

		Sec 3.3 in MOSG120521

		

		

		



		Channel model

		<UMi, UMa, etc>

		

		

		



		Emulated vehicular speed

		<speed in km/h>

		

		

		



		Reference antenna classification and serial number

		<(good, nominal, or bad)_SN>

		

		

		



		Ant 1

		<Tx/Rx port of the UE>

		

		

		



		Ant 2

		<Rx port of the UE>

		

		

		



		UE manufacturer

		<manufacturer name>

		

		

		



		UE model

		<model name>

		

		

		



		UE ID

		<IMEI and possible additional unique ID number>

		

		

		



		Max theoretical throughput

		<kbps>

		

		

		



		Num theta positions

		<if applicable>

		

		

		



		Theta positions

		<if applicable>

		

		

		



		Num phi positions

		<if applicable>

		

		

		



		Phi positions

		<if applicable>

		

		

		



		Configuration of testing antennas in chamber

		<detailed description>

		

		

		



		Test plan name and version

		

		

		

		



		Comments

		

		

		

		



		Test points per single position below

		Skip if not applicable

		

		 

		 



		Theta (deg)

		Phi (deg)

		RS EPRE (dBm/15 kHz)

		DL SNR (dB)

		DL TPT (kbps)



		90

		0

		r_max

		s_max

		TPT_max



		...

		...

		…

		...

		...



		90

		0

		r_1

		s_1

		TPT_1



		90

		0

		r_2

		s_2

		TPT_2



		...

		...

		…

		...

		...



		90

		0

		r_min

		s_min

		TPT_min



		90

		30

		r_max

		s_max

		TPT_max



		...

		...

		…

		...

		...



		90

		30

		r_1

		s_1

		TPT_1



		90

		30

		r_2

		s_2

		TPT_2



		...

		...

		…

		...

		...



		90

		30

		r_min

		s_min

		TPT_min



		Spatial average results below

		

		

		

		



		RS EPRE (dBm/15 kHz)

		DL SNR (dB)

		AVG DL TPT (kbps)

		Comments

		



		r_max

		s_max

		TPT_max

		

		



		…

		...

		...

		

		



		r_1

		s_1

		TPT_1

		

		



		r_2

		s_2

		TPT_2

		

		



		…

		...

		...

		

		



		r_min

		s_min

		TPT_min

		

		





6 Measurement Uncertainty


6.1  Introduction

In order to properly assess each of the proposed MIMO OTA measurement techniques, it’s necessary to gain a better understanding of the measurement uncertainty associated with each one. Given the complexity of MIMO OTA measurement, assessing the magnitude of uncertainty terms unique to each technique or family of techniques can be difficult. The purpose of this section is to begin categorizing and quantifying known uncertainty terms for each proposed MIMO OTA measurement technique in order to begin an overall assessment of total measurement uncertainty per technique.


6.2 Uncertainty Budget

Currently, CTIA has defined a total of six unique MIMO OTA measurement techniques. These techniques include:


· Anechoic Chamber Multi-Cluster (AC-MC)


· Anechoic Chamber Single-Cluster (AC-SC) 

· Anechoic Decomposition Method (AD)


· Anechoic Two-Stage Method (AT) 


· Reverberation Chamber with Channel Emulator (RC-CE)

· Reverberation Chamber without Channel Emulator (RC)

Each row in the uncertainty budget below includes a reference to one or more of the five MIMO OTA techniques listed above. This reference indicates which techniques should be considered applicable to each uncertainty term. Many uncertainty terms are applicable to all techniques, and have been marked accordingly. This table will be expanded to include additional uncertainty terms as they are identified.

Table 6.1, MIMO OTA DUT Measurement Uncertainty Contributions


		Description of Uncertainty Term

		Standard Uncertainty Value (dB)

		Applicable MIMO OTA Techniques



		Mismatch between eNodeB Emulator or Channel Emulator and Measurement Antenna

		See Appendix G.1 of [3]

		All



		Measurement Antenna Cable Factor

		See Appendix G.2 of [3]

		All



		Measurement Antenna Insertion Loss

		0.00

		All



		Measurement Antenna Attenuator Insertion Loss (if present)

		0.00

		All (if applicable)



		eNodeB simulator: absolute output level

		See Appendix G.5 of 3] or cancelled by channel emulator calibration

		All



		eNodeB simulator: output level stability

		See Appendix G.5 of [3] or cancelled by channel emulator calibration

		All



		Directional Reference Antenna Gain

		See Appendix G.6 of [3]

		AC-MC, AC-SC, AD, AT



		Offset of the Phase Center of the EUT from Axis(es) of Rotation

		See Appendix G.7.1 of [3]

		AC-MC, AC-SC, AC-MC, AC-SC, AD, AT



		G.7.2 Offset of the Phase Center of Calibrated Reference Antenna from Axis(es) of Rotation

		See Appendix G.7.2 of [3]

		AC-MC, AC-SC, AD, AT



		Blocking Effect of the EUT on the Measurement Antenna

		See Appendix G.7.2 of [3]

		FFS



		VSWR

		See Appendix G.7.3.1 of [3]

		All



		Chamber isotropy

		See [8]

		RC, RC-CE



		Chamber Standing Wave

		See Appendix G.7.3.2 of [3]

		AC-MC, AC-SC, AD, AT



		Phase Curvature Across the EUT

		See Appendix G.7.4 of [3]

		AC-MC, AC-SC, AD, AT



		Effect of Ripple on Range Reference Measurement

		See Appendix G.8.2 of [3]

		AC-MC, AC-SC, AD, AT



		Influence of the ambient temperature on the test equipment

		See Appendix G.9 of [3]

		All



		Uncertainties of Head, Hand and Positioning of EUT in the Hand and Against the Head Phantoms

		See Appendix G.10 of [3]

		All



		Head Phantom Uncertainty

		See Appendix G.10.2 of [3]

		All



		Hand Phantom Uncertainty

		See Appendix G.10.3 and G.10.8 of [3]

		All



		Head Phantom Fixture Uncertainty

		See Appendix G.10.4 of [3]

		All



		Hand Phantom Fixture Uncertainty

		See Appendix G.10.4 and G.10.8 of [3]

		All



		EUT Positioning Uncertainty

		See Appendix G.10.5 and G.10.8 of [3]

		All 



		Coarse Sampling Grid Uncertainty

		See Appendix G.12 of [3]

		FFS



		Limited Channel Drop Uncertainty

		TBD

		FFS



		AWGN absolute power uncertainty

		TBD

		All



		AWGN power stability

		TBD

		All



		SNR measurement uncertainty

		TBD

		All



		Miscellaneous Uncertainty

		See Appendix G.13 of [3]

		FFS



		Normalization Uncertainty

		See Appendix G.14 of [3]

		FFS



		EUT Absolute Throughput 

		See Section 7.1.1 of [5]

		FFS



		Combined Uncertainty for Multiple Signal Paths

		See Section 7.2.1 of [5]

		FFS



		Gain Imbalance

		See Section 7.2.2 of [5]

		FFS



		Distortion of Signal by Channel Emulator

		See Section 7.2.3 of [5]

		FFS



		Sampling grid / constellations

		See Section 3.1.2 of [6]

		AD, FFS



		Branch imbalance

		See Section 3.1.2 of [6]

		AD, FFS



		Effects for signals from one antenna being reflected on the second antenna

		See Section 3.1.2 of [6]

		AD, FFS



		Throughput measurement downlink power step resolution

		TBD

		All



		Throughput measurement uncertainty

		TBD

		All



		Amplitude and phase inaccuracy at center of test volume

		See Table 1 of [7]

		AC-MC, FFS



		Amplitude and phase drift at center of test volume

		See Table 1 of [7]

		AC-MC, FFS



		Coupling between probes

		See Table 1 of [7]

		AC-MC, FFS



		Chamber statistical ripple and repeatability

		See Appendix A.1 of [4]

		RC, RC-CE, FFS



		Fast calibration: power loss due to EUT chassis

		See Appendix A.3 of [4]

		RC, RC-CE, FFS



		Channel emulator: external amplifier mismatch (if present)

		FFS

		FFS



		Channel emulator: external amplifier gain drift (if present)

		FFS

		FFS





		Table 6.2, Calibration Uncertainty ContributionsDescription of Uncertainty Term

		Standard Uncertainty Value (dB)

		Applicable MIMO OTA Techniques



		Mismatch: transmitting part (i.e. between Signal Generator & Calibrated Reference Antenna)

		See Appendix G.1 of [3]

		All



		Signal generator absolute output level

		See Appendix G.5 of [3]

		All



		Signal generator output level stability

		See Appendix G.5 of [3]

		All



		Insertion loss: Calibrated Reference Antenna cable

		See Appendix G.3 of [3]

		All



		Insertion loss: Calibrated Reference Antenna cable

		See Appendix G.3 of [3]

		All



		Insertion loss: Measurement Antenna cable

		0.00

		All



		Insertion loss: Calibrated Reference Antenna attenuator (if present)

		See Appendix G.3 of [3]

		All



		Insertion loss: Measurement Antenna attenuator (if present)

		0.00

		All



		Receiving device: absolute level

		See Appendix G.4 of [5]

		All



		Chamber statistical ripple and repeatability

		See Appendix A.1 of [4]

		All



		Antenna: radiation efficiency of the Calibrated Reference Antenna

		See Appendix A.2 of [4]

		All



		Receiving device measurement sample size

		See [8]

		RC, FFS
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Appendix A: Verification of Channel Model Implementations (Normative)

Editor’s note:  As other channel models may be added in the future, the procedure may be updated.


Channel Models have been specified in Section 3.2. This section describes the MIMO OTA validation measurements, in order to ensure that the channel models are correctly implemented and hence capable of generating the propagation environment, as described by the model, within a test area, Measurements are done mainly with a vector network analyzer (VNA) and a spectrum analyzer.

The specific settings of the VNA may be adjusted if other settings lead to better results.

A.1 
Measurement instruments and setup 


The measurement setup includes the following equipment:

Table A.1. Required Measurement Equipment 

		Item

		Quantity

		Item



		1

		1

		Channel Emulator



		2

		1

		Signal Generator



		3

		1

		Spectrum Analyzer



		4

		1

		VNA



		5

		1

		Magnetic Dipole



		6

		1

		Sleeve Dipole





A.1.1 
Network Analyzer (VNA) Setup


Most of the measurements are performed with a VNA. An example set of equipment required for this set-up is shown in Figures A.1.1 through A.1.3. The VNA transmits frequency sweep signals thorough the MIMO OTA test system and a test antenna, within the test area, receives the signal and VNA analyzes the frequency response of the system. A number of traces (frequency responses) are measured and recorded by VNA and analyzed by a post processing SW, e.g., Matlab. Special care has to be taken into account to keep the fading conditions unchanged, i.e. frozen, during the short period of time of a single trace measurement. The fading may proceed only in between traces. This setup can be used to measure PDP, Spatial Correlation and Polarization of the Channel models defined in Section 3.2.
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Figure A.1.1: Setup for anechoic chamber VNA measurements.
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Figure A.1.2: Setup for VNA measurements for reverberation and channel emulator methods.
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Figure A.1.3: Setup for VNA measurements for reverberation-only methods

A.1.2 
Spectrum Analyzer (SA) Setup



The Doppler spectrum is measured with a Spectrum analyzer as shown in Figure A.1.4 through A.1.6. In this case a Signal generator transmits a CW signal through the MIMO OTA test system. The signal is received by a test antenna within the test area. Finally, the signal is analyzed by a spectrum analyzer and the measured spectrum is compared to the target spectrum. This setup can be used to measure Doppler Spectrum of the Channel models defined in Section A.2.2.
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Figure A.1.4: Setup for SA measurements.
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Figure A.1.5: Setup for SA measurements for reverberation and channel emulator methods.
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Figure A.1.6: Setup for SA measurements for reverberation-only methods.


A.2
Validation Measurements


A.2.1
PDP


This measurement checks that the resulting power delay profile (PDP) is like defined in the channel model.

A.2.1.1
Method of measurement: 


Step the emulation and store traces from VNA. I.e. run the emulation to CIR number 1, pause, measure VNA trace, run the emulation to CIR number 10, pause, measure VNA trace. Continue until 1000 VNA traces are measured.

Table A.2.1.1: PDP VNA settings:


		
Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Span

		MHz

		200



		RF output level

		dBm

		-15



		Number of traces

		

		1296



		Distance between traces in channel model

		wavelength [A1]

		> 2



		Number of points

		

		1101



		Averaging

		

		1





Note A1: Time [s] = distance [(] / MS speed [(/s]


MS speed [(/s] = MS speed [(/s] / Speed of light [m/s] * Center frequency [Hz]


Table A.2.1.2: PDP Channel Model Specification:


		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Channel model samples

		wavelength

		> 2592



		Channel model

		

		As specified in section 3.2





A.2.1.2
Method of measurement result analysis: 


Measured VNA traces (frequency responses H(t,f)) are saved into a hard drive. The data is read into, e.g., Matlab. The analysis is performed by taking the Fourier transform of each FR. The resulting impulse responses h(t,tau) are averaged in power over time:
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Finally the resulting PDP is shifted in delay, such that the first tap is on delay zero. The reference PDP plots from Table 3.2.1 and Table 3.2.2 are shown in Figure A.3.


In a reverberation chamber, when a channel emulator is not used and the PDP is therefore an exponential decay, such as the NIST channel model, only the inherent RMS Delay Spread of the reverberation chamber needs to be calculated. The selection of the T h(t,tau) measurements has to be performed when the absorber loading technique is used to tune the RMS DS in an RC. Alternatively, the sample selection technique allows for selecting a subset of M h(t,tau) measurements which provide the desired RMS DS, and in this case the averaging has to be performed only over the selected subset of M channel impulse responses.


The calculation of RMS delay spread is performed on the time domain data as the square root of the second central moment of the PDP, that is,
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The expected RMS delay spread for the NIST channel model is 80 ns.


A.2.1.3
OTA antenna configuration: 


For e.g. one full ring (or single cluster configuration) of V polarized elements (anechoic chamber methods) or a fixed measurement source antenna (reverberation chamber methods).

A.2.1.4
Measurement antenna: 


For e.g. vertically oriented sleeve dipole for anechoic chambers or wideband test antenna for reverberation chamber methods.
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Figure A.3. Reference PDP values for SCME Urban Macro / SCME Urban Micro and NIST plotted from Table 3.2.1, Table 3.2.2 and Table 3.2.7


A.2.2 
Doppler/Temporal Correlation for 2D SCME models

This measurement checks the Doppler/temporal correlation.

A.2.2.1
Method of measurement: 


Sine wave (CW, carrier wave) signal is transmitted from the signal generator. The signal is connected from the signal generator to fading emulator via cables. The fading emulator output signals are connected to power amplifier boxes via cables. The amplified signals are then transferred via cables to the probe antennas. The probe antennas radiate the signals over the air to the test antenna The Doppler spectrum is measured by the spectrum analyzer and the trace is saved.

Table A.2.2.1: Doppler Signal Generator Settings


		
Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Output level

		dBm

		-15



		Modulation

		

		OFF





Table A.2.2.2: Doppler Spectrum Analyzer Settings



		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Span

		Hz

		2000



		RBW

		Hz

		1



		VBW

		Hz

		1



		Number of points

		

		8001



		Averaging

		

		100





Table A.2.2.3: Doppler Channel Model Specification


		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Channel model

		

		As specified in section 3.2



		Mobile speed

		km/h

		100 [A2]





Note A2: Or the maximum achievable value)

Method of measurement result analysis: Measurement data file (Doppler power spectrum) is saved into hard drive. The data is read into, e.g., Matlab. The analysis is performed by taking the Fourier transformation of the Doppler spectrum. The resulting temporal correlation function 
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. Then the function values left from the maximum is cut out. Further on the function values after, e.g., seven periods is cut out. The reference temporal correlation plots from Tables 3.2.1  and 3.2.2 are shown in Figure A.4.


A.2.2.2
OTA antenna configuration: 


For e.g. 1 full ring (or single cluster configuration) of V polarized elements. 


A.2.2.3
Measurement antenna: 


For e.g. vertically oriented dipole.
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Figure A.4. Reference Temporal Correlation Functions for SCME Urban Macro / SCME Urban Micro plotted from Table 3.2.1 and Table 3.2.2.


A.2.3 
Spatial Correlation for 2D SCME models

This measurement checks whether the measured correlation curve follows the theoretical curve.


A.2.3.1
Method of measurement: 


Step the emulation and store traces from VNA. i.e. run the emulation to CIR number 1, pause, measure VNA traces in 11 different DUT positions, run the emulation to CIR number 10, pause, measure VNA traces in 11 different DUT positions, … etc. Continue until frequency response of 1000 CIRs in 11 positions (=1000*11 VNA traces) are measured. 


11 test antenna positions sample a segment of line of length 1 wavelength with sampling interval of 0.1 wavelengths. Antenna spacing (wave lengths): -0.5 to +0.5 step of 0.1. 
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Figure A.5. Test antenna positions.


Table A.2.3.1: Spatial Correlation VNA Settings:


		
Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Span

		MHz

		10



		RF output level

		dBm

		-15



		Number of traces

		

		1000



		Distance between traces in channel model

		wavelength [A3]

		> 2



		Number of points

		

		1



		Averaging

		

		1





Note A3: Time in seconds = distance [(] / MS speed [(/s]


MS speed [(/s] = MS speed [(/s] / Speed of light [m/s] * Center frequency [Hz]


Table A.2.3.2: Spatial Correlation Channel Model Specification:


		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Channel model samples

		Wavelength

		> 2000



		Channel model

		

		As specified in section 3.2



		Mobile speed

		km/h

		3





A.2.3.2
Measurement Procedure



CALIBRATE



OPEN corrVNATrace trace file


FOR EACH gridPoint IN [test zone grid set]


MOVE measurement antenna to gridPoint



FOR EACH chanIRNumber IN [0:SD:1000*SD]




Measure Freq Resp with VNA




Save freq resp trace to trace file



END


END


CLOSE corrVNATrace_<calibMethod>_<polarization> trace file


A.2.3.3
Method of Measurement Results Analysis


Calculate correlation of 1000 x 11 matrix H(f) of frequency response samples. The procedure is to correlate sixth column (the trace measured at the centre of chamber) with the 10 other columns as follows (Matlab example)


for ind = 1:11;


    Corr(: , : , ind) = abs(corrcoef(H(: , 6),H(: , ind)));


end


Correlation = squeeze(Corr(1, 2, :));


The reference spatial correlation plots from Table 3.2.1 and 3.2.2 are shown in Figure A.6.


A.2.3.4
OTA antenna configuration: 


For e.g. 1 full ring (or a single cluster configuration) of V polarized elements.


A.2.3.5
Measurement antenna: 


For e.g. Sleeve dipole.
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 Figure A.6. Reference Spatial Correlation Functions for SCME Urban Macro / SCME Urban Micro plotted from Table 3.2.1 and Table 3.2.2.


A.2.4 
Cross-Polarization for 2D SCME models

This measurement checks how well the measured vertically or horizontally polarized power levels follow expected values. 

A.2.4.1
Method of measurement: 


Step the emulation and store traces from VNA.


Table A.2.4.1: Cross-Polarization VNA Settings

		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Span

		MHz

		10



		RF output level

		dBm

		-15



		Number of traces

		

		1000



		Distance between traces in channel model

		Wavelength [A4]

		> 2



		Number of points

		

		201



		Averaging

		

		1





Note A4: Time [s] = distance [(] / MS speed [(/s]


MS speed [(/s] = MS speed [(/s] / Speed of light [m/s] * Center frequency [Hz]


Table A.2.4.2: Cross-Polarization Channel Model Specification:


		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Channel model samples

		wavelength

		> 2000



		Channel model

		

		As specified in section 3.2



		Mobile speed

		km/h

		3





A.2.4.2
Measurement Procedure


1. Play or step through the channel model -> SCME UMi, or UMa X Corr


2. Measure the absolute power received at the center of the array, averaged over a statistically significant number of fades.


a. Use a vertically polarized sleeve dipole to measure the V component.


b. Use a horizontally polarized (vertically oriented) magnetic loop dipole, or a horizontally polarized sleeve dipole measured in two orthogonal horizontal positions and summed to measure the H component.


3. Calculate the V/H ratio


4. Compare it with the theory -> 0.83dB for UMi, and 8.13dB for UMa

A.2.4.3
Expected measurement results


V/H ratio (composite, i.e., all 6 paths combined) of the 3GPP SCME Umicro model is 0.83 dB and for Umacro 8.13 dB. The BS antennas are isotropic dipoles with +/- 45 degrees slant and subject to a foreshortening of the slanted radiating element. See channel model details specified in Section 3.2.

A.2.5 
Doppler for 3D isotropic models


This measurement checks the Doppler.

A.2.5.1
Method of measurement: 


For Doppler validation, two methods could be used to measure the Doppler spectrum. The first uses a CW tone from the Signal Generator fed directly, or via the channel emulator if used, to the fixed measurement antennas and is recorded by the spectrum analyzer. For the second method, the input signal from the VNA is fed directly, or via the channel emulator if used, to the fixed measurement antennas of the reverberation chamber. 


For the first method, a sine wave (CW, carrier wave) signal is transmitted from the signal generator. The signal is connected from the signal generator to the channel emulator via cables. The channel emulator output signals are connected to power amplifier boxes via cables. The amplified signals are then transferred via cables to the fixed measurement antennas. The fixed measurement antennas radiate the signals over the air to the test antenna. The Doppler spectrum is measured by the spectrum analyzer and the trace is saved.


Alternatively, the Doppler spectrum can be measured with a VNA. Frequency sweeps are measured with the VNA for a complete stirring sequence, thus collecting samples of the chamber transfer function 
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. To get a correct estimate of the Doppler power spectrum, the spatial distance between the stirrer positions should be small enough to satisfy Nyquist theorem. 
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 is Fourier transformed according to: 
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The Doppler spectrum 
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 can then be calculated using
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The discrete Doppler power spectrum will now have a frequency axis ranging from 0 to N-1, where N is the number of stirrer positions used. To convert this into a Doppler frequency domain, the sampling theorem gives a frequency axis in the interval [
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 the frequency step between each Doppler frequency sample is given by
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 is the time step between the measured samples.


Table A.2.5.1: 3D Doppler Signal Generator Settings

		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Output level

		dBm

		-15



		Modulation

		

		OFF





Table A.2.5.2: 3D Doppler Spectrum Analyzer Settings

		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Span

		Hz

		2000



		RBW

		Hz

		1



		VBW

		Hz

		1



		Number of points

		

		401



		Averaging

		

		100





Table A.2.5.3: 3D Doppler VNA Settings


		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Span

		MHz

		50 [TDB]



		RF output level

		dBm

		-15



		Number of traces

		

		1296 [TBD]



		Number of points

		

		501 [TBD]



		Averaging

		

		1 [TBD]





Table A.2.5.4: 3D Doppler Channel Model Specification

		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Channel model

		

		As specified in section xx



		Mobile speed

		km/h

		100 [A5]





Note A5: Or the maximum achievable value


A.2.5.2
Method of measurement result analysis: 


View the Doppler power spectrum. The reference classical Doppler spectrum is shown in figure A.7. Bd is the maximum Doppler shift expected for the mobile speed used for the measurements.
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Figure A.7. Reference Doppler Spectrum for Jakes fading models


A.2.5.3
OTA antenna configuration: 


Fixed measurement source antennas. 


A.2.5.4
Measurement antenna: 


The wideband test antenna.


A.2.6 
Base station antenna correlation for 3D isotropic models


This measurement checks that the resulting base station antenna correlation is like that defined in the channel model.

A.2.6.1
Method of measurement: 


For correlation validation, the input signal from the VNA is fed directly, or via the channel emulator, to the fixed measurement antennas of the reverberation chamber.


Step the emulation and stirrer sequence and store traces from VNA. i.e. run the emulation channel impulse response (CIR) number 1with the reverberation chamber’s stirrer sequence fixed at a point, pause, measure VNA trace, run the emulation to the next CIR and move the reverberation chamber’s stirrer sequence to the next point, pause, measure VNA trace. Continue until all VNA traces are measured.


Table A.2.6.1: 3D Antenna Correlation VNA Settings:


		
Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Span

		MHz

		50 [TBD]



		RF output level

		dBm

		-15



		Number of traces

		

		1296 [TBD]



		

		

		



		Distance between traces in channel model

		wavelength [A6]

		> 2



		Number of points

		

		501 [TBD]



		Averaging

		

		1 [TBD]





Note A6: Time [s] = distance [(] / MS speed [(/s]


MS speed [(/s] = MS speed [(/s] / Speed of light [m/s] * Center frequency [Hz]


Table A.2.6.2: 3D Antenna Correlation Channel Model Specification:


		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Channel model samples

		wavelength

		> 2592 [TBD]



		Channel model

		

		As specified in section 3.2





A.2.6.2
Method of Measurement Results Analysis


Compute the correlation between two traces (S21 and S31 in Figures A.1.2 and A.1.3) which represents the correlation between two transmit streams. This correlation should match that of the channel model used.


A.2.6.3
OTA antenna configuration: 


Fixed measurement antennas.


A.2.6.4
Measurement antenna: 


The wideband test antenna.


A.2.7 
Rayleigh Fading 


This measurement checks that the resulting fading of the MIMO OTA system is Rayleigh as per channel model.

A.2.7.1
Method of measurement: 


For Rayleigh Fading validation, the input signal from the VNA is fed directly, or via the channel emulator, to the fixed measurement transmit antennas of the reverberation chamber.


Step the emulation and stirrer sequence and store traces from VNA. i.e. run the emulation to CIR number 1 with the reverberation chamber’s stirrer sequence fixed at a point, pause, measure VNA trace, run the emulation to next CIR  and move the reverberation chamber’s stirrer sequence to the next point, pause, measure VNA trace. Continue until all VNA traces are measured.


Table A.2.7.1: Rayleigh Fading VNA Settings


		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Span

		MHz

		50 [TDB]



		RF output level

		dBm

		-15



		Number of traces

		

		1296 [TBD]



		Distance between traces in channel model

		wavelength [A7]

		> 2



		Number of points

		

		501 [TBD]



		Averaging

		

		1 [TBD]





Note A7: Time [s] = distance [(] / MS speed [(/s]


MS speed [(/s] = MS speed [(/s] / Speed of light [m/s] * Center frequency [Hz]


Table A.2.7.2: Rayleigh Fading Channel Model Specification


		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Channel model samples

		wavelength

		> 2592



		Channel model

		

		As specified in section xx





A.2.7.2
Method of Measurement Results Analysis


The primary performance criteria to evaluate Rayleigh fading is the Cumulative Probability Density Function (CPDF) of the received signal amplitude (x) at the DUT. CPDF describes the probability of a signal level being less than the mean level. The CPDF of x in a set of measured samples (or a selected subset) in a mode-stirred reverberation chamber [FC(x)] is defined as,
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The evaluation of the measured CPDF has to provide:


1) The difference (dB) to theoretical Rayleigh-fading values for power levels ranging from 10dB above to 20 dB below the mean power level.


2) The differences (dB) to theoretical Rayleigh-fading values for power levels ranging from 20 dB below to 30 dB below the mean power level.


The requirement for CPDF is:


1) The tolerance shall be within [TBD] dB of theoretical Rayleigh-fading, for power levels from 10dB above to 20 dB below the mean power level.


2) The tolerance shall be within [TBD] dB of theoretical Rayleigh-fading, for power levels from 20 dB below to 30 dB below the mean power level.
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Figure A.8. Reference Rayleigh distribution


A.2.7.3
OTA antenna configuration: 


Fixed measurement antennas.


A.2.7.4
Measurement antenna: 


The wideband test antenna.


A.2.8 
Isotropy for 3D isotropic models


This measurement checks that MIMO OTA system provides an isotropic environment over time.

A.2.8.1
Method of measurement: 


For isotropic validation, the input signal from the VNA is fed directly, or via the channel emulator, to the fixed measurement antennas of the reverberation chamber. If a channel emulator is used, it has to be placed in Bypass mode where no fading is used. Instead of the test antenna, an electric dipole is placed on the turn table. Three orthogonal components of the electric field are recorded with the dipole in three different orientations (Figures A.1.2 and A.1.3). 


Step the stirrer sequence and store traces from VNA. i.e. with the reverberation chamber’s stirrer sequence fixed at a point, pause, measure a VNA trace for each wall antenna, move the reverberation chamber’s stirrer sequence to the next fixed point, pause, measure VNA trace for each wall antenna. Continue until all VNA traces are measured. Follow this procedure with the dipole in all three positions.


Table A.2.8.1: Isotropy VNA Settings


		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Span

		MHz

		NA



		RF output level

		dBm

		-15



		Number of traces per wall antenna

		

		1296 [TBD]



		Distance between traces in channel model

		wavelength [A8]

		NA



		Number of points

		

		NA



		Averaging

		

		NA





Note A8: Time [s] = distance [(] / MS speed [(/s]


MS speed [(/s] = MS speed [(/s] / Speed of light [m/s] * Center frequency [Hz]


Table A.2.8.2: Isotropy Channel Model Specification


		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Channel model samples

		wavelength

		NA



		Channel model

		

		As specified in section 3.2





A.2.8.2
Method of Measurement Results Analysis


Compute and evaluate the anisotropy coefficients as described in [A1]. The reference anisotropy coefficients are shown in figure c where one type is from processing two orientations, 3 total plots, and the other is for all orientations.
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Figure A.9. Reference Anisotropy Coefficients


A.2.8.3
OTA antenna configuration: 


Fixed measurement antennas.


A.2.8.4
Measurement antenna: 


The electric dipole.


A.2.9 
Reporting


Additionally, the results should be summarized in the following table (some entries, such as isotropy, apply only to certain methods):

Table A.2.9.1: Reporting Parameters

		Item

		Parameter

		Result

		Tolerances

		Comments



		1

		Power delay profile

		

		

		



		2

		Doppler / Temporal Correlation

		

		

		



		3

		Spatial Correlation

		

		

		



		4. 

		Cross Polarization

		

		

		



		5.

		BS Antenna Correlation

		

		

		



		6.

		Rayleigh Fading

		

		

		



		7.

		Isotropy

		

		

		





Note: The exact tolerances are for further study. 
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Appendix B: Absolute Throughput Framework (Normative)

B.1. Introduction


In an effort to compare different MIMO OTA methodologies’ results to conducted results under the implementations of channel models defined in Section 3.2(MOSG120521), the absolute data throughput comparison framework has been defined.  By utilizing the reference antennas demonstrated in section 3.5 (MOSG120521) and reference devices (described in Table 3.1), this framework shall be used to compare each MIMO OTA testing method’s ability to emulate the specified network and channel propagation characteristics based on an absolute data throughput metric.


The framework consists of a set of conducted (Figure B.1-1) and radiated (Figure B.1-2) measurements of MIMO throughput.
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Figure B.1-1: Method of measuring the conducted absolute throughput reference performance
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Figure B.1-2: Method of measuring the absolute radiated data throughput metric with the reference antennas


The following sub-sections define the antenna pattern data format, emulation of antenna pattern rotation, absolute data throughput measurement enabler, and the output data format.


B.2.  Antenna Pattern Data Format


The antenna pattern data format—used in the conducted portion of the measurements—shall be in the 3D AAU format as defined by COST IC1004 [B4].  Table B.2-1 and B.2-2 below illustrate the header structure and an example header with sample data respectively.


Table B.2-1: Auxiliary informational header


		Line(s)

		Pos.

		Description

		Values - example or defaults



		1

		1

		Pattern frequency

		free(750)



		

		2

		Frequency units

		{Hz,KHz,MHz,GHz}



		

		3

		Port index (to resolve antennas automatically)

		free(1)



		

		4

		Pattern type (Directivity, Gain, Realized Gain, E-field)

		{D,G,Gr,E} - possible more



		

		5

		Units format (as in touchstone plus the E-field format)

		{DB,MA,RI,V/m}



		2

		NOTE: There is no freedom in the column arrangement but the labels can vary. Done for ease of use.



		

		1

		Theta scan stepping - must be constant

		Theta [deg]



		

		2

		Phi scan stepping - must be constant

		Phi [deg]



		

		3

		Absolute of the field X(1-4) in [units(1-5)]

		Abs X [units]



		

		4

		Theta polarized field X(1-4) in [units(1-5)]

		X Th [units]



		

		5

		phase of the Theta polarized field - always in degrees

		phase Th [deg]



		

		6

		Phi polarized field X(1-4) in [units(1-5)]

		X Ph [units]



		

		7

		phase of the Phi polarized field - always in degrees

		phase Ph [deg]



		3,4...

		NOTE: Any number additional lines can be added, always beginning with Matlab comment sign %.



		

		N/A

		Some custom comment, ID etc.

		% File version 1.0





Note: A semicolon should be used as a delimiter in the header.


Table B.2-2: 3D AAU file format example


		%

		750; MHz; 1; G; DB 



		%

		Theta [deg];

		Phi [deg];

		Abs G [dB];

		GTh [dB];

		phase Th [deg];

		GPh [dB];

		phase Ph [deg]



		%

		File version 1.0



		

		0.0000000e+00

		0.0000000e+00

		-7.1488243e+00

		-8.8275753e+00

		2.9473810e+02

		-1.2089176e+01

		2.9741836e+02



		

		5.0000000e+00

		0.0000000e+00

		-5.9290614e+00

		-6.9276561e+00

		2.8631853e+02

		-1.2802746e+01

		2.9300649e+02



		

		1.0000000e+01

		0.0000000e+00

		-4.6884986e+00

		-5.2974347e+00

		2.8098081e+02

		-1.3521536e+01

		2.8790096e+02



		

		1.5000000e+01

		0.0000000e+00

		-3.5323323e+00

		-3.9212541e+00

		2.7745182e+02

		-1.4204563e+01

		2.8204220e+02



		

		2.0000000e+01

		0.0000000e+00

		-2.4979324e+00

		-2.7615381e+00

		2.7503474e+02

		-1.4797363e+01

		2.7547303e+02



		

		2.5000000e+01

		0.0000000e+00

		-1.5926370e+00

		-1.7843443e+00

		2.7333007e+02

		-1.5239593e+01

		2.6841058e+02





In this table we further define the following parameters:


•
Position 1 on Line 1 shall indicate the measurement frequency.


•
Position 2 on Line 1 shall indicate the frequency units to be MHz.


•
Position 3 on Line 1 shall indicate the antenna index 1 or 2.


•
Antenna index is defined as:  antenna index 1 defined as left antenna (portrait front view, from RF enclosure side), antenna index 2 defined as right antenna (portrait front view, from RF enclosure side)


•
Position 4 on Line 1 shall be G.


•
Position 5 on Line 1 shall be dBi


•
Positions 3, 4, and 6 on Line 2 shall describe the measured gain in dBi.

The file name format shall be defined as “(lab acronym)_(antenna serial number)_CTIA_MIMO 2x2_Band(B7, B13..Bxx)_(Good, Nominal, or Bad)_Ant(1 or 2).3daau”.


Based on experiments taken with low (<1GHz) and high (>1.8GHz) frequency band antennas, the magnitude of the complex correlation coefficient generated from measured data remains unchanged from higher resolution antenna pattern measurements up to 15 degrees resolution in theta and phi orientations.  To align with current COST IC1004 TWGO MIMO OTA topic group proposed resolution for 3D MIMO OTA complex radiation pattern measurements, the antenna pattern measurement step size in theta and phi shall be no more than 5 degrees. In the specific case of 2D measurements theta is fixed at 90 degrees.


B.3. Emulation of Antenna Pattern Rotation


For the conducted portion of the absolute data throughput framework, it is necessary to generate the spatially filtered channel impulse response per polarization and then combine to generate the emulated channel impulse response coefficients.  The measured antenna pattern shall be interpolated to match the spatial resolution of the angles of arrival of the SCME channel emulator (this value is typically 1 degree).  Figure B.3-1 below illustrates an example of this procedure using a simplified antenna pattern and channel PAS.
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Figure B.3-1: Rotation of antenna pattern over azimuth positions

In general, the emulation of antenna pattern rotation is specific to the channel model.  For 2D channel models antenna pattern rotation shall be performed over 360 degrees in 30 degree steps (12 total positions).  For other channel models this process is FFS.


A spatial filtering operation alone does not capture the behavior of the 2D channel model as a function of DUT rotation. Figure B.3-2 below illustrates the geometric parameters of the 2D channel model [B5] for two DUT rotations.
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Figure B.3-2: (a) 2D channel model geometric parameters for MS array direction = 0 degrees; (b) MS array direction = 60 degrees

For a given rotation of the DUT, the angle of the MS array relative to the cluster angles of arrival changes.  Thus, MS array rotation together with the spatial filtering operations described above is necessary to emulate the conducted portion of the framework properly.  Doppler spread, which is a function of the MS direction of travel relative to the channel model clusters’ angles of arrival, shall remain the same for all rotations of the DUT.


This process may be automated with channel emulator control software or performed manually.  The output data format is described in Section B.5.

B.4.
Absolute Data Throughput Measurement Enabler


The fundamental enabler for the adoption of the Absolute Data Throughput metric is the ability to apply the complex radiation pattern to the channel and to emulate DUT rotation for the conducted portion of the test.  Such conducted measurements can be performed manually; however, without an application (SW) to rotate the loaded antenna complex radiation pattern, the measurement may become very time consuming and prone to human errors.  Automation of this process is highly recommended.


B.5.
Output Data Format


A unified data format for recording the conducted and radiated test results by each lab is defined in Tables 5.2 and .5.3, located in Section 5.2 of this document.
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Appendix C: TBD

Appendix D: eNodeB Emulator Downlink Power Verification (Informative)


D.1 Introduction


The measurements described in this section serve three primary purposes:


1) Confirm that the PDSCH total power is balanced between the MIMO transmit ports of an eNodeB emulator


2) Confirm that the PDCCH-EPRE vs. PDSCH-EPRE is balanced per eNodeB emulator antenna port within a given RB


3) Confirm that the RS-EPRE vs. PDSCH-EPRE ratio is correct per eNodeB emulator antenna port within a given RB


D.2 Test Prerequisites


Table D.1:  FDD eNodeB Emulator Configuration for Downlink Power Verification


		Parameter

		Value



		Operating Band/Channel

		Band 7 (3100 DL/21100 UL)
Band 13 (5230 DL/23230 UL)



		Downlink Bandwidth

		10 MHz



		Duplex Mode

		FDD



		Schedule Type

		Reference Measurement Channel (RMC)



		Downlink Reference Channel

		R.11 FDD

		R.35 FDD



		Downlink Modulation

		16QAM

		64QAM



		Downlink TBS Index

		13 (RMC Defined)

		24 (RMC Defined)



		Downlink MIMO Mode 

		2x2 Open Loop Spatial Multiplexing



		Number of Downlink RBs

		50



		Downlink RBStart

		0



		Downlink Power Level, eNodeB emulator

		-50 dBm/15 kHz (RS-EPRE at each eNodeB emulator port)



		Uplink Bandwidth

		10 MHz



		Uplink Modulation

		QPSK

		16QAM



		Uplink TBS Index

		6 (RMC Defined)

		19(RMC Defined)



		Number of Uplink RBs

		50



		Uplink RBStart

		0



		Transmit Power Control

		-10 dBm/10 MHz (open loop)



		PDSCH Power Offset Relative to RS EPRE

		ρA= -3 dB
ρB= -3 dB



		HARQ Transmissions

		1 (No HARQ)



		AWGN

		Off



		OCNG

		Off





D.3 Test Methodology

For the purpose of verifying channel power levels called for in this document, the eNodeB emulator shall be connected to a test UE (DUT) according to the configuration shown in Figure D.1 below:


Figure D.1: eNodeB Connections for Downlink Power Verification
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Note 1: TX Port #1 is used as transmit-only on eNodeB emulators with a separate uplink RX port. 


Note 2: If the eNodeB emulator supports full duplex operation on TX port #1, the circulator’s RX port shall be terminated in a 50-ohm load.


Note 3: These splitter ports will be used to provide a downlink RF sample to the analyzer and shall be terminated in a 50-ohm load when not in use.


The analyzer shown in Figure D.1 above must be capable of measuring the eNodeB emulator’s average PDCCH power independent of the eNodeB emulator’s average PDSCH power, expressed as a PSD in dBm/15 kHz. The analyzer must also be capable of measuring RS EPRE and PDSCH EPRE in dBm/15 kHz. Any instrument capable of making these measurements is acceptable.


The following eight measurements shall be made while the UE is in an active data session and sending continuous uplink data to the eNodeB emulator using the settings described in Table D.1:


1) Average power at TX Port 1 (through Splitter 1) of all PDCCH RBs expressed as a PSD in dBm/15 kHz


2) Average power at TX Port 1 (through Splitter 1) of all PDSCH RBs expressed as a PSD in dBm/15 kHz


3) PDSCH-EPRE at TX Port 1 (through Splitter 1) in dBm/15 kHz


4) RS-EPRE at TX Port 1 (through Splitter 1) in dBm/15 kHz for the Reference Signals in DL


5) Average power at TX Port 2 (through Splitter 2) of all PDCCH RBs expressed as a PSD in dBm/15 kHz


6) Average power at TX Port 2 (through Splitter 2) of all PDSCH RBs expressed as a PSD in dBm/15 kHz


7) PDSCH-EPRE at TX Port 2 (through Splitter 2) in dBm/15 kHz


8) RS-EPRE at TX Port 2 (through Splitter 2) in dBm/15 kHz


From the eight measurements described above, calculate the following:


· eNodeB TX Port 1/TX Port 2 PDCCH average power balance (in dB) across all DL RBs


· eNodeB TX Port 1/TX Port 2 PDSCH average power balance (in dB) across all DL RBs


· eNodeB RS-EPRE to PDSCH-EPRE power ratio (in dB), TX Port 1


· eNodeB RS-EPRE to PDSCH-EPRE power ratio (in dB), TX Port 2


To be considered compliant with 3GPP TS 36.521-1, the following criteria must be met:


a. eNodeB PDCCH-EPRE TX Port1/TX Port 2 power balance must be 
0 dB, +/- 0.7 dB


b. eNodeB PDSCH-EPRE TX Port 1/TX Port 2 power balance must be 
0 dB, +/- 0.7 dB


c. eNodeB PDCCH-EPRE to PDSCH-EPRE TX Port 1 power ratio must be 
0 dB, +/- 0.7 dB


d. eNodeB PDCCH-EPRE to PDSCH-EPRE TX Port 2 power ratio must be 
0 dB, +/- 0.7 dB


In addition, the following criteria must be met per antenna based on the PDSCH EPRE power offset relative to RS EPRE called for in Table D.1:


e. eNodeB RS-EPRE to PDSCH-EPRE ratio must be +3 dB, +/- 0.7 dB 
for TX Port 1


f. eNodeB RS-EPRE to PDSCH-EPRE ratio must be +3 dB, +/- 0.7 dB 
for TX Port 2

4.33 Inches 
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1 Introduction

Since July, 2011, the CTIA MIMO OTA Sub Group (MOSG) has been investigating the various aspects associated with MIMO OTA performance evaluation. Numerous contributions have been considered by the group covering a wide variety of topics. However, now the MOSG is at a critical point in the development of a standardized test specification where the group must compare the results of the various methods that have been proposed so that the group can begin the process of defining an exact methodology for each technique while ensuring that the various techniques will render a test result which is comparable between methods.

2 Background

To date, there is no definitive design information which specifies exactly which attributes of a MIMO-capable device have the most influence on MIMO OTA performance. However, the industry has generally accepted the following three basic design attributes as representing a reasonable starting point:


1) Antenna Design: Antenna gain for each branch in dBi, branch gain balance in dB, complex correlation coefficient and antenna efficiency.

2) Self-Interference: Noise radiated from the device that’s received by its own antenna


3) RF Front-End and Baseband Performance: Sensitivity, noise figure, receiver gain balance and baseband processing

In this contribution, the authors propose an initial approach to evaluating MIMO antenna OTA performance as a full system, including all three of the basic device aspects listed above. The first two items on the list above can only be assessed through OTA measurement, while the last is best quantified using conducted measurement techniques. 

3 Test Prerequisites

All labs participating in this inter-lab/inter-technique comparison test effort shall comply with the following MIMO OTA test prerequisites:


1. Only the CTIA-specified reference antennas shall be used in conjunction with the CTIA test devices specified in Table 3.1 below. Reference antennas will be supplied with each CTIA reference UE.


2. To reduce measurement uncertainty, all participating labs shall use the same test equipment for conducted measurements as for OTA measurements.


3. Participating labs must be capable of beginning MIMO comparison testing as soon as the reference devices/reference antennas are received.


4. Labs with more than one MIMO OTA technique available are expected to perform MIMO OTA testing against all available techniques


Table 3.1; CTIA Reference Devices and Antennas for Comparison Testing

		Band

		Manufacturer

		Model

		CTIA ID Numbers



		Band 7

		Samsung

		GT-i9210

		MOSG-RD-07-01 through MOSG-RD-07-05



		Band 7

		Satimo

		

		MOSG-RA-07-01 through MOSG-RA-07-05



		Band 13

		HTC

		ADR6425LVW

		MOSG-RD-13-01 through MOSG-RD-13-05



		Band 13

		Satimo

		

		MOSG-RA-13-01 through MOSG-RA-13-05





The test equipment used for all tests in this document shall be configured according to Sections 3.1 through 3.9.

3.1 eNodeB Configuration

The eNodeB emulator used during execution of the tests described in Section 4 of this document shall be configured according to Table 3.1.1-A or Table 3.1.1-B.

Table 3.1.1-A; eNodeB Configuration Parameters for Open-Loop Spatial Multiplexing (TM3) Tests Employing SNR Control

		Parameter

		Value



		Downlink Bandwidth

		10 MHz



		Duplex Mode

		FDD



		Downlink Reference Channel

		

		R.35 FDD 



		Downlink Modulation

		

		64QAM



		Maximum Theoretical Throughput

		

		35.424 Mbps



		Minimum Number of Subframes

		

		20000 (Note 4)



		Downlink RS-EPRE (Note 1)

		

		-57 dBm/15 kHz (Note 3)



		Downlink TBS Index

		

		18 (Note 2)



		Downlink MIMO Transmission Mode 

		TM3



		Number of MIMO Transmit Antennas

		2



		Rank Indicator

		2 (forced)



		Number of Downlink RBs

		50



		Downlink RBStart

		0



		Uplink Bandwidth

		10 MHz



		Uplink Modulation

		QPSK



		Uplink TBS Index

		6



		Number of Uplink RBs

		50



		Uplink RBStart

		0



		Transmit Power Control

		Open loop nominal power = 
-10 dBm at full RB allocation; TX power control = constant power



		PDSCH Power Offset Relative to RS EPRE

		ρA= -3 dB
ρB= -3 dB



		HARQ Transmissions

		1 (No HARQ)



		Initial SNR at DUT Antenna Port

		

		25 dB



		OCNG Pattern

		None



		AWGN Power Level

		As needed to establish specified Initial SNR 





Note 1: When executing the conducted tests described in Section 4.3 of this document, the specified RS-EPRE power level shall be measured at the UE antenna port.

Note 2: R.35 subframes 1-4 and 6-9 utilize DL TBS 18, while R.35 subframe 0 utilizes TBS 17 (See Table A.3.3.2.1-1 Fixed Reference Channel two antenna ports in 3GPP TS 36.521-1, V10.1.0).

Note 3: The initial RS-EPRE value is recommended, and labs are free to use a different initial power value so long as it is 3 dB above the RS-EPRE required for 95% throughput.


Note 4: The minimum number of subframes is recommended, and labs are free to use a different value if appropriate for their test technique. The number of subframes used shall be included in the test report.

Table 3.1.1-B; eNodeB Configuration Parameters for Open-Loop Spatial Multiplexing (TM3) Tests Without SNR Control (UE Noise-Limited Tests)

		Parameter

		Value



		Downlink Bandwidth

		10 MHz



		Duplex Mode

		FDD



		Downlink Reference Channel

		

		R.35 FDD 



		Downlink Modulation

		

		64QAM



		Maximum Theoretical Throughput

		

		35.424 Mbps



		Minimum Number of Subframes

		

		20000 (Note 4)



		Downlink RS-EPRE (Note 1)

		

		-85 dBm/15 kHz(Note 3)



		Downlink TBS Index

		

		18 (Note 2)



		Downlink MIMO Transmission Mode 

		TM3



		Number of MIMO Transmit Antennas

		2



		Rank Indicator

		2 (forced)



		Number of Downlink RBs

		50



		Downlink RBStart

		0



		Uplink Bandwidth

		10 MHz



		Uplink Modulation

		QPSK



		Uplink TBS Index

		6



		Number of Uplink RBs

		50



		Uplink RBStart

		0



		Transmit Power Control

		Open loop nominal power = 
-10 dBm at full RB allocation; TX power control = constant power



		PDSCH Power Offset Relative to RS EPRE

		ρA= -3 dB
ρB= -3 dB



		HARQ Transmissions

		1 (No HARQ)



		OCNG Pattern

		None



		AWGN Power Level

		None 





Note 1: When executing the conducted tests described in Section 4.3 of this document, the specified RS-EPRE power level shall be measured at the UE antenna port.

Note 2: R.35 subframes 1-4 and 6-9 utilize DL TBS 18, while R.35 subframe 0 utilizes TBS 17 (See Table A.3.3.2.1-1 Fixed Reference Channel two antenna ports in 3GPP TS 36.521-1, V10.1.0).

Note 3: The initial RS-EPRE value is recommended, and labs are free to use a different initial power value so long as it is 3 dB above the RS-EPRE required for 95% throughput. 

Note 4: The minimum number of subframes is recommended, and labs are free to use a different value if appropriate for their test technique. The number of subframes used shall be included in the test report 

3.2  MIMO Channel Models


The following channel models shall be used in the evaluation of MIMO OTA performance. The single cluster and average isotropic models have been included to allow for evaluation of larger devices and to possibly provide for a lower complexity approach.

The generic models are

· SCME Urban micro-cell

· SCME Urban macro-cell.

The single cluster models are based on


· SCME Urban micro-cell

· SCME Urban macro-cell.

The 3D isotropic models are based on


· SCME Urban micro-cell


· SCME Urban macro-cell


· NIST model

The cross polarization power ratio a in the selected propagation channel is defined as 
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and


· SVV is the coefficient for scattered/reflected power on V-polarization and incident power on V-polarization


· SVH is the coefficient for scattered/reflected power on V-polarization and incident power on H-polarization


· SHV is the coefficient for scattered/reflected power on H-polarization and incident power on V-polarization


· SHH is the coefficient for scattered/reflected power on H-polarization and incident power on H-polarization

The following SCME Urban Micro-cell is unchanged from the original SCME paper, with added XPR values, Direction of Travel, and Velocity.


Table 3.2.1: SCME urban micro-cell channel model (UMi MC/A)

		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





For Table 3.2.2-A, the following SCME Urban Macro-cell is unchanged from the original SCME paper, with added XPR values, Direction of Travel, and Velocity. For Table 3.2.2-B, a modification is also made to modify the mean AoD by -15 degrees. Both options should be used for comparison purposes.

Table 3.2.2-A: SCME urban macro-cell channel model (UMa MC/A)

		SCME Urban macro-cell



		Cluster #

		Delay [ns]

		Power [dB]

		AoD [(]

		AoA [(]



		1

		0

		5

		10

		-3

		-5.2

		-7

		82.0.

		65.7



		2

		360

		365

		370

		-5.2

		-7.4

		-9.2

		80/5

		45.6



		3

		255

		260

		265

		-4.7

		-6.9

		-8.7

		79.6

		143.2



		4

		1040

		1045

		1050

		-8.2

		-10.4

		-12.2

		98.6

		32.5



		5

		2730

		2735

		2740

		-12.1

		-14.3

		-16.1

		102.1

		-91.1



		6

		4600

		4605

		4610

		-15.5

		-17.7

		-19.5

		107.1

		-19.2



		Delay spread [ns]

		839.5



		Cluster AS AoD / AS AoA [(]

		2 / 35



		Cluster PAS shape

		Laplacian



		Total AS AoD / AS AoA [(]

		7.9 / 62.4



		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





Table 3.2.2-B: SCME urban macro-cell channel model (UMa MC/B)

		SCME Urban macro-cell



		Cluster #

		Delay [ns]

		Power [dB]

		AoD [(]

		AoA [(]



		1

		0

		5

		10

		-3

		-5.2

		-7

		67.0

		65.7



		2

		360

		365

		370

		-5.2

		-7.4

		-9.2

		65.5

		45.6



		3

		255

		260

		265

		-4.7

		-6.9

		-8.7

		64.6

		143.2



		4

		1040

		1045

		1050

		-8.2

		-10.4

		-12.2

		83.6

		32.5



		5

		2730

		2735

		2740

		-12.1

		-14.3

		-16.1

		87.1

		-91.1



		6

		4600

		4605

		4610

		-15.5

		-17.7

		-19.5

		92.1

		-19.2



		Delay spread [ns]

		839.5



		Cluster AS AoD / AS AoA [(]

		2 / 35



		Cluster PAS shape

		Laplacian



		Total AS AoD / AS AoA [(]

		7.9 / 62.4



		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





The following Single Cluster model is based on the SCME Urban Micro-cell model with all AoAs assumed to be zero degrees. XPR values, Direction of Travel, and Velocity were specified. An option allows a cluster angle spread to be specified with σAS = 35º or with σAS = 25º to enable a range of spatial correlation for different types of devices.

Table 3.2.3: Single spatial cluster model with multi-path based on SCME urban micro-cell channel model (UMi SC)

		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 / 25 or 35



		Cluster PAS shape

		Laplacian



		Total AS AoD / AS AoA [(]

		18.2 / 25 or 35



		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





For Table 3.2.4-A, the following SCME Urban Macro-cell is defined for the single cluster model based on the original SCME Urban Macrocell Model, but having the AoAs set to zero degrees, with added XPR values, Direction of Travel, and Velocity.  For Table 3.2.4-B, a modification is also made to modify the mean AoD by -15 degrees. Both options should be used for comparison purposes. An option allows a cluster angle spread to be specified with σAS = 35º or with σAS = 25º to enable a range of spatial correlation for different types of devices.

Table 3.2.4-A: Single spatial cluster model with multi-path based on SCME urban macro-cell channel model (UMa SC/A)

		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

		0



		2

		360

		365

		370

		-5.2

		-7.4

		-9.2

		80.5

		0



		3

		255

		260

		265

		-4.7

		-6.9

		-8.7

		79.6

		0



		4

		1040

		1045

		1050

		-8.2

		-10.4

		-12.2

		98.6

		0



		5

		2730

		2735

		2740

		-12.1

		-14.3

		-16.1

		102.1

		0



		6

		4600

		4605

		4610

		-15.5

		-17.7

		-19.5

		107.1

		0



		Delay spread [ns]

		839.5



		Cluster AS AoD / AS AoA [(]

		2 / 25 or 35



		Cluster PAS shape

		Laplacian



		Total AS AoD / AS AoA [(]

		7.9 / 25 or 35



		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





Table 3.2.4-B: Single spatial cluster model with multi-path based on SCME urban macro-cell channel model with mean AoD offset of -15 degrees (UMa SC/B)

		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

		67.0

		0



		2

		360

		365

		370

		-5.2

		-7.4

		-9.2

		65.5

		0



		3

		255

		260

		265

		-4.7

		-6.9

		-8.7

		64.6

		0



		4

		1040

		1045

		1050

		-8.2

		-10.4

		-12.2

		83.6

		0



		5

		2730

		2735

		2740

		-12.1

		-14.3

		-16.1

		87.1

		0



		6

		4600

		4605

		4610

		-15.5

		-17.7

		-19.5

		92.1

		0



		Delay spread [ns]

		839.5



		Cluster AS AoD / AS AoA [(]

		2 / 25 or 35



		Cluster PAS shape

		Laplacian



		Total AS AoD / AS AoA [(]

		7.9 / 25 or 35



		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





The following SCME Urban Micro-cell (Table 3.2.5) is defined for the 3D isotropic model based on the original SCME Urban Microcell Model, but having the AoAs set to average isotropic, with added XPR values and Velocity. 

Table 3.2.5: Isotropic model based on SCME  urban micro-cell channel model (UMi IS)

		3D isotropic model 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

		Average Isotropic*



		2

		285

		290

		295

		-4.3

		-6.5

		-8.3

		14.1

		Average Isotropic*



		3

		205

		210

		215

		-5.7

		-7.9

		-9.7

		50.8

		Average Isotropic*



		4

		660

		665

		670

		-7.3

		-9.5

		-11.3

		38.4

		Average Isotropic*



		5

		805

		810

		815

		-9.0

		-11.2

		-13.0

		6.7

		Average Isotropic*



		6

		925

		930

		935

		-11.4

		-13.6

		-15.4

		40.3

		Average Isotropic*



		Delay spread [ns]

		294



		Cluster AS AoD / AS AoA [(]

		5 / Average Isotropic*



		Cluster PAS shape

		3D Uniform



		Total AS AoD / AS AoA [(]

		18.2 / Average Isotropic*



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

		30 / N/A



		XPR

NOTE: V & H components based on assumed BS antennas

		0





*Geometric channel models that employ the Average Isotropic environment have been presented in MOSG documents:  MOSG110805, MOSG110906, MOSG111008, MOSG120403, and MOSG111205R1 .


For Table 3.2.6-A, the following SCME Urban Macro-cell is defined for the 3D isotropic model based on the original SCME Urban Macrocell Model, but having the AoAs set to average isotropic, with added XPR values and Velocity. For Table 3.2.6-B, a modification is also made to modify the mean AoD by -15 degrees. Both options should be used for comparison purposes.

Table 3.2.6-A: Isotropic model based on SCME urban macro-cell channel model (UMa IS/A)

		3D isotropic model based on SCME Urban macro-cell



		Cluster #

		Delay [ns]

		Power [dB]

		AoD [(]

		AoA [(]



		1

		0

		5

		10

		-3

		-5.2

		-7

		82

		Average Isotropic*



		2

		360

		365

		370

		-5.2

		-7.4

		-9.2

		81

		Average Isotropic*



		3

		255

		260

		265

		-4.7

		-6.9

		-8.7

		80

		Average Isotropic*



		4

		1040

		1045

		1050

		-8.2

		-10.4

		-12.2

		99

		Average Isotropic*



		5

		2730

		2735

		2740

		-12.1

		-14.3

		-16.1

		102

		Average Isotropic*



		6

		4600

		4605

		4610

		-15.5

		-17.7

		-19.5

		107

		Average Isotropic*



		Delay spread [ns]

		839.5



		Cluster AS AoD / AS AoA [(]

		2 / Average Isotropic*



		Cluster PAS shape

		3D Uniform



		Total AS AoD / AS AoA [(]

		7.8 / Average Isotropic*



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

		30 / N/A



		XPR

NOTE: V & H components based on assumed BS antennas

		0








*Geometric channel models that employ the Average Isotropic environment have been presented in MOSG documents: MOSG110805, MOSG110906, MOSG111008, MOSG120403, and MOSG111205R1 .


Table 3.2.6-B: Isotropic model based on SCME urban macro-cell channel model with mean AoD offset of -15 degrees (UMa IS/B)

		3D isotropic model based on SCME Urban macro-cell



		Cluster #

		Delay [ns]

		Power [dB]

		AoD [(]

		AoA [(]



		1

		0

		5

		10

		-3

		-5.2

		-7

		67.0

		Average Isotropic*



		2

		360

		365

		370

		-5.2

		-7.4

		-9.2

		65.5

		Average Isotropic*



		3

		255

		260

		265

		-4.7

		-6.9

		-8.7

		64.6

		Average Isotropic*



		4

		1040

		1045

		1050

		-8.2

		-10.4

		-12.2

		83.6

		Average Isotropic*



		5

		2730

		2735

		2740

		-12.1

		-14.3

		-16.1

		87.1

		Average Isotropic*



		6

		4600

		4605

		4610

		-15.5

		-17.7

		-19.5

		92.1

		Average Isotropic*



		Delay spread [ns]

		839.5



		Cluster AS AoD / AS AoA [(]

		2 / Average Isotropic*



		Cluster PAS shape

		3D Uniform



		Total AS AoD / AS AoA [(]

		7.9 / Average Isotropic*



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

		30 / N/A



		XPR

NOTE: V & H components based on assumed BS antennas

		0








*Geometric channel models that employ the Average Isotropic environment have been presented in MOSG documents: MOSG110805, MOSG110906, MOSG111008, MOSG120403, and MOSG111205R1 .


The following NIST model (Table 3.2.7) is defined for the 3D isotropic model is based on the NIST model with isotropic AoAs and added XPR values and Velocity. The model described below is a simplification of the full model, where a continuous exponential decaying power transfer function with an RMS delay spread of 80 ns is obtained.


Table 3.2.7: Isotropic model based on NIST channel model (NIST IS)

		3D isotropic model based on SCME Urban macro-cell



		Tap #

		Delay [ns]

		Power [dB]

		AoD [(]

		AoA [(]



		1

		0

		0.0

		N/A

		Average Isotropic*



		2

		40

		-1.7

		N/A

		Average Isotropic*



		3

		120

		-5.2

		N/A

		Average Isotropic*



		4

		180

		-7.8

		N/A

		Average Isotropic*



		5

		210

		-9.1

		N/A

		Average Isotropic*



		6

		260

		-11.3

		N/A

		Average Isotropic*



		7

		350

		-15.2

		N/A

		Average Isotropic*



		Delay spread [ns]

		80



		Cluster AS AoD / AS AoA [(]

		N/A / Average Isotropic*



		Cluster PAS shape

		3D Uniform



		Total AS AoD / AS AoA [(]

		N/A / Average Isotropic*



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

		1 / N/A



		XPR

		0





*Geometric channel models that employ the Average Isotropic environment have been presented in MOSG documents: MOSG110805, MOSG110906, MOSG111008, MOSG120403, and MOSG111205R1 .

The parameters of the channel models are the expected parameters for the MIMO OTA channel models. However, the final channel model achieved for different methods could be a combined effect of the chamber and the channel emulator.

The Rayleigh fading may be implementation specific. However, the fading can be considered to be appropriate as long as the statistics of the generated Rayleigh fading are within standard requirement on Rayleigh fading statistics.

The identity matrix [1 0; 0 1] is utilized as a static channel matrix in the radiated part of the decomposition method.

3.3 Channel Model Emulation of the Base Station Antenna Pattern Configuration

The emulated base station antennas shall be assumed to be dual polarized equal power elements with a fixed 0λ separation, 45 degrees slanted [1]. 

The slant 45 degree antenna is an “X” configuration and is modelled as an ideal dipole with isotropic gain and subject to a foreshortening of the slanted radiating element, which is observed to vary as a function of the path angle of departure.  This foreshortening with AoD represents typical slanted dipole behaviour and is a source of power variation in the channel model.  The effective antenna pattern for this antenna is illustrated in Figure 3.3.1.
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Figure 3.3.1, “X” antenna gain assumption (a) Linear gain (b) dB gain

3.4 Channel Model Validation in the Test Volume


Labs are expected to validate that the propagation channel in the anechoic or reverberation chamber test volume matches the appropriate channel models from Section 3.2 and Table 4.1 within documented tolerances for each key parameter. This validation shall be performed for each key parameter in accordance with the procedure described in Appendix A. The results from each of the validation tests shall be included in the lab’s test report (refer to Section 5.1). 

Labs utilizing the decomposition MIMO OTA measurement technique shall validate the channel model in the test volume as applicable, providing an explanation of the requisite calibration measurements in Section 5.1.


3.5 EUT Orientation Within the Test Volume

In order to minimize measurement uncertainty, it’s important that labs ensure the EUT is oriented within the test volume in a standardized manner. 

The EUT consists of the CTIA reference antenna and its corresponding UE within the antenna’s shielded compartment. For this test effort, the axes of the EUT shall be defined according to Figure 3.5.1 below:


Figure 3.5.1: EUT Coordinate System
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The EUT shall be tested in free space during execution of the radiated measurements described in this document. Some special considerations apply according to chamber type:

· Labs utilizing 2D anechoic chambers shall rotate the EUT about its Z axis in 30-degree phi angle increments, beginning with the EUT’s +X Axis oriented at phi =0 degrees. The EUT shall be situated such that its Z axis is perpendicular to the turntable with the +Z axis facing away from the turntable. The center of the EUT’s Z axis shall be situated over the turntable’s center of rotation.

· Labs utilizing 3D anechoic chambers or the decomposition method shall position the EUT in accordance with the handset free-space positioning procedures called out in Test Plan for Mobile Station Over the Air Performance, Version 3.2 [3]. The decomposition method assesses UE radiated performance at a set of 3D measurement antenna constellations.

· Labs utilizing Reverberation chambers shall rotate the EUT such that the Z axis is perpendicular to the turntable with the +Z axis facing away from the turntable. No specific phi angle considerations apply. As long as isotropy at the EUT is independent of the EUT’s position on the turntable, the center of the EUT’s Z axis need not be situated over the turntable’s center of rotation.

3.6 SNR Calculation

During the previous MOSG IL/IT test effort, labs were allowed to utilize any SNR control technique they desired. This allowed the MOSG to obtain a wide variety of test results from the possible noise injection approaches in an attempt to better understand the advantages and disadvantages of each. However, in this version of the MOSG IL/IT test methodology, the means by which SNR is controlled shall focus on emulating the environment utilized for 3GPP conducted throughput testing. 

In the preferred implementation, the AWGN noise power used to create a desired SNR within the test volume shall be represented by an unfaded, omnidirectional signal (See Scheme # 3 in [2]). This approach has the advantage of closely emulating the SNR control method currently defined for all current 3GPP throughput tests in 36.521-1, and it is a reasonable approximation of a real-world noise environment. 

Emulating an omnidirectional noise signal of the type used for conducted testing as described above may be difficult in some of the proposed techniques, and therefore a directional noise source (See Scheme #4 in [2]) may be employed instead.


The SNR for all conducted tests that require SNR control shall be calculated according to the formula in 3GPP TS 36.521-1, Section 8.1.1.


Details concerning the lab’s implementation of SNR control shall be included in the test report. 


3.7 Throughput Calculation

All tests described in this document call for the lab to calculate throughput. The definition of throughput described in 3GPP TS 37.977, Section 5.1.1 shall be used. Labs shall ensure that their reported throughput measurements were calculated according to this 3GPP definition.


3.8 Test Frequencies

Unless otherwise noted, all tests described in this document shall be executed in the mid-channel for the band supported by the reference device/reference antenna as defined by 3GPP TS 36.508, Section 4.3.1.1.


3.9 Absolute Throughput

In order to verify that the propagation channel seen in the test volume matches the channel model selected for a given test, it’s recommended that labs execute an absolute throughput verification test using the applicable channel models specified in Section 3.2 and using the same assumptions for UE orientation and spatial averaging that were used during the OTA test. In addition, this test relies on the use of the same eNodeB emulator and channel emulator(s) during conducted and radiated testing. 

Refer to Section 4.9 for additional information concerning the use of absolute throughput to verify the test volume’s propagation channel characteristics.

4 Test Methodology

4.1 Introduction

MIMO radiated performance shall be assessed in terms of measured throughput relative to the theoretical maximum for the R.35 reference channel. Initial measurement of the DUT under ideal conducted conditions allows the lab to ensure that the DUT and the test equipment are performing as expected prior to beginning actual OTA testing. All tests described in this document will be limited to transmission mode TM3 (Open Loop Spatial Multiplexing). When testing in Band 13, labs shall utilize the CTIA MIMO OTA Band 13 reference UE in conjunction with the CTIA Band 13 “Good’, “Nominal;” or “Bad” reference antennas. For tests executed in Band 7, labs shall utilize the CTIA MIMO OTA Band 7 reference UE in conjunction with the CTIA Band 7 “Good” and “Nominal” reference antennas.

Labs shall perform the tests listed in Table 4.1 to assess “Basic” MIMO OTA performance of the reference UE and its matching reference antenna. Test execution shall be prioritized according to the status (e.g. Mandatory or Optional).included in Table 4.1.

Table 4.1, MIMO Test Identifiers and Status by Operating Band

		Operating Band

		Conducted Baseline Performance (Section 4.2)

		Conducted Performance With Channel Impairments (Section 4.3)

		Radiated Performance With Channel Impairments (Section 4.4)



		Tests Executed in an SNR-Controlled Environment



		Band 7

		Not Applicable

		TC 4.3.1 and 4.3.2, 
Test Status: Optional

		TC 4.6.1 and 4.6.2, Test Status: Optional



		Band 13

		Not Applicable

		TC 4.3.1 and 4.3.2, 
Test Status: Mandatory

		TC 4.6.1 and 4.6.2, Test Status: Mandatory



		Tests Executed in an Environment with No SNR-Control (UE Noise-Limited)



		Band 7

		TC 4.2, 
Test Status: Optional (1)

		TC 4.3.3 and 4.3.4, Test Status: Optional

		TC 4.6.3 and 4.6.4, Test Status: Optional



		Band 13

		TC 4.2,
Test Status: Mandatory

		TC 4.3.3 and 4.3.4, Test Status: Mandatory

		TC 4.6.3 and 4.6.4, Test Status: Mandatory





Notes

(1) This test is mandatory if the lab elects to execute tests from Sections 4.3 and 4.6 in Band 7


4.2 Baseline Conducted MIMO Performance Without Channel Impairments 

Measure the DUT’s maximum 2x2 MIMO (TM3) DL throughput using an eNodeB emulator connected directly to the DUT (conducted) while employing the static propagation channel matrix defined in 3GPP TS 36.521-1, clause B.1, at a downlink RS-EPRE of -80 dBm/15 kHz and no AWGN. This test shall be executed using RMC R.35. The measured throughput at this downlink power level shall be considered the maximum for this DUT and eNodeB emulator under unimpaired radio conditions, and shall be > 97% of the theoretical throughput specified by Table 3.1.1-B. If the DUT cannot meet the 97% criteria above, the lab shall not proceed with any additional tests until the cause of this performance discrepancy is identified and resolved.

4.3 Conducted MIMO Performance With Channel Impairments 

The object of this portion of the procedure is to measure throughput under conducted test conditions using the CTIA reference UE employed for the baseline performance measurement described in Section 4.2. The lab shall measure the DUT’s 2x2 MIMO DL throughput while emulating the appropriate channel models from Section 3.2 according to the test priority documented in Table 4.1 and the applicable test techniques listed in Table 4.2:

Table 4.2, Conducted MIMO Performance Test Cases


		Test Case Number

		Propagation Channel Type

		Propagation Channel Definition

		Applicable MIMO OTA Techniques



		SNR Controlled Test Cases



		4.3.1

		SCME UMa MC/A


SCME UMa MC/B 

		Table 3.2.3

		Anechoic Multi Probe, 
2-Stage 



		4.3.1

		SCME UMa SC/A

SCME UMa SC/B

		Table 3.2.4

		Anechoic Single Cluster, 
2-Stage



		4.3.1

		SCME UMa IS/A

SCME UMa IS/B

		Table 3.2.6

		Reverberation



		4.3.2

		SCME UMi MC

		Table 3.2.1

		Anechoic Multi Probe, 
2-Stage



		4.3.2

		SCME UMi SC

		Table 3.2.2

		Anechoic Single Cluster, 
2-Stage



		4.3.2

		SCME UMi IS

		Table 3.2.5

		Reverberation



		4.3.5

		NIST IS

		Table 3.2.7

		Reverberation, Decomposition



		UE Noise Limited Test Cases



		4.3.3

		SCME UMa, MC/A

SCME UMa MC/B

		Table 3.2.3

		Anechoic Multi Probe, 
2-Stage



		4.3.3

		SCME UMa, SC/A

SCME UMa SC/B

		Table 3.2.4

		Anechoic Single Cluster, 
2-Stage



		4.3.3

		SCME UMa, IS/A SCME UMa IS/B

		Table 3.2.6

		Reverberation



		4.3.4

		SCME UMi, MC

		Table 3.2.1

		Anechoic Multi Probe, 
2-Stage



		4.3.4

		SCME UMi, SC

		Table 3.2.2

		Anechoic Single Cluster, 
2-Stage



		4.3.4

		SCME UMi, IS

		Table 3.2.5

		Reverberation



		4.3.6

		NIST IS

		Table 3.2.7

		Reverberation, Decomposition





4.4 Conducted MIMO Test Prerequisites


4.4.1 SNR-Controlled Tests: For tests which require SNR control, the eNodeB emulator shall be configured according to the settings defined in Table 3.1.1-A.

4.4.2 UE Noise-Limited Tests: For tests which do not require SNR control, the eNodeB emulator shall be configured according to the settings defined in Table 3.1.1-B

4.4.3 Channel Emulator: The channel emulator shall be configured according to the propagation channel called for in Table 4.2 for each applicable test case. The channel model(s) shall comply with the definitions in Section 3.2.

4.4.4 Base Station Antenna Correlation: The emulated base station antenna correlation shall conform to the requirements of Section 3.3. 

4.4.5 SNR Calculation: The SNR within the test volume, if applicable, shall be calculated and controlled according to Section 3.6.

4.5 Conducted MIMO Test Methodology

4.5.1 SNR-Controlled Test Methodology: When executing conducted tests which require SNR control, the lab shall generate the initial SNR called for by Table 3.1.1-A as measured at the UE antenna connector, with SNR calculated according to Section 3.6 of this document. The DUT’s throughput shall be documented for this initial SNR setting (throughput measurements shall be based on the minimum number of subframes called for in Table 3.1.1-A). The SNR shall be decreased by increasing the AWGN power in 1 dB steps until the DUT’s throughput drops to ≤ 95% of theoretical for R.35, documented in Table 3.1.1-A, at which point the AWGN power shall continue to be increased in 0.5 dB steps until the DUT throughput drops to 
≤ 70% of theoretical. The DUT’s throughput for each AWGN power step shall be documented in Table 5.2.

4.5.2 UE Noise-Limited Test Methodology: When executing conducted tests which do not require SNR control, the lab shall configure the test environment according to Table 3.1.1-B. The DUT’s throughput shall be documented for the initial RE-EPRE setting (throughput measurements shall be based on the minimum number of subframes called for in Table 3.1.1-B). The RS-EPRE shall be decreased in 1 dB steps until the DUT’s throughput drops to ≤ 95% of theoretical for R.35 as documented in Table 3.1.1-B, at which point the RS-EPRE shall be decreased in 0.5 dB steps until the DUT throughput drops to ≤ 70% of theoretical. The DUT’s throughput for each RS-EPRE power step shall be documented in Table 5.2.

4.6 Radiated MIMO Performance 

The object of this portion of the procedure is to measure throughput under radiated test conditions using the reference UE employed for the conducted measurements in Section 4.3 and the matching CTIA MIMO reference antennas. All test environment parameters, such as transmission mode and modulation type, will remain the same as those used during conducted tests 4.3.1 through 4.3.6 above. The lab shall measure the DUT’s 2x2 MIMO DL throughput while emulating the appropriate channel models from Section 3.2 according to the test priority documented in Table 4.1 and the applicable MIMO test techniques listed in Table 4.3. 

Table 4.3, Radiated MIMO Performance Test Cases


		Test Case Number

		Propagation Channel Type

		Propagation Channel Definition

		Applicable MIMO Test Techniques



		SNR Controlled Test Cases



		4.6.1

		SCME UMa MC/A


SCME UMa MC/B

		Table 3.2.3

		Anechoic Multi Probe



		4.6.1

		SCME UMa SC/A

SCME UMa SC/B

		Table 3.2.4

		Anechoic Single Cluster



		4.6.1

		SCME UMa IS/A SCME UMa IS/B

		Table 3.2.6

		Reverberation



		4.6.2

		SCME UMi MC

		Table 3.2.1

		Anechoic Multi Probe



		4.6.2

		SCME UMi SC

		Table 3.2.2

		Anechoic Single Cluster



		4.6.2

		SCME UMi IS

		Table 3.2.5

		Reverberation



		4.6.5

		NIST IS

		Table 3.2.7

		Reverberation



		4.6.7

		Identity Matrix

		

		Decomposition



		UE Noise Limited Test Cases



		4.6.3

		SCME UMa, MC/A

SCME UMa MC/B

		Table 3.2.3

		Anechoic Multi Probe



		4.6.3

		SCME UMa, SC/A

SCME UMa SC/B

		Table 3.2.4

		Anechoic Single Cluster



		4.6.3

		SCME UMa, IS/A

SCME UMa IS/B

		Table 3.2.6

		Reverberation



		4.6.4

		SCME UMi, MC

		Table 3.2.1

		Anechoic Multi Probe



		4.6.4

		SCME UMi, SC

		Table 3.2.2

		Anechoic Single Cluster



		4.6.4

		SCME UMi, IS

		Table 3.2.5

		Reverberation



		4.6.6

		NIST IS

		Table 3.2.7

		Reverberation



		4.6.8

		Identity Matrix

		

		Decomposition





4.7 Radiated MIMO Test Prerequisites


4.7.1 SNR-Controlled Tests: For tests which require SNR control, the eNodeB emulator shall be configured according to the settings defined in Table 3.1.1-A.

4.7.2 UE Noise-Limited Tests: For tests which do not require SNR control, the eNodeB emulator shall be configured according to the settings defined in Table 3.1.1-B

4.7.3 Channel Emulator: The channel emulator shall be configured according to the propagation channel called for in Table 4.2 for each applicable test case. 

4.7.4 Base Station Antenna: The chamber’s base station antenna correlation shall conform to the requirements of Section 3.3. 

4.7.5 SNR Calculation: The SNR within the test volume, if applicable, shall be calculated and controlled according to Section 3.6.

4.8 Radiated MIMO Test Methodology

4.8.1 SNR-Controlled Test Methodology: When executing radiated tests which require SNR control, the lab shall generate the initial SNR called for by Table 3.1.1-A as measured within the test volume, with SNR calculated according to Section 3.6 of this document. After positioning the DUT within the test volume according to Section 3.5, the DUT’s throughput in the applicable channel model shall be documented for the initial SNR setting specified in Table 3.1.1-A. All throughput measurements shall be based on the minimum number of subframes called for in Table 3.1.1-A. The SNR shall be decreased by increasing the AWGN power in 1 dB steps until the DUT’s throughput drops to ≤ 95% of theoretical for R.35, documented in Table 3.1.1-A, at which point the AWGN power shall continue to be increased in 0.5 dB steps until the DUT throughput drops to ≤ 70% of theoretical. The DUT’s throughput for each AWGN power step shall be documented in Table 5.3. 

4.8.2 UE Noise-Limited Test Methodology: When executing radiated tests which do not require SNR control, the lab shall generate the initial RS-EPRE value called for by Table 3.1.1-B as measured within the test volume. After positioning the DUT within the test volume according to Section 3.5, the DUT’s throughput in the applicable channel model shall be documented for the initial RS-EPRE setting specified in Table 3.1.1-B. All throughput measurements shall be based on the minimum number of subframes called for in Table 3.1.1-B. The RS-EPRE shall be decreased in 1 dB steps until the DUT’s throughput drops to ≤ 95% of theoretical for R.35, documented in Table 3.1.1-B, at which point the RS-EPRE power shall continue to be decreased in 0.5 dB steps until the DUT throughput drops to ≤ 70% of theoretical. The DUT’s throughput for each RS-EPRE power step shall be documented in Table 5.3. 

4.9        Absolute Throughput Performance


In order to verify that the propagation channel in the test volume matches the channel model selected for a given test, it’s recommended that labs execute an absolute throughput verification test using the channel models specified in Section 3.2 and using the same assumptions for UE orientation and spatial averaging that were used during the OTA test.

The absolute throughput test procedure requires the use of a channel emulator capable of combining the selected channel model from Section 3.2 with the associated complex pattern data for the UE’s reference antenna. At this time, not all channel emulators support this capability, and the application of the absolute throughput concept to each of the MIMO OTA test techniques described this IL/IT test methodology document is still under investigation. Therefore, while measurement of absolute throughput according to the methodology in Appendix B is recommended, it is not required.

If absolute throughput tests are executed, the conducted vs. radiated throughput curves (and the data used to generate them) shall be provided with the lab report. Test results shall be plotted on the same graph so that the radiated and absolute throughput conducted performance can be directly compared. At this time, the MOSG does not have criteria for performance deviation between the conducted and the radiated performance data.

4.9.1 Absolute Throughput Overview: The object of this portion of the procedure is to measure throughput under conducted test conditions using the CTIA reference UE employed for the conducted performance measurement in Section 4.3 while applying the selected channel model to the associated reference antenna’s complex radiation pattern data. This process is described in Appendix B. The labs who opt to execute this test shall measure the DUT’s 2x2 MIMO DL throughput while emulating the appropriate channel models from Section 3.2 according to the test status documented in Table 4.1 and the applicable MIMO OTA techniques listed in Table 4.2. 

4.9.2 Absolute Throughput Methodology: Absolute throughput shall be measured by repeating tests 4.3.1 through 4.3.6, as applicable, while employing the absolute throughput framework described in Appendix B. In addition, the test environment must also comply with the requirements of Sections 3.1 through 3.9. Any variances shall be reported as described in Section 5.1. Results for the absolute throughput measurements shall be recorded in Table 5.2, and conducted absolute throughput results from this section shall be kept separate from the conventional conducted test results obtained in Section 4.4.

5 Result Reporting

5.1 Basic Reporting Requirements

Labs shall include the following information in their report:

5.1.1 Description of the radiated test technique utilized by the lab. If more than one technique was employed, a separate test report shall be generated for each.

5.1.2 The eNodeB Emulator make, model and software/firmware version(s) used for test execution

5.1.3 Detailed description of any variances from the propagation environment specified in Section 3.2.

5.1.4 Detailed description of any variances from the base station antenna parameters specified in Section 3.3.

5.1.5 Results of the tests executed to verify the characteristics of the propagation channel in the test volume as specified in Section 3.4

5.1.6 A detailed estimate of measurement uncertainty sources and the resulting total measurement uncertainty

5.1.7 A report of any variances from the test methodology described in this document, such as modifications necessary to resolve problems observed during test execution, changes to any specified test parameters, additional steps required, etc.

5.1.8 If the number of subframes differs from the recommended values specified in Table 3.1.1-A and/or Table 3.1.1-B, the lab shall provide documentation explaining how the minimum number of subframes was determined.

5.1.9 If the initial downlink RS-EPRE differs from the recommended values specified in Table 3.1.1-A and/or Table 3.1.1-B, the lab shall provide documentation explaining how the initial RS-EPRE power was determined.

5.1.10 The lab shall include information concerning which one of the two noise injection implementations described in Section 3.6 was utilized. The lab shall also provide details concerning the measurement and control of SNR for the selected noise injection implementation.

5.2 Reporting of Conducted Test Results

Table 5.2: Conducted Measurement Data Table Format


		Absolute data throughput: conducted measurement data



		ID

		<measurement ID>

		

		

		



		Lab info

		<lab name, location, chamber ID>

		

		

		



		Date

		<YYYY-MM-DD>

		

		

		



		eNodeB emulator

		<manufacturer name, model number, serial number>

		

		

		



		eNodeB emulator version

		<hardware and firmware version numbers>

		

		

		



		eNodeB test application name and version

		<test application name and version>

		

		

		



		eNodeB ant config

		Sec 3.3 in MOSG120521

		

		

		



		eNodeB PHY config

		Sec 3.1 in MOSG120521

		

		

		



		Band

		<band num>

		

		

		



		DL channel

		<channel num

		

		

		



		UL channel

		<channel num

		

		

		



		RMC

		<R.11 or R.35>

		

		

		



		Transmission Mode

		<TM2 or TM3>

		

		

		



		Num subframes per SNR pt

		

		

		

		



		Channel emulator

		<manufacturer name, model number, serial number>

		

		

		



		Channel emulator version

		<hardware and firmware version numbers>

		

		

		



		Channel model config

		Sec 3.3 in MOSG120521

		

		

		



		Channel model

		<UMi, UMa, etc>

		

		

		



		Emulated vehicular speed

		<speed in km/h>

		

		

		



		Reference antenna classification

		<good, nominal, or bad>

		

		

		



		Ant1 pattern

		<filename of reference antenna data as described in Sec B2>

		

		

		



		Ant2 pattern

		<filename of reference antenna data as described in Sec B2>

		

		

		



		UE manufacturer

		<manufacturer name>

		

		

		



		UE model

		<model name>

		

		

		



		UE ID

		<IMEI and possible additional unique ID number>

		

		

		



		Max theoretical throughput

		<kbps>

		

		

		



		Num theta positions

		<if applicable>Sec B3

		

		

		



		Theta positions

		<if applicable>Sec B3

		

		

		



		Num phi positions

		<if applicable>Sec B3

		

		

		



		Phi positions

		<if applicable>Sec B3

		

		

		



		Test plan name and version

		

		

		

		



		Comments

		

		

		

		



		Test points per single position below

		Skip if not applicable

		

		 

		 



		Theta (deg)

		Phi (deg)

		RS EPRE (dBm/15 kHz)

		DL SNR (dB)

		DL TPT (kbps)



		90

		0

		r_max

		s_max

		TPT_max



		...

		...

		…

		...

		...



		90

		0

		r_1

		s_1

		TPT_1



		90

		0

		r_2

		s_2

		TPT_2



		...

		...

		…

		...

		...



		90

		0

		r_min

		s_min

		TPT_min



		90

		30

		r_max

		s_max

		TPT_max



		...

		...

		…

		...

		...



		90

		30

		r_1

		s_1

		TPT_1



		90

		30

		r_2

		s_2

		TPT_2



		...

		...

		…

		...

		...



		90

		30

		r_min

		s_min

		TPT_min



		Spatial average results below

		

		

		

		



		RS EPRE (dBm/15 kHz)

		DL SNR (dB)

		AVG DL TPT (kbps)

		Comments

		



		r_max

		s_max

		TPT_max

		

		



		…

		...

		...

		

		



		r_1

		s_1

		TPT_1

		

		



		r_2

		s_2

		TPT_2

		

		



		…

		...

		...

		

		



		r_min

		s_min

		TPT_min

		

		





5.3 Reporting of Radiated Test Results


Table 5.3: Radiated Measurement Data Table Format


		Absolute data throughput: radiated measurement data



		ID

		<measurement ID>

		

		

		



		Lab info

		<lab name, location, chamber ID>

		

		

		



		Date

		<YYYY-MM-DD>

		

		

		



		Test methodology

		

		

		

		



		eNodeB emulator

		<manufacturer name, model number, serial number>

		

		

		



		eNodeB emulator version

		<hardware and firmware version numbers>

		

		

		



		eNodeB test application name and version

		<test application name and version>

		

		

		



		eNodeB ant config

		Sec 3.3 in MOSG120521

		

		

		



		eNodeB PHY config

		Sec 3.1 in MOSG120521

		

		

		



		Band

		<band num>

		

		

		



		DL channel

		<channel num

		

		

		



		UL channel

		<channel num

		

		

		



		RMC

		<R.11 or R.35>

		

		

		



		Transmission Mode

		<TM2 or TM3>

		

		

		



		Num subframes per SNR pt

		

		

		

		



		Channel emulator

		<manufacturer name, model number, serial number>

		

		

		



		Channel emulator version

		<hardware and firmware version numbers>

		

		

		



		Channel model config

		Sec 3.3 in MOSG120521

		

		

		



		Channel model

		<UMi, UMa, etc>

		

		

		



		Emulated vehicular speed

		<speed in km/h>

		

		

		



		Reference antenna classification and serial number

		<(good, nominal, or bad)_SN>

		

		

		



		Ant 1

		<Tx/Rx port of the UE>

		

		

		



		Ant 2

		<Rx port of the UE>

		

		

		



		UE manufacturer

		<manufacturer name>

		

		

		



		UE model

		<model name>

		

		

		



		UE ID

		<IMEI and possible additional unique ID number>

		

		

		



		Max theoretical throughput

		<kbps>

		

		

		



		Num theta positions

		<if applicable>

		

		

		



		Theta positions

		<if applicable>

		

		

		



		Num phi positions

		<if applicable>

		

		

		



		Phi positions

		<if applicable>

		

		

		



		Configuration of testing antennas in chamber

		<detailed description>

		

		

		



		Test plan name and version

		

		

		

		



		Comments

		

		

		

		



		Test points per single position below

		Skip if not applicable

		

		 

		 



		Theta (deg)

		Phi (deg)

		RS EPRE (dBm/15 kHz)

		DL SNR (dB)

		DL TPT (kbps)



		90

		0

		r_max

		s_max

		TPT_max



		...

		...

		…

		...

		...



		90

		0

		r_1

		s_1

		TPT_1



		90

		0

		r_2

		s_2

		TPT_2



		...

		...

		…

		...

		...



		90

		0

		r_min

		s_min

		TPT_min



		90

		30

		r_max

		s_max

		TPT_max



		...

		...

		…

		...

		...



		90

		30

		r_1

		s_1

		TPT_1



		90

		30

		r_2

		s_2

		TPT_2



		...

		...

		…

		...

		...



		90

		30

		r_min

		s_min

		TPT_min



		Spatial average results below

		

		

		

		



		RS EPRE (dBm/15 kHz)

		DL SNR (dB)

		AVG DL TPT (kbps)

		Comments

		



		r_max

		s_max

		TPT_max

		

		



		…

		...

		...

		

		



		r_1

		s_1

		TPT_1

		

		



		r_2

		s_2

		TPT_2

		

		



		…

		...

		...

		

		



		r_min

		s_min

		TPT_min

		

		





6 Measurement Uncertainty


6.1  Introduction

In order to properly assess each of the proposed MIMO OTA measurement techniques, it’s necessary to gain a better understanding of the measurement uncertainty associated with each one. Given the complexity of MIMO OTA measurement, assessing the magnitude of uncertainty terms unique to each technique or family of techniques can be difficult. The purpose of this section is to begin categorizing and quantifying known uncertainty terms for each proposed MIMO OTA measurement technique in order to begin an overall assessment of total measurement uncertainty per technique.


6.2 Uncertainty Budget

Currently, CTIA has defined a total of six unique MIMO OTA measurement techniques. These techniques include:


· Anechoic Chamber Multi-Cluster (AC-MC)


· Anechoic Chamber Single-Cluster (AC-SC) 

· Anechoic Decomposition Method (AD)


· Anechoic Two-Stage Method (AT) 


· Reverberation Chamber with Channel Emulator (RC-CE)

· Reverberation Chamber without Channel Emulator (RC)

Each row in the uncertainty budget below includes a reference to one or more of the five MIMO OTA techniques listed above. This reference indicates which techniques should be considered applicable to each uncertainty term. Many uncertainty terms are applicable to all techniques, and have been marked accordingly. This table will be expanded to include additional uncertainty terms as they are identified.

Table 6.1, MIMO OTA DUT Measurement Uncertainty Contributions


		Description of Uncertainty Term

		Standard Uncertainty Value (dB)

		Applicable MIMO OTA Techniques



		Mismatch between eNodeB Emulator or Channel Emulator and Measurement Antenna

		See Appendix G.1 of [3]

		All



		Measurement Antenna Cable Factor

		See Appendix G.2 of [3]

		All



		Measurement Antenna Insertion Loss

		0.00

		All



		Measurement Antenna Attenuator Insertion Loss (if present)

		0.00

		All (if applicable)



		eNodeB simulator: absolute output level

		See Appendix G.5 of 3] or cancelled by channel emulator calibration

		All



		eNodeB simulator: output level stability

		See Appendix G.5 of [3] or cancelled by channel emulator calibration

		All



		Directional Reference Antenna Gain

		See Appendix G.6 of [3]

		AC-MC, AC-SC, AD, AT



		Offset of the Phase Center of the EUT from Axis(es) of Rotation

		See Appendix G.7.1 of [3]

		AC-MC, AC-SC, AC-MC, AC-SC, AD, AT



		G.7.2 Offset of the Phase Center of Calibrated Reference Antenna from Axis(es) of Rotation

		See Appendix G.7.2 of [3]

		AC-MC, AC-SC, AD, AT



		Blocking Effect of the EUT on the Measurement Antenna

		See Appendix G.7.2 of [3]

		FFS



		VSWR

		See Appendix G.7.3.1 of [3]

		All



		Chamber isotropy

		See [8]

		RC, RC-CE



		Chamber Standing Wave

		See Appendix G.7.3.2 of [3]

		AC-MC, AC-SC, AD, AT



		Phase Curvature Across the EUT

		See Appendix G.7.4 of [3]

		AC-MC, AC-SC, AD, AT



		Effect of Ripple on Range Reference Measurement

		See Appendix G.8.2 of [3]

		AC-MC, AC-SC, AD, AT



		Influence of the ambient temperature on the test equipment

		See Appendix G.9 of [3]

		All



		Uncertainties of Head, Hand and Positioning of EUT in the Hand and Against the Head Phantoms

		See Appendix G.10 of [3]

		All



		Head Phantom Uncertainty

		See Appendix G.10.2 of [3]

		All



		Hand Phantom Uncertainty

		See Appendix G.10.3 and G.10.8 of [3]

		All



		Head Phantom Fixture Uncertainty

		See Appendix G.10.4 of [3]

		All



		Hand Phantom Fixture Uncertainty

		See Appendix G.10.4 and G.10.8 of [3]

		All



		EUT Positioning Uncertainty

		See Appendix G.10.5 and G.10.8 of [3]

		All 



		Coarse Sampling Grid Uncertainty

		See Appendix G.12 of [3]

		FFS



		Limited Channel Drop Uncertainty

		TBD

		FFS



		AWGN absolute power uncertainty

		TBD

		All



		AWGN power stability

		TBD

		All



		SNR measurement uncertainty

		TBD

		All



		Miscellaneous Uncertainty

		See Appendix G.13 of [3]

		FFS



		Normalization Uncertainty

		See Appendix G.14 of [3]

		FFS



		EUT Absolute Throughput 

		See Section 7.1.1 of [5]

		FFS



		Combined Uncertainty for Multiple Signal Paths

		See Section 7.2.1 of [5]

		FFS



		Gain Imbalance

		See Section 7.2.2 of [5]

		FFS



		Distortion of Signal by Channel Emulator

		See Section 7.2.3 of [5]

		FFS



		Sampling grid / constellations

		See Section 3.1.2 of [6]

		AD, FFS



		Branch imbalance

		See Section 3.1.2 of [6]

		AD, FFS



		Effects for signals from one antenna being reflected on the second antenna

		See Section 3.1.2 of [6]

		AD, FFS



		Throughput measurement downlink power step resolution

		TBD

		All



		Throughput measurement uncertainty

		TBD

		All



		Amplitude and phase inaccuracy at center of test volume

		See Table 1 of [7]

		AC-MC, FFS



		Amplitude and phase drift at center of test volume

		See Table 1 of [7]

		AC-MC, FFS



		Coupling between probes

		See Table 1 of [7]

		AC-MC, FFS



		Chamber statistical ripple and repeatability

		See Appendix A.1 of [4]

		RC, RC-CE, FFS



		Fast calibration: power loss due to EUT chassis

		See Appendix A.3 of [4]

		RC, RC-CE, FFS



		Channel emulator: external amplifier mismatch (if present)

		FFS

		FFS



		Channel emulator: external amplifier gain drift (if present)

		FFS

		FFS





		Table 6.2, Calibration Uncertainty ContributionsDescription of Uncertainty Term

		Standard Uncertainty Value (dB)

		Applicable MIMO OTA Techniques



		Mismatch: transmitting part (i.e. between Signal Generator & Calibrated Reference Antenna)

		See Appendix G.1 of [3]

		All



		Signal generator absolute output level

		See Appendix G.5 of [3]

		All



		Signal generator output level stability

		See Appendix G.5 of [3]

		All



		Insertion loss: Calibrated Reference Antenna cable

		See Appendix G.3 of [3]

		All



		Insertion loss: Calibrated Reference Antenna cable

		See Appendix G.3 of [3]

		All



		Insertion loss: Measurement Antenna cable

		0.00

		All



		Insertion loss: Calibrated Reference Antenna attenuator (if present)

		See Appendix G.3 of [3]

		All



		Insertion loss: Measurement Antenna attenuator (if present)

		0.00

		All



		Receiving device: absolute level

		See Appendix G.4 of [5]

		All



		Chamber statistical ripple and repeatability

		See Appendix A.1 of [4]

		All



		Antenna: radiation efficiency of the Calibrated Reference Antenna

		See Appendix A.2 of [4]

		All



		Receiving device measurement sample size

		See [8]

		RC, FFS
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Appendix A: Verification of Channel Model Implementations (Normative)

Editor’s note:  As other channel models may be added in the future, the procedure may be updated.


Channel Models have been specified in Section 3.2. This section describes the MIMO OTA validation measurements, in order to ensure that the channel models are correctly implemented and hence capable of generating the propagation environment, as described by the model, within a test area, Measurements are done mainly with a vector network analyzer (VNA) and a spectrum analyzer.

The specific settings of the VNA may be adjusted if other settings lead to better results.

A.1 
Measurement instruments and setup 


The measurement setup includes the following equipment:

Table A.1. Required Measurement Equipment 

		Item

		Quantity

		Item



		1

		1

		Channel Emulator



		2

		1

		Signal Generator



		3

		1

		Spectrum Analyzer



		4

		1

		VNA



		5

		1

		Magnetic Dipole



		6

		1

		Sleeve Dipole





A.1.1 
Network Analyzer (VNA) Setup


Most of the measurements are performed with a VNA. An example set of equipment required for this set-up is shown in Figures A.1.1 through A.1.3. The VNA transmits frequency sweep signals thorough the MIMO OTA test system and a test antenna, within the test area, receives the signal and VNA analyzes the frequency response of the system. A number of traces (frequency responses) are measured and recorded by VNA and analyzed by a post processing SW, e.g., Matlab. Special care has to be taken into account to keep the fading conditions unchanged, i.e. frozen, during the short period of time of a single trace measurement. The fading may proceed only in between traces. This setup can be used to measure PDP, Spatial Correlation and Polarization of the Channel models defined in Section 3.2.


[image: image7.emf]Chamber


Fading


emulator


VNA


Test antenna




Figure A.1.1: Setup for anechoic chamber VNA measurements.
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Figure A.1.2: Setup for VNA measurements for reverberation and channel emulator methods.


[image: image9.png]VNA

o
Measurement antennas

[:] Stirrer
Test Ant 7

v N
d 2.5

Turntable

Chamber






Figure A.1.3: Setup for VNA measurements for reverberation-only methods

A.1.2 
Spectrum Analyzer (SA) Setup



The Doppler spectrum is measured with a Spectrum analyzer as shown in Figure A.1.4 through A.1.6. In this case a Signal generator transmits a CW signal through the MIMO OTA test system. The signal is received by a test antenna within the test area. Finally, the signal is analyzed by a spectrum analyzer and the measured spectrum is compared to the target spectrum. This setup can be used to measure Doppler Spectrum of the Channel models defined in Section A.2.2.


[image: image10.emf]Chamber


Fading


emulator


Spectrum


Analyzer


Test antenna


Signal


Generator




Figure A.1.4: Setup for SA measurements.
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Figure A.1.5: Setup for SA measurements for reverberation and channel emulator methods.
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Figure A.1.6: Setup for SA measurements for reverberation-only methods.


A.2
Validation Measurements


A.2.1
PDP


This measurement checks that the resulting power delay profile (PDP) is like defined in the channel model.

A.2.1.1
Method of measurement: 


Step the emulation and store traces from VNA. I.e. run the emulation to CIR number 1, pause, measure VNA trace, run the emulation to CIR number 10, pause, measure VNA trace. Continue until 1000 VNA traces are measured.

Table A.2.1.1: PDP VNA settings:


		
Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Span

		MHz

		200



		RF output level

		dBm

		-15



		Number of traces

		

		1296



		Distance between traces in channel model

		wavelength [A1]

		> 2



		Number of points

		

		1101



		Averaging

		

		1





Note A1: Time [s] = distance [(] / MS speed [(/s]


MS speed [(/s] = MS speed [(/s] / Speed of light [m/s] * Center frequency [Hz]


Table A.2.1.2: PDP Channel Model Specification:


		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Channel model samples

		wavelength

		> 2592



		Channel model

		

		As specified in section 3.2





A.2.1.2
Method of measurement result analysis: 


Measured VNA traces (frequency responses H(t,f)) are saved into a hard drive. The data is read into, e.g., Matlab. The analysis is performed by taking the Fourier transform of each FR. The resulting impulse responses h(t,tau) are averaged in power over time:
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Finally the resulting PDP is shifted in delay, such that the first tap is on delay zero. The reference PDP plots from Table 3.2.1 and Table 3.2.2 are shown in Figure A.3.


In a reverberation chamber, when a channel emulator is not used and the PDP is therefore an exponential decay, such as the NIST channel model, only the inherent RMS Delay Spread of the reverberation chamber needs to be calculated. The selection of the T h(t,tau) measurements has to be performed when the absorber loading technique is used to tune the RMS DS in an RC. Alternatively, the sample selection technique allows for selecting a subset of M h(t,tau) measurements which provide the desired RMS DS, and in this case the averaging has to be performed only over the selected subset of M channel impulse responses.


The calculation of RMS delay spread is performed on the time domain data as the square root of the second central moment of the PDP, that is,
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The expected RMS delay spread for the NIST channel model is 80 ns.


A.2.1.3
OTA antenna configuration: 


For e.g. one full ring (or single cluster configuration) of V polarized elements (anechoic chamber methods) or a fixed measurement source antenna (reverberation chamber methods).

A.2.1.4
Measurement antenna: 


For e.g. vertically oriented sleeve dipole for anechoic chambers or wideband test antenna for reverberation chamber methods.
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Figure A.3. Reference PDP values for SCME Urban Macro / SCME Urban Micro and NIST plotted from Table 3.2.1, Table 3.2.2 and Table 3.2.7


A.2.2 
Doppler/Temporal Correlation for 2D SCME models

This measurement checks the Doppler/temporal correlation.

A.2.2.1
Method of measurement: 


Sine wave (CW, carrier wave) signal is transmitted from the signal generator. The signal is connected from the signal generator to fading emulator via cables. The fading emulator output signals are connected to power amplifier boxes via cables. The amplified signals are then transferred via cables to the probe antennas. The probe antennas radiate the signals over the air to the test antenna The Doppler spectrum is measured by the spectrum analyzer and the trace is saved.

Table A.2.2.1: Doppler Signal Generator Settings


		
Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Output level

		dBm

		-15



		Modulation

		

		OFF





Table A.2.2.2: Doppler Spectrum Analyzer Settings



		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Span

		Hz

		2000



		RBW

		Hz

		1



		VBW

		Hz

		1



		Number of points

		

		8001



		Averaging

		

		100





Table A.2.2.3: Doppler Channel Model Specification


		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Channel model

		

		As specified in section 3.2



		Mobile speed

		km/h

		100 [A2]





Note A2: Or the maximum achievable value)

Method of measurement result analysis: Measurement data file (Doppler power spectrum) is saved into hard drive. The data is read into, e.g., Matlab. The analysis is performed by taking the Fourier transformation of the Doppler spectrum. The resulting temporal correlation function 
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. Then the function values left from the maximum is cut out. Further on the function values after, e.g., seven periods is cut out. The reference temporal correlation plots from Tables 3.2.1  and 3.2.2 are shown in Figure A.4.


A.2.2.2
OTA antenna configuration: 


For e.g. 1 full ring (or single cluster configuration) of V polarized elements. 


A.2.2.3
Measurement antenna: 


For e.g. vertically oriented dipole.
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Figure A.4. Reference Temporal Correlation Functions for SCME Urban Macro / SCME Urban Micro plotted from Table 3.2.1 and Table 3.2.2.


A.2.3 
Spatial Correlation for 2D SCME models

This measurement checks whether the measured correlation curve follows the theoretical curve.


A.2.3.1
Method of measurement: 


Step the emulation and store traces from VNA. i.e. run the emulation to CIR number 1, pause, measure VNA traces in 11 different DUT positions, run the emulation to CIR number 10, pause, measure VNA traces in 11 different DUT positions, … etc. Continue until frequency response of 1000 CIRs in 11 positions (=1000*11 VNA traces) are measured. 


11 test antenna positions sample a segment of line of length 1 wavelength with sampling interval of 0.1 wavelengths. Antenna spacing (wave lengths): -0.5 to +0.5 step of 0.1. 
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Figure A.5. Test antenna positions.


Table A.2.3.1: Spatial Correlation VNA Settings:


		
Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Span

		MHz

		10



		RF output level

		dBm

		-15



		Number of traces

		

		1000



		Distance between traces in channel model

		wavelength [A3]

		> 2



		Number of points

		

		1



		Averaging

		

		1





Note A3: Time in seconds = distance [(] / MS speed [(/s]


MS speed [(/s] = MS speed [(/s] / Speed of light [m/s] * Center frequency [Hz]


Table A.2.3.2: Spatial Correlation Channel Model Specification:


		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Channel model samples

		Wavelength

		> 2000



		Channel model

		

		As specified in section 3.2



		Mobile speed

		km/h

		3





A.2.3.2
Measurement Procedure



CALIBRATE



OPEN corrVNATrace trace file


FOR EACH gridPoint IN [test zone grid set]


MOVE measurement antenna to gridPoint



FOR EACH chanIRNumber IN [0:SD:1000*SD]




Measure Freq Resp with VNA




Save freq resp trace to trace file



END


END


CLOSE corrVNATrace_<calibMethod>_<polarization> trace file


A.2.3.3
Method of Measurement Results Analysis


Calculate correlation of 1000 x 11 matrix H(f) of frequency response samples. The procedure is to correlate sixth column (the trace measured at the centre of chamber) with the 10 other columns as follows (Matlab example)


for ind = 1:11;


    Corr(: , : , ind) = abs(corrcoef(H(: , 6),H(: , ind)));


end


Correlation = squeeze(Corr(1, 2, :));


The reference spatial correlation plots from Table 3.2.1 and 3.2.2 are shown in Figure A.6.


A.2.3.4
OTA antenna configuration: 


For e.g. 1 full ring (or a single cluster configuration) of V polarized elements.


A.2.3.5
Measurement antenna: 


For e.g. Sleeve dipole.
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 Figure A.6. Reference Spatial Correlation Functions for SCME Urban Macro / SCME Urban Micro plotted from Table 3.2.1 and Table 3.2.2.


A.2.4 
Cross-Polarization for 2D SCME models

This measurement checks how well the measured vertically or horizontally polarized power levels follow expected values. 

A.2.4.1
Method of measurement: 


Step the emulation and store traces from VNA.


Table A.2.4.1: Cross-Polarization VNA Settings

		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Span

		MHz

		10



		RF output level

		dBm

		-15



		Number of traces

		

		1000



		Distance between traces in channel model

		Wavelength [A4]

		> 2



		Number of points

		

		201



		Averaging

		

		1





Note A4: Time [s] = distance [(] / MS speed [(/s]


MS speed [(/s] = MS speed [(/s] / Speed of light [m/s] * Center frequency [Hz]


Table A.2.4.2: Cross-Polarization Channel Model Specification:


		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Channel model samples

		wavelength

		> 2000



		Channel model

		

		As specified in section 3.2



		Mobile speed

		km/h

		3





A.2.4.2
Measurement Procedure


1. Play or step through the channel model -> SCME UMi, or UMa X Corr


2. Measure the absolute power received at the center of the array, averaged over a statistically significant number of fades.


a. Use a vertically polarized sleeve dipole to measure the V component.


b. Use a horizontally polarized (vertically oriented) magnetic loop dipole, or a horizontally polarized sleeve dipole measured in two orthogonal horizontal positions and summed to measure the H component.


3. Calculate the V/H ratio


4. Compare it with the theory -> 0.83dB for UMi, and 8.13dB for UMa

A.2.4.3
Expected measurement results


V/H ratio (composite, i.e., all 6 paths combined) of the 3GPP SCME Umicro model is 0.83 dB and for Umacro 8.13 dB. The BS antennas are isotropic dipoles with +/- 45 degrees slant and subject to a foreshortening of the slanted radiating element. See channel model details specified in Section 3.2.

A.2.5 
Doppler for 3D isotropic models


This measurement checks the Doppler.

A.2.5.1
Method of measurement: 


For Doppler validation, two methods could be used to measure the Doppler spectrum. The first uses a CW tone from the Signal Generator fed directly, or via the channel emulator if used, to the fixed measurement antennas and is recorded by the spectrum analyzer. For the second method, the input signal from the VNA is fed directly, or via the channel emulator if used, to the fixed measurement antennas of the reverberation chamber. 


For the first method, a sine wave (CW, carrier wave) signal is transmitted from the signal generator. The signal is connected from the signal generator to the channel emulator via cables. The channel emulator output signals are connected to power amplifier boxes via cables. The amplified signals are then transferred via cables to the fixed measurement antennas. The fixed measurement antennas radiate the signals over the air to the test antenna. The Doppler spectrum is measured by the spectrum analyzer and the trace is saved.


Alternatively, the Doppler spectrum can be measured with a VNA. Frequency sweeps are measured with the VNA for a complete stirring sequence, thus collecting samples of the chamber transfer function 
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. To get a correct estimate of the Doppler power spectrum, the spatial distance between the stirrer positions should be small enough to satisfy Nyquist theorem. 
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 is Fourier transformed according to: 
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The Doppler spectrum 
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 can then be calculated using
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The discrete Doppler power spectrum will now have a frequency axis ranging from 0 to N-1, where N is the number of stirrer positions used. To convert this into a Doppler frequency domain, the sampling theorem gives a frequency axis in the interval [
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 the frequency step between each Doppler frequency sample is given by
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 is the time step between the measured samples.


Table A.2.5.1: 3D Doppler Signal Generator Settings

		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Output level

		dBm

		-15



		Modulation

		

		OFF





Table A.2.5.2: 3D Doppler Spectrum Analyzer Settings

		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Span

		Hz

		2000



		RBW

		Hz

		1



		VBW

		Hz

		1



		Number of points

		

		401



		Averaging

		

		100





Table A.2.5.3: 3D Doppler VNA Settings


		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Span

		MHz

		50 [TDB]



		RF output level

		dBm

		-15



		Number of traces

		

		1296 [TBD]



		Number of points

		

		501 [TBD]



		Averaging

		

		1 [TBD]





Table A.2.5.4: 3D Doppler Channel Model Specification

		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Channel model

		

		As specified in section xx



		Mobile speed

		km/h

		100 [A5]





Note A5: Or the maximum achievable value


A.2.5.2
Method of measurement result analysis: 


View the Doppler power spectrum. The reference classical Doppler spectrum is shown in figure A.7. Bd is the maximum Doppler shift expected for the mobile speed used for the measurements.
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Figure A.7. Reference Doppler Spectrum for Jakes fading models


A.2.5.3
OTA antenna configuration: 


Fixed measurement source antennas. 


A.2.5.4
Measurement antenna: 


The wideband test antenna.


A.2.6 
Base station antenna correlation for 3D isotropic models


This measurement checks that the resulting base station antenna correlation is like that defined in the channel model.

A.2.6.1
Method of measurement: 


For correlation validation, the input signal from the VNA is fed directly, or via the channel emulator, to the fixed measurement antennas of the reverberation chamber.


Step the emulation and stirrer sequence and store traces from VNA. i.e. run the emulation channel impulse response (CIR) number 1with the reverberation chamber’s stirrer sequence fixed at a point, pause, measure VNA trace, run the emulation to the next CIR and move the reverberation chamber’s stirrer sequence to the next point, pause, measure VNA trace. Continue until all VNA traces are measured.


Table A.2.6.1: 3D Antenna Correlation VNA Settings:


		
Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Span

		MHz

		50 [TBD]



		RF output level

		dBm

		-15



		Number of traces

		

		1296 [TBD]



		

		

		



		Distance between traces in channel model

		wavelength [A6]

		> 2



		Number of points

		

		501 [TBD]



		Averaging

		

		1 [TBD]





Note A6: Time [s] = distance [(] / MS speed [(/s]


MS speed [(/s] = MS speed [(/s] / Speed of light [m/s] * Center frequency [Hz]


Table A.2.6.2: 3D Antenna Correlation Channel Model Specification:


		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Channel model samples

		wavelength

		> 2592 [TBD]



		Channel model

		

		As specified in section 3.2





A.2.6.2
Method of Measurement Results Analysis


Compute the correlation between two traces (S21 and S31 in Figures A.1.2 and A.1.3) which represents the correlation between two transmit streams. This correlation should match that of the channel model used.


A.2.6.3
OTA antenna configuration: 


Fixed measurement antennas.


A.2.6.4
Measurement antenna: 


The wideband test antenna.


A.2.7 
Rayleigh Fading 


This measurement checks that the resulting fading of the MIMO OTA system is Rayleigh as per channel model.

A.2.7.1
Method of measurement: 


For Rayleigh Fading validation, the input signal from the VNA is fed directly, or via the channel emulator, to the fixed measurement transmit antennas of the reverberation chamber.


Step the emulation and stirrer sequence and store traces from VNA. i.e. run the emulation to CIR number 1 with the reverberation chamber’s stirrer sequence fixed at a point, pause, measure VNA trace, run the emulation to next CIR  and move the reverberation chamber’s stirrer sequence to the next point, pause, measure VNA trace. Continue until all VNA traces are measured.


Table A.2.7.1: Rayleigh Fading VNA Settings


		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Span

		MHz

		50 [TDB]



		RF output level

		dBm

		-15



		Number of traces

		

		1296 [TBD]



		Distance between traces in channel model

		wavelength [A7]

		> 2



		Number of points

		

		501 [TBD]



		Averaging

		

		1 [TBD]





Note A7: Time [s] = distance [(] / MS speed [(/s]


MS speed [(/s] = MS speed [(/s] / Speed of light [m/s] * Center frequency [Hz]


Table A.2.7.2: Rayleigh Fading Channel Model Specification


		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Channel model samples

		wavelength

		> 2592



		Channel model

		

		As specified in section xx





A.2.7.2
Method of Measurement Results Analysis


The primary performance criteria to evaluate Rayleigh fading is the Cumulative Probability Density Function (CPDF) of the received signal amplitude (x) at the DUT. CPDF describes the probability of a signal level being less than the mean level. The CPDF of x in a set of measured samples (or a selected subset) in a mode-stirred reverberation chamber [FC(x)] is defined as,
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The evaluation of the measured CPDF has to provide:


1) The difference (dB) to theoretical Rayleigh-fading values for power levels ranging from 10dB above to 20 dB below the mean power level.


2) The differences (dB) to theoretical Rayleigh-fading values for power levels ranging from 20 dB below to 30 dB below the mean power level.


The requirement for CPDF is:


1) The tolerance shall be within [TBD] dB of theoretical Rayleigh-fading, for power levels from 10dB above to 20 dB below the mean power level.


2) The tolerance shall be within [TBD] dB of theoretical Rayleigh-fading, for power levels from 20 dB below to 30 dB below the mean power level.
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Figure A.8. Reference Rayleigh distribution


A.2.7.3
OTA antenna configuration: 


Fixed measurement antennas.


A.2.7.4
Measurement antenna: 


The wideband test antenna.


A.2.8 
Isotropy for 3D isotropic models


This measurement checks that MIMO OTA system provides an isotropic environment over time.

A.2.8.1
Method of measurement: 


For isotropic validation, the input signal from the VNA is fed directly, or via the channel emulator, to the fixed measurement antennas of the reverberation chamber. If a channel emulator is used, it has to be placed in Bypass mode where no fading is used. Instead of the test antenna, an electric dipole is placed on the turn table. Three orthogonal components of the electric field are recorded with the dipole in three different orientations (Figures A.1.2 and A.1.3). 


Step the stirrer sequence and store traces from VNA. i.e. with the reverberation chamber’s stirrer sequence fixed at a point, pause, measure a VNA trace for each wall antenna, move the reverberation chamber’s stirrer sequence to the next fixed point, pause, measure VNA trace for each wall antenna. Continue until all VNA traces are measured. Follow this procedure with the dipole in all three positions.


Table A.2.8.1: Isotropy VNA Settings


		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Span

		MHz

		NA



		RF output level

		dBm

		-15



		Number of traces per wall antenna

		

		1296 [TBD]



		Distance between traces in channel model

		wavelength [A8]

		NA



		Number of points

		

		NA



		Averaging

		

		NA





Note A8: Time [s] = distance [(] / MS speed [(/s]


MS speed [(/s] = MS speed [(/s] / Speed of light [m/s] * Center frequency [Hz]


Table A.2.8.2: Isotropy Channel Model Specification


		Item

		Unit

		Value



		Center frequency

		MHz

		Downlink Center Frequency in 36.508 as required per band



		Channel model samples

		wavelength

		NA



		Channel model

		

		As specified in section 3.2





A.2.8.2
Method of Measurement Results Analysis


Compute and evaluate the anisotropy coefficients as described in [A1]. The reference anisotropy coefficients are shown in figure c where one type is from processing two orientations, 3 total plots, and the other is for all orientations.
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Figure A.9. Reference Anisotropy Coefficients


A.2.8.3
OTA antenna configuration: 


Fixed measurement antennas.


A.2.8.4
Measurement antenna: 


The electric dipole.


A.2.9 
Reporting


Additionally, the results should be summarized in the following table (some entries, such as isotropy, apply only to certain methods):

Table A.2.9.1: Reporting Parameters

		Item

		Parameter

		Result

		Tolerances

		Comments



		1

		Power delay profile

		

		

		



		2

		Doppler / Temporal Correlation

		

		

		



		3

		Spatial Correlation

		

		

		



		4. 

		Cross Polarization

		

		

		



		5.

		BS Antenna Correlation

		

		

		



		6.

		Rayleigh Fading

		

		

		



		7.

		Isotropy

		

		

		





Note: The exact tolerances are for further study. 
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Appendix B: Absolute Throughput Framework (Normative)

B.1. Introduction


In an effort to compare different MIMO OTA methodologies’ results to conducted results under the implementations of channel models defined in Section 3.2(MOSG120521), the absolute data throughput comparison framework has been defined.  By utilizing the reference antennas demonstrated in section 3.5 (MOSG120521) and reference devices (described in Table 3.1), this framework shall be used to compare each MIMO OTA testing method’s ability to emulate the specified network and channel propagation characteristics based on an absolute data throughput metric.


The framework consists of a set of conducted (Figure B.1-1) and radiated (Figure B.1-2) measurements of MIMO throughput.
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Figure B.1-1: Method of measuring the conducted absolute throughput reference performance
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Figure B.1-2: Method of measuring the absolute radiated data throughput metric with the reference antennas


The following sub-sections define the antenna pattern data format, emulation of antenna pattern rotation, absolute data throughput measurement enabler, and the output data format.


B.2.  Antenna Pattern Data Format


The antenna pattern data format—used in the conducted portion of the measurements—shall be in the 3D AAU format as defined by COST IC1004 [B4].  Table B.2-1 and B.2-2 below illustrate the header structure and an example header with sample data respectively.


Table B.2-1: Auxiliary informational header


		Line(s)

		Pos.

		Description

		Values - example or defaults



		1

		1

		Pattern frequency

		free(750)



		

		2

		Frequency units

		{Hz,KHz,MHz,GHz}



		

		3

		Port index (to resolve antennas automatically)

		free(1)



		

		4

		Pattern type (Directivity, Gain, Realized Gain, E-field)

		{D,G,Gr,E} - possible more



		

		5

		Units format (as in touchstone plus the E-field format)

		{DB,MA,RI,V/m}



		2

		NOTE: There is no freedom in the column arrangement but the labels can vary. Done for ease of use.



		

		1

		Theta scan stepping - must be constant

		Theta [deg]



		

		2

		Phi scan stepping - must be constant

		Phi [deg]



		

		3

		Absolute of the field X(1-4) in [units(1-5)]

		Abs X [units]



		

		4

		Theta polarized field X(1-4) in [units(1-5)]

		X Th [units]



		

		5

		phase of the Theta polarized field - always in degrees

		phase Th [deg]



		

		6

		Phi polarized field X(1-4) in [units(1-5)]

		X Ph [units]



		

		7

		phase of the Phi polarized field - always in degrees

		phase Ph [deg]



		3,4...

		NOTE: Any number additional lines can be added, always beginning with Matlab comment sign %.



		

		N/A

		Some custom comment, ID etc.

		% File version 1.0





Note: A semicolon should be used as a delimiter in the header.


Table B.2-2: 3D AAU file format example


		%

		750; MHz; 1; G; DB 



		%

		Theta [deg];

		Phi [deg];

		Abs G [dB];

		GTh [dB];

		phase Th [deg];

		GPh [dB];

		phase Ph [deg]



		%

		File version 1.0



		

		0.0000000e+00

		0.0000000e+00

		-7.1488243e+00

		-8.8275753e+00

		2.9473810e+02

		-1.2089176e+01

		2.9741836e+02



		

		5.0000000e+00

		0.0000000e+00

		-5.9290614e+00

		-6.9276561e+00

		2.8631853e+02

		-1.2802746e+01

		2.9300649e+02



		

		1.0000000e+01

		0.0000000e+00

		-4.6884986e+00

		-5.2974347e+00

		2.8098081e+02

		-1.3521536e+01

		2.8790096e+02



		

		1.5000000e+01

		0.0000000e+00

		-3.5323323e+00

		-3.9212541e+00

		2.7745182e+02

		-1.4204563e+01

		2.8204220e+02



		

		2.0000000e+01

		0.0000000e+00

		-2.4979324e+00

		-2.7615381e+00

		2.7503474e+02

		-1.4797363e+01

		2.7547303e+02



		

		2.5000000e+01

		0.0000000e+00

		-1.5926370e+00

		-1.7843443e+00

		2.7333007e+02

		-1.5239593e+01

		2.6841058e+02





In this table we further define the following parameters:


•
Position 1 on Line 1 shall indicate the measurement frequency.


•
Position 2 on Line 1 shall indicate the frequency units to be MHz.


•
Position 3 on Line 1 shall indicate the antenna index 1 or 2.


•
Antenna index is defined as:  antenna index 1 defined as left antenna (portrait front view, from RF enclosure side), antenna index 2 defined as right antenna (portrait front view, from RF enclosure side)


•
Position 4 on Line 1 shall be G.


•
Position 5 on Line 1 shall be dBi


•
Positions 3, 4, and 6 on Line 2 shall describe the measured gain in dBi.

The file name format shall be defined as “(lab acronym)_(antenna serial number)_CTIA_MIMO 2x2_Band(B7, B13..Bxx)_(Good, Nominal, or Bad)_Ant(1 or 2).3daau”.


Based on experiments taken with low (<1GHz) and high (>1.8GHz) frequency band antennas, the magnitude of the complex correlation coefficient generated from measured data remains unchanged from higher resolution antenna pattern measurements up to 15 degrees resolution in theta and phi orientations.  To align with current COST IC1004 TWGO MIMO OTA topic group proposed resolution for 3D MIMO OTA complex radiation pattern measurements, the antenna pattern measurement step size in theta and phi shall be no more than 5 degrees. In the specific case of 2D measurements theta is fixed at 90 degrees.


B.3. Emulation of Antenna Pattern Rotation


For the conducted portion of the absolute data throughput framework, it is necessary to generate the spatially filtered channel impulse response per polarization and then combine to generate the emulated channel impulse response coefficients.  The measured antenna pattern shall be interpolated to match the spatial resolution of the angles of arrival of the SCME channel emulator (this value is typically 1 degree).  Figure B.3-1 below illustrates an example of this procedure using a simplified antenna pattern and channel PAS.
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Figure B.3-1: Rotation of antenna pattern over azimuth positions

In general, the emulation of antenna pattern rotation is specific to the channel model.  For 2D channel models antenna pattern rotation shall be performed over 360 degrees in 30 degree steps (12 total positions).  For other channel models this process is FFS.


A spatial filtering operation alone does not capture the behavior of the 2D channel model as a function of DUT rotation. Figure B.3-2 below illustrates the geometric parameters of the 2D channel model [B5] for two DUT rotations.
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Figure B.3-2: (a) 2D channel model geometric parameters for MS array direction = 0 degrees; (b) MS array direction = 60 degrees

For a given rotation of the DUT, the angle of the MS array relative to the cluster angles of arrival changes.  Thus, MS array rotation together with the spatial filtering operations described above is necessary to emulate the conducted portion of the framework properly.  Doppler spread, which is a function of the MS direction of travel relative to the channel model clusters’ angles of arrival, shall remain the same for all rotations of the DUT.


This process may be automated with channel emulator control software or performed manually.  The output data format is described in Section B.5.

B.4.
Absolute Data Throughput Measurement Enabler


The fundamental enabler for the adoption of the Absolute Data Throughput metric is the ability to apply the complex radiation pattern to the channel and to emulate DUT rotation for the conducted portion of the test.  Such conducted measurements can be performed manually; however, without an application (SW) to rotate the loaded antenna complex radiation pattern, the measurement may become very time consuming and prone to human errors.  Automation of this process is highly recommended.


B.5.
Output Data Format


A unified data format for recording the conducted and radiated test results by each lab is defined in Tables 5.2 and .5.3, located in Section 5.2 of this document.
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Appendix C: TBD

Appendix D: eNodeB Emulator Downlink Power Verification (Informative)


D.1 Introduction


The measurements described in this section serve three primary purposes:


1) Confirm that the PDSCH total power is balanced between the MIMO transmit ports of an eNodeB emulator


2) Confirm that the PDCCH-EPRE vs. PDSCH-EPRE is balanced per eNodeB emulator antenna port within a given RB


3) Confirm that the RS-EPRE vs. PDSCH-EPRE ratio is correct per eNodeB emulator antenna port within a given RB


D.2 Test Prerequisites


Table D.1:  FDD eNodeB Emulator Configuration for Downlink Power Verification


		Parameter

		Value



		Operating Band/Channel

		Band 7 (3100 DL/21100 UL)
Band 13 (5230 DL/23230 UL)



		Downlink Bandwidth

		10 MHz



		Duplex Mode

		FDD



		Schedule Type

		Reference Measurement Channel (RMC)



		Downlink Reference Channel

		R.11 FDD

		R.35 FDD



		Downlink Modulation

		16QAM

		64QAM



		Downlink TBS Index

		13 (RMC Defined)

		24 (RMC Defined)



		Downlink MIMO Mode 

		2x2 Open Loop Spatial Multiplexing



		Number of Downlink RBs

		50



		Downlink RBStart

		0



		Downlink Power Level, eNodeB emulator

		-50 dBm/15 kHz (RS-EPRE at each eNodeB emulator port)



		Uplink Bandwidth

		10 MHz



		Uplink Modulation

		QPSK

		16QAM



		Uplink TBS Index

		6 (RMC Defined)

		19(RMC Defined)



		Number of Uplink RBs

		50



		Uplink RBStart

		0



		Transmit Power Control

		-10 dBm/10 MHz (open loop)



		PDSCH Power Offset Relative to RS EPRE

		ρA= -3 dB
ρB= -3 dB



		HARQ Transmissions

		1 (No HARQ)



		AWGN

		Off



		OCNG

		Off





D.3 Test Methodology

For the purpose of verifying channel power levels called for in this document, the eNodeB emulator shall be connected to a test UE (DUT) according to the configuration shown in Figure D.1 below:


Figure D.1: eNodeB Connections for Downlink Power Verification
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Note 1: TX Port #1 is used as transmit-only on eNodeB emulators with a separate uplink RX port. 


Note 2: If the eNodeB emulator supports full duplex operation on TX port #1, the circulator’s RX port shall be terminated in a 50-ohm load.


Note 3: These splitter ports will be used to provide a downlink RF sample to the analyzer and shall be terminated in a 50-ohm load when not in use.


The analyzer shown in Figure D.1 above must be capable of measuring the eNodeB emulator’s average PDCCH power independent of the eNodeB emulator’s average PDSCH power, expressed as a PSD in dBm/15 kHz. The analyzer must also be capable of measuring RS EPRE and PDSCH EPRE in dBm/15 kHz. Any instrument capable of making these measurements is acceptable.


The following eight measurements shall be made while the UE is in an active data session and sending continuous uplink data to the eNodeB emulator using the settings described in Table D.1:


1) Average power at TX Port 1 (through Splitter 1) of all PDCCH RBs expressed as a PSD in dBm/15 kHz


2) Average power at TX Port 1 (through Splitter 1) of all PDSCH RBs expressed as a PSD in dBm/15 kHz


3) PDSCH-EPRE at TX Port 1 (through Splitter 1) in dBm/15 kHz


4) RS-EPRE at TX Port 1 (through Splitter 1) in dBm/15 kHz for the Reference Signals in DL


5) Average power at TX Port 2 (through Splitter 2) of all PDCCH RBs expressed as a PSD in dBm/15 kHz


6) Average power at TX Port 2 (through Splitter 2) of all PDSCH RBs expressed as a PSD in dBm/15 kHz


7) PDSCH-EPRE at TX Port 2 (through Splitter 2) in dBm/15 kHz


8) RS-EPRE at TX Port 2 (through Splitter 2) in dBm/15 kHz


From the eight measurements described above, calculate the following:


· eNodeB TX Port 1/TX Port 2 PDCCH average power balance (in dB) across all DL RBs


· eNodeB TX Port 1/TX Port 2 PDSCH average power balance (in dB) across all DL RBs


· eNodeB RS-EPRE to PDSCH-EPRE power ratio (in dB), TX Port 1


· eNodeB RS-EPRE to PDSCH-EPRE power ratio (in dB), TX Port 2


To be considered compliant with 3GPP TS 36.521-1, the following criteria must be met:


a. eNodeB PDCCH-EPRE TX Port1/TX Port 2 power balance must be 
0 dB, +/- 0.7 dB


b. eNodeB PDSCH-EPRE TX Port 1/TX Port 2 power balance must be 
0 dB, +/- 0.7 dB


c. eNodeB PDCCH-EPRE to PDSCH-EPRE TX Port 1 power ratio must be 
0 dB, +/- 0.7 dB


d. eNodeB PDCCH-EPRE to PDSCH-EPRE TX Port 2 power ratio must be 
0 dB, +/- 0.7 dB


In addition, the following criteria must be met per antenna based on the PDSCH EPRE power offset relative to RS EPRE called for in Table D.1:


e. eNodeB RS-EPRE to PDSCH-EPRE ratio must be +3 dB, +/- 0.7 dB 
for TX Port 1


f. eNodeB RS-EPRE to PDSCH-EPRE ratio must be +3 dB, +/- 0.7 dB 
for TX Port 2

4.33 Inches 







Origin of Measurement System Coordinates







+ Z Axis







+ X Axis 
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