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Introduction

3GPP TR 37.977 defines the channel models that should be used for validation of MIMO OTA measurement methodologies. Currently, TR 37.977 includes the 2D SCME UMi and UMa channel models. The spatial aspects of the channel models defined in the TR are not test agnostic and are only fully applicable to methodologies based on an anechoic chamber setup. For example, 2D channel models will not be applicable to test chambers that inherently produce a 3D field. Thus, additional chamber independent channel models need to be defined.
This text proposal adds three chamber independent 3D isotropic channel models to TR 37.977. One of the models is based on the NIST channel model and two of the models are based on the SCME UMi and UMa channel models. The validation procedure for the 3D isotropic channel models is also described.
*************************** Start of text proposal to TR 37.977 ************************************
8.5
Isotropic Channel Models

This section addresses 3D isotropic channel models. It defines the models and presents a validation methodology to ensure that the channel models are properly implemented. This allows for a proper evaluation of methodologies that are not confined to a 2D spatial configuration.
8.5.1 Channel Model(s) to be Validated

The following channel models are to be used in evaluation of isotropic MIMO OTA methodologies.

The 3D isotropic models are based on
•
SCME Urban micro-cell

•
SCME Urban macro-cell

•
NIST

The following 3D isotropic model is based on the SCME Urban Micro-cell model with isotropic AoAs and added XPR values, Direction of Travel, and Velocity.
Table 8.5.1-1: Isotropic model based on the SCME urban micro-cell channel model

	SCME Urban micro-cell

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

	1
	0
	5
	10
	-3.0
	-5.2
	-7.0
	6.6
	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 [(]
	3, 30 / 120

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


	Mid-paths Share Cluster parameter values for: 
	AoD, AoA, AS, XPR


The following 3D isotropic model is based on the SCME Urban Macro-cell model with isotropic AoAs and added XPR values, Direction of Travel, and Velocity.
Table 8.5.1-2: Isotropic model based on the SCME urban macro-cell channel model

	SCME Urban macro-cell

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

	1
	0
	5
	10
	-3
	-5.2
	-7
	82
	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 [(]
	3, 30 / 120

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


	Mid-paths Share Cluster parameter values for: 
	AoD, AoA, AS, XPR


The following 3D isotropic model is based on the NIST model with isotropic AoAs and added XPR values and Velocity. The cluster 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 8.5.1-3: Isotropic model based on the NIST channel model

	SCME Urban macro-cell

	Cluster #
	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

	
	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 dB 


8.5.2 Verification of Isotropic Channel Model Implementations
<Editor: Text to be added. Description of the process of validation of a channel model and commonalities between methods in the validation process.>
Channel Models have been specified in section 8.5.1. This section describes the isotropic 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 analyser (VNA) and a spectrum analyzer.
8.5.2.1
Measurement instruments and setup

The measurement setup includes the following equipment:
Table 8.5.2.1-1: Measurement equipment list for the verification procedure.

	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


8.5.2.2
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 Figure 8.3.1.1-1. VNA transmits frequency sweep signals thorough the MIMO OTA test system. 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 8.2.
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Figure 8.5.2.2-2: Setup for VNA measurements for reverberation chamber and channel emulator methods.
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Figure 8.5.2.2-3: Setup for VNA measurements for reverberation chamber-only methods.
8.5.2.3
Spectrum Analyzer (SA) Setup

The Doppler spectrum is measured with a Spectrum analyzer as shown in Figure 8.3.1.2-1. In this case a Signal generator transmits 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 8.2.
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Figure 8.5.2.3-1: Setup for spectrum analyzer measurements for reverberation chamber and channel emulator methods.
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Figure 8.5.2.3-2: Setup for spectrum analyzer measurements for reverberation chamber methods.
8.5.2.4
Validation Measurements

8.5.2.4.1
PDP

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

Table 8.5.2.4.1-1: VNA settings for PDP.
	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Span
	MHz
	50 [TBD may be PDP specific]

	RF output level
	dBm
	-15

	Number of traces
	
	1296 [TBD]

	Distance between traces in channel model
	wavelength (*
	if CE is used

	Number of points
	
	501

	Averaging
	
	1


(* Time [s] = distance [(] / MS speed [(/s]

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

Channel model specification:

Table 8.5.2.4.1-2: Channel model specification for PDP.
	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 8.2


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 trace: 
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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 8.5-1, Table 8.5-2 and Table 8.5-3 are shown in Figure 8.5.2.4.1-1.

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 hi(t,() 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 hi(t,() 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.
OTA antenna configuration: 
For e.g. 1 full ring (or single cluster configuration) of V polarized elements or fixed measurement source antenna.
Measurement antenna: 

For e.g. Vertically oriented sleeve dipole or wideband test antenna.
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Figure 8.5.2.4.1-1: Reference PDP values for SCME Urban Macro / SCME Urban Micro / NIST plotted from Table 8.5-1, Table 8.5-2 and Table 8.5-3.
8.5.2.4.2
Doppler for 3D Isotropic Models
This measurement checks the Doppler.
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 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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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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and the frequency step between each Doppler frequency sample is given by
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 is the time step between the measured samples.
Signal generator settings:
Table 8.5.2.4.2-1: Signal generator settings for Doppler.
	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Output level
	dBm
	-15

	Modulation
	
	OFF


Spectrum analyzer settings:

Table 8.5.2.4.2-2: Spectrum analyzer settings for Doppler.
	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


VNA settings

Table 8.5.2.4.2-3: VNA settings for Doppler.
	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]


Channel model specification:
Table 8.5.2.4.2-4: Channel model specification for Doppler.
	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Channel model
	
	As specified in section 8.2

	Mobile speed
	km/h
	100 (*


(* Or the maximum achievable value

Method of Measurement Result Analysis: 

View the Doppler power spectrum. The reference classical Doppler spectrum is shown in figure 8.5.2.4.2-1. Bd is the maximum Doppler shift expected for the mobile speed used for the measurements.
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Figure 8.5.2.4.2-1: Reference Doppler Spectrum for Jakes fading models.
OTA antenna configuration: 

Fixed measurement source antennas. 

Measurement antenna: 

The wideband test antenna.
8.5.2.4.3
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.

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.
VNA settings:
Table 8.5.2.4.3-1: VNA settings for base station antenna correlation.
	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 (*)
	> 2

	Number of points
	
	501 [TBD]

	Averaging
	
	1 [TBD]


(* Time [s] = distance [(] / MS speed [(/s]

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

Channel model specification:
Table 8.5.2.4.3-2: Channel model specification for base station antenna correlation.
	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 8.5.1


Method of Measurement Results Analysis

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

OTA antenna configuration: 

Fixed measurement antennas.

Measurement antenna: 

The wideband test antenna.
8.5.2.4.4
Rayleigh Fading

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

VNA settings:
Table 8.5.2.4.4-1: VNA settings for Rayleigh fading.
	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 (*)
	> 2

	Number of points
	
	501 [TBD]

	Averaging
	
	1 [TBD]


(* Time [s] = distance [(] / MS speed [(/s]

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

Channel model specification:
Table 8.5.2.4.4-2: Channel model specification for Rayleigh fading.
	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


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 8.5.2.4.4-1: Reference Rayleigh distribution.
OTA antenna configuration: 

Fixed measurement antennas.

Measurement antenna: 

The wideband test antenna.

8.5.2.4.5 
Isotropy for 3D Isotropic Models
This measurement checks that MIMO OTA system provides an isotropic environment over time.
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. 

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.

VNA settings:
Table 8.5.2.4.5 -1: VNA settings for isotropy.
	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 (*)
	NA

	Number of points
	
	NA

	Averaging
	
	NA


(* Time [s] = distance [(] / MS speed [(/s]

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

Channel model specification:

Table 8.5.2.4.5 -2: Channel model specification for isotropy.
	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 xx


Method of Measurement Results Analysis

Compute and evaluate the anisotropy coefficients as described in [2]. 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 8.5.2.4.5 -1: Reference Anisotropy Coefficients.
OTA antenna configuration: 

Fixed measurement antennas.

Measurement antenna: 

The electric dipole.

8.5.2.5
Reporting

Additionally, the results should be summarized in the following table:
Table 8.5.2.5-1: table template for reporting validation results.
	Item
	Parameter
	Result
	Tolerances
	Comments

	1
	Power delay profile
	
	
	

	2
	Doppler
	
	
	

	3.
	BS Antenna Correlation
	
	
	

	4.
	Rayleigh Fading
	
	
	

	5.
	Isotropy
	
	
	


Note 1: The exact tolerances are for further study.

Note 2: In addition to the validation of channel model parameters stated here, in order to properly identify test tolerances it is important to verify test repeatability. Though not required for channel model verification, individual labs are encouraged to run test repeatability experiments, such as the one described in Annex G.A.2 in [3]. For future uncertainty analyses, test repeatability of all methodologies has to be reported.
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