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Background

A study item of the MIMO OTA testing for multi-antennas mounted on UE/MS was agreed in the RAN 43 meeting [1]. During the RAN4 50-bis meeting in Seoul, a skeleton report for the MIMO OTA study item [2] was agreed. The skeleton report covers introduction, performance metrics, methodologies based on anechoic RF chamber and reverberation chamber, and recommendations. At present, a number of investigations have already been reported and proposed as candidate testing systems. Channel models have also been discussed in several meetings. Most of the discussion is based on geometry-based stochastic channel model approach (SCM/SCME/WINNER/IMT-Advanced) since it provides antenna independency and MIMO support. This contribution proposes channel models to be included in the MIMO OTA TR (TR25.abc). The proposed channel models are based on [3 – 6].
Discussion

The following CDF is obtained from the SCM/SCME Urban Micro NLOS model.  The SCME TDLs were based on this distribution where the TDL angle spread was selected to maintain the average behavior with σAS = 67.8º.
Since the mean values obtained from the SCME Urban Macro and Urban Micro are similar, it is desirable to choose a case that represents a higher correlation.  This represents a more difficult case for achieving MIMO performance, and provides more resolution to measure the variation in antenna patterns.  Therefore, a more narrow angle spread can be specified, such as the 10%-tile with σAS = 49º, as shown in Figure 1. 
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Figure 1, Distribution of MS Angle Spread for SCME Urban Micro
Based on this target value, a channel was selected for the Modified SCME Urban Micro model having the following characteristics as described in the text proposal below.  XPR values, a Direction of Travel, and Velocity were specified.

Proposal

It is proposed that the attached text proposal is approved for the MIMO OTA SI TR.
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-------------------------- Start of text proposal --------------------------

6.1
Channel Models

The following channel models are used in evaluation of MIMO OTA methodologies. The same models are also potential candidates for final MIMO OTA UE tests (WI).

There are three different clustered delay line (CDL) models, and one simplified (single cluster) model.

The generic models are

· SCME Urban micro-cell,

· Modified SCME Urban micro-cell,

· SCME Urban macro-cell, and

· WINNER II Outdoor-to-indoor.

The single cluster models are based on 

· SCME Urban micro-cell and

· Extended Pedestrian A (EPA)

The uniform models are based on

· Extended Pedestrian A (EPA) and

· Exponential decay.
The emulated base station antennas may be assumed to be one of the following:

1. Vertically polarized elements
a.) with a fixed 4λ separation, specified at the center frequency, or
b.) are uncorrelated, i.e. to allow the UE to be measured independently from BS effects


2. Dual polarized equal power elements that are uncorrelated with a fixed 0λ separation, 45 degrees slanted.
In the following we define the cross polarization power ratio a propagation channel 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

Note, for Vertical only measurements, the powers per delay are used without regard to the specified XPR values.

	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 [(]
	3, 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 Modified SCME Urban Micro-cell channel model has the same PDP as the original one, but angle spread is smaller.

	Modified SCME Urban micro-cell

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

	1
	0
	5
	10
	-3.0
	-5.2
	-7.0
	6.6
	-2.3

	2
	285
	290
	295
	-4.3
	-6.5
	-8.3
	14.1
	42.6

	3
	205
	210
	215
	-5.7
	-7.9
	-9.7
	50.8
	-49.5

	4
	660
	665
	670
	-7.3
	-9.5
	-11.3
	38.4
	24.7

	5
	805
	810
	815
	-9.0
	-11.2
	-13.0
	6.7
	61.7

	6
	925
	930
	935
	-11.4
	-13.6
	-15.4
	40.3
	10.6

	Delay spread [ns]
	294

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

	Cluster PAS shape
	Laplacian

	Total AS AoD / AS AoA [(]
	18.2 / 49.0

	Mobile speed [km/h] / Direction of travel [(]
	3, 30 / 120

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


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


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

	SCME Urban macro-cell

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

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

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

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

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

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

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

	Delay spread [ns]
	839.5

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

	Cluster PAS shape
	Laplacian

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

	Mobile speed [km/h] / Direction of travel [(]
	3, 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 Winner II Outdoor-to-Indoor is modified from the original Winner II report, with the following Angle Spread, XPR values, Direction of Travel, and Velocity.

	Modified Winner II Outdoor-to-Indoor

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

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

	2
	0
	-8.7
	32
	101.5

	3
	5
	-3.7
	-21
	66.2

	4
	10
	-11.9
	37
	-118.7

	5
	35
	-16.2
	-43
	138.5

	6
	35
	-6.9
	28
	-90.4

	7
	65
	70
	75
	-3.9
	-6.1
	-7.9
	-49
	32.7

	8
	120
	-10.3
	-34
	10.5

	9
	125
	-20.7
	-49
	156.6

	10
	195
	-16.0
	43
	 137.7

	11
	250
	-21.0
	49
	-157.7

	12
	305
	-22.9
	51
	-164.7

	Delay spread [ns]
	40.5

	Cluster AS AoD / AS AoA [(]
	5 / 25

	Cluster PAS shape
	Laplacian

	Total AS AoD / AS AoA [(]
	28.6 / 56

	Mobile speed [km/h] / Direction of travel [(]
	3 / 120

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


	Mid-paths Share Cluster parameter values for: 
	AoD, AoA, AS, XPRV and XPRH


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.

	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 [(]
	3, 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 some techniques, which cannot control the channel model a 3D uniform channel model is assumed. For comparison purpose, a 2D uniform channel model is specified as follows for other methods which can control the channel model.
	3D uniform channel model

	PDP
	Exponential decay

	PAS
	3D uniform

	XPR
	0 dB


	2D Uniform Multi-Path Model

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

	1
	0
	0.0
	N/A
	0

	2
	30
	-1.0
	N/A
	0

	3
	70
	-2.0
	N/A
	0

	4
	90
	-3.0
	N/A
	0

	5
	110
	-8.0
	N/A
	0

	6
	190
	-17.2
	N/A
	0

	Delay spread [ns]
	45

	Cluster AS AoD / AS AoA [(]
	N/A/104

	Cluster PAS shape
	Uniform

	Total AS AoD / AS AoA [(]
	N/A/104

	XPR
Note:  No depolarization based on XPR

Equal power transmitted in V & H, PV = 0.5, PH = 0.5

V & H components based on assumed BS antennas


	0 dB

	Mobile speed [km/h] / Direction of travel [(]
	3 or 30 / N/A


For comparison purpose, a single cluster multi-path channel model is specified to compare the test results with the reverberation chamber based method as follows
	Single Cluster Multi-Path Model

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

	1
	0
	0.0
	N/A
	0

	2
	30
	-1.0
	N/A
	0

	3
	70
	-2.0
	N/A
	0

	4
	90
	-3.0
	N/A
	0

	5
	110
	-8.0
	N/A
	0

	6
	190
	-17.2
	N/A
	0

	Delay spread [ns]
	45

	Cluster AS AoD / AS AoA [(]
	N/A/70

	Cluster PAS shape
	Laplacian

	Total AS AoD / AS AoA [(]
	N/A/70

	XPR
Note:  No depolarization based on XPR

Equal power transmitted in V & H, PV = 0.5, PH = 0.5

V & H components based on assumed BS antennas
	0 dB

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


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. 

How the Rayleigh fading is implemented in the channel emulator or in the MIMO OTA test for different test methods is implementation specific and should be appropriate as long as the statistics of the generated Rayleigh fading are within standard requirement on Rayleigh fading statistics.
-------------------------- End of text proposal --------------------------
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