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1. Introduction

At RAN4 #41 a contribution for next steps to define LTE conformance test channel models was proposed [4]. 3GPP LTE channel models are specified in [1], [2] and [3]. They define channel parameters for urban micro-cell, urban macro-cell, and suburban macro-cell. In the last RAN4 #41 meeting at Riga, outdoor-to-indoor parameters were introduced for the LTE channel models [5]. This contribution proposes multipath fading models (A) and dynamic DoA (B) MIMO –models for LTE conformance tests. 
2. Model Description
A. Multi-path fading MIMO models
LTE models with fixed correlation matrices and fixed power delay profiles for five scenarios are tabulated in Annex A. These are already approved for initial system evaluation ([1], [2]) except outdoor-to-indoor scenario, which is described in [5]. The procedure to generate MIMO channel realizations is described in Annex B.
B. Dynamic DoA -model
In this model MS passes by BS at a constant velocity. DoA angle  will change from –60( to 60(. Parameters are velocity v, duration T, starting position x0, final position x1 and minimum distance y between BS and MS route.
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Figure 1. Dynamic DoA case where MS passes by BS.
On time instant t = 0 MS position x(0) = x0. On time t MS position 

x(t) = x0 + vt 













(1)

and DoA angle is
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(2)

Depending on given parameters the rest of the parameters must be set to have (x0 + vt) = 0 when t = 0. In this model only the direction of arrival is considered. Excess delay and power are assumed constant. MS speed is kept constant over the simulation. The direction of movement is changed at -60deg and 60deg to ensure continuous simulation.
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Figure 2. DoA t  as a function of position x(t). (y=300m)
Table 1: Parameters of the dynamic DoA -model

	Minimum distance between BS and MS
	y

	Start and end positions of the MS route
	x​0 , x​1

	Velocity or duration of the MS
	v, T


3. Proposal
We propose following models to be used for LTE conformance tests.
A. Multi-path fading propagation conditions 
Table 1 – Multipath fading models
	Name
	Propagation scenario
	BS arrangement
	MS arrangement

	SCME-A
	Suburban Macro
	3-sector, 0.5 spacing
	Handset, talk position

	SCME-B
	Urban Macro (low spread)
	6-sector, 0.5 spacing
	Handset, data position

	SCME-C
	Urban Macro (high spread)
	3-sector, 4 spacing
	Laptop

	SCME-D
	Urban Micro
	6-sector, 4 spacing
	Laptop

	SCME-E
	Outdoor-to-Indoor
	6-sector, 4 spacing
	Laptop


B. Spatially moving dynamic DoA -model
Dynamic DoA -model as described above.
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Annex A.
Five cases are tabulated in this Annex, called SCM-A, SCM-B, SCM-C, SCM-D and SCM-E. 

SCM-A (Suburban Macro, 3-sector, 0.5( spacing, Handset, talk position)
	Tap/mid- path
	Delay [ns]
	Power, Ptap [dB]
	BS spatial correlation, 
	Polarization covariance matrix,  [4x4]

	1/1

1/2

1/3


	0.0

12.5

25.0
	       0.00

   -2.22

   -3.98
	   0.4783 + 0.8722i
	0.5953
	-0.0858
	0
	0.2534

	
	
	
	
	-0.0858
	0.5953
	0.2534
	0

	
	
	
	
	0
	0.2534
	0.2976
	0.0429

	
	
	
	
	0.2534
	0
	0.0429
	0.2976

	2/1

2/2

2/3
	137.5

150.0

162.5
	   -8.50

  -10.72

  -12.48
	   0.4569 + 0.8836i
	0.6174
	0.1139
	0
	0.0745

	
	
	
	
	0.1139
	0.6174
	0.0745
	0

	
	
	
	
	0
	0.0745
	0.3087
	-0.0570

	
	
	
	
	0.0745
	0
	-0.0570
	0.3087

	3/1

3/2

3/3
	62.5

75.0

87.5
	   -7.28

   -9.50

  -11.26
	   0.8407 + 0.5308i
	0.6550
	0.0172
	0
	0.1887

	
	
	
	
	0.0172
	0.6550
	0.1887
	0

	
	
	
	
	0
	0.1887
	0.3275
	-0.0086

	
	
	
	
	0.1887
	0
	-0.0086
	0.3275

	4/1

4/2

4/3
	400.0

412.5

425.0
	    -8.45

  -10.67

  -12.43
	   0.8935 + 0.4359i
	0.7153
	-0.1054
	0
	0.1798

	
	
	
	
	-0.1054
	0.7153
	0.1798
	0

	
	
	
	
	0
	0.1798
	0.3576
	0.0527

	
	
	
	
	0.1798
	0
	0.0527
	0.3576

	5/1

5/2

5/3
	1387.5

1400.0

1412.5
	  -14.65

  -16.86

  -18.63
	   0.9444 + 0.3103i
	0.8460
	-0.0531
	0
	0.0973

	
	
	
	
	-0.0531
	0.8460
	0.0973
	0

	
	
	
	
	0
	0.0973
	0.4230
	0.0265

	
	
	
	
	0.0973
	0
	0.0265
	0.4230

	6/1

6/2

6/3
	2825.0

2837.5

2850.0
	   -26.43

  -28.64

  -30.41
	   0.9783 + 0.1763i
	1
	0
	0
	0

	
	
	
	
	0
	1
	0
	0

	
	
	
	
	0
	0
	0.5
	0

	
	
	
	
	0
	0
	0
	0.5


Total per-tap covariance matrix: 
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where the symbol 
[image: image5.wmf]Ä

 denotes the Kronecker product.

SCM-B (Urban Macro (low spread), 6-sector, 0.5( spacing, Handset, data position)
	Tap/mid-path
	Delay [ns]
	Power, Ptap [dB]
	BS spatial correlation, 
	Polarization covariance matrix,  [4x4]

	1/1

1/2

1/3


	0
12.5

25.0


	         0.00

   -2.22

   -3.98
	    0.4902 + 0.8656i
	0.5953
	0.1936
	0
	0.1831

	
	
	
	
	0.1936
	0.5953
	0.1831
	0

	
	
	
	
	0
	0.1831
	0.2976
	-0.0968

	
	
	
	
	0.1831
	0
	-0.0968
	0.2976

	2/1

2/2

2/3
	362.5

375.0

387.5
	      -1.17

   -3.39

   -5.15
	    0.5521 + 0.8274i
	0.6134
	0.2430
	0
	0.1106

	
	
	
	
	0.2430
	0.6134
	0.1106
	0

	
	
	
	
	0
	0.1106
	0.3067
	-0.1215

	
	
	
	
	0.1106
	0
	-0.1215
	0.3067

	3/1

3/2

3/3
	250.0

262.5

275.0
	    -2.65

   -4.86

   -6.62
	    0.5902 + 0.8006i


	0.6090
	0.1197
	0
	0.2282

	
	
	
	
	0.1197
	0.6090
	0.2282
	0

	
	
	
	
	0
	0.2282
	0.3045
	-0.0598

	
	
	
	
	0.2282
	0
	-0.0598
	0.3045

	4/1

4/2

4/3
	1037.5

1050.0

1062.5
	   -13.57

  -15.79

  -17.55
	  -0.2706 + 0.9587i
	0.6430
	0.2501
	0
	0.0514

	
	
	
	
	0.2501
	0.6430
	0.0514
	0

	
	
	
	
	0
	0.0514
	0.3215
	-0.1250

	
	
	
	
	0.0514
	0
	-0.1250
	0.3215

	5/1

5/2

5/3
	2725.0

2737.5

2750.0
	-22.40

  -24.62

  -26.38
	  -0.4100 + 0.9082i
	0.6935
	0.0778
	0
	-0.1912

	
	
	
	
	0.0778
	0.6935
	-0.1912
	0

	
	
	
	
	0
	-0.1912
	0.3468
	-0.0389

	
	
	
	
	-0.1912
	0
	-0.0389
	0.3468

	6/1

6/2

6/3
	4600.0

4612.5

4625.0
	   -28.05

  -30.26

  -32.03
	    -0.5814 + 0.8099i
	0.7535
	0.1275
	0
	-0.1025

	
	
	
	
	0.1275
	0.7535
	-0.1025
	0

	
	
	
	
	0
	-0.1025
	0.3768
	-0.0638

	
	
	
	
	-0.1025
	0
	-0.0638
	0.3768


Total per-tap covariance matrix: 
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 denotes the Kronecker product.

SCM-C (Urban Macro (high spread), 3-sector, 4( spacing, Laptop)

	Tap/mid-path
	Delay [ns]
	Power, Ptap [dB]
	BS spatial correlation  
MS spatial correlation (
	Polarization covariance matrix,  [4x4]

	1/1

1/2

1/3


	0
12.5

25.0


	        0.00

   -2.22

   -3.98
	-0.4616 + 0.5439i
 0.0225 - 0.0595i

	0.5953
	0.4047
	0
	0

	
	
	
	
	0.4047
	0.5953
	0
	0

	
	
	
	
	0
	0
	0.5953
	-0.4047

	
	
	
	
	0
	0
	-0.4047
	0.5953

	2/1

2/2

2/3
	362.5

375.0

387.5
	   -1.86

   -4.08

   -5.84
	   0.2806 + 0.6476i
   0.0088 + 0.0602i
	0.6134
	0.3866
	0
	0

	
	
	
	
	0.3866
	0.6134
	0
	0

	
	
	
	
	0
	0
	0.6134
	-0.3866

	
	
	
	
	0
	0
	-0.3866
	0.6134

	3/1

3/2

3/3
	250.0

262.5

275.0
	   -1.08

   -3.30

   -5.06
	-0.1136 - 0.6818i
  0.0307 + 0.0555i
	0.6090
	0.3910
	0
	0

	
	
	
	
	0.3910
	0.6090
	0
	0

	
	
	
	
	0
	0
	0.6090
	-0.3910

	
	
	
	
	0
	0
	-0.3910
	0.6090

	4/1

4/2

4/3
	1037.5

1050.0

1062.5
	   -9.08

  -11.30

  -13.06
	   0.6944 + 0.5043i
  -0.0244 - 0.0028i
	0.6430
	0.3570
	0
	0

	
	
	
	
	0.3570
	0.6430
	0
	0

	
	
	
	
	0
	0
	0.6430
	-0.3570

	
	
	
	
	0
	0
	-0.3570
	0.6430

	5/1

5/2

5/3
	2725.0

2737.5

2750.0
	  -15.14

  -17.36

  -19.12
	   0.4072 + 0.5626i
   0.0828 - 0.2378i
	0.6935
	0.3065
	0
	0

	
	
	
	
	0.3065
	0.6935
	0
	0

	
	
	
	
	0
	0
	0.6935
	-0.3065

	
	
	
	
	0
	0
	-0.3065
	0.6935

	6/1

6/2

6/3
	4600.0

4612.5

4625.0
	  -20.64

  -22.85

  -24.62
	-0.7753 + 0.1776i
 0.4194 - 0.2429i
	0.7535
	0.2465
	0
	0

	
	
	
	
	0.2465
	0.7535
	0
	0

	
	
	
	
	0
	0
	0.7535
	-0.2465

	
	
	
	
	0
	0
	-0.2465
	0.7535


Total per-tap covariance matrix: 
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 where the symbol 
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 denotes the Kronecker product.

SCM-D (Urban Micro, 6-sector, 4 spacing, Laptop)

	Tap/mid-path
	Delay [ns]
	Power, Ptap [dB]
	BS spatial correlation 
MS spatial correlation (
	Polarization covariance matrix,  [4x4]

	1/1

1/2

1/3
	0.0

12.5

25.0
	         0.00

   -2.22

   -3.98
	-0.0907 + 0.1632i
   0.0225 - 0.0595i
	0.5792
	0.4208
	0
	0

	
	
	
	
	0.4208
	0.5792
	0
	0

	
	
	
	
	0
	0
	0.5792
	-0.4208

	
	
	
	
	0
	0
	-0.4208
	0.5792

	2/1

2/2

2/3


	287.5

300.0

312.5


	   -3.57   

-5.79

   -7.55
	   0.0301 - 0.1586i
   0.0061 - 0.0051i
	0.5792
	0.4208
	0
	0

	
	
	
	
	0.4208
	0.5792
	0
	0

	
	
	
	
	0
	0
	0.5792
	-0.4208

	
	
	
	
	0
	0
	-0.4208
	0.5792

	3/1

3/2

3/3


	200.0

212.5

225.0


	  -29.05

  -31.27

  -33.03
	-0.5144 - 0.3812i
   0.0297 - 0.0078i
	0.5792
	0.4208
	0
	0

	
	
	
	
	0.4208
	0.5792
	0
	0

	
	
	
	
	0
	0
	0.5792
	-0.4208

	
	
	
	
	0
	0
	-0.4208
	0.5792

	4/1

4/2

4/3


	662.5

675.0

687.5


	  -20.94

  -23.15

  -24.91
	   0.1275 + 0.0979i
  -0.0244 + 0.0029i
	0.5792
	0.4208
	0
	0

	
	
	
	
	0.4208
	0.5792
	0
	0

	
	
	
	
	0
	0
	0.5792
	-0.4208

	
	
	
	
	0
	0
	-0.4208
	0.5792

	5/1

5/2

5/3


	812.5

825.0

837.5
	   -5.28   

-7.50

   -9.26
	-0.0943 + 0.1609i
  -0.0010 - 0.0061i
	0.5792
	0.4208
	0
	0

	
	
	
	
	0.4208
	0.5792
	0
	0

	
	
	
	
	0
	0
	0.5792
	-0.4208

	
	
	
	
	0
	0
	-0.4208
	0.5792

	6/1

6/2

6/3
	925.0

937.5

950.0
	  -26.96

  -29.18

  -30.94
	0.0505 + 0.2761i
   0.0080 - 0.0600i
	0.5792
	0.4208
	0
	0

	
	
	
	
	0.4208
	0.5792
	0
	0

	
	
	
	
	0
	0
	0.5792
	-0.4208

	
	
	
	
	0
	0
	-0.4208
	0.5792


Total per-tap covariance matrix: 
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 where the symbol 
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 denotes the Kronecker product.

SCM-E (Outdoor-to-Indoor, 6-sector, 4 spacing, Laptop)

	Tap/mid- path
	Delay [ns]
	Power, Ptap [dB]
	NodeB spatial correlation  α and
UE spatial correlation β
	Polarization covariance matrix,  [4x4]

	1/1

1/2

1/3


	0.0

12.5

25.0
	       -5.66
-7.88   
   -9.64
	-0.4687 + 0.2861i

0.7166 + 0.5573i
	0.5792
	0.4208
	0
	0

	
	
	
	
	0.4208
	0.5792
	0
	0

	
	
	
	
	0
	0
	0.5792
	-0.4208

	
	
	
	
	0
	0
	-0.4208
	0.5792

	2/1

2/2

2/3
	25

37.5

50
	-3.01

-5.23

-6.99  
	-0.0187 - 0.2992i

-0.1431 + 0.2652i
	0.5792
	0.4208
	0
	0

	
	
	
	
	0.4208
	0.5792
	0
	0

	
	
	
	
	0
	0
	0.5792
	-0.4208

	
	
	
	
	0
	0
	-0.4208
	0.5792

	3/1

3/2

3/3
	37.5

50

62.5
	-4.59

-6.81

-8.57
	-0.2330 - 0.4880i

-0.3368 - 0.6732i
	0.5792
	0.4208
	0
	0

	
	
	
	
	0.4208
	0.5792
	0
	0

	
	
	
	
	0
	0
	0.5792
	-0.4208

	
	
	
	
	0
	0
	-0.4208
	0.5792

	4/1

4/2

4/3
	150

162.5

175
	-11.26

-13.48

-15.24
	0.4956 + 0.2978i

-0.3685 + 0.5489i
	0.5792
	0.4208
	0
	0

	
	
	
	
	0.4208
	0.5792
	0
	0

	
	
	
	
	0
	0
	0.5792
	-0.4208

	
	
	
	
	0
	0
	-0.4208
	0.5792

	5/1

5/2

5/3
	312.5

325

337.5
	-18.26

-20.48

-22.24
	   0.1026 - 0.6247i

-0.3956 - 0.2432i
	0.5792
	0.4208
	0
	0

	
	
	
	
	0.4208
	0.5792
	0
	0

	
	
	
	
	0
	0
	0.5792
	-0.4208

	
	
	
	
	0
	0
	-0.4208
	0.5792

	6/1

6/2

6/3
	375

387.5

400
	-16.46

-18.68

-20.44  
	-0.4231 - 0.4513i

-0.2406 - 0.3854i


	0.5792
	0.4208
	0
	0

	
	
	
	
	0.4208
	0.5792
	0
	0

	
	
	
	
	0
	0
	0.5792
	-0.4208

	
	
	
	
	0
	0
	-0.4208
	0.5792


Total per-tap covariance matrix: 
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 where the symbol 
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 denotes the Kronecker product.

Annex B.

Entries hij of the MIMO channel matrix H are generated as depicted in the block diagram below. 
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Figure 3. Block diagram of correlated channel coefficient generation.
Antenna configurations with antenna element labels are given in the figure below.
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Figure 4. BS and MS antenna configurations with antenna element labels.
The linear transformation is 
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, where vec(H) is a 8x1 vector in SCM-A...B and a 16x1 vector in SCM-C...E scenario. In SCM-A...B scenario the mapping of matrix H entries to antenna elements and  vec(H) is
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where matrix rows refer to BS antenna elements, columns refer to MS elements and numbers from 1 to 8 refer to entry of vec(H) output.

In SCM-C...E scenario the mapping of matrix H entries to antenna elements and  vec(H) is
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where matrix rows refer to BS antenna elements, columns refer to MS elements and numbers from 1 to 16 refer to an entry of vec(H) output.
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