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1. Introduction
For evaluating the performance of different multi-antenna techniques, relevant channel models that capture the spatial properties is important. The SCM [1] and its extension to wider bandwidth SCME provide such models for system level evaluations. For initial performance results, also link level evaluations are of interest. RAN4 has developed a set of link level models that are appropriate for such evaluations [2], and it is proposed that these are incorporated into the E-UTRA TR.
This document proposes to include the channel models presented in [3] and to use them for MIMO studies in E-UTRA. The text proposal contains the specific channel model parameters corresponding to 4 well defined scenarios (including antenna related parameters). All details and explanations of the for cases and how to derive the covariance matrices can be found in [3].
2. References

[1]
3GPP, TR25.996, Spatial Channel Model for Multiple Input Multiple Output (MIMO)
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-------------------------------------- text proposal ---------------------------------------

A.1     Link simulation Scenarios
A.1.1   Link simulation assumptions
The link level issues that need to be addressed in order to achieve alignment are given in the following Table. Simulation results should indicate the link to system level mapping methodology used and show supporting link results or give references to such material.
Table A.1.1-1 – Link Level issues for achieving alignment

	Issues
	Details

	DL Modulation
	QPSK, 16QAM, 64QAM

	UL Modulation
	BPSK, QPSK, 8PSK, 16QAM, [64QAM]

	Coding for data channel and Mother code rate
	Turbo, LDPC

	Coding for control channel and Mother code
	Turbo, Convolutional, other

	DL Peak rates
	

	UL Peak rates
	

	Non-ideal receiver functions
	Channel estimation, 

	Available Mappings
	MIESM, EESM, ECM, QSA, AVI, etc

Account for HARQ, IR, and MIMO


A.1.2    Maximum SNR per channel  

For high SNR operation especially with high order modulation or MIMO schemes it will be important to understand practical apparatus impacts and this can be performed by addressing the following topics

Table A.1.2-1 – Maximum SNR limit dependencies

	Issues
	Details

	EVM
	

	Phase and Doppler self interference
	

	Adjacent carrier interference
	 

	UE A/D and baseband filtering
	

	Antenna front-to-back ratio
	[20]dB

	Non-ideal sector isolation
	

	Unrecovered power
	


A.1.3   Multi-Antenna Link level channel models

For evaluating the performance of different multi-antenna techniques, relevant channel models that capture the spatial properties is important. The SCM [7] and its extension to wider bandwidth SCME provide such models for system level evaluations. Here the corresponding link level models are described.

4 different scenarios, SCM-A to D, are considered, see Table A.1.3-1, they represent a subset of “typical” antenna configurations and propagations scenarios.

Table A.1.3-1 – Representative cases
	Name
	Propagation scenario
	BS arrangement
	MS arrangement

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

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

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

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


Note that models SCM-C and SCM-D can also be used for evaluating laptops with two receive antennas. In this case, one should select the channel coefficients associated with one of the two dual-polarized antennas.

The multi-antenna channel model is a tapped delay line model with covariance matrices for describing the fast fading correlation and power distribution over transmit and receive antennas.
The total per-tap covariance matrix Rtap is obtained from the Kronecker product of the polarization covariance matrix  and the NodeB and UE spatial correlation matrices  and , further weighted by the antenna gains at NodeB and UE: 


[image: image1.wmf]Β

Γ

Α

R

Ä

Ä

×

×

×

=

tap

UE

tap

NodeB

tap

tap

g

g

p

,

,


where 
[image: image2.wmf]tap

p

 is the relative power of the tap, 
[image: image3.wmf]tap

NodeB

g

,

 is the effective antenna gain at the NodeB, 
[image: image4.wmf]tap

UE

g

,

 is the antenna gain at the UE, 
[image: image5.wmf]ú

ú

û

ù

ê

ê

ë

é

=

*

1

1

a

a

Α

 and 
[image: image6.wmf]ú

ú

û

ù

ê

ê

ë

é

=

*

1

1

b

b

Β

. 
[image: image7.wmf]Ä

 denotes Kronecker multiplication. 

To determine  unambiguously, the antenna polarization combination matrix is vectorized as [P1NodeBP1UE, P2NodeBP1UE, P1NodeBP2UE, P2NodeBP2UE]. Note that P1 and P2 refer respectively to vertical and horizontal UE polarizations (nominal orientation) and ±45° NodeB polarizations.

For the 4 selected scenarios, SCM-A, SCM-B, SCM-C and SCM-D, the effective tap power that includes the effective antenna gains at NodeB and UE is tabulated below
SCM-A (Suburban Macro, 3-sector, 0.5 spacing, Handset, talk position)

	Tap/mid- path
	Delay [ns]
	Power, Ptap [dB]
	NodeB 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: image9.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]
	NodeB 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]
	NodeB spatial correlation  

UE 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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 denotes the Kronecker product.
SCM-D (Urban Micro, 6-sector, 4 spacing, Laptop)

	Tap/mid-path
	Delay [ns]
	Power, Ptap [dB]
	NodeB spatial correlation 

UE 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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 denotes the Kronecker product.
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