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1 Background
A proposal for Multi-antenna channel models for LTE based on SCME was presented at RAN4#42 in [1] and a detailed text proposal was introduced in [2]. One of the issues brought up in the discussion was complexity of channel models in terms of number of taps. This paper shows that the proposed set of SCME models can be reduced to 10 taps without sacrificing frequency correlation performance.
2 Modified propagation model based on SCME

The proposal based on SCME [2] has 6 channel taps, where each tap is further split into three sub-paths giving effectively 18 taps. The tap-splitting was introduced to better model the frequency correlation properties over a 20 MHz (or even 100 MHz) bandwidth. However, the increased number of taps also leads to longer simulation times in the context of a correlation-based channel model implementation such as [2]. (In the original ray-based tapped delay line [4], the 20 rays associated which each channel tap are split between three different closely spaced delays, so the number of rays and the computational complexity stays the same.) The approach in [3] for extending the ITU channel models to higher bandwidth leads to a more conservative number of channel taps. In this paper, only the two strongest channel taps are subject to tap-splitting. 

With this in mind, we have simplified the SCME-derived models of [2] further by only applying tap-splitting on the two strongest channel taps. This leads to an effective number of taps that is 10 (2*3+4). The following section analyses the effect this has on the frequency correlation properties. New tables for the four scenarios SCME-A to SCME-D can be found in Annex A.

3 Frequency correlation properties

The frequency correlation functions for the four different scenarios are shown in Figure 1. The 18-tap model (in blue) and the 10-tap model (in red) have essentially the same behavior. It can be noted that the general level of correlation has gone up compared to the SCME fixed delay models – this is due to the attenuation of some taps by the antenna radiation patterns that have been applied in the derivation in [2]. 
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Figure 1 Frequency correlation properties of the SCME-based channel models. Blue curves are for the model in [2] with 6x3 taps, while red is for a 10-tap model where the tap splitting has only been applied to the two strongest taps.

4 Summary

In this paper, modified Multi-Antenna channel models for LTE were presented, where the number of taps is reduced from 18 to 10. It is shown that this has a very minor impact on the frequency correlation properties of the models.
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Annex A. Modified Multi-Antenna channel models based on SCME
The four models based on SCME that were detailed in [2] are shown here with 10 taps for each model. The application of the models is otherwise identical to the one described in [2].

Table A.1 SCM-A (Suburban Macro, 3-sector, 0.5 spacing, Handset, talk position)
	Full Multi-Antenna Link level channel model

	Tapped delay line  channel model
	

	Tap/mid- path
	Delay [ns]
	Power, Ptap [dB]
	Node B 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
	137.5
	   -5.49
	   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
	400.0
	-5.44
	   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
	1387.5
	  -11.64
	   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
	2825.0
	   -23.42
	   0.9783 + 0.1763i
	1
	0
	0
	0

	
	
	
	
	0
	1
	0
	0

	
	
	
	
	0
	0
	0.5
	0

	
	
	
	
	0
	0
	0
	0.5


Table A.2 SCM-B (Urban Macro (low spread), 6-sector, 0.5 spacing, Handset, data position)
	Full Multi-Antenna Link level channel model

	Tapped delay line  channel model
	

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

	1/1

1/2

1/3


	0

12.5

25.0


	         -0.36         -2.58

         -4.34


	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
	         -1.53         -3.75

-5.51


	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
	250.0
	    0.00
	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
	1037.5
	        -10.93


	-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
	2725.0
	        -19.76


	-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
	4600.0
	        -25.40


	-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


Table A.3 SCM-C (Urban Macro (high spread), 3-sector, 4 spacing, Laptop)
	Full Multi-Antenna Link level channel model

	Tapped delay line  channel model
	

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

	1/1

1/2

1/3


	0

12.5

25.0


	        -1.15         -3.37

         -5.13


	-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
	362.5
	0.00
	   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
	         -2.23         -4.45

         -6.21


	-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
	1037.5
	         -7.22


	   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
	2725.0
	        -13.28


	   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
	4600.0
	        -18.78

	-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


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

	Full Multi-Antenna Link level channel model

	Tapped delay line  channel model
	

	Tap/mid-path
	Delay [ns]
	Power, Ptap [dB]
	Node B 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


	200.0


	        -26.04


	-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


	662.5


	        -17.93


	   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


	812.5
	         -2.27


	-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
	925.0
	        -23.95

	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


