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1. Introduction

3GPP LTE channel models are specified in [1], [2], [3]. They define channel parameters for urban micro-cell, urban macro-cell, and suburban macro-cell. This contribution proposes outdoor-to-indoor parameters for the LTE channel models. The parameters are based on channel measurements performed in IST-WINNER project. 
2. WINNER Outdoor-to-Indoor Channel Models.

2.1 Outdoor-to-indoor scenario (B4)
In outdoor-to-indoor scenario (Figure 5-11) the MS antenna height is assumed to be at 1 – 2 m (plus the floor height), and the BS antenna height below or above roof-top, 3 - 30 m. Metropolitan area environment is assumed. 
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Figure 1. Outdoor to indoor scenario.
2.2 Measurement Campaigns
Several measurements were done in Oulu, in Ilmenau, and in Ottawa. The parameters are typical values from those measurements.

2.3 Results

Table 1 shows the results of the outdoor-to-indoor measurement campaign. Albeit measurements indicate probability of significant Ricean K-factor, the proposal is Rayleigh fading model for NLOS condition only.
Table 1. 
	Delay spread [ns]
	median
	64.9

	
	std
	42.7

	AoD angle spread [°]
	median
	17.3

	
	std
	12.6

	AoA angle spread [°]
	median
	60.8

	
	std
	17.0

	K-factor [dB]
	median
	8.1

	
	std
	3.7

	XPRV
	median
	4.1

	
	std
	11.2

	XPRH
	median
	11.2

	
	std
	11.3


3. Proposed channel model.

Use the same structure as in SCME-A, SCME-B, SCME-C, and SCME-D models ([1]

 REF _Ref147652684 \r \h 
 \* MERGEFORMAT [2]

 REF _Ref147652685 \r \h 
 \* MERGEFORMAT [3]).
One new scenario, SCME-E, is considered, see Table 2, they represent a subset of “typical” antenna configurations and propagations scenarios. Also the previous channel models are renamed to avoid misunderstanding.

Table 2 – Representative cases
	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


Note that models SCME-C, SCME-D and SCME-E 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: 
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where ptap is the relative power of the tap, 
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 is the effective antenna gain at the NodeB, 
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 is the antenna gain at the UE, 
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 denotes Kronecker multiplication. 

To determine 
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 unambiguously, the antenna polarization combination matrix is vectorized as [NodeB+45UEvert, NodeB-45UEvert, NodeB+45UEhor, NodeB-45UEhor]. Here the notation NodeB+45UEvert refers to; from +45° slant element at NodeB to vertically polarized element of UE (at nominal orientation).

For the scenario SCME-E, the effective tap power that includes the effective antenna gains at NodeB and UE is tabulated below:
SCME-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
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Figure 2.  Power delay profile of the SCME-E.
Total per-tap covariance matrix: 
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