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1. Introduction

Contribution [1] introduced an extension to 3GPP spatial channel model (SCM) [2]. The extension is called Extended SCM (SCME). It supports bandwidths up to 100 MHz Error! Reference source not found., but the contribution focused on 20 MHz version of it. Additionally, the contribution [1] mentioned the forthcoming WINNER models. In contributions [3] and [4], WINNER models were introduced. This contribution considers 20 MHz version of the WINNER model. In contribution [5], the SCM, SCME and WINNER models are compared. 

In contribution [6], it was proposed that a set of SCME (SCM Extension) based channel models are used in initial LTE performance evaluations. In the same contribution, it was also proposed that WINNER models could be considered in future work on LTE, especially for scenarios that are not covered by SCME.

Indoor scenarios are covered neither by SCM nor SCME. Therefore, we propose here WINNER indoor scenarios.
2. WINNER Indoor Channel Models.

Table 1 defines indoor propagation scenarios in WINNER. The scenarios marked in bold are prioritized scenarios that were modelled in the phase I of the WINNER project.

Table 1. Propagation scenarios defined in WINNER.

	Scenario
	Definition
	LOS/NLOS
	Mob.
	AP ht
	UE ht
	Distance range

	A1
In building
	Indoor small office / residential
	LOS/         NLOS
	0–5 km/h
	2 m
	1 m
	3 - 100 m

	B3
Hotspot
	Indoor
	LOS
	0–5 km/h
	2 – 5 m
	1 – 2 m
	3 – 30 m


The key parameters of the indoor models are path loss, shadowing, angle spread, delay spread, number of clusters (paths), and cross-polarization ratio (XPR). The model has been designed for up to 100 MHz systems. In this contribution, we downscale them to 20 MHz bandwidth.
We selected A1, to minimize the number of different scenarios. The scenario A1 is defined in the following sub-section.

2.1. Scenario Definition

Scenario A1 represents typical office environment, where the area per floor is 5000 m2, number of floors is 3 and room dimensions are 10 m x 10 m x 3 m and the corridors have the dimensions 100 m x 5 m x 3 m. The A1 indoor office model is illustrated in Figure 2.1.
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Figure 1. Layout of the indoor scenario (A1).

We assume that the APs are located either in the corridors or in the rooms. We concentrate on two models, LOS and NLOS. LOS is defined for the corridors, but will be applied also inside the rooms, if BS is in the same room as MS. NLOS case means propagation from the corridor to a room or vice versa. Notes:

1.
No around corner NLOS situations are defined, see the Figure 2.1.

2.
Corridors are assumed empty.

3.
We do not have model for through wall at the moment!

4.
We do not have model for propagation between different floors.

3. Proposed channel model.

Path-loss models at 5 GHz for considered scenarios have been developed based on measurements and information from literature. The developed path models are presented in Table 2 including the shadow fading values. The path-loss models have the form as in equation (1), where d is the distance between transmitter and receiver, the fitting parameter A includes the path-loss exponent parameter and parameter B is the intercept.




PL = Alog10(d) + B
















(1)
Table 2. Path Loss model.

	Scenario
	path loss [dB]
	shadow fading standard dev.
	applicability

range

	A1
	LOS
	18.7 log10 (d[m]) + 38,5 +

20log10 (fc[GHz]/2)
	( = 3.1 dB
	3 m < d < 100 m

	
	NLOS
	36.8 log10 (d[m]) + 30,4 +

20log10 (fc[GHz]/2)
	( = 3.5 dB
	3 m < d < 100 m


Table 3 describes the parameters of the CDL model for indoor scenario.

Table 3. Indoor LOS (Omni antennas, 4( spacing BS, Laptop).

	Excess delay (ns)
	Amplitude (dB)
	BS spatial correlation 
MS spatial correlation (  

	0
	0
	0.5329 + 0.1807i
0.5739 + 0.1041i

	12.5
	-7.0
	-0.3865 + 0.4851i
0.2173 + 0.1694i

	25.0
	-11.4
	-0.2355 + 0.3853i
0.1210 - 0.0420i

	37.5
	-12.7
	-0.1531 + 0.1999i
0.2207 - 0.1254i

	50.0
	-15.5
	-0.1873 + 0.3198i
-0.0795 - 0.1336i


	62.5
	-16.8
	-0.0591 - 0.0186i
0.2753 + 0.1256i

	75.0
	-18.4
	0.1900 - 0.0868i
0.5300 - 0.0140i


Table 4. Indoor NLOS (Omni antennas, 4( spacing BS, Laptop).

	Excess delay  (ns)


	Amplitude (dB)


	BS spatial correlation 
MS spatial correlation (

	0
	0
	0.1832+0.1011i

-0.0406+0.1756i

	12.5
	-1.6
	0.3608+0.1002i
0.0360-0.0031i

	25.0
	-2.7
	0.3608-0.1031i
0.0260+0.0177i

	37.5
	-5.0
	0.3980-0.3043i

-0.0388+0.1033i

	50.0
	-5.1
	0.0758-0.1538i
0.3040+0.0608i

	62.5
	-5.4
	0.3760-0.0171i
0.3402-0.0853i

	75.0
	-9.0
	0.2067-0.3646i
0.3492-0.1477i

	87.5
	-11.3
	-0.1547+0.2060i
0.1689+0.2922i

	100.0
	-13.1
	-0.0159-0.0616i
0.1934+0.3055i

	112.5
	-15.1
	0.1766-0.3686i

-0.1876+0.1718i

	125.0
	-16.8
	0.0772-0.2098i

-0.2542-0.2327i

	137.5
	-18.7
	0.2955+0.0686i

-0.1575+0.1250i


4. Frequency Correlation Functions of the Proposed Models
Figure 2 and Figure 3 show the frequency correlation functions of the original WINNER models and 20 MHz versions of them. It can be seen from the figures that the frequency correlation is almost the same within 20 MHz band.
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Figure 2. Frequency Correlation Function of Indoor LOS Scenario.
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Figure 3. Frequency Correlation Function of Indoor NLOS Scenario.
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