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1. Introduction

In contribution [1], an extension to 3GPP spatial channel model (SCM) [2] was introduced. The extension is called Extended SCM (SCME). It supports bandwidths up to 100 MHz [3], but the contribution focused on 20 MHz version of it. It was presented to mitigate the identified artefacts of SCM in frequency domain, when applied to bandwidths over 5 MHz. The presented model provided consistency and comparability, since it is backwards compatible with the original SCM, i.e., when down sampled to 5 MHz, original SCM channels are retrieved. 
Additionally, the contribution [1] mentioned the forthcoming WINNER models. WINNER project [5] is focusing on beyond 3G (B3G) radio system using a frequency bandwidth up to 100 MHz. However, this contribution considers 20 MHz version of the WINNER model. At the date of the contribution [1], the WINNER models were not public. However, in the meantime, the models were published and are described in the deliverable D5.4 [3]. In contribution [4], also WINNER models were briefly introduced. WINNER models were discussed more in detail in contribution [7] and in conference paper [6]. The SCM, SCME and WINNER models were briefly compared in contribution [4]. This contribution presents more thorough comparison of them.

Matlab™ implementations of SCM, SCME, and WINNER models were done in WINNER project and they are freely downloadable via [8].

3GPP SCM model [1] has been designed for systems operating around 2 GHz carrier frequencies with 5 MHz bandwidth. 3GPP LTE work, however, requires channel models supporting bandwidths up to 20 MHz, and SCM model with 6 paths has not been guaranteed to be directly suitable for such bandwidths. Additionally, 3GPP LTE work requires indoor channel models, which are included neither in SCM nor SCME. However, WINNER model covers several indoor and outdoor scenarios.

There are two types of WINNER channel models for each scenario: a generic model and a reduced-variability model denoted clustered delay line (CDL) model, which can for example be used for calibration and comparison simulations. The key cluster parameters of the CDL models are delay, power, angle of departure (AoD), angle of arrival (AoA), Ricean K-factor, mobile station (MS) speed, number of rays per cluster, ray powers, cluster and composite cluster azimuth-spread at MS, and cluster and composite cluster azimuth-spread at BS.
In WINNER project, eleven (11) measurement campaigns were performed. The campaigns were done in indoor, urban microcell, urban macrocell, suburban, and rural environments. Some of the measurements were done at both 2 and 5 GHz.

This contribution is organized as follows. Section 2 introduces key features of WINNER channel models. Section 3 lists the key differences of SCM, SCME, and WINNER models. Section 4 discusses the suitability of the different models for 3GPP LTE standardization. Section 5 concludes this contribution. 

2. Key Features of WINNER Channel Models
WINNER channel models are introduced in contributions [1], [7], and more thorough in [3] and [6].
The key features of the WINNER models are

· Generic structure for indoor and outdoor environments.

· Seven propagation scenarios: indoor small office, indoor hotspot, urban micro-cell hotspot, urban macro-cell, feeder link, suburban, rural.

· LOS and NLOS models (except urban macro-cell, which is only NLOS).

· Sum-of-rays-based stochastic channel model provides antenna independence.

· Reduced-variability model denoted clustered delay line (CDL) model.

· Time-evolution and multi-user/multi-base support.

· Models are based on measurements and literature.

· Several parameters such as delay spread, angle spread (arrival/departure, azimuth/elevation), shadowing, cross-correlation between large scale parameters, K-factors, cross-polarisation ratio (XPR), path loss.

· Implementation done for three models: SCM, SCME, WINNER

3. WINNER Differences between SCM, SCME, and WINNER models.

Table 1 introduces the key differences of the SCM, SCME, and WINNER models. More detailed comparison is discussed below.

Table 1. Comparison of SCM, SCME, and WINNER models.

	
	SCM
	SCME 
(20 MHz version)
	WINNER phase I 

(20 MHz version)

	carrier frequency (GHz)
	2
	2 and 5
	2 and 5

	bandwidth (MHz)
	5
	20
	20

	scenarios
	1) urban macro
(NLOS)
2) urban micro
(LOS&NLOS)
3) suburban macro
(NLOS)
	1) urban macro
(LOS&NLOS)
2) urban micro
(LOS&NLOS)
3) suburban macro
(LOS&NLOS)
	1) indoor small office (LOS&NLOS)
2) urban micro (LOS&NLOS)
3) indoor hotspot (LOS&NLOS)
4) stationary feeder (LOS&NLOS)
5) suburban macro (LOS&NLOS)
6) urban macro (NLOS)
7) rural macro (LOS&NLOS)


The following features are only in WINNER, not in SCM

· Wider measurement base.

· Indoor scenarios, more outdoor scenarios.

· Elevation in some scenarios.

· Comprehensive 5 GHz model, 2.5 GHz models for some scenarios.

· 100 MHz bandwidth.

· Limited time-evolution.

· Scenario-specific cross-correlation of large-scale parameters.

· Auto-correlation of large-scale parameters.

· x,y coordinate system for path loss and autocorrelation.

· LOS option for all but one scenario.

· CDL models.

· Any types of MIMO antennas at both terminals.

The following features are only in WINNER, not in SCME

· Wider measurement base.

· Indoor scenarios, more outdoor scenarios.

· Elevation in some scenarios.

· Comprehensive 5 GHz model, 2.5 GHz models for some scenarios.

· x,y coordinate system for path loss and autocorrelation.

· Scenario-specific cross-correlation of large-scale parameters.

· Auto-correlation of large-scale parameters.

· Novel CDL models.

· Any types of MIMO antennas at both terminals.

	
	SCM
	SCME
	WINNER

	Geometry-based stochastic approach
	☺
	☺
	☺

	Measurement-based parameters
	☺
	☺
	☺☺☺

	Antenna independence
	☺
	☺
	☺

	Tapped Delay Line model
	☺
	☺
	☺

	Bandwidth of 20 MHz or more
	
	☺
	☺

	5 GHz carrier frequency
	
	☺*
	☺

	(x,y) coordinate system
	
	
	☺

	Autocorrelation of large-scale parameters
	
	
	☺

	Cross-correlation of large-scale parameters
	
	
	☺

	Multi-BS/multi-MS support
	☺
	☺
	☺

	Outdoor scenarios
	☺
	☺
	☺☺

	Indoor scenarios
	
	
	☺

	Polarization
	☺
	☺
	☺

	Elevation
	
	
	☺

	Full MIMO support**
	
	
	☺

	Implementation done
	☺***
	☺
	☺


* only path loss

** any antenna with three-dimensional dual-polarized complex pattern can be used

*** also done in WINNER.
4. Suitability of different models for 3GPP LTE standardization.

	
	SCM
	SCME
	WINNER

	3GPP LTE
	
	☺☺
	☺☺☺

	Beyond-3G
	
	
	☺☺☺


5. Conclusion

WINNER model is more applicable to 3GPP LTE simulations, because of having indoor scenarios, reliability based on measurements, and all other reasons described in above sections.
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