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1. Introduction

The contribution [1] mentioned the forthcoming WINNER models. In contribution [2], also WINNER models were briefly introduced. This paper discusses the WINNER channel models.

The WINNER project aims to define the concept of a Beyond-3G (B3G) wireless communication system using a channel bandwidth of up to 100 MHz for one radio link, and radio frequencies most likely between 2 and 6 GHz [3]. The research concerning the suitability of certain communication parameters like modulation, coding, symbol rate, multiple-input multiple-output (MIMO) antenna utilisation, etc., are performed through extensive simulations. The simulation results depend strongly on the radio channel. Hence, the radio channel is a crucial part of the simulation. On one hand, it is very important to use accurate and realistic channel models in the simulation to enable realistic and reliable simulation results. On the other hand, the complexity of the simulation has to be tolerable. Therefore, the challenge is to create channel models which balance realism and computational simplicity [2]. 
At project start, the situation was such that no channel models that are widely accepted and suitable for wideband MIMO systems (20 – 100 MHz) were available. Therefore, WINNER had to create new channel models for the project. For initial purposes, we selected two existing channel models, which we call initial channel models. These models are the 3GPP/3GPP2 Spatial Channel Model (SCM) [4] for outdoor simulations and the IEEE 802.11 TGn model [5] (based on a concept also used in METRA [6], [7]) for indoor simulations. Because the SCM was not suitable for wideband MIMO simulations as such, WINNER performed some modifications and implemented the extended SCM (SCME) [8]. However, in spite of the modification, the initial channel models were not sufficient for advanced simulations. Consequently, new WINNER models were still needed. Several measurement campaigns were carried out during the WINNER project to obtain realistic measurement-based wideband MIMO channel models.
In this contribution, we introduce the generic channel modelling approach that was subsequently used as a basis for the channel models of selected propagation scenarios. We also present the reduced-variability models, denoted clustered delay line (CDL) models, which can for example be used for calibration and comparison simulations. 
The stochastic modelling approach allows the creation of virtually unlimited double-directional radio channel realisations. The generic model is a ray-based multi-link model that is antenna independent, scalable, and capable of generating channels for MIMO links. The channel models are suitable both for link- and system-level simulations.
2. WINNER Channel Modelling Process
WINNER channel models support both link-level and system-level simulations. Link-level here is defined as concerning a single communication link, which of course may include multiple antennas at the transmitter and receiver. System-level is defined as considering multiple communication links, potentially including multiple base-stations (BSs). It is sometimes difficult to classify channel model parameters into either link-level or system-level, which is necessary to separate these layers. Some parameters are important in both link- and system-level simulations, thus any full separation has to be considered carefully. 
The WINNER channel modelling effort was divided into two steps. In the first step, channel models with limited number of parameters were created for the most urgently needed propagation scenarios (prioritized scenarios). Generally in channel modelling, scenarios are the result of a classification of the propagation environments based on a mixture of visual and propagation-related parameters. A coarse scenario list had been defined by other groups within WINNER. More refined scenario classifications and channel model parameters were defined for the five prioritized propagation scenarios according to [9], namely indoor small office, urban micro-cell, stationary feeder, urban macro-cell, and rural macro-cell. In the second step, the channel models were upgraded. More parameters were included in the models and two more scenarios – indoor large hall and suburban – were also added, based on the feedback from other work packages. These final channel models are described in the deliverable D5.4 [8]. 
The selection of model parameters as well as their statistics was based on measurement results published in literature and the results from the data extraction of measurement campaigns performed by WINNER. The process of measuring the propagation channel, extracting and modelling parameters, and generating channel realisations is shown in Figure 1. The generic modelling approach is the basis in all phases of this process. Our generic modelling approach is based on decomposing the effective channel into ideal plain waves, whose geometric parameters are subsequently modelled in a statistical fashion. This yields an antenna-independent model, which consists of three parts: transmitter array, propagation channel, and receiver array. The statistical parameters of the plain waves (also called rays or paths) are amplitude, phase, delay, angle-of-departure (AoD), angle-of-arrival (AoA), and polarization.
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Figure 1. WINNER Channel Modelling Process.

3. WINNER Channel Measurements
In WINNER project, eleven (11) measurement campaigns were performed during 2004 – 2005 to obtain parameters for the channel models. The measurements were performed by five partners, namely Elektrobit, Helsinki University of Technology, Royal Institute of Technology Stockholm (KTH), Nokia, and TU Ilmenau. Different channel sounders, most of them capable of measuring at 2 and 5 GHz frequency ranges, and employing a sounding sequence with around 100 MHz sampling rate at transmitted, were used. In addition to the measurements, information from the literature was used.
The measured environments cover different indoor, urban micro- and macro-cellular, suburban macro-cellular and rural scenarios. The scenarios of WINNER Phase I are listed in Table 1. Phase II will cover more scenarios. In most measurement campaigns, the used antennas support directional parameter estimations. Measurement results were analyzed using beam-forming and super-resolution methods. The extracted parameters, e.g. path-loss, shadow fading characteristics, power delay profiles, delay spreads, angular spreads, and cross-polarisation ratio (XPR), were analyzed for the scenarios of interest.
Table 1. Propagation scenarios defined in WINNER I.

	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

	B1
Hotspot
	Typical urban micro-cell
	LOS/
NLOS
	0–70 km/h
	Below RT, e.g. 10 m
	1.5 m
	20 - 400 m

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

	B5a
Hotspot
	LOS stat. feeder, rooftop to rooftop
	LOS
	0 km/h
	Above RT.
	Above RT.
	30m - 8 km

	B5b
Hotspot
	LOS stat. feeder, street-level to street-level
	LOS
	0 km/h
	2-5 m
	2-5 m
	20 – 400 m

	C1        Metropol
	Suburban
	LOS/         NLOS
	0–70 km/h
	20 – 30 m
	1.5 m
	35 - 3000 m

	C2        Metropol
	Typical urban macro-cell
	LOS/
NLOS
	0–70 km/h
	Above RT, e.g. 32 m
	1.5 m
	35 - 3000 m

	D1
Rural
	Rural macro-cell
	LOS/         NLOS
	0–200 km/h
	Above RT, e.g. 45 m
	1.5 m
	35m - 10 km


LOS: Line-of-sight

NLOS: Non-LOS

A1, B1, B3, etc: codes of scenarios.

RT: roof-top

AP: Access point

UE: User equipment

4. WINNER Channel Models.

There are two types of 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 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. Implementation is available via [11].
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. Intra-cluster delay spread is zero and therefore we call clusters as ZDSC (zero delay-spread cluster). As an example, the CDL model for urban macro-cell scenario is shown in Table 2. Exact values for all scenarios can be found in [8].

Table 2. CDL model for urban macro-cell scenario.
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The generic models are so-called stochastic multi-segment models, where – compared to CDL models – delays and angles are also randomized. A summary of the generic model parameters is shown in Table 3. An exact definition of the generic models is given in [8] and will be presented in IEEE Vehicular Technology Conference in Spring 2006 [10].

Table 3. Generic model for urban macro-cell scenario.
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5. Discussion
The channel modelling work as part of the WINNER project is aimed not only for WINNER internal purposes. The developed channel models can also be used in other projects and in standardization. The channel model is suitable for both indoor and outdoor communications including wireless local area network (WLAN), wireless metropolitan area networks (WMAN), 3G long term evolution, and Beyond 3G.
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