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1. Introduction 

Based on the previous channel modelling discussions at the 3GPP RAN WG1 Release 5 Ad-Hoc meeting in Espoo, Finland, in June 2001 [1, 2], Lucent and Nokia have continued working towards a common proposal. That is, a proposal with easy-to-use channel models which include multiple antennas at both Node B and the UE. Note that the current contribution should be seen as a first step in the process of specifying a larger variety of different MIMO channel models.

The goal is to have a channel model which is

· Applicable for link level comparisons of different multiple antenna transmit/receive schemes

· Backward compatible with the existing ITU channel profiles [3] (whenever possible), as these have been adopted by 3GPP RAN WG4.

Hence, it is suggested to have a generalised tap delay line channel model, which is directly applicable for Monte-Carlo link level simulation campaigns.

In order to keep the required simulation efforts at a minimum, it was agreed to limit the number of specified scenarios to a few cases (e.g. 4-6) so it becomes practically feasible to conduct a complete comparison of different transmit/receiver schemes. The model should be specified in such details, that it can be applied for direct comparison between different transmit/receive schemes proposed within 3GPP. This basically means that Lucent and Nokia want to specify the number of delay taps, the average power of each tap, the Doppler spectrum of the taps, the mutual antenna correlation at both Node B and the UE, and the UE speed.

As a first step, we have chosen to focus on specification of single polarized MIMO channels only. However, at a later stage, dual polarized antenna configurations should of course also be addressed.

2. Model discussion

Lucent and Nokia agreed to define generalised versions of the ITU channel profiles approved in 3GPP RAN WG4, upgrading them such that they would encompass spatial characteristics.

Three potential channel models were discussed

· Flat Rayleigh fading

· Macrocell Generalised ITU Pedestrian A (also known as Outdoor-to-Indoor in UMTS terminology [3])

· Macrocell Generalised ITU Vehicular A

A consensus was reached on the characteristics of these models as far as Power Delay Profile (PDP), Doppler Spectrum, Power Azimuth Spectrum (PAS), Azimuth Spread (AS) and Angle Of Arrival (AOA) were concerned. It was agreed that all taps would have the same Doppler spectrum, PAS, AS, and AOA characteristics. Based on the specific antenna topology, the field correlattion matrix at both ends maybe computed from the knowledge of the PAS, AS, and AOA. 

Case 1 – Flat Rayleigh fading

The first case agreed on is aimed to serve as a benchmark, as all channel tap coefficients will be defined as uncorrelated. Specifically, this case is described as follows:

· Rayleigh flat fading channel

· Classical Clarke [4] Doppler spectrum

· Zero correlation between antenna elements at both Node B and UE

Hence, the channel coefficients are independent identically distributed (i.i.d.).

Case 2 – Macrocell Generalised ITU Pedestrian A

The second case being discussed is based on the ITU Pedestrian A profile approved by 3GPP RAN WG4, with 4 taps, all exhibiting a classical Clarke Doppler spectrum. Regarding spatial diversity, it was agreed to specify a uniform PAS over 360º at the UE, and a Laplacian PAS at Node B with AS of 5º. Such an Azimuth Spread is typical of macrocellular environments where Node B is placed above rooftop. These parameter choices are supported by numerous measurement campaigns results, see surveys in references [5, 6]. The AOA was chosen equal to 0º for the sake of simplicity.

Based on the specified power azimuth spectrum at Node B and the UE, the antenna correlation figures can be computed. In that respect, it was agreed that we should limit ourselves to single polarised uniform linear antenna arrays at both ends, to keep the model as simple as possible. Given such antenna configurations, the complete channel correlation matrix can be derived from the antenna correlation matrices at Node B and the UE, respectively [2].

Lucent and Nokia suggest to use identical correlation matrices for all channel delay taps, as measurement results in [5] have demonstrated identical power azimuth spectra at different delays. This is a very simple approach, which is believed to be sufficiently accurate to model typical urban macro cellular environments. For pico/micro cells, the aforementioned assumption might be more questionable.

Regarding the antenna topology, it was agreed to use a default antenna spacing of half-a-wavelength at the UE. The following antenna spacings at Node B were discussed:

· Half-a-wavelength element spacing

· Four wavelengths element spacing

Having a scenario with four wavelengths element spacing will lead to low antenna correlation, which typically is desirable for Multiple-Input Multiple-Output (MIMO) systems. The scenario with low antenna spacing results in high correlation between adjacent elements, and opens for simulation of schemes using conventional beamforming techniques at Node B.

The advantage of having both antenna spacings included in the model, is that the channel model can be applied to test/compare a larger variety of different transmit/receive schemes, having test cases with both high and low antenna correlation at Node B. The disadvantage is that the number of channel scenarios increases. For evaluation of advanced MIMO schemes, which exploit the possibility of forming parallel sub-channels, the scenario with half-a-wavelength element spacing (i.e. highly correlated antennas) might be of very little interest. However, for simpler MIMO schemes where e.g. beamforming concepts (at Node B) are combined with receive diversity techniques (at the UE), the antenna topology with low element spacing becomes highly relevant.

Based on these comments, Lucent and Nokia suggest to have both antenna spacings included in the model. However, it should still be optional for the user of the MIMO model to decide whether simulations should be conducted for both of the suggested antenna spacings, i.e. it does not make sense to test a MIMO scheme designed for low antenna correlation in a scenario with highly correlated antenna elements.

The field correlation matrices for both antenna spacing options, half-a-wavelength and four wavelengths, are computed as examples in appendix for a 4x4 scenario.

Case 3 – Macrocell Generalised ITU Vehicular A

The third case being considered is based on the ITU Vehicular A profile approved by 3GPP RAN WG4, with 6 taps, all again exhibiting a classical Clarke Doppler spectrum. It was agreed to specify a uniform PAS over 360º at the UE, and a Laplacian PAS at Node B with AS of 10º. Indeed, it has been showed [5] that the AS and the delay spread are positively correlated, such that the longer delay spread of the Vehicular A channel leads to a wider Azimuth Spread. Again, the AOA was chosen equal to 0º for the sake of simplicity.

The field correlation matrices for both antenna spacing options, half-a-wavelength and four wavelengths, are computed as examples in appendix for a 4x4 scenario.

Summary of Case 2 and Case 3

The following table summarises the descriptions of Cases 2 and 3.

Table 1. Summary of channel model parameters for Cases 2 and 3

	
	
	Case 2

Generalised ITU Pedestrian A
	Case 3

Generalised ITU Vehicular A

	Number of paths
	4
	6

	PDP
	ITU Pedestrian A
	ITU Vehicular A

	Doppler spectrum
	Classical
	Classical

	Speed (km/h)
	3
	Open issue

	UE
	Topology
	.5λ-spacing
	.5λ-spacing

	
	PAS
	Uniform over 360º
	Uniform over 360º

	
	AOA
	0º
	0º

	Node B
	Topology
	Uniform linear array:
1) 0.5 wavelength element spacing
2) 4.0 wavelength element spacing

	
	PAS
	Laplacian, AS = 5º
	Laplacian, AS = 10º

	
	AOA
	0º
	0º


Note that we only have specified cases with zero degrees AOA. We see no good reason for specifying additional cases with alternative AOAs, which will result in specification of additional antenna correlation matrices. Basically, because the specified channel models already include cases with both high and low inter-element correlation. Secondly, if one wants to use the model to test different AOA estimation algorithms we will probably have to include a time-variant AOA, which will complicate the model even further. For the sake of simplicity, we will therefore still recommend to only specify the correlation matrices for one particular AOA, namely zero degrees. Specifying matrices for other AOA's would simply result in too many simulation cases, without gaining significant benefit from running additional simulations with a variety of different AOA's.

3. Open issues

· Different antenna spacing: if certain beamforming techniques require antenna spacing different than the ones proposed in this model, it can be specified in addition to the proposed spacings, while maintaining the same delay, AOA and PAS model parameters as specified in Cases 2 and 3.

· Models for bad-urban, microcell, and picocell: in these cases, different AOA can be considered.

· Polarization: if necessary, dual polarized antennas can be considered.

· Speed for Generalised ITU Vehicular A case.
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Appendix - Field correlation matrices in a 4x4 scenario

	
	UE
	Node B

	Flat Rayleigh fading
	Fully uncorrelated
	Fully uncorrelated
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	Macrocell Generalised ITU Pedestrian A
	Uniform over 360º, .5λ-spacing
	Laplacian, AS = 5º, 4λ-spacing
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	Uniform over 360º, .5λ-spacing
	Laplacian, AS = 5º, .5λ-spacing
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	Macrocell Generalised ITU Vehicular A
	Uniform over 360º, .5λ-spacing
	Laplacian, AS = 10º, 4λ-spacing
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	Uniform over 360º, .5λ-spacing
	Laplacian, AS = 10º, .5λ-spacing
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