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1 Introduction

The purpose of the present document is to address the issues raised in [1, 2, 3] regarding the MIMO channel model presented in [4]. However, before addressing them into details, it is worthwhile to list the main design characteristics of the proposed model.

· The model is backward-compatible

The MIMO channel model proposed in [4] is meant to be a natural extension to the specified ITU tapped delay-line models to also characterise the spatial domain of the radio channel. Power Delay Spectrum (PDS) and Doppler Spectrum (PDoS) can be inherited from the ITU models to ensure coherency in performance results.

Advanced antenna concepts is only one out of several features incorporated into HSDPA. Hence it should be possible to compare HSDPA performance results both with and without MIMO channel concepts. Disregarding the MIMO channel feature, the model proposed by Nokia nicely collapses to the existing ITU models, which are currently used for 3GPP link performance simulations. Hence, performance evaluation of HSDPA with and without MIMO can directly be compared to existing link performance results for other channel types such as DCH and DSCH. If we define a new type of channel model (potentially including time variance) this would in practice require that performance requirements for existing types of channels should also be defined for the new radio channel modelling in order to allow performance comparison between the various types of transport channels. Seen in a larger context, it is the view of Nokia that the potential benefit of a new channel model approach to support MIMO can not be justified.
· The model is mainly designed for link-level simulations

The proposed model has been designed mainly for link-level simulation purposes. Its input parameters are the characteristics of the simulated environment required for short-term investigations, namely Power Delay Spectrum (PDS), fading (Power Doppler Spectrum - PDoS) and spatial (correlation matrices) properties. Long-term varying properties, like shadow fading or correlation coefficients (comment from Lucent, [1]), should be addressed at system level. They could be addressed at link level. However, this would imply running very long simulations in order to collect sufficient statistics. Hence, the impact of time-varying correlation matrices would better be investigated by combining results from several link-level simulations fed with different sets of correlation matrices. Nevertheless, would anyone be willing to have time-varying correlation matrices in link-level simulations, it would just be a matter of implementation, by creating a dependence of the correlation matrices on time in relation (8) of [4], as follows (index 
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· The model is fed with measurement results

The way the spatial correlation properties are defined enables model end-users to rely on results of measurement campaigns published in the open litterature in order to characterise the environment they are willing to study. [6] lists significant references in that respect. [7] also surveys measurement campaigns performed by academic as well as corporate partners (Ericsson, Telenor, etc.). Figure 1 describes the full path from a geometrical definition of the environment under study down to the input parameters of the model. Note the central role of the Power Azimuth Spectrum (PAS) in defining the parameters of the model. As a result, the applicability of the model is not limited to a specific antenna configuration.
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Figure 1: Procedure to derive input parameters of the model from the environment characteristics

According to the scenario under study (TU/BU/SubUrban/RA/HT, macro/micro/pico-cell, outdoor/indoor), one can retrieve from the measurement results published in the litterature the corresponding PDS and PAS. Performing the Fourier transform of the PAS delivers the correlation of the signal as a function of the normalised distance [8]. Beyond the characteristics of the environment, this function mainly depends on the Azimuth Spread
 (AS) and on the Angle Of Arrival (AOA). With these two values and knowing the spacing of the elements, it is easy to derive the values of the correlation coefficient from one port to the other. As far as the fading is concerned, it can be defined directly through the PDoS or derived from the PAS at UE as well.

· The model is aimed at being practical and user-friendly

The main purpose of the model is to design an easy-to-use framework for realistic simulations of MIMO radio channels to the best extent. A reduced set of significant parameters, PDS, PDoS and two correlation matrices, enables to fully characterise the environment under study.

· The model is a near-optimum trade-off between modelling reality and simulation efficiency

To facilitate user-friendliness and high computation efficiency it is necessary to introduce and accept model limitations. It is believed that the limitations inherent to the proposed model are irrelevant in practice such that the model "forms" a near-optimum trade-off between modelling accuracy and simulation time/efficiency.

2 List of comments to be addressed

Besides the general issues of the previous section, more specific remarks coming from [1, 2, 3] have to be addressed. They can be sorted in three main classes:

1. Comments related to the definition of the correlation matrices

· Connection between a scenario and the corresponding correlation matrices (Nortel)

· Recommended sets of correlation values for typical environments (Nortel)

· Definition of the correlation coefficients in a wideband perspective (Nortel)

· Time-varying correlation matrices (Lucent)

2. Comments related to polarisation/pattern diversity

· Correlation matrices (Nortel)

· Mean power (im)balance (Nortel)

3. Miscellaneous comments

· Birth/death generation process of taps (Motorola)

· Slower decorrelation w.r.t spacing when non Rayleigh behaviour (Motorola)

· Correlation between uplink and downlink (Lucent)

· Exploitation of AOA information (Lucent)

These comments will be addressed in the following sections. It is believed that some of them are not related to the core of the proposed model, but rather to implementation issues. The reader should be aware that the proposal only tackles the characteristics of the model, not its practical implementation. In that respect, items b) to f) of Nortel’s description of the proposed model in [2] might be misleading, as they seem to embed the way the fading process is implemented into the model description, which is not the intention of the model designers.

3 Definition of the correlation matrices

3.1 Connection between a scenario and the corresponding correlation matrices

The method to derive correlation values from a geometrical description of the simulated scenario has been described in Section 1 and showed in Figure 1. This method has been applied to derive some typical sets of parameters introduced in the following section and presented in appendix.

3.2 Recommended sets of correlation values

As a foreword, it should be stressed that the model proposed in [4] is a generic one. It is not connected in any way with the sets of correlation values presented in appendix. These ones are just proposed to form a consistent base for fair comparison of algorithms to be applied on MIMO channels.

The choice of a set of parameters depends on

· The kind of environment under consideration, which defines the PAS experienced at each end of the communication link.

· The antenna configuration under consideration. The following developments will focus on Uniform Linear Array (ULA).

During COST 259, many partners, both academic and corporate (Ericsson, Telenor, etc.), collaborated to measure the PAS in a wide set of scenarios. The outcome of these measurement campaigns is to be found in [7]. Using these PAS, one can derive the value of the power correlation coefficient as described in [9].

As a starter, one can review the different sets proposed so far within 3GPP.
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Table 1: Review of correlation values proposed within 3GPP as of TSG RAN WG1#20

In the appendix, consistent sets of correlation values will be presented for different environments and antenna configuration, namely

· Environment

· Macrocell

· Microcell

· Picocell

· Antenna configuration

· Node B

· 2 ports, .5 λ, 2 λ and 10 λ spacing

· 4 ports, .5 λ, 2 λ and 10 λ spacing

· UE

· 1 port

· 2 ports, .2 λ
, .3 λ and .5 λ spacing
2x4 and 4x4 set-ups are only computed for a .5 λ-spacing at the UE and a 2 λ-spacing at Node B. The choice of the PAS type and AS of each environment is based on [6].
3.3 Wideband perspective

In [2], Nortel recommends that the correlation properties be defined in a wideband perspective, that is to say that there should be a set of correlation matrices for each delay of the tapped delay line modelling the MIMO radio channel. This is however already the case in relation (8) of [4], reminded in Section 1 of the present document. The matrix 
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 used to correlated the independent Gaussian coefficients 
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 into the taps 
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 to be used in the tapped delay line model is indexed on 
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, where 
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 relates to the delay. Still, experience tells that this kind of refinement is often dismissed at a later stage. For instance, the well-known COST 207 mobile radio channel models [15, p. 141] were defined with specific Doppler spectra (Ricean, classic and Gaussian types 1 and 2) for each delay. However, when ETSI later froze the model, the Gaussian Doppler spectra were disregarded.

3.4 Time-varying correlation matrices

In [1], Lucent introduces the time variation of the correlation properties. As explained in Section 1, this time variation is mostly an implementation issue. The model in itself is ready to embed this time variation. However, the way the correlation properties are defined, namely through ensemble averages, means that these properties are slowly varying with time. Simulating slowly varying processes at link level implies to perform very long runs in order to collect sufficient statistics. If a model end-user were interested in the incidence of changing correlation properties, it would be much more efficient to compare the outcomes of several link level simulations fed with different input parameters.

4 Incidence of polarisation/pattern diversity

4.1 Correlation matrices

4.1.1 Polarisation diversity

A major hypothesis of the model is that the spatial correlation coefficients either at UE or at Node B are defined independently from the antenna element used as a reference at the other end. Physically, this means that all antenna elements ultimately generate the same PAS. However, when different polarisations are concerned, the propagation phenomena can lead to a situation were the PAS at the receiver depends on the transmitted polarisation.

In order to cope with this situation, the spatial mapping matrix 
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 appearing in relation (8) of [4] should write
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where each matrix 
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R

is defined as the Kronecker product of the correlation matrices defined independently at each end for each pair of polarisations.

4.1.2 Pattern diversity

In [2], Nortel raised the concern that pattern diversity is not supported by the model. This is not fully correct. The proposed model has been designed assuming that all antenna elements of a given end share the same radiation pattern, without any restriction related to the specific pattern. This assumption aims at having all elements at one end illuminating the same scatterers, such that ultimately they generate the same PAS at the other end. In that respect, the model supports pattern diversity. However, it is true that pattern diversity within one end, where antenna elements either at Node B or at UE or at both ends would exhibit different radiation patterns, is not supported (see Figure 2), 
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Figure 2: Supported pattern diversity

4.2 Mean power (im)balance

In [2], Nortel raises the issue of modelling power imbalance in MIMO radio channels. As described in [4], the proposal does not allow to model such a situation since the average power of the transmission coefficients is assumed to be identical for a given delay, so 
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. To properly address the issue, it should be proved that

1. Correlated unbalanced transmission coefficients can be generated

2. Relation (7) of [4] still applies with power imbalance, that is to say any power correlation coefficient can still be described as a product of correlation coefficients defined separately at Node B and at UE.

4.2.1 Generation of correlated unbalanced transmission coefficients

In [16, p.150], a method to generate correlated random variables, each having their own variance, is described. Applied to relation (8) of the proposed model [4], it would lead to define the spatial mapping matrix 
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 from the covariance matrix 
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computed as the result of the product, element by element, of the matrix of the root power correlation coefficients by the power imbalance matrix (see Figure 3).
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Figure 3: Generation of power unbalanced correlated channel coefficients

where the elements of 
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 are random processes embedding the fading information and 
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is the vector of the transmission coefficients.

4.2.2 Model check under power imbalance

As far as the validity of the model is concerned, specially relation (7), when the constraint of equal average power of the transmission coefficients for a given delay is relaxed, it can be proved analytically [17] that this relation still applies. 

Miscellaneous comments

4.3 Birth/death generation process of the taps

In [3], Motorola requires that a birth/death process of the taps be specified and refers to some references in that respect. It is also claimed that observational backing is missing.

The original modelling approach of the dynamic evolution of the paths is outlined in [18]. Each path is controlled by a birth/death process, so the arrival of the new path is determined by a Poisson process and an exponentially distributed life-duration. This model has been experimentally validated in [19]. Additionally, it was showed that the average life duration should be adjusted to the decorrelation distance of the shadow fading.

Implementing a birth/death process with a time-varying number of paths leads to a varying local average power of the channel, approximately proportional to the number of active paths. As a result, the birth/death process of the paths can be seen as a method for generating shadow fading. This is a very slowly varying process, which is not best modelled at link-level, as already stressed. Moreover, having it implemented at link-level could lead to erroneous results as the shadow fading could eventually be simulated twice, at link- and at system-level. Hence we believe the proposed model should not address the issue.

4.4 Slower decorrelation w.r.t spacing if non Rayleigh behaviour

In [3], Motorola stresses that the assumption of Rayleigh distributed envelope of the transmission coefficients has been showed to lead to an overestimation of the decreasing pace of the correlation coefficient. However, the proposed model supports both Rayleigh and Rician distributed envelope. The fading behaviour might be defined via the PDoS.

Note also that Rician distributed transmission coefficients result in some degree of mutual correlation depending on the Rician K-factor.
4.5 Correlation between uplink and downlink

In [1], Lucent mentions some correlation between uplink and downlink, although it is not really clear what this comment is aimed at.

One might infer that the correlation properties are different between uplink and downlink, with the result that any scheme relying on information gathered in any of the two links to design a directional scheme in the reverse one would fail. Considering the duplex distance in FDD UTRAN to be in the orders of hundreds of MHz (Uplink 1920-1980 MHz, Downlink 2110-2170 MHz), it has been experimentally showed in [20] that the spatial properties did not significantly differ within a duplex distance of 68 MHz at 1.7 GHz. The PAS appears to be the same at both carrier frequencies. A figure of merit in that respect is the ratio of the duplex distance to the carrier frequency. In the case of FDD UTRAN, it is upper-bounded by 
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. As long as this ratio is low, it can safely be assumed that uplink and downlink share the same spatial correlation properties.

With respect to the fading properties, it is well known [21] that the degree of correlation depends on the ratio between the duplex distance and the channel coherence bandwidth.
4.6 Exploitation of AOA information

In [1], Lucent claims that the model does not take into account AOA. This is not correct. As explained in Section 1, the AOA has a central role in the derivation process of the correlation coefficients. Moreover, as acknowledged by Nortel in [2] a steering vector can be applied to take the AOA into account. 

5 Conclusion

This document has addressed the remarks issued in [1, 2, 3] with respect to the MIMO radio channel model proposed in [4]. It has been showed that the proposed model was suited for backward compatible, time-invariant, link-level simulations. However, it has also been stressed that the model could easily be upgraded to fulfill requests from third parties, although it is thought that these upgrades are not the most efficient way to proceed. As part of this documenting process, several sets of correlation values are proposed for typical environments and antenna configurations. 
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Macrocell

1x4 set-up

UE: Uniform PAS, AS = 100º, AOA = 0º

Node B: Laplacian PAS, AS = 10º, AOA = 0º
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Macrocell

2x2 set-up (1/3)

UE: Uniform PAS, AS = 100º, AOA = 0º

Node B: Laplacian PAS, AS = 10º, AOA = 0º
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Macrocell

2x2 set-up (2/3)

UE: Uniform PAS, AS = 100º, AOA = 0º

Node B: Laplacian PAS, AS = 10º, AOA = 0º
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Macrocell

2x2 set-up (3/3)

UE: Uniform PAS, AS = 100º, AOA = 0º

Node B: Laplacian PAS, AS = 10º, AOA = 0º
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Macrocell

2x4 set-up

UE: Uniform PAS, AS = 100º, AOA = 0º

Node B: Laplacian PAS, AS = 10º, AOA = 0º
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	Node B
	Scenario
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	Global power correlation matrix
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Macrocell

4x4 set-up

UE: Uniform PAS, AS = 100º, AOA = 0º

Node B: Laplacian PAS, AS = 10º, AOA = 0º
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	Global power corre-

lation matrix
	
[image: image66.wmf]ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ë

é

1

0853

.

0088

.

0019

.

1257

.

0107

.

0011

.

0002

.

0373

.

0032

.

0003

.

0001

.

0484

.

0041

.

0004

.

0001

.

0853

.

1

0853

.

0088

.

0107

.

1257

.

0107

.

0011

.

0032

.

0373

.

0032

.

0003

.

0041

.

0484

.

0041

.

0004

.

0088

.

0853

.

1

0853

.

0011

.

0107

.

1257

.

0107

.

0003

.

0032

.

0373

.

0032

.

0004

.

0041

.

0484

.

0041

.

0019

.

0088

.

0853

.

1

0002

.

0011

.

0107

.

1257

.

0001

.

0003

.

0032

.

0373

.

0001

.

0004

.

0041

.

0484

.

1257

.

0107

.

0011

.

0002

.

1

0853

.

0088

.

0019

.

1257

.

0107

.

0011

.

0002

.

0373

.

0032

.

0003

.

0001

.

0107

.

1257

.

0107

.

0011

.

0853

.

1

0853

.

0088

.

0107

.

1257

.

0107

.

0011

.

0032

.

0373

.

0032

.

0003

.

0011

.

0107

.

1257

.

0107

.

0088

.

0853

.

1

0853

.

0011

.

0107

.

1257

.

0107

.

0003

.

0032

.

0373

.

0032

.

0002

.

0011

.

0107

.

1257

.

0019

.

0088

.

0853

.

1

0002

.

0011

.

0107

.

1257

.

0001

.

0003

.

0032

.

0373

.

0373

.

0032

.

0003

.

0001

.

1257

.

0107

.

0011

.

0002

.

1

0853

.

0088

.

0019

.

1257

.

0107

.

0011

.

0002

.

0032

.

0373

.

0032

.

0003

.

0107

.

1257

.

0107

.

0011

.

0853

.

1

0853

.

0088

.

0107

.

1257

.

0107

.

0011

.

0003

.

0032

.

0373

.

0032

.

0011

.

0107

.

1257

.

0107

.

0088

.

0853

.

1

0853

.

0011

.

0107

.

1257

.

0107

.

0001

.

0003

.

0032

.

0373

.

0002

.

0011

.

0107

.

1257

.

0019

.

0088

.

0853

.

1

0002

.

0011

.

0107

.

1257

.

0484

.

0041

.

0004

.

0001

.

0373

.

0032

.

0003

.

0001

.

1257

.

0107

.

0011

.

0002

.

1

0853

.

0088

.

0019

.

0041

.

0484

.

0041

.

0004

.

0032

.

0373

.

0032

.

0003

.

0107

.

1257

.

0107

.

0011

.

0853

.

1

0853

.

0088

.

0004

.

0041

.

0484

.

0041

.

0003

.

0032

.

0373

.

0032

.

0011

.

0107

.

1257

.

0107

.

0088

.

0853

.

1

0853

.

0001

.

0004

.

0041

.

0484

.

0001

.

0003

.

0032

.

0373

.

0002

.

0011

.

0107

.

1257

.

0019

.

0088

.

0853

.

1




Microcell

1x2 set-up

UE: Uniform PAS, AS = 100º, AOA = 0º

Node B: Laplacian PAS, AS = 15º, AOA = 0º

	UE
	Node B
	Scenario
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	Power correlation matrix
	Global power correlation matrix
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Microcell

1x4 set-up

UE: Uniform PAS, AS = 100º, AOA = 0º

Node B: Laplacian PAS, AS = 15º, AOA = 0º
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Microcell

2x2 set-up (1/3)

UE: Uniform PAS, AS = 100º, AOA = 0º

Node B: Laplacian PAS, AS = 15º, AOA = 0º
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Microcell

2x2 set-up (2/3)

UE: Uniform PAS, AS = 100º, AOA = 0º

Node B: Laplacian PAS, AS = 15º, AOA = 0º
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	Node B
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Microcell

2x2 set-up (3/3)

UE: Uniform PAS, AS = 100º, AOA = 0º

Node B: Laplacian PAS, AS = 15º, AOA = 0º
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	Scenario
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	Global power correlation matrix
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Microcell

2x4 set-up

UE: Uniform PAS, AS = 100º, AOA = 0º

Node B: Laplacian PAS, AS = 15º, AOA = 0º
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Microcell

4x4 set-up

UE: Uniform PAS, AS = 100º, AOA = 0º

Node B: Laplacian PAS, AS = 15º, AOA = 0º
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	Global power corre-

lation matrix
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Picocell

1x2 set-up

UE: Uniform PAS, AS = 100º, AOA = 0º

Node B: Uniform PAS, AS = 25º, AOA = 0º

	UE
	Node B
	Scenario

	Spacing

[wave

lengths]
	Power correlation matrix
	Spacing

[wave

lengths]
	Power correlation matrix
	Global power correlation matrix
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Picocell

1x4 set-up

UE: Uniform PAS, AS = 100º, AOA = 0º

Node B: Uniform PAS, AS = 25º, AOA = 0º

	UE
	Node B
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Picocell

2x2 set-up (1/3)

UE: Uniform PAS, AS = 100º, AOA = 0º

Node B: Uniform PAS, AS = 25º, AOA = 0º
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Picocell

2x2 set-up (2/3)

UE: Uniform PAS, AS = 100º, AOA = 0º

Node B: Uniform PAS, AS = 25º, AOA = 0º

	UE
	Node B
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	Global power correlation matrix
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Picocell

2x2 set-up (3/3)

UE: Uniform PAS, AS = 100º, AOA = 0º

Node B: Uniform PAS, AS = 25º, AOA = 0º

	UE
	Node B
	Scenario
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	Power correlation matrix
	Global power correlation matrix
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Picocell

2x4 set-up

UE: Uniform PAS, AS = 100º, AOA = 0º

Node B: Uniform PAS, AS = 25º, AOA = 0º

	UE
	Node B
	Scenario
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	Power correlation matrix
	Global power correlation matrix
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Picocell

4x4 set-up

UE: Uniform PAS, AS = 100º, AOA = 0º

Node B: Uniform PAS, AS = 25º, AOA = 0º
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	Global power corre-

lation matrix
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� In co-operation with the Cellular Systems (CSys) group of the Centre for PersonKommunikation (CPK) in Aalborg, Denmark, within the framework of the European IST (Information Society Technologies) METRA (Multiple Element Transmit/Receive Antennas) project [� REF WWW_METRA \h � \* MERGEFORMAT �5�].


� The AS is defined as the square root second central moment of the stochastic distribution modelling the PAS.


� When the available correlation value � EMBED Equation.3  ��� is the (magnitude of the) complex cross-covariance of the two complex, assumed jointly Gaussian processes modelling the radio waves, the power correlation coefficient � EMBED Equation.3  ��� is defined as the squared magnitude of � EMBED Equation.3  ���, as suggested in [� REF Lamaire1996 \h � \* MERGEFORMAT �10�]. As a result, using notations from [� REF METRA_D2 \h � \* MERGEFORMAT �6�] and [� REF R1001386 \h � \* MERGEFORMAT �12�],


� EMBED Equation.3  ���


� UE is assumed to be exhibiting only one port. In fact, the referenced contribution presents only the global correlation matrix.


� The .2 λ-spacing has been introduced for the sake of obtaining high correlation values. However, for such small spacings, one is to experience coupling effects between antenna elements, which are not taken into account by the model.
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