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1. Introduction 

There have been a number of proposals in both 3GPP and 3GPP2 as to what form a system-level MIMO 
channel model should take [1], [2], [3], and what it's parameters should be [4]. This document draws upon a 
number of these suggestions, such as the Nortel tapped delay line model [2], the COST 259 
recommendations for the form of the PAS for the LOS and NLOS taps [5] and the rms angle spread values 
as seen at both the Node B and UE proposed by Texas Instruments [4] to provide the framework upon which 
a stochastic, discrete ray, system level MIMO channel model, which has the ability to include polarisation, is 
based.  

The proposed model addresses the significant effect on correlation due to either, UE to the Node B 
orientation or UE to street orientation. This model assumes that as proposed in Kuchar et al [6] and 
supported by Nortel measurements, energy from delayed components typically due to specular reflectors 
aligned with the street, arrives at the UE via street canyon effects. 

 

2. Requirements of the system level MIMO channel model 

To determine what features are required of the system level channel model it is necessary to understand 
what it's prime requirements are and how they can be met. The system level MIMO channel model is 
required to:-     

• Either include, or provide the ability to include polarisation effects on a per ray basis, as the 
increasing demand for greater numbers of decorrelated elements within increasingly small volumes 
will make the use of polarisation diversity essential. 

• Be easy to implement so as to facilitate use and constrain simulation run-time requirements. 

• Include the effect of UE to street and UE to Node B orientation on the correlations observed at the UE 
and Node B respectively, as this provides a range of possible correlations. 

• Enable system level modelling of dependencies between factors such as distance, delay, PAS and 
UE orientation with respect to either to the street or Node B. 

• Define PASs on a per tap basis permitting the temporal fading characteristics, i.e. Doppler Spectrum 
of each tap to be derived from the angular spread of power on a per tap basis.  

• Be as accurate as possible so as to enable 'realistic' comparisons between candidate technologies 
within the context of a system deployment. 

The 'polarisation' requirement tends to favour a discrete ray approach where each ray can be attributed an 
electric field vector and an angle of arrival. The combination of these two pieces of information enable the 
voltage induced at the antenna due to each ray to be determined via a dot product of the incident electric 
field and the electric field response of the antenna at the specified ray angle-of-arrival. A ray-tracing model 
also provides enough information to include polarisation effects, however would require expensive, detailed 
site specific information, and it's complexity would make it harder to implement and mean longer run-times. 
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The 'easy to use' requirement would be best met by use of a tapped delay line approach combined with a set 
of static correlation matrices, one for each combination of Node B and UE element spacing and environment. 
While this approach might be the most computationally light option, the use of a fixed correlation matrix for all 
taps of a given environment and Node B/UE element separation will not provide the 'realistic' spread of 
correlation values between different channel realisations as observed in measurements. The importance of 
including the spread of correlation has been recognized in a document [7], submitted by Motorola to 3GPP2 
which states one of it's key findings to be "correlation coefficients between antenna pairs are stochastic 
variables, not constants". To introduce this variability of tap correlations both within a channel and between 
different realisations of a channel, the method of allocating correlation matrices to taps must have at least 
one degree of freedom. This could be introduced via the use of UE to street orientations which can be varied 
on a per channel realisation basis. Of course this directional effect is only relevant for taps which have 
directional PASs such as observed in measurements [6] for delayed taps, i.e. >400ns delay. 

To 'include effects of either UE to street or UE to Node B orientation on correlation', the model should include 
some concept of street alignments and UE position within a cell. The street alignment can be considered to 
be aligned to the centre of the Laplacian PAS as proposed in COST 259 [5] and the UE to Node B 
orientation can be assumed to be given by the LOS angle between the Node B and the UE (in system level 
simulations the UE position relative to the Node B will be specified for C/I calculations etc already). As will be 
shown later taps can be seen to be aligned to the street directions from angles that are 180° separated and 
hence can be used to provide a choice of correlation matrices for taps in the same channel. 

To 'be as accurate as possible' the characteristics of the channel model should be parameterised and 
compared against measurements.  

 

3. Methodology of the system level MIMO channel model 

The proposed model is based upon a tapped delay line approach which provides the number of taps as well 
as their powers and delays, and then uses a MIMO correlation matrix attributed per tap1 to describe their 
spatial fading behaviour. Since in reality there is a spread of possible channel realisations and tap 
correlations for the different UE locations within a cell, the model should reflect this by making some 
allowance for their relative probabilities of occurrence. Indeed the 'MIMO channel model for HSDPA' 
proposal from Nortel [2] uses four of the ITU tapped delay line models associated with probabilities of 
occurrence (based on measurements) to provide a simple statistical representation of the urban, outdoor-to-
outdoor environment. This statistical tapped delay line model discussed in [2], is therefore the one adopted 
here. Having defined the number of taps and their powers and delays it is necessary to define what the 
correlative relationships are between the fading voltages of a tap observed at the different MIMO paths. In 
the mobile cellular, outdoor-to-outdoor environment, correlation is determined by the combination of Node B 
and UE element configurations as well as the amount of angular dispersion in the channel between them. 
For the purposes of this document, it will be assumed that the total correlation for a given Node B to UE 
element combination can be determined by multiplying together the correlation at the Node B and UE for a 
given Node B to UE combination as proposed in [3] and reiterated here in (1). It should be noted that this 
method does assume that both the radiation patterns of the UE and Node B elements are identical, which is 
fair in the context of this document which considers Uniform Linear Arrays (ULAs) formed from omni-
directional elements, however this would need to be modified when including polarisation effects. An 
alternative method of deriving the joint Node B/UE correlations has been derived by Nortel and could be the 
subject of another contribution. 

 

 

 

 

 
                                                   

1 A MIMO correlation matrix for a given tap describes the amplitude and phase relationship between the complex voltage variations of 
the given tap as seen at all the possible elements at either the Node B or UE end of the link. 
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Deriv ing MIMO co rrelat ion from Node B and UE co rrelat ions 
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where  <x,y> denotes the E{x,y*} 

   the subscript of 'm' is the index of the element of the Node B array 

   the subscript of 'n' is the index of the element of the UE array 

ρ denotes the correlation between elements of either the Node B or UE array depending on its 
subscript. 

 

The method by which correlations between UE elements are derived and used is discussed in section 4 and 
at the Node B end in section 5. It is important to note that the model used for determining correlation 
matrices does not generate a whole channel in one go, but a tap at a time. Multiple runs of the correlation 
model then permit a set of correlation matrices to be formed. Selections from these correlation matrix 
datasets can then be allocated to the various delayed taps of the channel in a manner that is dependent 
upon their delay, and hence the PAS which is assumed, i.e. for taps with delays <400ns assume a uniform 
PAS and with tap delays >400ns assume a Laplacian PAS as proposed by Kuchar et al [6] . 
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4. Attributing Correlation Matrices to antennas at the UE 

 

As mentioned previously, correlation is determined by the element spacing, geometry and the form of the 
angular dispersion of power due to the channel.  

For the purposes of providing a simple benchmark case against which all candidate technologies can be 
compared, the geometry here will be assumed to be a Uniform Linear Array (ULA), however it should be 
noted that since the element locations in the model are defined via spatial coordinates, any array geometry 
can be defined.  

Although all elements are currently assumed to have omni-directional radiation patterns, it should be 
remembered that since the simulations use discrete rays, if they are attributed polarisation state information 
then it will be possible to define the element radiation patterns and therefore include polarisation effects. This 
is an area for a future contribution.  

The form of the PAS to be used to model the angular dispersion of power in the outdoor-to-outdoor 
environment has a large impact on the correlations derived and hence has been the topic of much discussion 
within 3GPP. This document uses the PASs as proposed by COST 259 [5] in the context of the discovery by 
Kuchar et al [6] of delay dependence. This has shown that typically taps with delays <400ns, which are 
constituted from the local scatterers, tend to have uniform PASs, whereas the delayed taps, taps with delays 
>400ns, are typically due to distant dominant scatterers which are aligned with the street orientation and 
hence are best represented by a Laplacian PAS. The system level MIMO channel model presented here will 
assume a uniform PAS for taps with delays <400ns and Laplacian for all taps with delays >400ns. The 
Laplacian distributions used to model delayed taps will be set to σ=35° which is the value recommended in 
Texas instruments summary of parameters [4].  

Having decided on the array geometry, element pattern and the form of the PASs for each tap, it is possible 
to construct a discrete ray model which can yield correlation information. 

The model requires the following configuration parameters to be defined 

1) the carrier frequency (currently set to 2GHz, i.e. λ = 0.15) 

2) the element separation in terms of wavelengths (currently set to 0.5). 

3) the number of Node B and UE elements (currently both set to 4) 

4) the distance between samples in terms of wavelengths (currently set to 1000 so as to ensure 
independent samples. It should be remembered than when using a narrow Laplacian PAS the rate of 
change of phase, as observed at an element, with movement is much reduced compared to when 
using a uniform PAS). 

5) the number of spatial samples over which the correlation is calculated (currently set to 3000). 

6) Specify whether the first tap, i.e. uniform PAS, or the delayed taps, i.e. Laplacian PAS is to be 
simulated 

7) the number of rays (currently set to 200 to model a tap) 

8) the number of either UE to street or UE to Node B orientation angles to be examined (currently set to 
36 for the delayed tap Node B to UE case and 1 for the Node B to UE case) 

9) the σ of the Laplacian for taps with delays >400ns (currently set to 35° for the UE case and 2° for all 
taps of the Node B case). This parameter is not relevant when modelling taps with delays <400ns of 
the UE case, since in this case it uses a uniform, not Laplacian distribution to model the PAS. 

 

Having defined the set-up parameters there is sufficient information to determine what the narrowband vector 
sum of all the constituent components at each element is, determine how this varies with spatial position and 
therefore determine correlation. Each ray is assumed to have three component terms to it's phase, the 
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random starting phase,ψstart, the phase offset caused by spatial movement, ψmove, and the phase offset due 
to the spatial separations between elements, ψoffset. 

offsetmovestartPhaseTotal ψψψ ++= ...................................(2) 

The random starting phases, ψstart, are attributed to each ray using a U(0,2π) distribution. 

The phase offset due to spatial movement, ψmove, is determined from simple trigonometry which assumes 
that the scatterers are sufficiently far away from the UE array that the rays impinging on it can be considered 
to form a plane wave. 

 

 

 

 

 

 

 

 

Figure 4-1 Ph ase offset due to spatial movement 

 

The phase offset to the due to spatial movement, d, between spatial position 1 and spatial position 2, of a ray 
incident to the array at an angle, θ, can be expressed as the change in path length experienced between 
these two points. 

θcosdlengthpathinChange −=  .............................(3) 

since a change in phase merely expresses the lead or lag in terms of number of wavelengths, the path 
length calculated in (3) can be expressed as a phase change (4) by multiplying it by the wavenumber, k, 
where k = 2π/λ. 

θψ coskdmove −= ......................................................(4) 

The phase offset due to the spatial offsets between array elements, ψoffset, can be calculated using (4) when 
assuming that the UE array is orientated endfire with respect to the street by using d to represent the 
element spacing, instead of the sample spacing. However as mentioned earlier we want to determine the 
correlation for a number of UE to street orientations for the delayed taps, since the directive nature of their 
PASs means the correlation varies as a function of it. To achieve this the array orientation with respect to the 
street direction are varied, and then spatially moved through a number of samples to determine correlation, 
see Figure 4-2 and Figure 4-3. 
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Figure 4-2 Method of deriving co rrelat ions for diff erent UE to street orientat ions. 

 
Figure 4-3 Variation of the magnitude of the complex co rrelat ion between two 0.5 λ separated 

elements as a funct ion of UE to st reet orientat ion, i.e. Angle, when assum ing Laplacian 
PASs with σ = 20°, 35° and 60° calculated from a numerical integrat ion of (5). 
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ρ  is the correlation between two elements which are a distance 'r' separated when assuming a Laplacian PAS with 
a  standard deviation of σs 

 θ  is the scatterer AoA(as seen at the UE)  with respect to the centre of the Laplacian distribution 
 σs is the sigma of the Laplacian distribution (this is the same as the rms value) 

L(θ) is the Laplacian distribution which represents the power distribution with angle of the scatterers 
r is the element separation distance in meters 

The change in correlation due to the 
different UE array orientations 
evaluated from (5) is presented here to 
provide an impression of the effect and 
(5) is also used later to provide a 
benchmark against which the 
correlations derived from the discrete 
ray simulation model can be 
compared. 
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Laplacian distribution of 
scatterer power with angleULA for spatial sample 1 ULA for spatial sample 2
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ULA element

Scatterer whose power decays away as a function of it’s 
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The variation of the orientation of the UE array means that the calculation of phase offset due to element 
separation, ψoffset,  now becomes a two dimensional problem, where there is a phase offset in both the x and 
y dimensions. Figure 4-4 illustrates the concept and (7) and (8) show how the change in phase is dependent 
upon both the x and y dimensions. 

θ

(∆φx)

θ
(∆φy )

Far field rays

Elements ∆x

∆y Reference 
Element

Note: The model is 2-D   
and hence rays are all in the 
horizontal plane.

θ

(∆φx)

θ
(∆φy )

Far field rays

Elements ∆x

∆y Reference 
Element

Note: The model is 2-D   
and hence rays are all in the 
horizontal plane.

 

Figure 4-4 Det ermining Ph ases at spatially offset elements us ing the far field assumpt ion 

 

∆φtotal = -∆x.k. cos θ  - ∆y.k. sinθ................................(7) 

λ
π2=k ........................................................................(8) 

Where  ∆φtotal  is the total phase offset from the reference element 
λ  is the wavelength in metres 
θ is the AoA (at either the Node B or UE ) 
∆x is the separation distance between elements in the x-plane 
∆y is the separation distance between elements in the x-plane 
k is the wavenumber, i.e. radians per meter 

 

It should be noted that (8) merely shows that the phase offset between elements is dependent on both the x 
and y coordinate of each element. Since the discrete ray simulation uses absolute phases, relative to 
position (0,0) which is assumed to be the centre of the array, the ∆x and ∆y terms in (7) need to be replaced 
by the absolute values of x and y for each element. These can be calculated by using knowledge of the array 
geometry, i.e. inter-element spacing, number of elements and array orientation with respect to the Laplacian 
distribution as shown in Figure 4-5. 

 

 

 

 

 

 

 

 

Figure 4-5 Geometry of el ement array when at an a ngle β relative to the broadside orientation of the 
array relative to the centre of the Laplacian distr ibution  
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Aperture size = (num elements-1)*inter-element spacing 

Radial distance from (0,0) = -(aperture size/2) + inter-element spacing*(element index -1 ) 

x-coordinate = radial distance from (0,0)*λ*cos {θ+(3π/2)} 

y-coordinate = radial distance from (0,0)*λ*sin {θ+(3π/2)} 

 

 

Therefore the ψoffset term in (2) is given by:- 

ψoffset =  - x_coordinate*Cos(θ) -  y_coordinate*sin(θ)............................................(9) 

Having shown how the component terms of the total phase for a given ray, as observed at a given element 
and array orientation can be calculated, (2) can be expanded out to give:- 

θθθψψ sincoscos coordinateycoordinatexkdstarttotal −−−= . 

 

 

 

 

 

 

The discrete ray simulation determines the total phase for each ray, ψtotal, and then weights them with the 
square root of a Laplacian distributed power generated via substitution of a uniformly distributed random 
angle, i.e. ray AoA, into (6). In all cases the Laplacian is evaluated over an angular range of at least ±5σs to 
ensure that a sufficient angular range is covered to include all of the components that can have any 
significant effect on the correlation. Also the angles at which the Laplacian was evaluated were jittered by 

2*raysofnumber

rangeangular
±  to disrupt any symmetry in the angles selected which can cause non-physical 

correlation results due to periodic way in which components will coherently and destructively combine. 

 

Having presented methods by which both the amplitude and phase for each ray as seen at each element for 
each spatial position can be obtained, it is now possible to determine correlation. Correlation expresses the 
similarity between waveforms and for a 2 element array can be determined from (10). 
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where x1 is a vector of complex voltages as observed at element 1 over a number of spatial positions 
  x2 is a vector of complex voltages as observed at element 2 over a number of spatial positions 

The 3π/2 terms means that θ = 0 radians corresponds 
to the element array being broadside to the 
Laplacian. 
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Each component of the x1 and x2 vectors corresponds to the vector sum of the individual complex ray 
voltages as observed at the element given by the subscript index of 'x' for a given spatial position. Therefore 
the multiple components of x1 and x2 correspond to the vector sum of the complex voltages associated with 
the multipath components of a given tap as observed at element 1 and 2 respectively when observed over a 
number of different spatial locations. The number of spatial locations defines the length of the x1 and x2 
vectors. 

Having presented a method by which the correlations at the UE end can be derived for an 'N' element array, 
for specified UE to street orientations, it is necessary to define what results are required to be able to suitably 
characterise the correlative properties of a MIMO channel model. As mentioned previously it is important to 
include the stochastic nature of both the tapped delay line and the correlation matrices to provide a 'realistic' 
channel model. Also since the local taps, i.e. delays <400ns, are assumed to have a uniform PAS and the 
delayed taps, i.e. delays >400ns, a Laplacian PAS, the correlation matrices for these two cases must be 
derived separately. 

 

Correlat ion matrix for taps at the UE with del ays <400ns 

Since taps with delays <400ns are assumed to have a uniform PAS, only one UE to street orientation needs 
to be examined, as there is no directivity aspect to this case. Also the spatial averaging performed when 
calculating the complex correlations, means that the complex correlations converge to specific values and in 
this uniform PAS case, the phase term of the correlation will average through to zero. This means that whilst 
different channel realisations, i.e. different random starting phases and AoAs will yield different 
instantaneous received signal voltages for a given spatial location, the correlation between these signals  
observed at two spatially separated elements when considered over a large number of spatial samples, 
tends towards a fixed value.   

The integral given in (5) can be modified to provide correlations for the uniform distribution case by replacing 
the Laplacian distributed weightings by uniformly distributed weightings, i.e. 1/number of rays. This permits 
the correlation between different element spacings for the uniform distribution to be derived, and provides a 
useful benchmark against which correlations from the discrete ray model can be compared. 

Within this document we will derive correlations for a 4:4 MIMO system, meaning that both the UE and Node 
B arrays are assumed to have 4 elements. The UE elements are set to be 0.5λ spaced. Figure 4-6 shows 
the general layout for the array at either the Node B or UE ends, the only difference for the different ends is 
the spacing between the elements. 

 

 

 

 

 

 

 

Figure 4-6 4 el ement ULA and correlat ions 

The modified version of (5) which uses a uniform distribution instead of a Laplacian, was used to determine 
the correlations for a 4 element UE array with 0.5λ element spacing and the results are given below in (11). 
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These can be seen to compare well to the mean correlations (averaged across 10 channel realisations) 
derived from the discrete ray model when assuming a uniform PAS as given in Table 4-1. 

 

Table 4-1 Magnitude of complex co rrelat ions for uniform PAS and 4, 0.5 λ separated ULA for 10 
different channel realisat ions 

Considering that the complex correlations for all element combinations of the taps with delays <400ns will 
remain constant over all channel realisations (when assuming convergence which is dependent upon the 
number of oscillators and spatial samples), then it appears reasonable to suggest that all taps with delays 
<400ns are attributed the correlation matrix given in (11). By using the same correlation matrix for all taps 
with delays <400ns, we are effectively saying that all these taps have the same correlative properties 
between MIMO paths, however it is important to note that they will still be uncorrelated with respect to each 
other as the independence of their fading ensures this. 

 

Correlat ion matri ces for taps at the UE with delays >400ns 

As mentioned previously, the directive nature of the Laplacian PAS used to represent the spread of power 
with angle due to the environment, means that the correlations between the array elements vary as a 
function of the UE to street orientation. Consequently the choice of a correlation matrix for a delayed tap for 
the Node B to UE link, i.e. downlink, scenario should consider the orientation of the UE with respect to the 
street. Since the correlations derived when assuming a Laplacian PAS and a specific UE to street orientation 
will converge to fixed values, then as in the uniform case it is reasonable to argue that the correlation 
matrices determined for one channel realisation is a reasonable representation for all channels (given that a 
sufficient number of paths and spatial samples are used to achieve convergence).  

Therefore the discrete ray model was used to determine correlation matrices for 36 different, UE to street 
orientations, i.e. 0° to 350° in 10° intervals, for one channel realisation. 

 

Figure 4-7 Comparison between di screte ray simulated and numerically integrated correlat ion 
values as a  function of UE to st reet orientat ion. 

Correlation between two elements 0.5λ
separated when assuming a Laplacian PAS
with a σ=35° 

Correlation between two elements 1.5λ 
separated when assuming a Laplacian PAS 
with a σ=35° 
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The variation of the 23ρ  and 14ρ  with UE to street orientation derived from the discrete ray simulation is 

presented in Figure 4-7, with the magnitude of the correlations for each UE to street orientation represented 
as asterixes. The theoretical magnitudes of 23ρ  and 14ρ derived from (6) are also presented in Figure 4-7 as 
dashed lines. There can be seen to be a good agreement between the results from the discrete ray model 
and the numerical evaluation of the closed integral solution of (6). 

 

 

Applying the co rrelat ion matri ces for delayed taps 

The correlative properties of the delayed taps of a tapped delay line representation of the channel should be 
allocated in a manner which takes into account the UE to street orientation. Analysis of a set of UE PASs 
obtained during propagation trials in central London, an example of which is given in Figure 4-8, have shown 
a strong correlation between street orientation and peaks in received power. 

Therefore when allocating a correlation matrix to a delayed tap it is first necessary to specify a UE to street 
orientation. Once a UE to street orientation has been defined then it is possible to start allocating correlation 
matrices to delayed taps. For simplicity it is assumed that all orientations are equally probable. 

Since Nortel measurements have shown that the dominant power for the UE PAS tends to be aligned with 
the street orientation, i.e. directly down the street or from back reflections as shown in Figure 4-8, it is 
proposed that the delayed taps are allocated correlation matrices that correspond to either the UE to street 
orientation specified or at 180° offset to this to represent the back reflections. At present it is suggested that 
the UE to street orientation and the one at 180° offset to this should be chosen with equal probability. This 
means that the taps with delays <400ns for a given channel can be attributed one of two possible correlation 
matrices with equal  probability. Again as in the uniform PAS case, if more than one delayed tap is attributed 
the same correlation matrix then the correlation of those taps as observed between MIMO paths will be 
identical but the correlation between those taps within the same channel will be determined by the properties 
of the fading generators used, i.e. effectively decorrelated. 

0° or 360° 

90°

180°

270°

0° or 360° 

90°

180°

270°

~350°

~170°
 

Figure 4-8 E xample measurement s howing how power is aligned to st reet orientat ion 

 

 

Street Orientation 
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5. Attributing Correlation Matrices to antennas at the Node B 

 

As the rays of a tap arriving at the Node B from the UE, i.e. uplink, will typically be due to distant scatterers, 
they will tend to arrive in clusters with nominally similar angles, they are well represented by a Laplacian 
distribution with σ = 2° (as proposed in Texas Instruments summary of parameters [4]). Therefore the 
correlations as seen between the elements of the Node B ULA can be determined by using the discrete ray 
correlation model presented in section 4, when setting the ULA element spacing to 10λ and the PAS to a 
Laplacian with σ = 2°. 

Since in reality Node Bs are typically in either a tricellular or trisectored deployment, any given Node B array 
actually only serves a nominal 120° sector where the array boresight is directly across the centre of the cell. 
Therefore when generating correlation matrices for the Node B array, it is only necessary to consider UE to 
Node B orientations of ±60° relative to the array broadside direction, not the full 360° as examined in the UE 
array case. It is also worth considering the probability of a UE being at any given orientation to the boresight 
of the Node B array, as it would be advantageous to use this information to decide at which UE to Node B 
orientations the correlation matrices should be determined. To determine the CDF of user angle, i.e. UE to 
Node B orientation, within a hexagonal cell, a simple simulation was used which uniformly distributes UE 
locations within the cell and then determines their angles relative to the boresight direction of the Node B 
array. The results of this simulation presented in Figure 5-1 show that as expected, angles around the Node 
B array boresight are more likely than those out near + or -60°.  
 

 

 

Figure 5-1 CDF of u ser AoA (as seen at the Node B) in the left-hand plot derived when assum ing  
15,000 uniformly distributed u sers wit hin a cell, as shown in the right-hand plot                              

 

To provide a reasonable sampling of UE to Node B orientations, the CDF of UE to Node B AoA in the left 
hand plot of Figure 5-1 was split into 10 equal probability regions whose centres are at 0.5, 0.15..up to 0.95 
probability points. These points are shown in Figure 5-1 as asterixes, and provide the centres of 10 angular 
ranges, each of which are equally probable. The correlation matrices for these points should be used to 
provide the correlation matrix for the first arriving tap of the tapped delay line model, i.e. the discrete ray 
simulated correlation matrix with the angle nearest to the system level defined one2 is used. For the delayed 
taps it is important to ensure that all taps have different correlation matrices and that the addition of delayed 
taps increases the angle spread as seen at the Node B. To achieve this 9 more correlation matrices within 
                                                   

2 This assumes that the system level simulation places the UE spatially within the cell and hence would know its AoA as seen at the 
Node B 

Boresight to 
Node B array 
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±10° of the angles shown on the CDF in Figure 5-1 are randomly chosen and their correlation matrices 
determined. As each of these angles is assumed to be a different channel they will yield different correlation 
matrices. Therefore delayed taps of the tapped delay line model as seen at the Node B array should be 
attributed correlation matrices from the set of 9 which correspond to the orientations within ±10° of the 
original LOS orientation. This is consistent with the assumption that the delayed taps come from nominally 
the same direction as the LOS one. The correlation matrices are attributed to the delayed taps in such a way 
as to ensure that no two taps are ever allocated the same correlation matrix. 

Of course in all the discussions of the UE to Node B orientation angles so far we have assumed that the 
physical UE to Node B LOS direction (which would be given directly in a system level simulation) is the same 
as the angle from which the first arriving component will be observed at the Node B array. Nortel 
measurements, such as the one presented in Figure 5-2 have shown this strong correlation between the 
LOS angle and the angle about which the significant power is distributed. It is worth noting that due to the 
spread of UE positions within a cell used during a Monte Carlo type network simulation such as the model is 
proposed for, a full range of possible AoA directions as seen at the Node B will be explored and hence any 
angular offsets between the LOS and actual tap angle will become irrelevant. Figure 5-2 shows a pseudo-
colour plot representation of how the power incident at the Node B is dispersed in delay and angle. Delay (in 
ns) is given on the x-axis, angle (in degrees) on the y-axis and colour is used to denote the received signal 
strength normalised to the strongest arrival, with red representing the strongest power and blue the weakest.  

 

Figure 5-2 E xample measurement s howing how arrivals at Node B array are a ligned around the LOS 
angle 

Node B positioned  
on seventh floor  
roof of University  
College London 

1 

LOS angle 

1
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The red dot labelled '1' shown on the map of Figure 5-2 corresponds to the UE location and the solid red line 
going diagonally across the map represents the LOS direction to the Node B. Similarly the solid red line in 
the pseudo-colour plot in Figure 5-2 denotes the LOS direction as well. There can be seen to be a good 
correspondence between the physical UE to Node B LOS direction and the concentration of power. This is a 
result typical of a dataset of 27 such measurements which were taken at a spread of locations within an 
urban area. Figure 5-2 also shows that it is not unreasonable to assume that the delayed taps tend to be 
aligned around the LOS direction, although it is acknowledged that this is not always the case.  

The discrete ray model was used to determine the correlation matrices for the UE to Node B angles specified 
previously, i.e. the 10 angles of the CDF of UE to Node B angles as shown in Figure 5-1 and the 9 
orientations within ±10° of each of these, when assuming a 4 element ULA with a 10λ element spacing and a 
Laplacian PAS with σ = 2°. 

 

 

 

Figure 5-3 Comparison between di screte ray simulated and numerically integrated correlat ion 
values as a  function of UE to Node B orientation for 10 channel realisations. 

 

Figure 5-3 shows that the 23ρ  values derived via the discrete ray method, shown by the asterixes, provide a 

good match to the numerical integration of (5), shown by the red dashed line, when assuming a 10λ element 
spacing and Laplacian with a σ=2°.  

 

 

6. Summary  

This contribution has presented a method by which a system level MIMO channel model which includes the 
stochastic nature of correlation between elements and the ability to include per ray polarisation state 
information, hence the inclusion of polarisation and pattern effects, can be implemented.  

Whilst the current version of the discrete ray model does not include polarisation effects, a polarisation model 
developed by Nortel is currently being verified internally. Once verified it is proposed to present the method 
by which polarisation could be incorporated into the discrete ray model into another joint SCM Adhoc 
contribution. 

 

-60° +60° 0° 
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