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1. SUMMARY

A possible system level spatial channel model is described in this contribution. Althoughiitis
afirst step, it may serve as a starting point for discussions, and further work.
The model has the following advantages:
1.) Easy to implement using a ray-based approach;
2.) Highly flexible for adding further model details;
3.) Comparable simulation complexity to correlation matrix methods when Doppler is
modeled.

2. CHANNEL MODEL
2.1 System Level Channel Model Description

The selection of delayed rays using a constant delay ellipse for each of the excess time delays
is shown in Figure 1 for the ITU Vehicular-A channel model [1]. The first arriving ray has
an excess delay of 60ns rather than Ons as this gives a PAS in Figure 4 similar to [2]. The
delays of al other rays, given in Figure 1, are referenced to the first ray and are the same as
the ITU Vehicular-A model.
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Figure 1. Constant delay ellipses for the ITU Veh-A model.

Locations for reflectors are randomly selected with equal probability aong the arc-length of
delay elipse. A single ray is chosen for each delay tap. The location of the reflector and
Node-B establishes the angle of arrival a the Node-B. The location of the reflector and UE
establishes the angle of arrival at the UE.



3GPP TSG RAN WG1 TSGR1#23(02)0102
Espoo, Finland, January 8-11, 2002 2(8)

Figure 2 illustrates the cumulative probability distribution function (CDF) of an angle of
arrival at the Node-B when the UE is located broadside to the Node-B and the UE at 1km
from the Node-B. The probability of various angles of arrival is a function of excess delay
and the distance between the Node-B and UE. The shape of the constant delay ellipse causes
there to be a higher probability of angles of arrival that are in front of the Node-B antenna,
i.e., a 0°, asthe slope of the CDF is steepest near 0°. The probability of angles of arrival that
are behind the Node-B, or to its side are lower as the slope of CDF is more shallow. Higher
delays for the same distance between Node-B and the UE tend to have a more uniform angle
of arrival probability as the curve becomes more nearly a straight line.
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Figure 2. Probability of Angle of Arrival at the UE for the ITU Veh-A channel, 1% ray=0°.

As shown in Figure 3, the foci of the constant delay ellipse are aways the location of the
Node-B and the UE. The antenna gain along the arrival angles determine the attenuation due
to the antenna. A reflector can be outside the 120° sector boundary with some probability, but
its power would be reduced due to the attenuation of the antenna off bore-site.
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Figure 3. lllustration of areflector on a constant delay ellipse.
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Figure 4 shows the Power Azimuth Spectrum of a simulated channel at the Node-B using a
mix of ITU models as described in Scenario 1 of Table 1. It is characterized by a Laplacian
shape as expected [2]. In this model the smallest excess time delay ray is not a purely line of
sight path. It has a non-zero excess delay (60ns). This represents the paths around corners and
over rooftops and the numerous reflection paths along and near to the actual line of sight path.
These additional paths cause the expected fast fading of the shortest excess time delay ray.
They also result in amore Laplacian distribution for the PAS near zero degrees relative angle.
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Figure 4. Calculated Power Azimuth Spectrum
2.2 Log Normal Fading

Log normal fading occurs due to the interaction of the signal with obstacles aong the path,
which produce various losses due to reflections and diffractions. The log normal fading is
typically separated into two components, one common to the UE, and one to represent the
path between the UE and each Node-B. These two components are independent and of equal
magnitude to form the typical 50% site-to-site correlation value with respect to the UE.

2.3 Node-B Composite Angle Spread
Figure 5 illustrates the probability of occurrence of the Composite Angle Spread of all rays

arriving at the Node-B. Note that the median angle spread of 12° iswithin the range of values
in Cost-259 [3] .
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Figure5. Distribution of calculated composite angle spreadsin degrees at the Node-B.

2.4 Model Parameters

Table 1 gives a possible set of parameters for a system level spatia channe model. These
parameters, in conjunction with the illustrations in Figures 1-3 define a ray-based channel
model that is capable of modeling spatial MIMO channels. Three distinct scenarios are
provided for, macro-cell outdoor, macro-cell outdoor to indoor, and a below rooftop micro-
cell. These are each made up of different proportions of ITU channels as described in the
table. The weightings are based on measurements and percentages given in the references
[4,1]. Parameters for the scenarios of macro-cell outdoor to indoor and below rooftop micro-
cell need further investigation.

2.5 UE Parameters

UE Antennas have two options, a simplistic Omni ULA with A/2 spacings, and a more
realistic cross-polarized antenna with O\ separation. The choice of a A/2 spacing is not
typical becauseit is not physically realizable for modern handsets. UE pattern shapes need to
be selected that are in line with measured subscriber devices. This may have a large impact
on MIMO performance and will require further study.

Antenna gains are applied to each ray based on the angle of arrival at the Node-B. In a
similar way, antenna gains at the UE will be applied to each ray.

The use of polarized antennas at the Node-B and/or the UE requires a cross polarization
discrimination (XPD) model per ray similar to [5].

UE Power Azimuth Spectrum is modeled by equal constant power sub-rays with an angular
distribution that is a Gaussian random variable. Two different sets of parameters for the
distributions of angle spread (AS) are used based on measured data as shown in [6].
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For the case of having a dominant ray, i.e., where the strongest ray exceeds the second
strongest ray by at least 10dB, the following mode is used:

Strongest Ray is given by: AS = 70% of the time o =30°, and 30% of the time o =60°
Remaining Rays given by: AS = 50% of thetime o =20°, and 50% of the time o =104°

For the case of no dominant ray, i.e., where the strongest ray does not exceed the second
strongest ray by 10dB, the following model is used:

Strongest Ray given by: AS = 40% of the time o =30°, and 60% of the time o =104°
Remaining Rays given by: AS = 50% of the time o =20°, and 50% of the time o =104°

UE Ray Angleof Arrival (AoA) is defined by arandomly selected point of reflection located
on the constant delay ellipse and the location of the UE. The random selection is based on
equal probability of being at any point on the arc length of the constant delay ellipse.

UE Orientation and Direction of Travel are assumed to be uniformly distributed between 0O-
360°.

2.6 Node-B Parameters

The Node-B Antenna configurations listed below in the table includes two examples. The
first configuration is a 2 element ULA with 10\ separation. The second example includes a
cross-polarized antenna with pairs of co-located elements separated by 10A.

Node-B Power Azimuth Spectrum (PAS) is modeled by equal constant power sub-rays with
an angular distribution that is a Laplacian random variable. On a per ray basis, the Node-B
angle spread is much lower than at the UE, hence a sigma of 1° per ray is used. This value
was arrived at based on comparing measured correlations at the Node-B antenna pairs to
correlations of simulated angle spreads that obtained the same correlation [7].

The Node-B Per Ray Angle of Arrival (AoA) is determined by the location of the reflector
and the location of the Node-B (similar to the UE case above). The point is randomly
selected with uniform probability on the arc length of the constant delay ellipse.

2.7 Interference Modeling

Interference is modeled using the same model described in Table 1, however for a given
environment as described by Scenario 1, 2, or 3, all random selections are made uniquely for
each interfering source. The strongest 5 interfering sources are modeled as rays, and the
remaining weaker interferers can be modeled as an equivalent amount of noise power.

2.8 Fast Fading Modéel

Each ray defined by the ITU excess delay times and the given angle spread and PAS is made
up of 20 sub-rays of equal amplitude and random phase. The signal on each antenna element
is determined by the angles and phases of the sub-rays, the antenna orientation and the speed
of the UE. The angular distribution at the Node-B is assumed to be Laplacian, and the angular
distribution at the UE is Gaussian as mentioned in Section 2.6.
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Table 1. Channel Model Parameters for 3 Scenarios

Scenario 1 Scenario 2 Scenario 3
Macro-cell Macro-cell Microcell
Outdoor to Outdoor to Below Rooftop
Outdoor Indoor
PDP, Based on 20% Ped-A, 50% | 50% Ped-A, 45% Ped-A,
ITU models Ped-B, 20% 25% Ped-B, 55% Ped-B [2]
Veh-A, 10% 25% Veh-A [1]
Veh-B [1]
UE Antenna Option 1. Cross Pol w/ O\ separation
Config. Option 2. ULA w/ 0.5) separation
PAS Equal Constant Power TBD TBD
Sub-rays with Gaussian
angle distribution;
Case 1 (strongest ray
10dB or > than others):
strongest ray: 70%
o =30°, 30% o =60°;
others: 50% o =20°, 50%
o =104°
Case 2 (strongest ray <
10dB greater than
others): strongest ray:
40% o =30°, 60%
0 =104°; others: 50%
o =20°, 50% o =104°
AO0A Ray Ao0A defined by reflection point randomly
selected on constant delay ellipse from the Node-B
aligned with the direction of the UE.
Orientation Random 0-360 deg
&
Direction
of Travel
Node | Antenna  Option 1. 2 elements with 10\ between elements.
B Config.  Option 2. Two Cross-pol elements with 10\
separation
PAS Laplacian, AS Laplacian, AS Laplacian, AS
o =1°/ ray [4] o = 1%ray [4] o =1°/ray [4]
A0A Ray AoA defined by reflection point on constant
delay ellipse, from the Node-B aligned with the
direction of the UE.
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3. SIMULATOR DETAILS

The channel model example given above can be utilized with typical simulation paramters as
in Table 2, in order to perform a system simulation similar to that described in [5]. A key
difference is that this simulator would support mobile velocity instead of using a quasi-static
assumption. The simulator would be pseudo-dynamic, i.e. the mobile is tracked for a few
seconds athough the physical location of the mobile does not change during that time.

Table 2. System Simulation Parameters

Path loss Exponent 37.6 dB/decade
Site-to-site Correlation 0.5
Shadow Fading Standard Deviation | 8 dB
Antenna Pattern -
A@) = —mingl?— 0 gbg
[ Paae [

0 isthe angular deviation from boresight, B34s iS
the 3dB beamwidth ( = 70 degrees), and b isthe
front-to-back ratio of the antenna pattern (= 20dB)
Mobile Distribution Uniform over Center Cell
Decorrelation Distance 50m

In this smulator, mobiles would be uniformly dropped in the center hexagon of a 19-cell site
system with the log normal and fast fading components allowed to evolve in time for a few
seconds at each location. A large number of mobile drops would be simulated. During each
TTI, the instantaneous SINR at the output of the receiver would be mapped to a packet error
rate (PER) using an AWGN receiver link model. The throughput would be computed based
on an ARQ scheme.

4. CONCLUSION

In this contribution, a possible approach to a system level spatial channel model has been
shown. Channel model parameters and distributions are defined based on various
measurements which have been presented in 3GPP RAN1. Comparisons of computer run-
times for this model versus correlation matrix based methods produced comparable run-times
when the non-classical Doppler spectra implied by the narrow arrival angles of rays are
modeled.
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