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1. SUMMARY

This contribution provides improvements to the models for the spatial-temporal channel at the
system level that was presented in [1]. The improvements are:

1.) more accurate modelling the azimuth spread seen at the node-B.
2.) more accurate modelling of the distribution of angles of departure from the node-B.
3.) more complete delay spread models are given.

It provides the procedures for using the model. And adiscussion on measured Azimuth
Spreads at the Node-B is also given.

This document uses the following terms:

AS - Azimuth Spread of Rays (or sub-rays)- The square-root of the second order central
moment of the power weighted arriving or departing rays (or sub-rays) angles ,

AOA - Angle of Arrival — The median of the distribution of arrival angles of a group of sub-
rays at the UE,

AoD - Angle of Departure — The median of the distribution of departure angles of a group of
sub-rays from the node-B.

2. ANGLE OF DEPARTURE

In [1] an approach for creating a spatial channel model using constant delay ellipses was
presented for discussion. This model proposed randomly selecting reflectors uniformly along
each of the constant delay ellipses. This assumption although intuitively appealing has the
following limitations:

* Too many cases occur where the model predicts extreme AoDs or rays coming from
behind the Node-B antennas. Measurements indicate that the distribution of arrival
angles at the Node-B follows a narrower distribution [2] as shown in Figure 1. (This
can also be seen in Figure 5 of [1], where the cdf of measured AS shows occurrences
of low and mid range values similar to measured results. However the number of
occurrences with extremely large AS as shown in the figure is not consistent with field
observations.)

e The Node-B AS cannot be selected or adjusted easily by environment type.

It is necessary to specify the angle spread characteristic of the model based on measured
results [3]. The proposed model follows the expected distribution.
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Figure 1. Gaussian distribution for angle of departure from Node-B

3. CHANNEL GENERATION PROCEDURE

The following procedure proposes a ray-based model for simulating the spatio-temporal
channels.

1) Select N rays and their relative powers

We propose N=6 rays for urban macro-cell environments (similar to ITU channel models).
The average powers of the rays are selected from an exponential distribution with a mean of
4.3. This was obtained from measured data [4]. The rays are sorted in amplitude in
descending order and normalized to unity power.

2) Generate a random AS value

Typical cell sites in urban areas have AS distributions with a median values of 12-15 degrees.
Data presented in [3] showed AS values for Stockholm to be nearly uniformly distribution over
a range of 1-30 degrees. We propose that the AS value be uniformly distributed between 1
and 30 degrees. Other distributions are a possible discussion item.

3) Obtain Standard Deviation of AoDs
[2] found the standard deviation of the AoDs to be approximately 1.3 times the AS. Hence we
propose that the standard deviation for the Gaussian angle of departure (AoD) distribution at
the Node-B, used in the next step, be the value at step 2 multiplied by 1.3.

4) Generate N AoDs at the Node-B

The mean of the Gaussian distribution of AoDs is in the direction of the UE and the standard
deviation is equal to the value generated in step 3.

5) The AoDs are sorted in order of increasing absolute deviation from UE angle

Since the stronger rays are typically closer in angle to the direction of the UE than weaker
rays, the ray AoDs are ordered to follow this relationship.

6) Choose an rms delay spread that is correlated to the AS value generated in step 2

The rms delay spread and AS has been shown to be are highly correlated (0.72) in [3]. We
recommend that the observed correlation between delay spread and AS be maintained. A
possible method is given in [3], however, it is likely that it needs to be a function of the
environment type. The method for this is a subject for future discussion.
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7) Generate N excess delays for each of the rays

The excess delay of each ray is chosen from an exponential distribution and then scaled to
obtain the rms delay spread obtained in step 6. The N delays are sorted in ascending order.
The rays are matched in order of decreasing amplitude to the delays of increasing delay. This
produces a delay spread profile with an exponential decay, which is typical of measured data.

8) Choose 20 subrays for each of the AoDs at the node B.

The AS of the sub-rays at the node-B is Laplacian distributed with a standard deviation of one
degree. Further discussion of this point is contained in this document.

9) Choose N AoAs at the UE

The angular distribution of the rays (uniquely resolvable time of arrival) has been assumed by
some [5] to be uniformly distributed between 0-360 degrees. However, measurements [3] and
[4] indicates that a narrow distribution may be needed to model various situations such as

street channeling and open areas. The AoA distribution probably non-uniform and is a subject
for future discussion.

10) Choose 20 subrays for each of AOAs at the UE

Each of the N rays are composed of 20 subrays. The subrays are of equal constant
amplitudes and uniformly distributed starting phases between [0,2*pi]. The angle of the
subray at the UE is chosen from a Gaussian distribution with a standard deviation from Table
1 and a mean equal to the ray AoA. Table 1 gives the standard deviations as a function of
relative power in the strongest ray and second strongest ray. Further study is underway of
other distributions and this will be reported in a separate contribution [6].

As described above this model has an AS with a corresponding Gaussian AoD distribution of rays at
the Node-B. This results in the Power Azimuth Spectrum (PAS) of the total signal shown in Figure 2.
This figure has a shape characteristic of a Laplacian distribution. Also, the standard deviation
approximately matches the median value of the AS.
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Figure 2. Node-B PAS result from simulated UE’s
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The simulated average power delay profile is shown in Figure 3 which is representative of measured
data.
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Figure 3. Average Power Delay Profile from simulated UE drops

4. SYSTEM LEVEL PARAMETER UPDATES

A set of parameters was presented in [1], an updated to represent improvements in the
modeling approach. The updated list is presented below and summarized in Table 1.

4.1 Updates to UE Parameters

UE Ray Angle of Arrival (AoA) Some models[5] have assumed a uniform distribution for
AOA of each ray (that is uniquely resolvable in time) and references [3] and [4] have indicated
that the measured AoA distribution is not uniform. It is expected that street channeling effects
and variations in urban and suburban areas would be present, and produce non-uniform AoAs.
A model for specifying this parameter is needed and is a subject for further discussion.

4.2 Updates to Node-B Parameters

Node-B Azimuth Spectrum (AS) is modeled by N paths, where each path has an AoD that
is Gaussian distributed with a standard deviation chosen based on a distribution of AS values.
Each path is made up of sub-rays equal constant amplitude and random phase, and a
Laplacian angle distribution. On a per ray basis, the Node-B angle spread is much lower than
at the UE, hence asigma of 1° per ray isused. 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].
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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 Random ray Random ray Random ray
Measured Data powers and powers, delays  powers, delays
delays following = following an following an
an exponential exponential exponential
decay model decay model decay model
UE Antenna Option 1. Cross Pol w/ O\ separation
Config. Option 2. ULA w/ 0.5) separation
AS 20 Sub-rays with equal TBD TBD

constant amplitudes,
random phases and a
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°

AOA Distribution of ray AoA TBD
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
AS Laplacian, AS TBD TBD
o =1°/ray [7]
AoD Ray AoD defined a Gaussian distribution with a(AS)
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5. CONCLUSION

In this contribution, an approach to a system level spatio-temporal channel modelling has
been shown. Channel model parameters and distributions are defined based on various
measurements which have been presented in 3GPP RAN1. A multi-step process was
illustrated as a technique to accomplish this.
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7. APPENDIX - NODE-B ANGLE SPREADS PER PATH

A number of datasets describing measurements of the correlation between antenna elements at
the Node-B and the UE of wideband systems have been presented [8][9][10]. Previous
contributions of channel models [7] have generated simulated correlation results between
elements. They have also calculated AS statistics of a group of sub-rays for the Node-B. AS
statistics were calculated [7] based on the assumption that the AoD from the Node-B was
uniformly distributed over a sector (from —60 to +60 degrees), which produced a AS
generally less than 1 degree [7].
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To compare various Node-B AS models, a calculation was made using data from one of the
measurement test drive routes, Fort Worth. The AoD of the ray was taken to be the line-of-
sight angle to the UE referenced to the broadside of the array.

The antenna correlation at the Node-B for two antennas separated by d can be calculated from
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where A is the wavelength, and the probability distribution function p, (6) describes either the

Gaussian or Laplacian distribution assumed for the departing sub-rays, and | is I’th 40\
segment of the drive route. o, is the square root of the second order central moment of

P (6).

Figure 1 shows the test locations along a drive route in downtown Fort Worth, Texas. Figure
2 presents the CDF of the magnitude of the complex correlation coefficient averaged over 40
wavelengths along the tests route.

0, is chosen for each of each of the |=1,2...L UE locations in the data set such that the
calculated o, matches the measured correlation . The cumulative distributions of o, ’s that

result from the Gaussian and Laplacian distributions are shown in Figures 3 and 4,
respectively.
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Figure 1. Test locations.
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Figure 2. Measured Node-B Correlation Coefficient CDF, 24\ Antenna Separation.
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Figure 3. CDF of Simulated o, , Gaussian assumption.
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Figure 4. CDF of Simulated o, , Laplacian assumption.

The median value for Gaussian statistics is 0.63 degrees and for Laplacian statistics the
median value is 0.86 degrees. Although a slightly different data set was used in this example
compared to [7], both data sets are similar, and result in AS values per ray less than 1 degree.



