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TECHNIQUES FOR OPTIMAL LOCATION AND CONFIGURATION OF
INFRASTRUCTURE RELAY NODES IN WIRELESS NETWORKS

BACKGROUND

Complete coverage in wireless networks can be difficult but is vital to wireless
communications in the wireless networks. One such wireless network, although the
present invention is not limited in this respect, is WIMAX. WiMAX is defined as
Worldwide Interoperability for Microwave Access by the WiMAX Forum, formed in June
2001 to promote conformance and interoperability of the IEEE 802.16 standard, officially
known as WirelessMAN. WiMAX may provide a range of up to 80km and provide high
bandwidth. However, given the large area of service, complete coverage can be
problematic.

Thus, a long felt need exists for an invention that remedies the aforementioned
shortcomings of existing wireless networks.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly pointed out and
distinctly claimed in the concluding portion of the specification. The invention, however,
both as to organization and method of operation, together with objects, features, and
advantages thereof, may best be understood by reference to the following detailed
description when read with the accompanying drawings in which:

FIG. 1 illustrates a sector, base station, relay station, and destination stations of
embodiments of the present invention;

FIG. 2 shows different sector shapes of embodiments of the present invention;

FIG. 3a shows an ideal single antenna pattern for relay stations according to an
embodiment of the present invention;

FIG. 3b shows an ideal multiple antenna pattern for relay stations according to an
embodiment of the present invention the other is multiple antennas;

FIG. 4 illustrates deployment with one relay station according to an embodiment of
the present invention;

FIG. 5a illustrates deployment with two symmetric relay stations according to an

embodiment of the present invention;



10

15

20

25

30

P26462PCT
WO 2009/088583 PCT/US2008/085192

FIG. 5b illustrates deployment with two asymmetric relay stations according to an
embodiment of the present invention; and

FIG. 6 illustrates deployment with three relay stations according to an embodiment
of the present invention.

It will be appreciated that for simplicity and clarity of illustration, elements
illustrated in the figures have not necessarily been drawn to scale. For example, the
dimensions of some of the elements are exaggerated relative to other elements for clarity.
Further, where considered appropriate, reference numerals have been repeated among the
figures to indicate corresponding or analogous elements.

DETAILED DESCRIPTION

In the following detailed description, numerous specific details are set forth in
order to provide a thorough understanding of the invention. However, it will be
understood by those skilled in the art that the preset invention may be practiced without
these specific details. In other instances, well-known methods, procedures, components
and circuits have not been described in detail so as not to obscure the present invention.

In the following detailed description, numerous specific details are set forth in
order to provide a thorough understanding of the invention. However, it will be
understood by those of ordinary skill in the art that the invention may be practiced without
these specific details. In other instances, well-known methods, procedures, components,
units and/or circuits have not been described in detail so as not to obscure the invention.

Although embodiments of the invention are not limited in this regard, discussions

2% ¢ 2% ¢

utilizing terms such as, for example, “processing,” “computing,” “calculating,”

2% ¢ 2% <6 2% <6

“determining,” “establishing”, “analyzing”, “checking”, or the like, may refer to
operation(s) and/or process(es) of a computer, a computing platform, a computing system,
or other electronic computing device, that manipulate and/or transform data represented as
physical (e.g., electronic) quantities within the computer’s registers and/or memories into
other data similarly represented as physical quantities within the computer’s registers
and/or memories or other information storage medium that may store instructions to perform
operations and/or processes.

Although embodiments of the invention are not limited in this regard, the terms

“plurality” and “a plurality” as used herein may include, for example, “multiple” or “two

or more”. The terms “plurality” or “a plurality” may be used throughout the specification

.
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to describe two or more components, devices, elements, units, parameters, or the like. For
example, “a plurality of stations” may include two or more stations.

An embodiment of the present invention provides optimized relay node (also
referred to herein as relay station or infrastructure relay station) locations and
configurations, which takes into account the antenna radiation patterns, service
outage, inter-cell interference, and data dependency between the base station and
relay station. It is understood that the present invention is not limited to these
criteria. On one hand, it is desirable to place the relay node close to the edge of the
cell in order to reduce outage and inter-cell interference. On the other hand the data
in the relay node are obtained from the base station over the normal downlink (or
uplink) band. The base station has to fill the relay node before both of them can
transmit to their destination nodes simultancously. It may be desirable to place the
relay node close to the base station because it reduces the filling time of the relay
node and enables high-throughput simultaneous transmissions. Embodiments of the
present invention provide deployment rules and optimized configurations as set forth
below.

Although the present invention is not limited in this respect, as shown
generally as 100 of FIG. 1, in each sector 105 of WiMAX 2, such as but not limited
to 802.16m, there may be at least one base station (BS) 115 and there may be one or
multiple infrastructure relay stations (RSs) 125. The base station sends data to its
direct destination station (DS) 120 and to the relay station (RS) 125 over the same
frequency band. The relay station 125 forwards the received data to a destination
station 110 or another relay station. The relay station 125 improves both reliability
and throughput. The parallel transmissions from the base station and relay station to
their destination stations increase the throughput by more than 20%.

The antenna radiation patterns of the base station 115 and relay station 125
may be different. The base station 115 antenna has high directivity in both elevation
and azimuth due to greater size, while the relay antenna has lower directivity. The
peak antenna gain of the base station 115 is usually 16 dBi, which is much higher
than that of the relay station 125. The mounting height of the base station is also
much higher than that of the relay station, e.g. 30 m vs. 10 m.
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Embodiments of the present invention provides optimizing the deployment
location and antenna pattern of the relay station 125 by taking into account 1) the
distinct antenna heights; 2) the data dependency between the relay station and base
station; 3) the service outage; and 4) network throughput. Some design criteria are
listed below — although it is understood that this list is not exhaustive and the present
invention is not limited to this enumeration of criteria.

1. The low antenna mounting of the relay station 125 makes its signal
attenuate faster than that of the base station 115. This is useful to reduce inter-cell
interference. Therefore, it is desirable to deploy the relay station 125 close to the
edge of the sector.

2. Since all the downlink data sent by the relay station 125 are obtained
from the base station 115, the downlink throughput sent by the relay station 125 must
be not greater than the throughput of the link from the base station 115 to the relay
station 125. It is desirable to place the relay station 125 close to the base station
115, or increase the relay antenna gain at the direction to the base station 115, or
increase the base station 115 antenna gain in the direction to the relay station 125.

3. It is shown that parallel transmissions from the base station 115 and
the relay station 125 increase the throughput. According to criterion above, the link
throughput between the base station 115 and the relay station 125 should be at least
N times of that from the relay station 125 to destination station 110 to enable the
N+1-station transmission, where N is the number of relay stations. The relay station
125 should get close to the base station 115 as the number of relay stations increases.
The link throughput depends on the techniques of the transceivers.

4. The service outage often occurs at the cell 105 edge. It is desirable to
put relay station 125 close to the cell edge for outage reduction. In general, the relay
station 125 should be deployed at the place, where the base station 115 signal is
relatively low. Namely, the coverage areas of the base station 115 and the relay
station 125 should be complementary.

5. The separation between multiple relay stations should be maximized so

that the interference between them is minimized.
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6. Since criteria 2 and 3 contradict criterion 4, the present invention
maximizes the throughput using criteria 2 and 3 subject to the outage rate below a
predetermined threshold.

The exact location of relay station 125 depends on the factors in the real
deployment environment such as the street layout, surrounding buildings, foliage,
and terrain. Therefore, the following figures are for illustration of the averaged
center location not the exact location, which deviates from the center by a random
amount and it is understood the present invention is not limited to the figures
provided below.

In order to improve the throughput and outage performance, the shape of the
sector can be changed as shown in generally as 200 of FIG. 2. The 120 degree angle
205 in the upper portion 210 can be rotated as shown at 215, 220 and 230. The
sector is the intersection between the angle and the hexagon. The sector shape can
be optimized according to the number of relay stations and their antenna radiation
patterns. The 120 degree angle can be replaced by 60 degree angle if six sectors per
cell is employed.

According to criteria 2 and 3, we know as shown in FIG. 3 at 300 that the
antenna radiation pattern of the relay station is not omni-directional. The area
covered by relay station is shown at 312 and 325 and area covered by base station at
304 and 315. There should be a peak pointing to the direction of the base station’s
incoming signal. Further, there may be a “front lobe” 314 and 310 to serve the users
between the relay station and the BS. Depending on the distance d between the relay
station and coverage boundary, it needs a “back lobe” 316 and 330 to serve the users
behind the relay station. In other words, some users are served in the relay forward
mode, where signals are forwarded further by the relay station. Other users may be
served by the ‘bounce’ mode, where signals are bounced back by the relay station.
The relative advantage of ‘bounce’ mode is that the co-channel interference
generated by the relay station is weaker since it has to propagate longer distance to
the neighboring cells/sectors. Cell planning can also have a mixed value of “d” for
the purpose of increasing CINR considering the other factors, like local environment.

FIG. 3a at 302 shows an ideal single antenna pattern for relay stations and FIG. 3b

at 300 shows an ideal multiple antenna pattern for relay stations according to

-5-
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embodiments of the present invention. FIGS. 3a and 3b show an RS antenna patterns,
which have 3 components: 1) A high gain directional antenna towards BS 308 and
320 and a median gain towards the user in the front 314 and 310 and a back lobe 316
and 330 for user behind the RS. The front and back ratio depends on the RS
location.

2) The pattern does not have to be constant. For example, when the RS is
receiving/transmitting data with the BS, the desired pattern is a single high gain
beam. While communicating with the MSs, the designed pattern has a front 314, 310
and back lobe 316 and 330 coverage. In other words, the RS antenna pattern can be
time varying. For example, switching between 2 or more antennas. It is noted, the
2-antenna approach performs better (~ 3dB) than a single antenna.

In addition, there is no need for a relay station to send signals to the area
already covered by the base station. Therefore, there should be nulls pointing to
those areas to reduce interference and boost antenna gain.

In practice, two or multiple antennas may be used by the relay station to
achieve the ideal performance. For example, the relay may use one narrow-beam
directional antenna to receive data from the base station and switch to another wide-
beam directional antenna to forward the data out. Omni dipole antennas are usually
used by the relay station due to cost and size, though it is not the optimal. The
present invention may use omni antennas in the subsequent examples, where the
omni antenna can all be replaced by the optimal.

Continuing with the Figures, various cases are set forth below.

Case 1 shown at 400 in FIG. 4 provides one relay station provides two
deployment configurations (a) 405 and (b) 425, i.e. asymmetric 410 and symmetric
425 configurations. The omni-directional antenna can be replaced by the optimal
one in FIG. 3

The sector shape is asymmetric in FIG. 4 (a) 405 similar that in FIG. 2 (¢)
230. The deployment configuration is also asymmetric with the relay station 420
covers the far corner on the right and the base station 415 covers the remaining,
square area by a wide-beam. This configuration is desirable when the adjacent sector
in the same cell employs the same frequency as in 1x3x1 deployment. It reduces the

co-channel interference between co-cell sectors. The sector shape is symmetric in

-6 -
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FIG. 4 (b) 425. The base station 435 uses two beams 440 with a null in between.
The relay station 430 covers the middle null. Only the distance between the base
station 435 and the relay 430 needs to be optimized for this symmetric configuration.

A further embodiment of the present invention is provided as Case 2 — two
relay stations shown generally in FIGS. 5a and 5b. FIG. 5a illustrates deployment with
two symmetric relay stations according to an embodiment of the present invention and
FIG. 5b illustrates deployment with two asymmetric relay stations according to an
embodiment of the present invention. The relay stations in FIG. 5a 505 and 51a are
located symmetrically relative to base station 515 and are separated far enough apart
to reduce mutual interference for criterion 5. Base station 515 covers the remaining
area by a wide-beam. Placing the relay stations close to the sector edge also reduces
the inter-sector and inter-cell interference for criterion 1.

The relay stations in FIG. 5b 525 and 530 are located asymmetrically relative
to base station 520 and are separated far enough apart to reduce mutual interference
for criterion 5. Base station 520 covers the remaining area by a wide-beam. Placing
the relay stations close to the sector edge also reduces the inter-sector and inter-cell
interference for criterion 1.

A further embodiment of the present invention and not limited in this respect
is provided in Case 3 — three relay stations shown generally as 600 of FIG. 6.

This embodiment may use one symmetric deployment configuration. The
sector shape is similar to that in FIG. 2 (a). The relay stations 610, 605 and 610 are
located on the three far corners respectively and they separate far apart to reduce
mutual interference for criterion 5. The distance between the relay station and base
station is optimized for throughput subject to a predetermined outage rate. Base
station 620 covers the remaining area by a wide-beam.

While certain features of the invention have been illustrated and described herein,
many modifications, substitutions, changes, and equivalents may occur to those skilled in
the art. It is, therefore, to be understood that the appended claims are intended to cover all

such modifications and changes as fall within the true spirit of the invention.
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We Claim:
1. A method, comprising:

optimizing the location and configuration of relay stations in a wireless network
that includes at least one base station and at least one relay station by taking into account
at least one or more of the following:

the distinct antenna heights of said at least one base station and said at least one
relay station;

the data dependency between said at least one relay station and said at least one
base station;

the service outage of said wireless network; and

the network throughput of said wireless network.

2. The method of claim 1, wherein said at least one relay station is placed
close to the edge of the sector of said wireless network.

3. The method of claim 1, wherein downlink throughput sent by said at least
one relay station is required to be not greater than the throughput of the link from said at
least one base station to said at least one relay station.

4. The method of claim 3, wherein said at least one relay station is placed
close to said at least one base station, or increases relay antenna gain at the direction of
said at least one base station, or said at least one base station increases antenna gain in the
direction of said at least one relay station.

5. The method of claim 1, wherein the link throughput between said at least
one base station and said at least one relay station is at least two times that of said at least
one relay station’s relayed downlink throughput to enable the multi-station transmission.

6. The method of claim 5, wherein said at least one relay station is placed
closer to said at least one base station as the number of relay stations increases.

7. The method of claim 1, wherein said at last least one relay station is placed
close to a cell edge of said wireless network for outage reduction and further said at least
one relay station is deployed at the place where the base station signal is relatively low.

8. The method of claim 1, wherein the separation between multiple relay
stations should be maximized so that the interference between them is minimized.

9. A wireless network system, comprising:

at least one base station; and

-8 -
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at least one infrastructure relay station, wherein said at least one infrastructure
relay station’s location and configuration is optimized by taking into account at least one
or more of the following:

the distinct antenna heights of said at least one base station and said at least one
infrastructure relay station;

the data dependency between said at least one infrastructure relay station and said
at least on¢ base station;

the service outage of said wireless network; and

the network throughput of said wireless network.

10. The system of claim 9, wherein said at least one infrastructure relay station
is placed close to the edge of the sector of said wireless network.

11. The system of claim 9, wherein downlink throughput sent by said at least
one infrastructure relay station is required to be not greater than the throughput of the link
from said at least one base station to said at least one infrastructure relay station.

12. The system of claim 11, wherein said at least one infrastructure relay
station is placed close to said at least one base station, or increases relay antenna gain at
the direction of said at lcast one base station, or said at least one base station increases
antenna gain in the direction of said at least one infrastructure relay station.

13. The system of claim 9, wherein the link throughput between said at least
one base station and said at least one relay station is at least two times that of said at least
one infrastructure relay station’s relayed downlink throughput to enable the multi-station
transmission

14. The system of claim 13, wherein said at least one infrastructure relay
station is placed closer to said at least one base station as the number of relay stations
Increases.

15. The system of claim 9, wherein said last least one infrastructure relay
station is placed close to a cell edge of said wireless network for outage reduction and
further said at least one infrastructure relay station is deployed at the place, where the base
station signal is relatively low.

16. The system of claim 9, wherein the separation between multiple relay

stations should be maximized so that the interference between them is minimized.
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17. A method of optimizing the location and configuration of relay stations in a
wireless network, comprising:

taking into account the distinct antenna heights of said at least one relay station and
antenna heights of at least one base station operable to communicate with said at least one
relay station;

taking into account the data dependency between said at least one relay station and
said at least one base station;

taking into account the service outage of said wireless network; and

taking into account the network throughput of said wireless network.

18. The method of claim 17, wherein said at least one relay station is placed
close to the edge of the sector of said wireless network.

19. The method of claim 17, wherein downlink throughput sent by said at least
one relay station is required to be not greater than the throughput of the link from said at
least one base station to said at least one relay station.

20. The method of claim 19, wherein said at least one relay station is placed
close to said at least one base station, or increases relay antenna gain at the direction of
said at least one base station, or said at least one base station increases antenna gain in the
direction of said at least one relay station.

21. The method of claim 17, wherein the link throughput between said at least
one base station and said at least one relay station is at least two times that of said at least
one infrastructure relay station’s relayed downlink throughput to enable the multi-station
transmission

22. The method of claim 21, wherein said at least one relay station is placed
closer to said at least one base station as the number of relay stations increases.

23. The method of claim 17, wherein said last least one relay station is placed
close to a cell edge of said wireless network for outage reduction and further said at least
one relay station is deployed at the place, where the base station signal is relatively low.

24. The method of claim 17, wherein the separation between multiple relay

stations should be maximized so that the interference between them is minimized.

-10-
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