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ABSTRACT

Multihop cellular networks is an exciting and a fledgling area of wireless communication which offers huge
potential in terms of coverage enhancement, data-rates, power reduction, and various other quality of service
improvements. However, resource allocation in MCN is an NP-hard problem. Hence, significant research
needs to be done in this field in order to efficiently design the radio network. In this paper, optimal position
of relay stations in a hierarchical cluster-based two-hop cellular network is investigated. Vector algebra has
been used to derive general equation for carrier-to-interference ratio (C/I) of a mobile station. It has been
observed that when the transmit power of base station (BS) and the gateway (GTW)/relay station (RS) are
same, the RSs should be located close to mid-point of BS and the edge of the cell. However, significantly,
when the transmit power of the BS is greater than that of the GTW, then the RSs should be placed closer to
the edge of the cell, in order to maximize the minimum C/I at any point in the cell. This in turn results in
higher modulation technique at the physical layer, and hence, a higher data-rate to all the users in the system.
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1. Introduction

The next generation cellular networks need to provide
very high data-rates to the end users in order to support
the ever growing demand of high quality multimedia
services while on the move. An increase in the data-rate
is possible either by increasing the bandwidth or reduc-
ing the interference. The data-rate can also be increased
by increasing the transmit power or by reducing the dis-
tance between the source and destination node. Since
mobile stations (MSs) are energy constrained devices,
the transmit power of the MSs cannot be increased indis-
criminately, and hence, traditional single-hop cellular
networks cannot provide high data-rate communication.
Importantly, a high quality of service (QoS) cannot be
provided to the wireless devices due to the large trans-
mission distance between the base station (BS) and MSs.
Reducing the cell coverage area by increasing the num-
ber of BSs is not a feasible solution due to the enormous
cost of installing a BS. An efficient alternate solution to
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increase the data-rate is to employ relay stations (RSs),
alternatively known as gateways (GTWs), whereby, the
BSs would communicate with the far off and otherwise
unreachable MSs in multiple hops through GTWs [1].
Figure 1 shows a single cell scenario for next generation
multihop cellular networks (MCN). Combining cellular
and multihop communication models in a wireless net-
work results in better relaying and avoids traffic conges-
tion [2]. It is shown in [3] that connectivity of the net-
work is increased drastically in an infrastructure-based
multihop network as compared to a traditional single-hop
cellular or a distributed ad hoc network. Usage of relays
can clearly help in improving the performance of the
users especially at the edge of the cells, and thereby
solves the coverage problems for high data-rates in mac-
rocells [4].

A relay based multihop hybrid cellular network was
proposed in [5] in order to balance the traffic load among
highly loaded cells and lightly loaded cells. Several ar-
chitectures and mechanisms have been proposed in the
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recent past [6,7] in order to efficiently design a MCN. In
addition, a time division duplexing (TDD)-based MCN
offers the potential to integrate various overlapping
wireless technologies such as UMTS or CDMA 2000
(3G networks), WiMAX and WiFi [8]. Hence, by having
simultaneous transmission by both BSs and relays, ca-
pacity gains can also be achieved in the cellular network.
At the same time, integrating multihop component into
cellular networks requires additional radio resources and
increased overhead signals to transmit data in different
hops and that too over a heterogeneous network [9]. In
addition, interference is created due to a larger number of
simultaneous transmissions in the network. Hence, the
actual benefit of multihop relaying becomes unclear [10].
In fact, it is shown in [9,11] that if the MSs are close to
the BS, then relaying and multihop need not be always
beneficial. Hence, an efficient and an adaptive resource
allocation scheme is needed in order to maximize the
system capacity. However, resource allocation is a very
challenging issue and is proved to be an NP-hard prob-
lem [12]. Hence, researchers across the world have
mainly focused on two-hop cellular networks. Several
algorithms have been recently proposed for two-hop cel-
lular networks [13-15]. Though effective, these algo-
rithms only provide a marginal benefit. Recently, a novel
hierarchical cluster-based architecture for two-hop cellu-
lar network has been proposed in [16,17]. The clus-
ter-based design is found to be superior in terms of the
attainable system capacity than the benchmark algo-
rithms available in the literature [17]. In this architecture,

Figure 1. Example of a multihop cellular network.
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the cells are divided into two regions, the inner and outer
region. The MSs in the inner region communicate with
the BS directly, like in a traditional single-hop cellular
network. Significantly, the MSs in the outer region are
grouped into several clusters, and these MSs communi-
cate with the BS in two hops through the cluster-head
nodes, which act as RSs/GTWs.

In this paper, the optimum position of the GTWs in the
cluster-based architecture is investigated for different
transmit power ratios between the BS and GTW. An un-
coded system is considered in the baseband design, and a
minimum uncoded bit error rate (BER) of 10 % is taken
as the prerequisite for any link to communicate (an
equivalent BER of approximately 10®in a coded sys-
tem). A carrier to interference ratio (C/I) threshold is
defined according to the BER so that the C// at any posi-
tion in the cell does not fall below the threshold. Vector
algebra is used to compute the optimum GTW position in
the cell that would minimize the transmit power required
at both the BS and the GTW.

The organization of the paper is as follows: Section 2
describes the hierarchical cluster-based two-hop cellular
architecture. Section 3 provides a mathematical analysis
for calculating the C/I at any position in the outer region
of the cell, and also derives the relation between the
GTW position, and the transmit power ratio between the
BS and the GTW node. Section 4 explains the numerical
results and its implication, and finally, conclusions are
provided in Section 5.

2. System Model

A multi-cellular network is considered with a center cell
surrounded by six cells in the 1* tier. Each cell has a BS
at the center, and has an edge of length, ». Each cell is
divided into two regions: an inner region and an outer
region. The inner region is a circle and has a radius, 7,
where 0 <7 < 1. The MSs in the inner region communi-
cate with the BS directly. The outer region is divided into
several elliptical sectors, also called as clusters. It has
been shown mathematically in [18] that a maximum sys-
tem capacity is achieved when the number of clusters in
a cell is six. Hence, in the cluster-based design, the MSs
in the outer region are clubbed into six clusters per cell,
as shown in Figure 2. Each MS in any of the clusters
communicates with the BS in two hops, through the
GTWs, that act as cluster-heads. A time division multiple
access (TDMA) scheme is considered so that the relays
can receive and transmit the signal at the same frequency.
Being a two-hop network, the MSs in the outer region
require two different radio resources (two time instants
in a TDMA system) to communicate to the BS. Hence,
every pair of the two-hop network would communicate
over only half the TS period, as compared to an equiva
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Figure 2. Multi-cellular architecture with all GTWs in cell located at equidistant distance from the BS.

lent single-hop network. Since the transmission distance
of every communicating pair is reduced in the clus-
ter-based two-hop design, as compared to a single-hop
network, the same radio resource could be potentially
reused twice in every cell, and also in every adjacent cell
in the seven-cell scenario. Thereby, a frequency reuse
ratio of one is achieved. However, this also results in an
increase in the interference across every communicating
receiver. A Protocol Model is considered in the system
design in order to reduce the interference [19]. As per
this model, if d. is the transmission distance between a
transmitter and receiver, then a circular region of radius
(1 + A)d, is defined around every communicating re-
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ceiver so that, within this region, there is no other trans-
mitter apart from the desired transmitter. The term, A, is
known as the spatial protection margin, or as the exclu-
sion range ratio. It should be noted that increasing A de-
creases the interference that the receiver might experi-
ence, but at the same time, it also decreases the number
of pairs in the network that can communicate using the
same radio resource [20].

It has been shown in [21] that in order to optimally
trade-off between the amount of interference experienced
by each user and the number of simultaneously commu-
nicating users, the value of A should be close to unity.
Hence, a A of 1.0 is considered in the hierarchical clus-
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ter-based two-hop cellular design. In Figure 2, the BS
—GTW1 pair communicates simultaneously with the
GTW2 — MS pair that is located diametrically opposite
with respect to the BS. A perfect synchronization is
thereby maintained in the cluster-based design with re-
gard to the selection of concurrent communicating pairs
within the cell. Two sets of concurrently communicating
pairs are shown in Figure 2(d) and Figure 2(e). In case of
downlink transmission, for example, the transmission
distance of BS — GTW communicating pair is #/2, and
the interfering transmitter GTW is located at a distance
of » from the intended receiver. Similarly, the transmis-
sion distance of GTW — MS in the outer layer is less
than or equal to 7/2. Irrespective of the transmission dis-
tance of GTW — MS pair, the desired receiver in this
case (MSs located in the outer layer) is at least twice the
distance from the interfering transmitter (BS in this case).
Hence, it can be observed that the intended receiver is
separated from all the interfering transmitters by a
minimum distance of twice the transmission distance, i.e.,
A = 1.0. In the next section, a general equation for C/I of
the MS at any position in the outer layer of center cell is
derived. During the complete analysis carried out in this
paper, the center cell in the seven-cell scenario is the cell
of interest (Col).

3. Mathematical Analysis

The Col is surrounded by six cells in the Isttier. In each
of the six cells, there is a BS at the center, given by BSi,
BS2, ..., BSe. A constant traffic pattern between uplink
and downlink is considered in both the Col and also in
all the adjacent cells (it could be symmetric or an asym-
metric traffic). For the mathematical analysis, a downlink
communication is being considered. Hence, as per the
cluster-based design, the BS in each adjacent cell would
communicate with a GTW node, and at the same time,
another GTW node located diametrically opposite to the
receiver GTW node would communicate with the MS in
its cluster. Let the transmitting GTWs in the adjacent
cells be GTWtx1, GTW1tx2,..., GTW1X6. In the cluster-
based design, each cluster is represented by an ellipse, as
shown in Figure 2(a). Also, as can be seen from Figure
2(a), there is a small area between two elliptical clusters.
The MSs in these areas are assigned to one of the clusters,
and hence, these MSs would communicate with the BS
through the corresponding cluster-head GTWs. However,
in order to simplify the mathematical analysis, the cluster
is still approximated by an ellipse. As can be seen from
Figure 3, every point in the cluster region is given by the
vector: f(a cos(6o) i + b sin(o)y), where 0 < 6o <27 is the
angle measured from the center of the ellipse to the posi-
tion of the MS. By varying the value of §§ from 0 to 1, the
whole area of the ellipse is spanned, with b and a being
the semi-major axis and semi-minor axis of the ellipse,
respectively.
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Figure 3. One sector of a hexagonal cell.

3.1. Calculationofa &b

Consider a sector of the cell as shown in Figure 3. For
the ease of mathematical analysis, the two edges of the
sector are expanded to form an equilateral triangle.
Hence, the edge length of the equilateral triangle is 27/7/3.
The height of the triangle is of length, . The radius of
the inner layer circle is 7. As the value of 7 changes, the
value of ‘a’ and ‘b’ also changes. The center of the el-
lipse (in the desired cluster in Col) is taken as the origin.
Figure 3 shows the elliptical cluster and the distance of
the BS from the reference point. The radius of the inner
region and the edge of the cell are related by the semi-
minor axis of the ellipse by the expression: o +2a = r.
Therefore, a = /2 (1 — 7). From Figure 3, it can be fig-
ured out that the slope of the tangent to the ellipse is —V3.
Hence, by equating the tangent slope of the ellipse to

—3, we get:
a\x I~

Substituting for x in the above equation, we get:

& 3b% +a? @
and
2
x:% ©)
3b"+a

Substituting x, y and m in the tangent equation, y = mx
+ ¢, the value for ¢ is obtained as:

& =a* + 3b%. Also, (r/\3, —a) passes through the tan-
gent equation. Therefore, substituting it, one gets:

i
= 4

b
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3.2. Calculation of GTW Power with Respect to
BS Power

For a transceiver pair separated by a distance, d and
transmit power, Py the receiver power is given by [22]:

Py = F. —(k +10alog,(d) +v.)dB ()

where k; is the propagation constant, a is the pathloss
exponent and vy, is the shadowing factor. In case of a
cluster-based two-hop cellular network, the transmission
distance is small, and hence, shadowing is much less
than compared to an equivalent single-hop network.
Hence, the shadowing factor is taken as y. = 0, in the
mathematical analysis in this paper. However, the effect
of shadowing is considered in the simulations, as can be
observed in Section 4.

The minimum receiver sensitivity (minimum carrier
power) for any MS in the cell in order to correctly de-
code the data is taken as X dB (i.e., x Watts). Hence, the
farthest point both in the inner region and in the outer
region should have this sensitivity level. In the inner re-
gion, the farthest point is at a distance 7 from BS.
Therefore,

P, =x(rr) ©)

In the outer region, the farthest point from the clus-
ter-head GTW is at 6,= n/3. Therefore, the distance of far-
thest point in the outer region from GW, dmax is given by

d_ = 2\/412 —67+3 @)

Therefore,
_ a
P[\Gv]-w - X(dmax) (8)
and the transmit power ratio between BS and GTW is
given by:
B :( 27 ja 9)
.. 4r* —67+3

3.3. Calculation of Position Vector for All
Transmitters

The position vector of an MS from its cluster-head
GTW, is given by:

d =ai + placos(6,)i +bsin(4,)}) (10)

On similar lines, the position vector of the MS from its
own BS is given by,

p=(m)i+d (11)

The position vector of the BSs in the adjacent cells,
with respect to the BS in the central cell, is given by:

Copyright © 2009 SciRes.

b, =37 (cos(¢))i +sin(4))/) (12)
where
z
6
and / is an integer which varies from 1 to 6. Similarly, if
61, ..., 66 are the angles measured between the BSi,
BS2, ..., BSe and the transmitting GTWs of the adjacent
cells, GTWtx1, GTWtx2, ..., GTWTX6, then the position

vectors of these gateways from their corresponding BSs
would be given by:

T
9 —(1—1)3—

-

g, =wlcos(8,)i +sin(6,)]) (13)

where 0 <6k< 27 and £ is an integer which varies from 1 to 6.
3.4. Calculation of C/I

The MS in the center cell (Col) would experience intra-
cell interference from its own BS, BSo. In addition, it
would experience significant interference from all si-
multaneous transmitters from the 1% tier of cells. As
shown in Figure 4, the MS would experience inter-cell
interference from BSi, ..., BSsand GTW1, ..., GTWe. Let
the interference powers of these twelve inter-cell inter-
ferers be denoted by Pii, ..., Pii2. Similarly, let dobe the
distance of the intended receiver from the intra-cell
interferer and d1, d2, ..., di2 be the distances between the
MS and BSi, ..., BSs, GTW1, ..., GTWs. Hence, the dis-
tance of the intra-cell interferer (BSo) and the twelve
inter-cell interferers would be given by:

V1,V2,..., V6 Distance between the BS of central cell with the BSs
from & adjacent cells

8y,..8;  Angle made by the ransmitting GTWs in the adjacent cell
wilh the line joining its BS and the BS of the center cell

Figure 4. 7-cell scenario for location of transmitting BSs
and GTWs.
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where / and k are integers which vary from 1 to 6. The
distance of the interfering transmitters from the desired
receiver, dy, d; and dj.¢ are given as:
\dy|” = a® (1+2cos(6,))
+rr(rt+2af cos(6,) +2a) (14)
+ 4% (a’ (:052(00)+b2 sinz(HO))

|a’,|2 =7 (rz +3-— 2\/31 cos(¢,))
+2fr(racos(6,)— \/Ea cos(8,)cos(4,)
—3bsin(6,)sin(¢)) + 2ra(z =3 cos(4)))
+a’(1+2fcos(6,)) + B (a* —cos’(6,)+bsin’(6,))
(15)
|d,..o|" = r*[3+27% ~ 2437 cos(4,)
—277 cos(6,) + 237 cos(4, ) cos(6,)
+2437 sin(6, )sin(g, )]+ 2 fr[racos(6,) (16)
—Ba cos(6,)cos(g, ) —ar cos(8,) cos(6,)
- \/gb sin(6,)sin(g, ) —br sin(b,)sin(6, )]
+2ralz —~/3 cos(¢,) -7 cos(6,)]
+a’[1+28cos(6,)]
+p°[a* cos’(6,) +b’sin’(6,)]
Therefore, using the above distance magnitudes, the
interference power received at the MS is given by the

following equations:
The power from the intra-cell interferer is:

Py=P, (d,))* (17)

The power received from the interfering BS transmit-
ters, P11, ..., Pis are given by:

B ZPTBS(

d) (18)

Similarly, the received power, P17, ..., Pui2 from the in-
terfering GTWs of the adjacent cells are given by:

R(k+6) = PI'GTW (|dk |)_a (19)
If C is the carrier power of the desired transmitter, then:
C=r (d])

where
|d|” =a*(1+2cos(8,))

(20)
+ B (a* cos’(6,) +b”sin’(6,))

Copyright © 2009 SciRes.

The C/I experienced at the MS in the outer layer is
therefore given by:

c_ ¢ (21)
1

4. Performance Evaluation

A seven-cell scenario with a center cell and six cells in
the 1% tier is considered in the system design. The edge
length of each of the hexagonal cells is taken as 1 km.
The BS is located at the center of the cell. All the GTWs
are equidistant from the BS and also equidistant from
each other. However, the exact location of the GTWs
with respect to the BS would vary with 7. A downlink
transmission scenario is considered in the analysis.
Hence, in the cluster-based design, the BS and the GTWs
in the adjacent cells would be the interfering transmitters
for the receivers in the Col. The MSs in the center cell
are distributed uniformly. However, the position of the
MS in the outer layer of Col does not play any signifi-
cant role in our analysis. This is because; the main focus
of the analysis is in determining the exact location in the
Col where the C/I would be minimum and how this
minimum C/I could be maximized by varying the GTW
position and the transmitter power. The equations de-
rived in Section 3 in the mathematical analysis are used
to calculate C/7 for all possible positions of GTW nodes
in all the six adjacent cells. The position of the transmit-
ting GTW in each adjacent cell is varied across 360 de-
grees with every 1 degree variation. This results in huge
number of possible combinations (360° = 2.1768¢15).
Hence, the computations were done using Matlab. It
should however be noted that these are not simulation
results but theoretical results obtained from the different
position of GTWs in the adjacent cells in the clus-
ter-based two-hop design. In order to assess the per-
formance of varying the location of z, the value of 7 is
varied from 0.1 to 1 in steps of 0.01. The performance is
evaluated for different values of path-loss exponent, a.
For high data-rate transmissions in B3G (beyond 3G)
and 4G networks, a coded BER of 107° to 1077 is re-
quired. In a corresponding uncoded network design, as in
our system, a BER of 10~* would however be sufficient
[22]. When a combination of convolutional coding and
Reed Solomon coding techniques is considered, a BER
of 10? would translate into a BER of 107° or beyond, in a
coded system. Table 1 shows the minimum required C//
for different modulation schemes for an uncoded system
at a BER of 1072 The higher the modulation technique,
the higher is the achievable link data-rate. Hence, in this
paper, the optimum GTW positions are analyzed for dif-
ferent C/I values. A minimum C// of 4.6 dB is required at
the receiver of a communicating pair in order to transmit
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Table 1. Minimum required C/ for different modulation
schemes for an uncoded system with a BER of 102.

Type of Modulation /I (dB) No. of bits/symbol

BPSK 4.6 1

QPSK 7.1 2

8PSK 11.3 3
16QAM 14.2 4
32QAM 17.4 5
64QAM 19.6 6
128QAM 22.4 7
256QAM 25.2 8
512QAM 28.4 9

signal using BPSK modulation technique. Similarly, a
minimum C/ of 7.1 dB is required for data transmission
using QPSK modulation technique. Hence, if the re-
ceived C/I is between 4.6 dB and 7.1 dB, only BPSK
scheme could be used. Table 2 shows the minimum
transmit power required at the GTW and at the BS for
different power ratios, for three different C/ values: 4.6
dB, 6 dB and 7.1 dB. It can be observed that in order to
achieve a minimum C// of 4.6 dB at any point in the cell,
if the BS and the GTW transmit powers are same, then
both BS and GTW should transmit with a minimum

power of 0.47 W. Also, for this point, all the GTWs in
the cell should be located at a distance of 0.48r from the
BS. The transmit power of the GTW can be reduced by
increasing the BS to GTW transmit power ratio. When
the transmit power ratio between the BS and GTW is 2:1,
the minimum transmit power of the GTW reduces to
0.441 W. Similarly, if the transmit power ratio is further
increased to 4:1, then the minimum transmit power at the
GTW reduces to 0.334 W, in order to achieve the same
minimum C// of 4.6 dB at any point in the cell. It should be
noted that for this particular transmit power ratio, the
GTWs should be placed at a distance of 0.54r from the BS.

In order to transmit data with higher rate, a higher
modulation technique should be used. As shown in Table
1, this requires a higher C/I at the receiver of a communi-
cating pair. Table 3 shows the transmit power require-
ment at the BS and at the GTW for different power ratios
for higher C/I values (9 dB and higher). It can be ob-
served from Figure 5 that as the C/I threshold increases,
the GTWs should be placed away from the BS in order to
meet the C/I threshold. Also, it can be observed that this
is true for all different transmit power ratios. This is a
very significant result. It implies that for high data-rate
communication in the cellular network, the GTW should
be placed to wards the edge of the cell rather than close to
the BS. Similarly, it can be observed from Figure 6 that as
the minimum C// threshold increases, the GTW transmit

Variation of Optimum Gateway Location with Gateway Transmit Power
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Figure 5. Variation of GTW location (r) with gateway transmit power for a = 4.
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Variation of Optimum Gateway Location with Gateway Transmit Power
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Figure 6. Variation of GTW location (z) with gateway transmit power for a = 4.

Table 2. Minimum transmission power at GTW for a C/I of 9 dB, 11.3 dB and 14.2 dB at the receiver
and the corresponding optimum location for GTW when base station transmit power is 2W.

a= 35 35 4.0 4.0 45 45
C/1(dB) Prorw T Prrw T Prrw T

4.6 1.967 0.49 1.983 051 1.995 0.53
4.6 1.902 0.53 1.924 0.56 1.945 0.59
4.6 1.812 0.58 1.842 0.61 1.865 0.64
4.6 0.624 0.63 1.643 0.66 1.652 0.69
4.6 1.471 0.66 1.5 0.68 1.532 0.71
4.6 1.182 0.7 1.2 0.72 1.23 0.75
4.6 0.976 0.74 0.998 0.76 1.012 0.77
4.6 0.795 0.79 0.812 0.8 0.834 0.82
4.6 0.654 0.83 0.683 0.85 0.696 0.88
4.6 0.502 0.83 0.512 0.85 0.523 0.88

6 1.984 0.32 1.997 0.34 2.018 0.35

6 1.345 0.51 1.382 0.53 1.412 0.55

6 0.977 0.56 0.998 0.58 1.006 0.61

6 0.754 0.62 0.765 0.64 0.786 0.67

6 0.64 0.69 0.65 0.71 0.67 0.72

6 0.51 0.74 0.53 0.76 0.57 0.79
7.1 1.987 0.19 1.995 0.21 2.014 0.24
7.1 1.485 0.34 1.497 0.35 1.506 0.37
7.1 1.134 0.49 1.198 0.51 1.232 0.54
7.1 0.98 0.56 1.01 0.58 1.04 0.61
7.1 0.79 0.59 0.82 0.61 0.84 0.63
7.1 0.61 0.62 0.64 0.64 0.67 0.66
7.1 0.5 0.67 0.52 0.69 0.54 0.71
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Table 3. Minimum transmission power at GTW for a ¢/ of 9 dB, 11.3 dB and 14.2 dB at the receiver and the cor-
responding optimum location for GTW when base station transmit power is 2W.

a= 3.5 35 4.0 4.0 4.5 4.5
/1 (dB) Prcrw T Prrw T Pretw T
9 2 - 2 - 2 -
9 1.488 0.27 1.496 0.29 1.504 0.3
9 1.002 0.41 1.012 0.43 1.134 0.48
9 0.895 0.44 0.912 0.47 0.934 0.51
9 0.721 0.49 0.754 0.52 0.767 0.55
9 0.643 0.53 0.675 0.56 0.692 0.59
9 0.543 0.57 0.586 0.6 0.613 0.62
9 0.484 0.61 0.497 0.65 0.512 0.68
11.3 2 - 2 - 2 -
11.3 1.5 - 1.5 - 1.5 -
11.3 0.981 0.19 0.993 0.22 1.002 0.24
11.3 0.75 0.34 0.78 0.36 0.81 0.37
11.3 0.501 0.44 0.512 0.46 0.522 0.47
11.3 0.452 0.49 0.474 0.51 0.492 0.54
11.3 0.362 0.55 0.378 0.57 0.391 0.59
14.2 2 - 2 - 2 -
14.2 1.5 - 1.5 - 1.5 -
14.2 0.978 0.14 0.985 0.16 0.998 0.18
142 0.5 0.34 0.506 0.35 0.52 0.37
14.2 0.382 0.41 0.396 0.42 0.401 0.43
14.2 0.312 0.5 0.334 0.52 0.345 0.53

power should also increase for high data-rate communi-
cation, even though the GTW would be close to the edge
of the cell. The bold entries in Table 2 and Table 3 indi-
cate the PGTW and 7 values (optimum GTW position)
when the PGTW is near 1W and 0.5 W. It can be ob-
served from both the tables that with a decrease in the
GTW transmit power (with respect to the BS transmit
power), the optimum location of the GTW that would

maximize the minimum C// moves to wards the cell edge.

Significantly, this is true irrespective of the C/I values.

Figure 5 and Figure 6 also show the results in the
presence of lognormal shadowing. A standard deviation
of 4 dB is selected, based on the realistic values for a
suburban or a semi-outdoor environment [23]. It can be
observed from both the figures that the behavior of the
graph remains the same as compared to the case where
there is no shadowing. However, for the particular
gateway location, the absolute value of the required
gateway transmit power increases marginally in the
presence of shadowing. This shows that lognormal
shadowing does affect the system performance. But, the
results of the analysis on the GTW location remains
still valid.

5. Conclusions

The cluster-based two-hop cellular network has been
analyzed in this work for different BS and GTW transmit

Copyright © 2009 SciRes.

powers and for different possible data-rates in the system.
The mathematical and numerical results indicate that for
minimum data-rate transmission at the physical layer,
with equal transmit power at both BS and GTW, the
GTW should be located close to the center of the line
joining the BS and the edge of the cell. However, for
high data-rate communication, not only the minimum
transmit power of both BS and GTW should be in-
creased, but also the GTW should be moved to wards
the edges of the cell. This is a significant result and
indicates that the GTW location and its transmit power
plays a crucial role in determining the data-rate of the
two-hop cellular network. The next generation cellular
networks would not only be required to support both
voice and data but also multimedia transmission, which
requires high and flexible data-rate between different
communicating links. Hence, a further research in this
direction is to modify the cluster-based design for
three-hop cellular networks and to investigate the rela-
tion between minimum transmit power of BSs and
GTWs and the GTW location in the cell in order to
further increase the data-rate of the communication
links in the cellular network.
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