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An Opportunistic Subchannel Allocation Scheme in Relay-based
Marine Communication Networks
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ABSTRACT

This paper proposes an opportunistic subchannel allocation (OSA) scheme for relay-based marine
communication networks to improve a sum-rate capacity. In most previous works for relay-based networks, each
RS delivers the data received from the BS immediately to the corresponding ships in each frame. The achievable
data-rate of the two-hop transmission (BS-RS and RS-ship links) is thus limited by the channel quality between
BS-RS and RS-ship links. Hence, the radio resources can be wasted according to the difference in the channel
quality between the BS-RS link and the RS-ship link. The proposed OSA scheme reduces the waste of radio
resources by efficiently and independently allocating the radio resources at the BS-RS link and at the RS-ship
link according to the channel quality of each link. The proposed OSA scheme, however, increases the
computational complexity, because the BS finds the optimal OFDMA resource by checking the channel quality of
all BS-RS links and RS-ship links. The simulation results show that the sum-rate capacity of the proposed OSA

scheme improves maximum 14.0% compared with the conventional scheme.
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I. Introduction

Recently, various wireless communication
techniques are adopted to a marine communication
system. Because a smart ship is an important
technique to lead the ship market, improved
communication techniques are demanded to support

integrated ~ management,

information™ .

marine, and  ship
Especially, the  ship-to-ship
communication is a key roll to perform above
mentioned functions. If a ship is not in the coverage
of the base station the multi-hop relay system can be
applied to the marine communication systems in
order to increase the coverage of marine
communication systems. Additionally, an specific
radio channel different from that of the land
communication should be modeled taking the marine
communication environment into consideration'.

Meanwhile, in wireless communication systems, a
relay station (RS) can provide many important
benefits that improve system performance, such as
capacity enhancement and coverage extension. In
particular, the heavy path loss between the base
station (BS) and users at a cell boundary as well as
the severe signal attenuation between the BS and
users in deep shadowed areas can be properly
controlled by using intermediate relay stations'"’. An
orthogonal frequency-division multiple-access
(OFDMA) system is also considered to be an
important technique to improve the system
performance. Hence, standardization groups, such as
IEEE 802.16j and 3GPP long term evolution
(LTE)-Advanced, have been interested in relay-based
OFDMA networks”™. In the relay-based OFDMA
networks, a BS allocates a subchannel to relays and
users, where the subchannel is a basic unit of radio
resource allocation and is represented by time
symbols and frequency subcarriers. For this reason,
the relay-based OFDMA system can be adopted to
the marine communication networks to extend the
transmission coverage and increase the system
capacity.

Many researchers have endeavored to develop
efficient subchannel allocation schemes to improve

the system performance in relay-based OFDMA

networks™™\, In [5], a subchannel allocation scheme
is proposed to improve the total system throughput
while maintaining the throughput of cell-edge users
in LTE-advanced systems. The authors of [6]
propose a subchannel allocation scheme, where the
transmission time in each link is adaptively adjusted
according to the channel state in an OFDMA
cellular system with fixed RSs. In [1] and [7-9], the
performance of the subchannel allocation scheme in
two-hop relay systems has been evaluated in
consideration of the quality of services (QoS)
requirements of traffic models. In [1], the authors
formulated a subchannel allocation problem in
consideration of QoS requirements for real-time
traffic and nonreal-time traffic. In [7], the authors
formulated a resource optimization problem to
satisfy QoS requirements of multiple source nodes.
In [8] and [9], the authors proposed a subchannel
assignment scheme in consideration of a minimum
data rate requirement of users.

However, although [1] and [5-9] proposed various
subchannel allocation schemes to maximize the
system performance, the conventional schemes do
not exploit the frequency diversity in a two-hop
relay link. In the conventional schemes, subchannels
used in a BS-RS link and subchannels used in a
RS-ship link use the same frequency band.

The contribution of this paper is as follows: First,
the paper proposes an opportunistic subchannel
allocation (OSA) scheme for relay-based OFDMA
marine communication networks. The proposed OSA
scheme improves the system capacity by
dynamically allocating time and frequency resources
used for both the BS-RS link and RS-ship link.
Second, the paper proposes a suboptimal algorithm
to reduce the computational complexity of the
proposed OSA scheme.

II. System Model

We consider the downlink of relay-based marine
communication networks with a single BS, J RSs,
and A active ships. Figure 1 shows a system model
of marine communication networks. The nodes of
the BS, a RS, and a ship are denoted by the symbol
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Fig. 1. A system model of marine communication networks

of S, R, and D, respectively. We assume a
two-hop transmission from the BS to ships; that is,
direct transmission from the BS to ships is not
considered. Figure 2 shows a frame structure. The
downlink channel is divided into N OFDMA
subchannels, where each subchannel consists of
several numbers of subcarriers. Each frame is
divided into a 1st phase and a 2nd phase with equal
transmission duration. During the 1st phase, the BS
transmits data to the RS; this is called a S— R link.
During the 2nd phase, the RS forwards data received
from the BS to the ship; this is called a R— D link.

Let ;SﬁR and 7 be the average
signal-to-noise ratio (SNR) of the S— R link and
R—D link, respectively. The subchannels of all
links are modeled by using Rayleigh fading. We
define yj 7 and 'yf,; 7 as the instantaneous SNR of

S— R link and R— D link on the nth subchannel,
respectively. The capacity of the S— R link and
R—D link on the nth subchannel is represented by

- 1 -

= logy(1447,7), M
_ 1 _

it =5 logy(1++7.0), @

where the factor of 1/2 is applied because the frame
duration is divided into two subframes, the 1st phase

and the 2nd phase. We define the subchannel

R R—D
, (or x;

assignment indicators, mS; ik ) as follows:

J
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Fig. 2. A frame structure

%f;f is equal to 1 if the subchannel n is allocated
to ship & using a jth relay at S— R link; otherwise

27 s equals to .

II. Subchannel Allocation Scheme

In relay-based marine communication networks,
. . Ty, N
an achievable capacity, szi- ’, can be expressed as

follows:

NpNy __ : S—R R—D
Qj,k _Inln(rj,n1 7Tj,k,n§> 3

where n, and n, are the subchannel index at the

S—R link and R—D link, respectively.

3.1 Conventional Fixed Subchannel
Allocation Scheme

Most previous works have focused on the
selection of the RS or the ship under the assumption
that a fixed channel allocation (FSA) scheme is
used. In the FSA scheme, the subchannel at the
S— R link is identically used at the R— D link.
The relay selection for ship %k is determined as
follows:

*

j =argmax 27y 4)
The ship is selected as follows:
k' = argmax Q;’,’]i )

where k' is the selected ship assigned subchannel n
at each link. In the FSA scheme, the computational
complexity that is the time required to find the
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optimal relay and ship is JAN.

3.2 Proposed Opportunistic Subchannel
Allocation Scheme

The FSA scheme may lead to wasted radio
resource because of the unbalance between the link
quality of the S— R link and R—D link. To
mitigate such waste of radio resource, we propose
an OSA scheme.
independently allocates the subchannel at the S— R
link and the R— D link, respectively. Hence, in the
OSA

{j*,k*,ni,n;} , can be obtained to maximize the

The proposed OSA scheme

scheme, the optimal set of parameters,

following utilization function:

k=1j=1n, =1n, =1 6)
: S—R_S-R ,R—D _R—D
{mln Tj,nl xj,k,nl’ Tj k, nz‘TJ k, n>) ]
K J N
S—R
st 2100 DAk <N, @

K J N )
Z M 2 s <N, ®)

Constraints (7) and (8) restrict the number of
used subchannels to be less than or equal to the total
number of available subchannels at each link.

The

computational complexity because the OSA scheme

proposed OSA scheme increases the
finds the set of parameters both in the time axis and
The
computational complexity of the proposed OSA
scheme is JEN? « JK(N—1)*--- JK= (JE)" (V).

To reduce the computational complexity of the

in the frequency axis, simultaneously.

OSA scheme, we propose a suboptimal algorithm.
The sets of indices for relays and ships are denoted
by JF{1,2,---,J} and , K={1,2,-
The suboptimal algorithm determines the sets X

ny

K} respectively.

and X, at each frame t, where
an_{ w5 NjE Lk, Kin EN } and X =
{ af PiELkE  Kny e N } respectively.  The

pseudocode of the suboptimal algorithm for the OSA
scheme is shown in Algorithm 1. At each frame ¢,

Algorithm 1. The pseudocode of suboptimal algorithm

Algorithm 1 A procedure of suboptimal algorithm ( ):

L: Initialize: X, =0, X, =
2: for (m<1to N) do

3: k*,j*,nf,nz =arg; ., n, Max (!Z].’_l;"'z)
for VjELkEKn ENF n,eNF~P
where 2] "z—mm(rénlﬁ }R/\ WD>
4 R O |
5 remove subchannel n, from the set N° 7
6: remove subchannel n; from the set N7~ 7
7 me—m+1
8: end for
9: return X , X

n, My

the suboptimal algorithm allocates the subchannels

to the ship that maximizes the achievable capacity,
(g:;’"z, from the sets of J, K, N°° % and M 7. A
BS determines the sets of subchannel allocation
indicators, X, and X . The BS removes the already
allocated subchannels that form the candidate sets of
X, and X . The parameter m is a counter that
indicates the number of allocated subchannels at the
S— R link and Z— D link. If the BS allocates all
the subchannels to ships, the suboptimal algorithm
The
complexity of the suboptimal algorithm is JAN?

+JK(N—1)? +-+ JK= JKN(N+1)(2N+1)/6.

procedure is  completed. computational

IV. Simulation Results

We consider relay-based OFDMA networks with
a single BS, J RSs, and A active ships. Each ship
identically and independently experiences Rayleigh
fading at the S— R link with the average SNR of
the S— R link, v5 #, and at the R— D link with

the average SNR of the R—D link, ~7 7,

bHandWHDare

respectively. The average SNR ~
assumed to be 10 dB. The performance of the
proposed OSA scheme is compared with the
performance of the conventional FSA scheme in
terms of the sum-rate capacity of ships. The other
simulation parameters are described in Table 1.

Figure 3 shows the sum-rate capacity as the
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Table 1. Simulation Parameters

45 T T T T ]
Parameter Value “r 4
Default | Variation Tl P
The number of ships, A 1,5 - g ol . ;"%4/'/_
The number of relays, R 5 1~10 %25_ e
The number of subchannels, N 5 1~10 % f/-
The average SNR of S-R link 10dB - s [ [ o ]
The average SNR of R-D link 10dB - g ' . /:
? 10+ ; /l -
g A K1 K5
% : : sp =— o Conventional FSAScheme | ]
o i —e— o Proposed OSA Scheme
2 2 4 6 8 10
iy ’ ol il The number of subchannels, N
22 B . S— ,
= P . e Fig. 4. The sum-rate capacity versus the number
2l g —_ e 1 of subchannels
6l .
g Vs V. Conclusion
£ 14
]
& KK tonal FSA An OSA scheme was proposed for relay-based
0 e Proposed OSA Scheme marine communication networks with multiple ships,
2 4 6 8 10

The number of relays, J

Fig. 3. The sum-rate capacity versus the number of relays

number of relays increases. The number of active
ships is fixed to A=1 or 5, and the number of
subchannels is fixed to N=5. As the number of
relays increases, the sum-rate capacity increases,
because the diversity gain increases with the number
of relays. As expected, the sum-rate capacity of the
proposed OSA scheme is higher than that of the
FSA scheme; for example, by about 10.2% at A=1
and J=1, and by about 4.9% at K=5 and J=5.
As the number of ships increases, the multi-ship
diversity also increases. Therefore, the sum-rate
capacity increases as the number of relays increases.

Figure 4 shows the sum-rate capacity as the
number of available subchannels increases. As
expected, the sum-rate capacity increases as the
number of subchannels increases. The number of
relays is equal to J=5. The sum-rate capacity of
the proposed OSA scheme is higher than that of the
FSA scheme; for example, by about 14.0% for a
single ship and by about 6.3% for 5 ships. As the
number of subchannels increases, the OSA scheme

increases the sum-rate capacity, because the
diversity gain increases with the number of
subchannels.

550

where the subchannels at the BS-relay link and at
the relay-ship link are independently and efficiently
selected to maximize the sum-rate capacity. The
proposed OSA scheme increases the sum-rate
capacity by as much as 14.0% in comparison with
the conventional fixed subchannel allocation scheme.
Furthermore, a suboptimal algorithm was proposed
to reduce the complexity of the proposed OSA

scheme.

References

[11 A. Le, J. Park, Y. Cho, M. Jeong, S. Lee, and
Y. Kim, “Self-interference cancellation-aided
relay beamforming for multi-way relaying
systems,” J. KICS, vol. 38C, no. 4, pp.
378-386, Apr. 2014.

[2] B. Ko, I. Byun, D. Rhee, K. Jeon, B. Kim, S.
Lee, and K. Kim, “Distributed multi-hop relay
scheme to reduce delay-constrained broadcast
outage probability,” J. KICS, vol. 38C, no. 2,
pp. 219-226, Mar. 2014.

[31 M. Choi and S. Lee “Comparison study of
channel estimation algorithm for 4S maritime
communications,” J. KICS, vol. 38C, no. 3,
pp. 288-295, Mar. 2014.

[4] W. S. Jeon, S. S. Jeong, and D. G. Jeong,

www.dbpia.co.kr



) Gelo] F1ue] sk BAL Azdolal F15Ee A Anand g 71

[5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

“Efficient resource allocation for OFDMA-
based two-hop relay systems,” [EEE Trans.
Veh. Technol., vol. 60, no. 5, pp. 2378-2383,
Jun. 2011.

IEEE standard for multiple relay specification
part 16: air interface for broadband wireless
access systems-amendment 1. IEEE Std.
802.16j-2009, Jun. 2009.

A. Ghosh, R. Ratasuk, B. Mondal, N.
and T. “LTE-
advanced: Next-generation wireless broadband
technology,” IEEE Wirel. Commun., vol. 17,
no. 3, pp. 10-22, Jun. 2010.

Third Generation Partnership Project(3GPP).
Further advancements for E-UTRA physical
layer aspects (Release 9). 3GPP TR 36.814,
March 2010; V9.0.0.

B. Choi, S. Bae, K. Cheon, A. Park, and M.

Chung,

Mangalvedhe, Thomas,

“Relay selection and resource
allocation schemes for effective utilization of
relay zones in relay-based cellular networks,”
IEEE Commun. Lett., vol.
407-409, Apr. 2011.

W. Wang, J. Liuy, D. Li, and Y. Xu,
“Throughput-based
allocation algorithm for OFDMA cellular
system with relay stations,” in Proc. IEEE
Globecom, pp. 1-5, Dec. 2011.

G. Li and H. Liu, “Resource allocation for
OFDMA relay
constraints,” IEEE J. Sel. Areas Commun.,
vol. 24, no. 11, pp. 2061-2069, Nov. 2006.
H. Li, H. Yu, H. Luo, J. Guo, and C. Li,
“Dynamic subchannel and power allocation in
OFDMA-based  DF
networks,” in Proc. Globecom, pp. 1-5, Dec.
2008.

K. Chen, B. Zhang, D. Liu, J. Li, and G. Yue,
“Fair resource allocation in OFDMA two-hop

15, no. 4, pp.

adaptive resource

fairness

networks  with

cooperative  relay

cooperative relaying cellular networks,” in
Proc. IEEE VTC, pp. 1-5, Sept. 2009.

0| & 35| (Deokhui Lee)
1 20104 29 - A7eEtw A=A}
l 3t st
2012 24 AEta ARt
I8t At
2012 39~&A) . A7FEka
s AAE-Eta) uialaA]

<ol AR B 1, B4 ZREF A3,

Yzo] A]~El massive MIMO A]~El

0l M 2 (Seong Ro Lee)
1987+ 2 e fsta A}

P F3k} B}
,f - 1990 24 : gh=aslr]s) A

L= 71 94 At Fehal
4 19961 84 : =144 A
‘“‘" 7] 2 AApgstst Bt
A 19974 9%~ ; %ot
Fahefel A AAbEst)
<FEop CALEAALAY, o5 U SEAL

USN/ =& w e 2=8-8-Fof, Mt =A]2~H)

2<¥l]
Eal N

A M 2 (Jaewoo So)

19974 24 : AAN st A}
st} &t

1999 24« =37 ]as) A
7] 2 Ayt Aat

20024 84 : S| A
7] 4 AzpgEte) vpap

2001%1~2005 : ofo]=] 9], A
T4 | AT
20053~2007' : A=A}, Adedd
20073~2008' : Stanford  University, %17]-5-8}}

e e
20083~ A : A7d et HAgEts) g
<FAlEel FAARIRE], A3AdrdEA, ot
A 2] QIR A AL, HEALE

551

www.dbpia.co.kr



	An Opportunistic Subchannel Allocation Scheme in Relay-based Marine Communication Networks
	요약
	ABSTRACT
	Ⅰ. Introduction
	Ⅱ. System Model
	Ⅲ. Subchannel Allocation Scheme
	Ⅳ. Simulation Results
	Ⅴ. Conclusion
	References


