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Abstract—In  this paper, we consider resource allocation schemes for OFDMA based WIiMAX networks. The simplest
schemes in two-hop relaying WIMAX networks in order to scheduling scheme is fixed assignment scheduling [4], in
maximize cell throughput, while serving the subscriber stéions which a BS allocates a fixed amount of bandwidth for every

(SSs) in a fair manner. First we present two well-known scheies, . .
namely, orthogonal and overlapped, according to the frequency RSs. In this simple scheduling scheme the system throughput

reuse during the access zone intervals of downlink and uplk IS significantly degraded due to inefficient resource wtian.
subframes. We then propose a hybrid resource allocation seéme To enhance network performance, Park et al. [5] present two
to harmonize the orthogonal and overlapped schemes in ordéo  scheduling schemes namedthogonal and overlapped and
improve the efficiency of resource utilization while minimizing in- compare the performance of the two schemes. However the
terference. We evaluate the performance of our proposed hyid ) .
scheme by comparing it with the optimal scheduling scheme as boundary betwe_en access and_ relay zones W?‘S not dynamically
well as the orthogonal and overlapped schemes, in terms of ke Selected according to the traffic load but statically deteeh
throughput, outage rate, and computation time. The numerial  for each scenario. We proposed an optimal scheduling scheme
results show that the proposed hybrid scheme achieves a high in which the boundary is optimally determined to maximize
throughput than the overlapped scheme while maintaining as cell throughput in our previous paper [12]. However, the

low an outage rate as orthogonal scheme. In addition, the timal sch tb licable for th tical t
computational time is significantly less than the optimal skeme optmal scheme may not be applicable tor the practical syste

at the expense of minimal throughput degradation. due to the high computational time. In this paper we propose
a new scheduling scheme, named hybrid resource allocation
l. INTRODUCTION scheme that can significantly reduce the computational time

The addition of relay stations (RSs) to a traditional WiMAXwhile preserving the efficiency of frequency reuse and aaitag
network is seen as an attractive technology for provigrerformance. Although we consider only the downlink analy-
ing throughput enhancement and coverage extension. IE&E, our scheme can be easily extended to include the uplink.
802.16j for WIMAX with RSs was published in 2009 [1]. The rest of this paper is organized as follows. In the next
Furthermore, multihop relaying is considered an essentiggdction, we present the system model. In Section lll, we
feature in the IEEE 802.16m standard [2] and 3GPP Lomgyopose a new hybrid resource allocation scheme. Numerical
Term-Evolution (LTE) Advanced standard [3]. According taesults and analysis are shown in Section IV. Finally, ®ecti
the IEEE 802.16j standard, two kinds of relay operation nsod¥ concludes the paper.
are definedtransparent relay mode anchon-transparent relay
mode. The transparent RSs allow only throughput enhance-
ment, whereas non-transparent RSs can extend the coveraglle consider a WIMAX network enhanced with non-
and also increase the throughput. In this paper, we focus tobansparent RSs, with each cell consisting of a BS, RSs, and
deploying non-transparent RSs for the purpose of coverag8s. We assume that every node has a single omni-directional
extension, and a single tier of RSs since additional hops camtenna, hence, no terminal can transmit and receive simult
cause a higher delay and lower bandwidth efficiency. A noneously. The cell radius, 1200m, is determined by the condi-
transparent mode frame structure consists of a downlinK (Dtion that the cell coverage probability under Rayleigh fadi
and an uplink (UP) subframe, and each subframe includes talannel is greater than 90% [7], [8]. For the path loss model,
zones, namely thaccess andrelay zones [1]. During the DL we use the Erceg-Greenstein model, which is recommended
access zone period, the base station (BS) and RSs can ttanbgnithe IEEE 802.16 working group [7]. Depending on the
to the associated SSs simultaneously. link quality, a variety of modulation and coding schemes

Due to the frequency reuse in non-transparent RS modkICS) are supported in WiIMAX networks. Table | shows
it is more complex and challenging to explore a schedulirtbe achievable data rates denoted d&asds, ...,dr and the
scheme that maximizes cell throughput while serving the S8arresponding MCS; the last column represents the minimum
in a fair manner. In this paper we assume Max-min fairnessquired threshold values of signal to interference andeoi
[6], hence, none of active SSs can achieve more throughpatio (SINR),7,,,, computed by bit error rate expression for
than other SSs without decreasing the throughput of othdrQAM [9] when bit error rate isl0~6. With the assumption
SSs. Many researchers have recently proposed schedubhga Rayleigh fading channel, the received SINR,is an
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SINR THRESHOLDSET

Downlink Spectral SINR 20001
MCS Data Rate Efficiency | Threshold
dm[Mbps] | [bpsiHzZ] | 7,,[dB] 19007
QPSK 172 5.25 1.0 9.1 1000}
QPSK 3/4 7.87 1.5 11.73
16 QAM 1/2 10.49 2.0 13.87 . 500f
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. Fig. 1. A coverage extension scenario with three RSs and ¢hieable
where ~* is the average SINR. Consequently, the averagga rates in the cell.

achievable data ratels, can be computed by:

m

in a cell, in the orthogonal scheme each SS will be served
7 only by the service node that has the highest link capacity
ds = Z i - p(din).- (2) to the SS. We denote witl¥y, Si, ..., Sp the set of SSs
m=1 served by theBS, RSy, ..., RSg respectively. The number
The relay data rate of an SS via an RS can be influenced dfyactive SSs in the sef; is denoted byn;. Although there
both hops involved. Letlps—rs anddrs—ss be the average is no interference between service nodes in the orthogonal
achievable data rate of links from BS to RS and from RS &theme, some of the active SSs may encounter outage due to
SS respectively. The relay data rate of an SS will be expdessRayleigh fading channels, hence, the summation,o less

as: than or equal taVv:
1 _ 1 n 1 3)
dps—ss dps—rs drs—ss no +n1+ ... +ng < N. (4)
Figure 1 shows a coverage extension scenario with thr@@ also denote with\,,, ..., As, andAg,, ..., Ar, the time
RSs: the BS is located at the center of the cell and three Rigctions allocated ta5S;, ..., SSy in the access zone and
are deployed at the edge of the BS’s transmission rangetifpe fractions allocated td?Si, ..., RSy in the relay zone

extend the cell's coverage. All RSs and the BS are referredrigspectively. Thus, the summation of access and relay zone
as service nodes in the rest of this paper. Each contour lingime fractions should be equal to 1 (for full frame utilizat):

in Fig. 1 represents the achievable average data rate of an SS N R

according to its location inside a cell. However, the actah Z As, + Z Ar, = L. (5)

rate of an SS varies according to its current SINR value. Pt =

I1l. RESOURCEALLOCATION SCHEMES Let us also denote withl,,, ..., d;,, anddg,, ..., dr, the

In this section we first present two scheduling scheme"]lsc':h'evakJIe data rate &5, ..., S5y with its service node

orthogonal and overlapped schemes in a two-hop relayi fd the achievable data rate 86, ..., RSk from the BS.

: : : . throughput of each node should be equal for fairness and
scenario. We then introduce our proposed hybrid scheduli € .
scheme. Due to the fact that the original tile (two-dimenalo incoming data from the BS to an RS should be equal to the

timexfrequency) scheduling problem is NP-hard [11], we Sha(ﬂutgomg data from the RS to the associated SSs as follows:

not deal with multiuser resource allocation over the frepye o, Mo, = oo = di Agyy = dRr, AR, - — dRR)\RR. (6)
domain. In other words, we do not consider frequency se- ni nR

lectivity, thus the entire spectrum is allocated to eachenodsing (5) and (6), the time fraction of one of the SSs can be
whenever they are allowed to transmit, i.e., schedulingised expressed as:

by assigning time slots to every node. \ 1
S1 = ds

ds ds doy 7
A. Orthogonal Scheme L+ T+ g+ 4+ "

The essential consideration in the orthogonal scheduligihce the time fraction for an SS is computed by (7), the rest
scheme is to avoid interference by restricting transmissief the time fractions\; can be easily calculated by (6), hence,
opportunities to one service node at a time during the accesg cell throughput can be computed by:
zone period [5]. However, by precluding frequency reuse, th N
radio resource efficiency can be significantly reduced. i th Cell Throughput = Z dy. N, (8)
general case, wheR RSs are deployed and SSs are active Pt
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Fig. 2. (a) A sample scenario with three RSs and four SSs. (saible T + i +-+ 3
1 2 ng

orthogonal resource allocation in the sample scenario (a).
The throughput per node/n;) in each setS; varies since
B. Overlapped Scheme each set has a different number of SSs and different link

In contrast to the orthogonal scheme, the focus of ti§@pacities. Therefore, it is necessary to control the tjinput
overlapped scheme is to fully reuse radio resources durip@f node in each set for global fairness. &t andn, be the
the access zone interval [5]. On one hand, the cell throughgyerage data rate and the number of active SSs of the set that
is likely to be increased, but, on the other hand, outagetsveRas minimum throughput per node. Only this set can fully use
are also increased due to significant interference. The dé&pources during the access zonewhile the rest of the sets
throughput and outage probability for the overlapped sehergxcludingS, are constrained by the data transferred from the
vary according to the selection of the active service nodss,BS t0 RSsdr Ag, (i =1,..., R):
not every service node has to be active during the access zone F, )\, dr,A\r,  dRy\R, drp ARy
We assume that the set of active service nodes is selected to Ny = " = g = e T T ngp
maximize the number of served SSs. Three different objesti
of determining the set of active service nodes are introdiirce

(13)

vV : . -
Only Sy is not constrained by the relay zone transmissions

[12]. By using the same example scenario shown in Fig. 2($£C8 every SS inS is directly connected with the BS,

with an assumption that every SS has different achievalite da e_,\refore, qnlesS‘O has a minimum throughput per f?"de' the
rates from its service nodél,, > d,. > d,,), one possible active SSs inSy can achieve higher throughputs since they

resource allocation for the overlapped scheme is showngn Fran fully use resources during. If we use (13) to substitute

3. Every RS can be active simultaneously to serve associaﬁce)[al)‘Ri in (9), Ao can be expressed as:

SSs during the access zone period, howeverstig can not _ 1
be served due to strong interference. Another unique aspect mfe 2 He ooyt fe g (14)
the overlapped scheme is that there may be wasted resources ! ? n

due to fairmness. If we denote with the fraction time allocated After determining, from (14), the time fractions\p,, ...,
to the entire access zone, (5) will be rewritten as: ARy can be easily computed using (13). Consequently, the
cell throughput can be computed by:

Ao+ AR, + -+ Ary =1 9 R
Cell Throughput = HoXo + > _ dr,Ar,- (15)

=1

Let us also denote witll; and X the achievable data rate
of the j** active SS { = 1, ...,n;) with its service node and
the time fraction allocated to thg" active SS in the se$; . Hybrid Scheme

EZ) zh(z)a’ré.’tﬁz ;?:Sc%es(;tlvilr{é T.h;" S>Ss)\i|n tr/]\? same §);eitha|vne The main goal of the proposed hybrid scheme is to combine
cach setS. the thro Zh t’ (;f g'azh rlmze QSF;;..I.d—Fbené' al fct)f;e orthogonal and overlapped schemes in order to improve
. o ughpu u qu performance in terms of the cell throughput and outage rate,

fairness: . . . . .
while preserving a low computational complexity. To acleiev
AN =di\= .. =di A | ie{0,1,..,R}. (l10) more throughput than the orthogonal scheme, the resources
e B should be utilized by allowing the service nodes to be active
We define the average data raté;] of each setS; as the simultaneously, but at the same time, the outage events due
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BS frame | A | | \ \ | Optimal scheduling scheme determines the time duration
RS, frame| | A \ Y |  of the transmissions for each SS and RS in the access and
RS, frame| | e ’ | | relay zones in order to maximize ce!l throughput under the
g max-min fairness constraint. It is neither wasting resesrc
RS, frame‘ ‘ Ai ' ‘ ‘ . . .
nor allowing for outage due to interference. To determine
Access zone Relay zone

the optimal schedule, all the possible combinations ofvacti
service nodes should be considered. The detail formulation
can be found in [12].

DL subframe

Fig. 4. Hybrid resource allocation example for the sampknado in Fig.
2(a).

IV. NUMERICAL RESULTS AND ANALYSIS

this section we evaluate the performance of the proposed

rid scheme by comparing it with the orthogonal, over-
pped, and optimal schemes. Fig. 5 shows all performance

results for the four different scheduling schemes. The uppe

divided into two groups denoted &$" and.S?": one is served three graphs are the cell throughput, outage, and compatat

as in the orthogonal scheme, and the other is served as intf ¢ results as a function of the number of active SSs in a
overlapped scheme. Let™ andn?” be the number of active cell when three RSs are deployed, and the lower three graphs
* 1

SSs that are served orthogonal, and overlapped respgctiv@‘he the results when the numb_er of RSs vary frpm one o six
i.e. n; = no +nov. If we denote withk the total number of when there are 25 active SSs in a cell. To obtain the average
.e., g ov,

SSs that are served orthogonally, (4) can be rewritten as: cell throughput \_/alus_.\, the 3|_mulat|on is repeated 10’0‘7"?’“_

for each scenario withV active SSs randomly placed within

K 4+ 08 +n% + ... +n% < N. (16) @ cell. We computed the 95% confidence intervals, but do not

show them as they are very small and would clutter the graphs.
By using the same example scenario in Fig. 2(a), one possiblé'S Shown in Fig. 5(a), when the number of active SSs
resource allocation for the hybrid scheme is depicted in &ig increases, the cell throughput achieved by orthogonalnsehe
The access zone time fraction is divided into two subsestiorflecreases because it is more likely to have SSs with low
the orthogonal and overlapped subsections are denoted'by link capacities consuming large fractions of the time ineord
and A°*. The summation of time fractions allocated to th& Preserve fairness. In contrast, the cell throughput for a
active SSs that are served orthogonally is equaktq i.e., OPtimal scheme grows as the number of active SSs increases,
AT = A, + ... + As,c. TO ensure fairmess, the orthogonallypince _th_e optimal scheme maximizes frequency reuse, while
served SSs should also achieve equal throughput as minimiiiiimizing co-channel interference in order to avoid oetag
per node throughput and the service nodes have to relay mbRe cell throughput of our proposed hybrid scheme is only

to interference should be avoided. In other words, the laybri
scheme performs like an overlapped scheme when there ar
no active SSs affected by interference, however, when eut
events occur, the resources are orthogonally allocatebtset
SSs. Therefore, the number of active SSs in eachSsetre

data to support them, thus (13) can be modified as: 4 to 7% lower than that of the optimal case (the higher the
number of SSs, the lower the difference.) Fig. 5(b) shows tha
H"A®" _ dr,Ar, _ dmAr, _ _ drpArr _  the outage rate from proposed hybrid scheme is identical to
ng’ n{" +n’ n§" +n3’ T ony +ny the results from the optimal and orthogonal schemes, wherea
=dgAs; =dsyNsy = oo = dsp sy, the outage rate for the overlapped case continues to rise

(17) significantly as more SSs join the cell because the number of
active service nodes also increases leading to an insulfficie
where H?" andng” be the average data rate and the numbgNR for many SSs. Although there is no interference between
of active SSs of the set that has minimum throughput pg&rvice nodes for the rest of the schemes, about 6% of active
node among the sef?”. In a manner similar to that of gss still encounter outage due to the Rayleigh fading channe
the overlapped scheme, the time fraction allocated to thfiis result shows that the cell coverage probability under

overlapped section can be expressed as: Rayleigh fading channel was improved from 90% without RSs
1 to 94% with three RSs in addition to coverage extension.
ov __ .
A% = T PR il A P B PR P Figures §(d) and (e) show the throughput and outage results
ng® dr; T ng’  drg ngvds; ' T ngvds,.  as a function of the number of RSs. When more RSs are

(18) deployed at the edge of the transmission range of the BS in
a circular manner, the outage probability of the overlapped
scheme gradually deteriorates, whereas the outage ratas fr
the rest of the schemes decrease as the addition of relays

Consequently, the cell throughput from the hybrid schenme c
be computed by:

Hovyov [ B increases the chance of at least one good link to one of them.
Cell Throughput = Hg" A" + —*— <Z n; —ng’ | . The difference between optimal and hybrid throughput tesul
z i=1 is less than 4% in the case of up to three RSs, and then the

(19) gap increases as the number of RSs increases since more
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Fig. 5. Cell throughput, outage rate, and computation tigmults as a function of the number of active SSs and RSs neggclor different scheduling
schemes.

resources are used orthogonally to avoid outage events.Qar numerical results show that the computational time of
general, however, deploying more than four RSs having thgbrid scheme is significantly lower than the optimal scheme
same transmission power and antenna gain as the BS is nat the expense of the small amount of throughput degradation
desirable scenario from the cost effective perspective.
Figures 5(c) and (f) show that the computational time of | “Air interface for broadband wirel emsitbion rel

: H : H “Air interface for broadband wireless access systemsilitiviop relay
an optimal schem_e is substantially hlgher _than the rest &t specification” IEEE Standard 802.16j, Jun 2009,
the schemes and increases exponentially with the number @f “Part 16: Air interface for fixed and mobile broadband etirss access
RSs, while the three suboptimal schemes have relatively low systems - DF;AFlTEaEn;egg?fgt t/Olege ,\Sltanczigfl% for local andpritan

; : ; ; area networks,” .16m , Nov .

computation times. The computational times of the orthadjon [3] 3GPP, “Relay advancements for E-UTRA (LTE-Advance@d Gen-
and hybrid schemes are always less than 1ms regardless Of eration Partnership Project (3GPP), TR 36.806, Sep 2009.
the increase in the number of SSs and RSs in a cell; howevit M. Kaneko and P. Popovski, “Adaptive resource alloaatia cellular
the computation time of the overlapped scheme increasés wit  OFPMA system with multiple relay stations,” iehicular Technology

. - Conference. |IEEE, 2007, pp. 3026 —3030.
the number of RSs since it has to go through the process @f k. park, H. S. Ryu, C. G. Kang, D. Chang, S. Song, J. Ahn, &ritim,
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