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Abstract—Power saving for mobile stations (MSs) is one of 
the most critical issues in IEEE 802.16j relay networks. To reduce 
power consumption of MSs, IEEE 802.16j borrows the sleep mode 
of 802.16e, but new parameters are introduced. Up to now, no 
previous work has addressed the sleep scheduling problem in 
IEEE 802.16j networks. Therefore, this paper proposes an 
energy-efficient, standard-compliant sleep scheduling scheme 
which involves relay stations (RSs) and realizes spatial reuse on 
RS transmissions to minimize energy consumption of MSs while 
guaranteeing their QoS. The main idea of the proposed scheme is 
to interleave the sleep patterns of MSs and exploit spatial reuse on 
MS-RS transmissions to reduce resource consumption while 
enlarging the available frame space. Comprehensive simulation 
has been conducted to verify the effeteness of our scheduling 
scheme. It shows that our scheme can serve more requests of MSs 
while increasing their sleep ratios. 

Keywords—802.16j, power saving, sleep mode, spatial reuse, 
green wireless networks 

 

I.  INTRODUCTION 
IEEE 802.16-2009/16m [1, 2] has been considered as one 

of the most promising approaches for supporting mobile 
and broadband wireless access. In succession to IEEE 
802.16, IEEE 802.16j [3] Multi-hop Relay is proposed to 
extend coverage and improve throughput. Like most 
wireless networks, power saving is a critical issue for 
mobile stations (MSs). In IEEE 802.16-2009, three types 
of power saving classes (PSCs) are defined for flows with 
different QoS characteristics. Each PSC consists of a 
sequence of interleaved listening and sleep windows and 
can support one or more flows in an MS with similar QoS 
characteristics at the same time. Thus, an MS can turn off its 
radio interface to save power when all its PSCs are in their 
sleep windows. To support sleep mode in IEEE 802.16j 
relay networks, the existing IEEE 802.16 sleep mode is 
reused and new parameters are introduced to IEEE 
802.16j.  

In an IEEE 802.16j relay network, two types of relay 
stations (RSs) are defined. One is called the transparent RS if 
it is not noticed by MSs, and the other is the non-transparent 
RS. Transparent RSs can help relay data to MSs to improve 
network throughput while non-transparent RSs can help 
increase the BS’s coverage. In this paper, we focus on 
transparent RSs because their resources are managed by the 
BS and are thus easier to implement than non-transparent 
ones.  

In previous researches, much work [4-6] has been done 
on sleep scheduling of multiple IEEE 802.16 MSs, which are 

directly connect to a central base station (BS). However, 
none of those researches consider how to manage the sleep 
patterns of MSs in IEEE 802.16j relay networks. By 
deploying IEEE 802.16j transparent relays, MSs in the cell 
edge can have better link quality, and concurrent 
transmissions of multiple links become possible. This 
architecture helps increase overall network capacity and the 
data rates of MSs. It also reduces the power consumption of 
MSs. In such a relay network, how to select the path for MSs 
(directly to the BS or via RS) and how to schedule the 
concurrent transmission of multiple BS-MS/RS-MS links 
need to be addressed. In addition, existing power saving 
schemes proposed in IEEE 802.16e cannot be directly 
applied to IEEE 802.16j networks. In this work, we study the 
sleep scheduling problem in IEEE 802.16j transparent relay 
networks. We propose a standard-compliant, energy-efficient 
sleep scheduling scheme in IEEE 802.16j networks. This 
scheme can avoid resource collision among MSs by 
interleaving their sleep patterns and exploit spatial reuse on 
MS-RS transmissions. Thus, more MSs can be served and 
they can still enjoy high sleep ratios. 

 

II. RELATED WORK 
In the literature, reference [7] has shown that with sleep 

mode and 802.16j RSs, MSs’ power consumption can be 
significantly reduced. The work [8] proposes a hybrid sleep 
operation under the idle mode to save MSs’ power. However, 
all of them do not employ the PSCs of 802.16 for further 
power saving, so the performance of energy conservation is 
limited. The study [9] proposes a scheme with power control 
and relay selection to save MSs’ energy. Recently, some 
works [4]–[6] and [14] have studied the PSC scheduling of 
MSs. Reference [6] proposes a tank-filling scheme which 
can guarantee MSs’ traffic delay and enhance MSs’ request 
satisfaction. However, these works do not consider using 
RSs. To the best of our knowledge, this is the first work that 
addresses the sleep scheduling problem for IEEE 802.16j 
transparent relay networks with RSs.  

 

III. PRELIMINARIES 

A. IEEE 802.16j Networks 
In a IEEE 802.16j network, the resource is represented 

by a frame. In each frame, it composes a downlink subframe 
and an uplink subframe. In the downlink subframe, there 
are two types of zones: access zone and transparent zone, 
as shown in Fig._1. The access zone is used for access links 
which are the communication links from BS to RSs (“BS-RS” 
for short). The transparent zone is used for transparent links 



which is the communication links from BS to MSs (“BS-MS” 
for short) and from RS to MSs (“RS-MS” for short). The 
lengths of access zone and transparent zone may be varied 
frame-by-frame according to the total transmission lengths 
of BS-RS, BS-MS, and RS-MS. Note that BS-MS and 
RS-MS transmissions may exploit spatial reuse to improve 
transmission efficiency. 
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Fig. 1. The downlink subframe sturcute of IEEE 802.16j 

B. Problem Definition 
We are given an 802.16j network with one BS, m RSs, and 
n MSs. We assume that the distance between any two nodes 
can be estimated by measuring their received signal strength. 
The m RSs are denoted as RS1, RS2,…RSm and the BS is 
sometimes written as RS0. The downlink path of each MSi is 
denoted by Pi, where Pi   {RS0, ..., RSm}, which means 
that the transmission way come directly from BS or 
indirectly from RS. Each MSi has a data arrival rate of ßi 
bits/frame and each piece of arrival data has a delay bound 
of Di frames. Our goal is to assign each MSi a PSC of Type 
II (as shown in Fig .2), including a sleep cycle Ti

S, a 
listening window Ti

L, and a start-offset Ti
O, such that Ti

S  Di 
and the sum of sleep ratios of all MSs is maximized, i.e., 
 

max .               (1) 
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Fig. 2. Illustration of the PSC of Type II for an MS. 

 

IV. THE PPROPOSED SCHEME 
To solve the problem, we design an energy-efficient 

sleep scheme to schedule MSs’ transmission and determine 
their sleep parameters, i.e., Ti

S, Ti
L, and Ti

O, i=1..n. The 
proposed scheme is composed of three procedures: path 
selection, determination of Ti

S, and determination of Ti
O and 

Ti
L. Path selection is to choose an energy conserving path for 

each MS. For the determination of Ti
S, the idea is to make 

each MS’s sleep cycle an integer multiple of others’. This 
helps MSs to interleave their listening windows to avoid 
resource contention. Lastly, the determination of Ti

O and Ti
L 

exploits RSs and spatial reuse on BS-MS and RS-MS 
transmissions to save frame space. Thus, more MSs may be 
served by the network and more MSs can turn off their radio 
interfaces to save energies. The details of the scheme are 
described as follows. 

A. Path Selection 
 For each MSi’s possible path Pi, let  and  be the 
transmission rates of its access link (i.e., BS-RSj link) and 
transparent link (i.e., RSj-MSi link), respectively. Note that 

 = 0 if j = 0. Then, we set path Pi to the one that causes 
the minimal time to transmit one bit, i.e., 

              (2) 

B. Determination of Ti
S 

To decide Ti
S of each MSi, we first sort MSs by their 

delay bounds. Without loss of generality, let D1  D2  ...  
Dn. Suppose that T1

S = Tbasic is known and T1
S
  D1, we set 

Ti
S, i = 2...n, as follows: 

         (3) 

Note that Eq. (3) implies Ti
S  Di for all MSi, which 

guarantees the arriving data of each MSi to meet its delay 
bound Di. Also, Eq._(3) ensures Ti

S to be an integer multiple 
of for i = 2..n, which can interleave MSs’ listening 
windows to avoid resource competition. In addition, T1

S is 
the basic cycle and the sleep schedule repeats after Tn

S/T1
S 

basic cycles (this will be clear later on). 

C. Determination of Ti
O and Ti

L      
Before deciding Ti

O and Ti
L of MSi, we first define Ci,i’ as 

an indicator to represent whether or not paths Pi and Pi’ are 
conflict. Ci,i’ = 1 if the transparent link of Pi is interfered by 
that of Pi’; otherwise, Ci,i’ = 0. The value of Ci,i’ can be 
derived by applying the scheme in [12], so we omit this part. 
As a result, the number of conflict paths of Pi is 

.  

Now, we classify MSs into classes. Each class consists of 
the MSs with the same cycle length, Ti

S. For each MS in the 
same class, we calculate its bandwidth requirement per cycle, 

denoted as BRi, by , where ARi  

is the required bandwidth in the access zone (in frames) and 

TRi is the required bandwidth in the transparent zone 

(in frames). We then sort the MSs in each class according to 
their BRi in an increasing order because the MSs with lighter 
bandwidth requirements may have more opportunities to 
utilize the frame space. In case that there is a tie, we will 
give priority to the one with the least total number of conflict 
paths because such an MS will have more opportunities to 
receive data concurrently with other RS-MS transmissions. 
After sorting MSs in each class, we also partition n MSs into 
conflict-free groups, denoted by 1, 2,.., Q ( ). 
Basically, we group MSs in a greedy way, i.e., selecting 
MSs for each group from shorter cycle classes to the long 
cycle classes and from higher priority MSs to lower priority 
MSs in a class. 



Recall that our goal is to maximize the total sleep ratio of 

MSs, i.e., max . Thus, we try to reduce MSs’ 
listening windows so as to both increase their sleep ratios 
and reserve the maximum available frame space. The key 
idea to achieve both goals is via spatial reuse by overlaping 
the frame use of the transparent links which are conflict-free. 
The details are described below. 

Let Rk, k =1..Tn
S, be the available frame space of frame k 

(in frames). Initially, we set Rk  =1, k =1..Tn
S. For each 

frame k, we use Gk,q to represent the group of MSs which 
belong to group q and are allocated resource in frame k; 
initially, Gk,q = , q=1..Q. In addition, we use 0 GTRk,q  

 (in frames) to represent the total allocated frame size 
for the RS-MS transmissions of Gk,q; initially, GTRk,q = 0. 

Then, we determine Ti
O and Ti

L of MSi sequentially from 
the shortest cycle class to the longest cycle class and from 
MSs with the highest priorities in each class. We define two 
functions: W(i,f) and N(i,f), where W(i,f) evaluates the 
amount of listening frames of MSi per cycle with start-offset 
f and N(i,f) represents the number of frames in W(i,f) which 
only allocate resource to MSi. Specifically, we find the best 
start-offset f* by function W(i,f) for MSi, i.e., 

.             (4) 

In case of there is a tie, we use function N(i,f) to help to 
choose the best start-offset.  is expressed as follows: 

(5) 

where  and (k, i) represents the filling 
frame space of frame k for MSi, which includes bandwidth 
allocated to MSi’s access link and transparent link, i.e., 

, where  and  
are defined as follows: 

 ,   

   . (6) 

 
where  is , and is 

 and . Here, ARi and TRi are the 
required frame resource of MSi in access link and 
transparent link, respectively. Fig. 3 presents possible cases 
that MS2 share frame 1 with MS1 with spatial reuse, where 
both MS1 and MS2 are conflict-free. After above steps, each 
MSi has its best start frame . Here, if MSi has more than 
one best start frames , we use the predefined function 
N(i,f) to choose one that causes the least number of frames 
which only allocate resource to MSi, i.e.,  
 

            (7) 

where 

 .       (8) 

Note that  = 1 means that the frame k has not been 
allocated before. Thus, we calculate the total number of 
unallocated frames from frame f* to ( ) 

which will be the number of increased allocated frames 
caused by MSi if MSi uses f* as the start-offset. 

After conducting the best frame f** and the best listening 
window W(i, f**), we set Ti

O = f** and Ti
L =  W(i,f**). Then, 

we allocate frame space for MSi and update GTRk,q, and Gk,q,  
, 

, accordingly, where . These operations will 
repeat until the allocation of all MSs is done or all frame 
space is exhausted. 

Through above operations, we can find the best 
start-offset for MSs which can not only reduce their listening 
windows but also fully utilize the frame resource and thus 
help the BS to serve more MSs. For further optimization, we 
can choose a best basic cycle length Tbasic  to 
further improve MSs’ sleep ratios. 

R1 GTR1,1

(case 1)

GTR1,1

R1 GTR1,1

GTR1,1

1,1(case 2)

(case 3)

 
Fig. 3. Possible results of allocating resource for MS2 with spatial reuse 

(assume  = 1 and ) 

Below, we give an example as shown in Fig. 4. There are 
6 MSs (i. e., MSi, i =1..6) and they are partitioned into 
conflict-free groups, where MS1 and MS2 are in group , 
MS4 and MS5 are in , and both MS3 and MS6 directly 
connect to the BS. The bandwidth requirement of access 
zone and transparent zone of MSs are (AR1, TR1)=(0.1, 0.1), 
(AR2, TR2)=(0.3, 0.2), (AR3, TR3)=(0, 0.2), (AR4, TR4)=(0.3, 
0.1), (AR5, TR5)=(0.2, 0.2) and (AR6, TR6)=(0, 2.6). We use 
R[q, w] to represent the available frame space of the w-th 
frame in the q-th basic cycle, where q = 1..Tn

S / , and 
w = 1..Tbasic. Initially, R[q, w] =1 for all q and w. Then, we 
first choose T1

O =1 (for MS1, =1 or 2 is the same). 
Consequently, we allocate AR1 and TR1 into R[q, 1] and 
update R[q, 1] = 0.8 accordingly. For MS2, we allocate AR2 
and TR2 in frame, because MS1 and MS2 are in same group 

 and N(2, 1) = 0. Then we update R[q, 1] = 0.4. For MS3, 
because N(3, 1) = N(3, 3) = 0 which is better than N(3, 2) = 
N(3, 4) = 1, we set T3

O = 1. Then, we update R[1, 1] and R[3, 
1] by 0.2. For MS4, we choose T4

O = 2 because W(4, 1) = 2 
> W(4, 2) = 1. After updating R[1, 2] and R[3, 2] by 0.6, a 
new non-zero group G2,2 is formed. Next, we choose frame 2 
as T5

O and allocate MS5 into frame 2 (in this case, MS5 is 
added to G2,2); then, R[1, 2] and R[3, 2] is updated by 0.3. 
Finally, for MS6, both frames 2 and 3 result in the minimal 
cost, i.e., W(6, 2) = W(6, 3) = 6. In the end, we set T6

O = 2 
due to N(6, 2) = 1 < N(6, 3) = 2, i.e., T6

O = 2 can fully 
utilize the frame space. 
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Fig. 4. Example of scheduling 

Based on the rules described above, we can recursively 
determine all MSs’ sleep cycles Ti

S, listening windows Ti
L, 

and offsets Ti
O in polynomial time. 

 

V. SIMULATION RESULT 
Using C# language, we develop a simulator to verify the 

effeteness of our scheduling scheme. Table 1 shows the 
default parameters in our simulator. We consider two types 
of traffics: voice and video streams. A voice stream and a 
video stream are with requests of 64 kbps and 300 kbps, 
respectively [9]. Each MS has one voice or one video stream 
randomly. The network consists of one BS, multiple RSs and 
MSs, where RSs are uniformly deployed inside the 1/2 
coverage range of the BS to get the best performance gain 
and MSs are randomly deployed inside the BS's coverage. 
The number of RSs is ranged from 0 to 16 and the number of 
MSs is ranged from 10 to 210. Note that in the simulator, we 
adopt the empirically based path loss model [11] which 
covers most common terrains. 

Table 1: The parameters in our simulator. 
Parameter Value 
Channel bandwidth 10 MHz  
Frame duration 5 ms 
Path loss model Empirically based path loss model [11] 
Antenna height BS: 30m, RS: 10m, MS: 2m  
Transmitter power BS: 20W, RS: 10W  
Shadowing effect 8.2 db [11] 
Thermal noise -120dBm [11] 
Request size  Voice (64 kbps), Video (300 kbps) [10] 
Traffic delay 35 ~ 225 ms [13] 

 
 
 

Table 2: Modulation and coding schemes (MCSs) [9]. 
Level MCS Data carried by 

a slot 
Minimum SINR 

threshold 
1 QPSK 1/2 48 bits 6 dBm 
2 QPSK 3/4 72 bits 8.5 dBm 
3 16QAM 1/2 96 bits 11.5 dBm 
4 16QAM 3/4 144 bits 15 dBm 
5 64QAM 2/3 192 bits 19 dBm 
6 64QAM 3/4 216 bits 21 dBm 

 

We compare our scheme against the Tank-Filling (TF) 
scheme [6], which has the best performance on power saving 
in IEEE 802.16e networks. Specifically, the TF scheme 
allocates resource to MSs sequentially by their delay bounds 
and fulfills the frame space to minimize MSs’ active periods. 
Note that the TF scheme does not support relay stations, so 
we adopt our path selection strategy for TF scheme, denoted 
as Modified-TF scheme, to make it work successfully in the 
802.16j relay network.  

We consider two performance metrics: (i) sleep ratio: the 
ratio of sleep windows (i. e., Ti

S – Ti
L) over the sleep cycle 

Ti
S and (ii) successful-to-sleep probability: the probability to 

succeed in determining MSs’ sleep patterns to meet their 
requests. Note that each experiment is averaged by at least 
10000 simulation results. 

A. Sleep Ratio 

We first evaluate the sleep ratio of MSs under different 
number of MSs, which is as shown in Fig. 5(a), where the 
number of RSs is 3. Clearly, the sleep ratios of all schemes 
decrease when the number of MSs increases. When the 
number of MSs is lower than 30, the sleep ratios of all 
schemes are similar because the resource (i. e., frame space) 
is sufficient to serve all MSs. When the number of MSs is 
higher than 30, our scheme has higher sleep ratio than both 
TF and Modified-TF schemes, because our scheme can 
exploit spatial reuse to potentially enlarge the frame space; 
thus, more MSs can have short listening periods. From Fig. 
5(a), it shows that our scheme can increase 10% and 15% of 
sleep ratio as compared with Modified-TF and TF schemes, 
respectively.  

 
Fig. 5. (a)The sleep ratio of MSs under different number of MSs, 

where there are 3 RSs; (b) The sleep ratio of MSs under 
different number of RSs, where there are 90 MSs. 

We then measure the sleep ratio of MSs under different 
number of RSs. As shown in Fig. 5(b), we can see that the 
sleep ratio of our scheme and Modified-TF scheme increase 
when the number of RSs increases because each MS has 
more choices to select a proper RS to serve its request. On 
the other hand, the sleep ratio of TF scheme is not affected 
by the number of RSs because it does not consider the 
existence of RSs. When the number of RSs is more than or 
equal to 1, our scheme has a higher sleep ratio than 
Modified-TF because our scheme can enlarge the frame 
space by exploiting spatial reuse. We also observe that when 



the number of RSs is more than 8, increasing the number of 
RSs has slight effect on MSs’ sleep ratio because more RSs 
may arise more interference. From Fig. 5(b), our scheme can 
increase 10% and 25% of MSs’ sleep ratio compared with 
Modified-TF and TF scheme, respectively. 

 B. Successful-to-Sleep Probability 

 Next, we investigate the successful-to-sleep probability 
of MSs. When the successful probability is 1, it means that 
the scheme can completely satisfy the requests of all MSs 
and make all MSs to sleep successfully. Fig. 6(a) shows the 
successful-to-sleep probability of all schemes under different 
number of MSs, where the number of RSs is 3. Clearly, the 
successful-to-sleep probability of all schemes decreases 
when the number of MSs increases because the network is 
getting saturated. In addition, our scheme has higher 
successful-to-sleep probability than other schemes because it 
can fully utilize the frame space by exploiting concurrent 
transmissions. From Fig. 6(a), our scheme can increase 10% 
and 12% of MSs’ successful-to-sleep probability compared 
with the Modified-TF scheme and TF scheme, respectively.  

 Fig. 6(b) shows the successful-to-sleep probability of all 
schemes under different numbers of RSs, where the number 
of MSs is 90. Clearly, the successful-to-sleep probabilities of 
our scheme and Modified-TF scheme increase when the 
number of RSs increases. This is because the RSs can help to 
increase the network capacity. When the number of RSs is 
larger than or equal to 1, our scheme has a higher 
successful-to-sleep probability because it can employ the 
spatial reuse to fully utilize the frame space. From Fig. 6(b), 
our scheme can increase 10% and 25% of MSs’ 
successful-to-sleep probability as compared with 
Modified-TF scheme and TF scheme, respectively. 

 
Fig. 6. (a) The successful-to-sleep of MSs under different number 

of MSs, where there are 3 RSs; (b) The successful-to-sleep 
of MSs under different number of RSs, where there are 90 
MSs. 

VI. CONLCUSION 
 In this paper, we have addressed the sleep scheduling 
problem in IEEE 802.16j networks. An energy efficient 
sleep scheme is proposed to tackle the problem. By 
interleaving the active periods of MSs and exploiting spatial 
reuse on RS-MS transmissions, simulation results have 
shown that our scheme can serve more MSs’ requests while 
maintain better sleep ratios than previous work. 

 

VII. ACKNOWLEDGMENT 
This research is co-sponsored by MoE ATU Plan, by N
SC grants 102-2218-E-009-014-MY3, 100-2218-E-024-00
1-MY3, 98-2219-E-009-019, 98-2219-E-009-005, and 99-
2218-E-009-005, by AS-102-TPA06 of Academia Sinica,
by ITRI, Taiwan, and by D-Link. This work was also  

conducted under the “AMI Enhancement Project” of III,
which is subsidized by MoEA, ROC. 

 

VIII. REFERENCES 
[1] IEEE Std 802.16-2009, “IEEE Standard for Local and metropolitan 

area networks Part 16: Air Interface for Broadband Wireless Access 
Systems,” May 2009. 

[2] IEEE 802.16m-2011, “IEEE Standard for Local and metropolitan 
area networks Part 16: Air Interface for Broadband Wireless Access 
Systems Amendment 3: Advanced Air Interface,” May 2011. 

[3] IEEE 802.16j-2009, “IEEE Standard for Local and metropolitan area 
networks Part 16: Air Interface for Broadband Wireless Access 
Systems Amendment 1: Multiple Relay Specification,” Dec. 2009. 

[4] C. Cicconetti, L. Lenzini, E. Mingozzi, and C. Vallati, “Reducing 
Power Consumption with QoS Constraints in IEEE 802.16e Wireless 
Networks,” IEEE Transactions on Mobile Computing, vol. 9, no. 7, 
pp. 1008–1021, July 2010. 

[5] J.-J. Chen, S.-L. Wu, S.-W. Wang, and Y.-C. Tseng, “Per-Flow Sleep 
Scheduling for Power Management in IEEE 802.16e Networks,” 
Computer Networks, vol. 55, no. 16, pp. 3721–3733, Nov. 2011. 

[6] J.-J. Chen, J.-M. Liang, and Y.-C. Tseng, “An Energy Efficient Sleep 
Scheduling Considering QoS Diversity for IEEE 802.16e Wireless 
Networks,” in Proc. of IEEE International Conference on 
Communications (ICC), May 2010, pp. 1–5. 

[7] U. Akyol, “Reducing Power Consumption of Subscriber Stations in 
WiMAX Networks,” in Proc. of Second International Conference on 
Evolving Internet, Sep. 2010, pp. 201–205. 

[8] A.-K. Singh and V. Potdar, “Torpid Mode: Hybrid of Sleep and Idle 
Mode as Power Saving Mechanism for IEEE 802.16j,” in Proc. of 
IEEE 24th International Conference on Advanced Information 
Networking and Applications Workshops (WAINA), April 2010, pp. 
577–582. 

[9] J.-M. Liang, Y.-C. Wang, J.-J. Chen, J.-H. Liu, and Y.-C. Tseng, 
“Efficient resource allocation for energy conservation in uplink 
transmissions of IEEE 802.16j transparent relay networks,” in Proc. 
of the 13th ACM International Conference on Modeling, Analysis, 
and Simulation of Wireless and Mobile systems (MSWiM), Oct. 
2010, pp. 187–194.   

[10] S.-L. Tsao and Y.-L. Chen, “Energy-efficient packet scheduling 
algorithms for real-time communications in a mobile WiMAX 
system”, Computer Communications, vol. 31, pp. 2350-2359, June 
2008. 

[11] V. Erceg, L.J. Greenstein, S.Y. Tjandra, S.R. Parkoff, A. Gupta, B. 
Kulic, A.A. Julius and R. Bianchi, “An empirically based path loss 
model for wireless channels in suburban environments”, IEEE 
Journal on Selected Areas in Communications, vol. 17, no. 7, pp. 
1205-1211, Jul 1999. 

[12] C.-H. Lin, J.-F. Lee, J.-H. Wan, “A Utility-Based Mechanism for 
Broadcast Recipient Maximization in WiMAX Multilevel Relay 
Networks”, IEEE Transactions on Vehicular Technology, vol. 61, no. 
5, pp. 2233-2242, June 2012. 

[13] N.S. Shankar and M. van der Schaar, “Performance Analysis of 
Video Transmission Over IEEE 802.11a/e WLANs”, IEEE 
Transactions on Vehicular Technology, vol. 56, no. 4, pp. 2346-2362, 
July 2007. 

[14] C.-C Yu, J.-Y Chen, Y.-T Mai and C.-C Yang, “Integrated Sleep 
Scheduling in IEEE 802.16j Multi-Hop Relay Networks”, 
Proceedings of the International MultiConference of Engineers and 
Computer Scientists, (IMECS), Mar. 2013, vol. 2. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


