348 JOURNAL OF COMMUNICATIONS, VOL. 4, NO. 5, JUNE 2009

Joint Polling and Contention Based Feedback
Algorithm to Exploit Multiuser Diversity

Yahya S. Al-Harthi
Electrical Engineering Department, King Fahd University of Petroleum and Minerals, Dhahran, Saudi Arabia
Email: yharthi@kfupm.edu.sa

Abstract— One of the most promising approaches to boost Many investigations have been conducted to exploit
the communication efficiency in wireless systems is the use of multiuser diversity while keeping the overhead as mini-
multiuser diversity (MUDiv), where the fading of channels mum as possible. For instance, the impact of the degree of

is exploited. The mechanism of scheduling the user with o
the best channel condition is called opportunistic scheduling quantization of the SNR measurements on the throughput

(0S). In this paper we propose a joint polling and contention ~ Of constant rate transmission was investigated in [5]. It
based feedback (JPCF) algorithm that exploits MUDiv was shown that reducing the feedback rate (few quan-
while reducing the feedback load. The guard time, which  tization levels) yields a good performance compared to
is between bursts, is divided into minislots that alternate e ynquantized feedback. In single carrier systems, [6]
between polling-based feedback minislot g-minislot) and . . . . .

contention-based feedback minislot {-minislot). During the proposed_ a dlscrfate rate switch-based multiuser diversity
minislot, users feedback their channel qualities if above a (DSMUDIV) algorithm that reduced the feedback load and
predetermined threshold. We analyze the scheduling algo- feedback rate while preserving the performance of OS.
rithm under slow Rayleigh fading assumption and derive  The scheduling algorithm relied on a probing mechanism.
the closed-form expressions of the feedback load as well as One drawback of this algorithm is that as the average SNR

the system capacity. We also consider the delay resulting S
from the time needed to schedule a user and derive the d€creases the need for full probing increases, therefore,

system throughput. The scheduling algorithm is compared the algorithm suffers from high feedback load at low
with other scheduling algorithms. average SNR values. The work was extended to multi-
Index Terms— Multiuser diversity, adaptive modulation, carrier systems in [7], where further reduction in the

feedback load, spectral efficiency and probability of access. feedback load was shown. Similarly, in [8] users compare
their sum-rate on all sub-carriers to a predefined threshold

value. In [9], the threshold value was optimized to meet
a specified outage probability. Users with channel quality

) . . . L above the threshold are allowed to feedback their SNR
With the emerging of new multimedia applications measurements, while all others remain silent. In case no

and the huge demand and growth for such applicationgeeghack, a random user is selected, which leads to loss
the need to provide high-speed high-rate transmissiofy, canacity. Also, the feedback values are unquantized
techniques is demanding. One technique that has then,0g values), which increases the feedback rate. In
capability of supporting such applications is multiuser|; g the work was extended, where the scheduler requests
diversity (MUDIv), where the fading of channels is g, teedback if none of the users’ channel qualities are
exploited [1]. Ass_,ume that a_r_easonat?ly large numb_eﬁbove the threshold. Although the loss in capacity was
of users are actively transmltpng/regelvmg packet; 'ncompensated by full feedback as opposed to [9], the
a given cell, and they experience independent timegqqhack load was increased. In [11], multiple feedback
varying fading conditions. By transmitting data to only the , ashoids are used in order to reduce the feedback load
instantaneous “on-peak” useopportunistic scheduling  ang exploit multiuser diversity. The feedback load was
(OS) can e1_°f|C|en'_[Iy utilize the wireless resources ano¥educed at an expense of scheduling delay. In addition,
thus dramatically improve the overall system throughput, get of switched-based multiuser access schemes were
[2], [3]. In order to schedule the best user, in terms,.,qoqed in [12] in order to reduce the feedback load.
of channel quality, each user measures his instantaneoys [13], [14], the feedback rate was reduced to a one

signal-to-noise ratio (SNR) and feeds it back to thep; feedhack per user. The scheduler uses these feedback
network scheduler. Currently Qualcomm’s high data ralg)its 1o partition all users into two sets and assigns the

(HDR) system require similar scheme [4]. As the numbercpanne| to one user belonging to the set experiencing
of active users becomes high, resources are wasted {3, apje channel conditions. Although this reduces the
carrying this amount of feedback, which lead to inefficientsee ynack load and feedback rate but some loss is expected
use of the spectrum. This issue motivated researchers e to the low resolution of the quantized feedback (one
propose new techniques to reduce the feedback load whilgy - other work have considered multi-carrier systems,
exploiting MUDI. for instants, in [15] a clustering scheme was proposed
Manuscript received August 3, 2008; revised November 28, 2008l0 reduce the feedback load while slightly degrading the
accepted January 11, 2009. performance. Each user feeds back a figure-of-merit list-
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ing its strongest clusters of subcarriers. Similarly, in [16]  reduced.

a fixed number of subcarriers for each user is fed back4) Similar to the DSMUDiv scheme, a quantized SNR
instead of a full feedback. These subcarriers are either value, indicating the modulation level, is fed back
the bestK out of M subcarriers orK predetermined instead of the analog value.

subcarriers. All previously mentioned work considered a5) The guard time duration is reduced at medium to high
polling threshold-based scheduling schemes to reduce the average SNR values.

feedback load. This paper is organized as follows. Section Il introduces
Other work considered random access algorithms teéhe system model. Section Ill and IV present the schedul-

exploit multiuser diversity while reducing the overhead.ing algorithm and the mathematical analysis of the JPCF

In [17] a distributed multiaccess scheme was proposedilgorithm, respectively. In Section V we present some

Based on a channel quality threshold, users report the bestimerical examples. Finally, Section VI ends the paper

m channels with quality above the threshold value. Opti-with some concluding remarks.

mization was performed to find the best threshold and

values to maximize the system capacity. In [18], a random Il. SYSTEM MODEL

access threshold-based feedback scheme was proposed t?N . . . : .

exploit diversity gain while reducing the feedback load. © con§|der a smgle free mterferenpe pell n a wireless

Parameter optimization is performed to allow only userget\/’vork with K active users com munlcatlnlg with a base

with high channel gains to feedback, which maximizes thetation (Bs)' We assume doyvnllnk schedulmg, \_/vhe_re only

system capacity. In [19], a medium access control protoco?ne user is allowed to receive data transmission in each

was designed based on a splitting algorithms to resolvémeI SlOt_I'_JBe cohmmu(rjllcatllg)nkls b;secii. okn tr']me dIIVISIOH
collisions over a sequence of minislots, and determine th uplex ( ). where downlink and uplink channels are

user with the best channel. Contention resolution algo[emprocal.

rithms while exploiting the diversity gain were proposed

in [20]. Finally, reduced feedback overhead algorithmsA. Downlink Transmission Model

were studied in [21]. Static splitting was considered for | gt

the best effort traffic scenario. Whereas, for the traffic

mixture scenario combine contention and polling based vi(T") = hi(T) - 2(T) + ni(T); i =1,2,3,...., K (1)
feedback was considered to maintain quality of service. be the baseband channel model, whetd) ¢ C is

While Polling-based algorithms, like the DSMUDV, tha transmitted signal in time sl& andy;(T) € C is
guarantee best user selection, it suffers from schedulyq roceived signal of userin time slot 7. The noise

ing delay. On the other hand, although contention-baseﬂrocesse&i(T)

algorithms reduces the overhead more then centralize@li'd_) sequences of zero mean complex Gaussian noise
scheduling it suffers from loss in capacity. In this work i, variances?. The fading channel gain from the BS
we propose an algorithm that is not only a polling-baseqd, ihe ;th useFL in time slot? is ;(T). We adopt a
feedback algorithm like in [6], it is a joint polling and quasi-static fading channel model wherrg(T) is i.i.d.
contention based feedback (JPCF) algorithm that exploitg,m pyrst to burst but remains constant over each burst.
MUDIv. The objective of having contention feedback \\e consider a flat Rayleigh fading model, assuming

channels is to further reduce the overhead load. During, fading coefficients of all users afe.d. Therefore,
the guard time, which is divided into minislots, users;, T) is a zero-mean complex Gaussian random variable.
feedback their channel qualities, based onapredeterminqei]e amplitude ofh,(T), a;(T) = |hi(T)| is Rayleigh
channel threshold, either in a polling-based feedbacliyityteq with the probability density function (PDF)
minislot (p-minislot) or/and a contention-based feedbackgiven by,

minislot (c-minislot). When a the best user is found 200 a2
data transmission begins. The scheduling algorithm is fai (i) = Q_z exp(—5-) 2
analyzed under slow Rayleigh fading assumption and _ ' !

closed-form expressions of both the feedback load andvhere®; = Ela?] is the average fading power of tlith
the system capacity are derived. We also look at thé&lSer.

effect of the delay on the throughput, where we derive the

system throughput. The scheduling algorithm is compare®. Quantized Feedback
with the DSMUDIV [6] and the optimal (full feedback) In this work we assume that users adapt their mod-

selective (.jlversny' schedullng aIgonthms.. ulation level based on the instantaneous channel condi-
Our main contributions can be summarized as follows;q Using this transmission strategy, which is called
(1) The JPCF algorithm reduced the feedback load furtheadaptive modulation (AM), if the channel is strong at
compared to the DSMUDiv algorithm. a given time, the transmission can occur with a higher

(2) The JPCF algorithm improved the system capacityconstellation size. Otherwise, a lower constellation size
compared to the DSMUDiv algorithm by reducing has to be used. Note that the switching thresholds of
the scheduling delay. the adaptive transmission modes are functions of the
(3) No loss in spectral efficiency while the feedback ismodulation scheme and target error performance. We

are independent and identical distributed
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consider adaptive multilevel quadrature amplitude moduinformation will cause signals to interfere at the receiver
lation (M-QAM) scheme [22]. Specifically, we consider a which we consider as a collision. When a collision occurs
transmission scheme employing uncoded adaptive discret® resolution is consider and the information is discarded.
rate M-QAM schemes with constellation sizéd =
{M, : M, < Mpy1, 0 < n < N}, whereM =1
is the user outage (deep fade), ahfly is the highest
modulation level. We assume perfect channel estimation !N this section, we will introduce our proposed al-
and negligible time delay between channel estimation anforithm, the JPCF scheduling algorithm. Similar to the
signal set adaptation, and as such, the rate adaptati(%’tima| selective scheduling algorithm, the JPCF algo-
can happen instantaneously. We also assume error frééhm always guarantees that the best user is granted the
feedback channels. If we denote the target average prhannel access. The difference between the two is in the
error probability (BEP) by BER thresholds or switching selection process. In the JPCF algorithm decisions on

thresholds can be obtained according to [22, eq.(30)]: Whom to schedule are based on threshold test. In simple
terms, the BS compares the channel quality of a user to a

%s(;l,,) = [erfc (2 - BER,)]?, predetermined threshold value and selects the user if his
, 2 channel quality exceeds the threshold. In case no user is
A = (2" —1)In(5-BER,); n=2,3, ..., N, (3) quary

I1l. SCHEDULING ALGORITHM

3 found with channel quality exceeding the threshold, then
%(’ILVH) = too, the user with the highest channel quality among all is
selected.
where erfc‘l(-) denotes the inverse complementary error Let us define the following:
function. _ _ _ o L ={(D(@),l): 1 <1< K}, be the set of users’
Similar to [6], with the assumption of discrete rates, polling order, whereD(i) is the ID of useri andi

a user estimates his SNR and instead of feeding back g the polling order. The set is generated randomly
the analog value it is mapped to a quantized value that  g5ch time slot.
represent the modulation level, which can be supported, |, The predetermined threshold value is setvfév).

and then this quantized value is fed back. (N)

, . _ _ According to (3),v,, ' is the SNR threshold of the
Define the set of quantized values (binary big)= highest modulation level ang™) is the quantized
{g™ ¢ < ¢»+) 0 < n < N} that represents

. threshold value.
the modulation levels,g(™ —map Mp). If we assumen

) / « The probability of contention in the-minislot is p.
modulation levels, then each quantized vali&), 0 < _ : .
m < n, will be log, n bits in length. To illustrate the idea The feedback mechanism of the JPCF algorithm is

of the SNR mapping, assume is the estimated SNR of bas_ed on both. pplling pgriod a_nd contention period. Each
the ith user, then the quantized value is period is a minislot during. Fig. 1 shows the feedback
' ' channel structure, which consists pfminislots andc-

q© if v <~4 (outage) minislots. The following describes the scheduling algo-
g =< qm if %f;z) <y < %(ZH) () rithm (Fig. 2 shows the flowchart):
g™ if g > %(é\f) (i) Through the broadcast channel all users know their

polling order ().
. (i) The feedback channel always begins with pa
C. Uplink Feedback Structure minislot.

Fig. 1 shows the feedback channel structure, which(iii) During the p-minislot the BS polls the channel state
consists of minislots. The number of minislots construct- information of the user (his SNR) who is in order.
ing the feedback channel can vary from 1 minislot, in (iv) The feedback channel is terminated and the data
the case the first user is granted the channel access, to transmission begins if the polled user has =
2K — 1 minislots, whereK is the total number of users, ¢™¥). By knowing ¢;) and according to (4); is
in the case all users feed back their channel qualities.  determined.

This variation in length assumes that data transmission(v) If ¢ # ¢Y), then his information is stored and
can begin at different time periods. Such assumption can  the feedback channel continues withcaminislot
be possible if dynamic spectrum access is implemented.  following the previousp-minislot and step (vi) is
The JPCF scheduling algorithm assumes that the feed-  performed.

back is polling-based or contention-based. The feedbacKvi) During the c-minislot, which is a contention based
channel is divided into polling-based feedback minislots minislot, users feedback their SNRs, with probabil-

(p-minislot) and contention-based feedback minislets ( ity p, if it satisfy ¢ = ¢V). Otherwise, they keep
minislot), where eachp-minislot is followed by ac- silent.

minislot, except the lagp-minislot. The contention pro- (vii) If the contention is successful, then the feedback
tocol is based on a modified slotted ALOHA protocol channel is terminated and the data transmission be-

[23]. As any random multiple access protocol one out of gins for that successful user. Otherwise, the feedback
three possible outcomes will occur: no access, one access, channel continues with @-minislot following the
and a collision. Multiple users feeding back the requested previousc-minislot and step (iii) is performed.
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(viii) In case all users are polled, the BS picks the useon [, the probability of X and the probability ofY,
with the highest channel quality among them andrespectively, are:
the data transmission begins for that user.

(ix) In case a tie occurs, a random pick is performed. TX(l,p) = |1 - F. (,yt<}11\’>)

Kl re i
N - N
E, (i )){ > ( Z. )(1 — By (v ))>
In this section we evaluate the performance of the i=0

JPCF scheduling algorithm and concentrate of three per- K—l=i ‘
NG (1= p)
Yih P )

IV. PERFORMANCEANALYSIS i

formance measuresi) the feedback loadjij the system
capacity, andii) the scheduling delay. The closed-form

expressions of all three are derived. (7
and
K-l i
N N
A. Feedback Load V(1 p) = %(h ) { Z < ) ( F’Y(’yt(h ))>
Definition The average feedback load (AFL) is ex- i=
pressed as the average number of responses until a user N K=t ‘
: < | F, (v 1—(1-p)
is scheduled. Vih P

Therefore, the AFL is:

+

Conditioning onl, the probability ofU is:

Fu(l7 p) =

The feedback comprisesi) (the response on thg-
minislot, and (i) the response on theminislot. In part
(i), the contention resulting a success or a collision is The conditioned expected value pfis:
counted as one response_(feedb:_slck) In case no contention 7i(l,p) =1- Fx(g’ p)+2- FY(Z, p). (9)
occurs, a zero response is considered-aninislot.
Definition A sgccessful searabccurs when a user with P 1
q=q™) is foun Uy U
Consider two consecutive minislotg-fninislot andc- AFL(p ; (2:1’7 b“p ) et <1 - (Z’p)>r (1)
minislot) and denote the discrete random variable 1 kL
[1,2] by the total number of feedback during them. Let < Z ) (1 Y0, >
U be the set of events where a successful search occurs — P
during the two minislots. The occurrence of a successful (10)
search is associated with one of the following events: )
(i) The polled user during the-minislot hasq = ¢V, B. Sys.tem Capacity S .
or In this work we are considering discrete rates and using
(i) The polled user during the-minislot hasq < ¢™) quantlze(d)Slzlllil\)/aluele. For(gxa(rlrlplle if two users with
and a successful contention occurs in the following’1 € Der s ven ) Y2 € [n s Vo ), andy; # 72,
c-minislot. then according to (4) both users feedbatk. Therefore,
scheduling either one will result a transmission rate of
log, M; bps/Hz.
Definitiont The average spectral efficiency (ASE) is
1-F (%(;Lv ))] defined as the average transmitted data rate per unit
bandwidth in bits/sec/Hz for specified power and target
Kl g ¢ error performance.
F (’yt(,i\”){ Z ( ) ) (1 - Fwwfif))) Based on the algorithm’s description in Section Ill, it is
i=1 ‘ clearly seen that both the DSMUDiv scheduling algorithm
K—l=i proposed in [6] and the JPCF scheduling algorithm will
X (F (%(;LV))> (ip(l - p)i1> H , always select the best user. Therefore, resulting a similar
performance in terms of spectral efficiency.
It has been shown in [6] that withusers in the system,
where scheduling the best user yields the following average
F(0)=Ply<(=(0—-ex), ©) spectral efficiency:
is the cumulative distribution function (CDF) of the SNR  R(%) = b, ([ By >
(7). The first part of the right hand side of (5) refers to
the success in thg-minislot and the second part refers = (n+1)\1i (n)
in the success in the-minislot. Z Yon O = By T (A1)
Define X to be the set of events where no feedback n=t
occurs on thec-minislot andY to be the set of events ( _ (N) 1)
o e FOon | 1= [Fy (v, )]
where a feedback occurs on theninislot. Conditioning
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whereb,, = log, M,, is the number of bits per constella- with probability:

tion. -1
Therefore, the ASE of the JPCF algorithm is: PO(]) = lH (1 _ FU(Lp))
ASE = R(K). (12) =t 17)
u (N)
In the above expression (12) it is assumed that the guard % [F () = (1 —F(nen )ﬂ )
time duration is negligible, meaning that the feedback _ .
rate will not degrade the total system spectral efficiency. Therefore, the average guard time is:
Practically, this is not valid. Therefore, the amount of bits K-1
transmitted as feedback has to be counted and at the end it7 = Z le(Ql — 1)PP(1) + 217, PO(1)
will influence the performance of the system. To look into =1 (18)

this issue, which is spectral efficiency degradation caused K-1
by the feedback traffic, we define a the system capacity as + {(2K — 1)7f} : [ H <1 —TY(, p))] .
[bits/channel use]. Assumingy modulation levels, then i=1
we needlog, N bits to represent them. Therefore, the 2) System throughputThe system throughput (STH)

system capacity is: is the amount of data bits transmitted per time, where
AFL -log, N this time includes the data transmission tinig;)( and
Coys =R(K) = ————, (13)  the guard time ;). In (12), we looked at the amount

) _ i of bits per data transmission time, where the effect of
whereS5'is the number of symbols transmitted in the datahe gcheduling delay was not included. To have a better
transmission time slot. insight, we derive the average system throughput (ASTH)

In (13), the last term takes into account the amount Oby taking into account the effect of the guard time
bits transmitted as feedback. Also, in the same expressigi,ration.

the time delay is not taken into account, which is the guard The average system throughput is:
time duration. The only consideration is the feedback rate,
or the amount of bits transmitted as feedback. In the next ASTH — - T4(20 - 1) P (]
section we investigate the effect of delay on the system - Z T, U]
Td - ZZTf
¢ T\ plg
+ ( T, ) ()

performance.
Td - (2K - ].)Tf
Ty

Iﬁl (1 FU(z‘,p)ﬂ.

i=1

=1

-R(K)

C. Scheduling Delay (19)

In this section we investigate the scheduling delay and
its effect on the system performance. This time delay is
part of the system resources and it is important to identify
the amount of resources consumed when performing the X
JPCF algorithm.

1) Guard time: The scheduling process will take place
during the gaud timer(,), which is between bursts. The D. Parameters Optimizations

delay resulted from this scheduling process is measured The algorithm’s objective is to strictly schedule the best
as the time needed to schedule a user, which is simplyser, therefore the search process will last until a user
the time duration of the minislots used (idle minislots areyjth 4 = ¢(V) is found, which depends omf,N) and p
counted) until data transmission is allowed. By looking|n this section we investigate the optimization @fvith

at Fig. 1, we can see thay < 7, < (2K — 1)74. FOr  the objective to minimize the feedback load:
simplicity, we assume that bofftminislot andc-minislot

have the same time length(. {p} :arg?i?AFL(yfév>,p,K),
Assuming a successful search at ttiep-minislot, then g
the guard time is:

R(K)

(20)
subject to0 < p < 1.

Similarly, the optimization solution is well defined by

Tg(l) = 75(20 = 1), 14 the equation:

. " OAFL(p.F) _ )
with probability: ap =Y (21)
1—1 0<p<1.
(p) o Uy . i (N) - .
PPI) = [H (1 r (w))] [1 Ey (Ve )]- (15) Note that the optimization may not be convex. The
i=1 derivation of (10) is involved so we apply an exhaustive

On the other hand, if the successful search occurs Search method to find an optimal value. Table Il shows

the Ith c-minislot, then the guard time is: the optimal values with differenk” given the parameters
in Section V. It is clearly seen from Table Il that for
T4(1) = 27y, (16) a givenK, p has two optimal values at the two average
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SNR regions. This is due to the collision. At low average Although the number of minislots of the JPCF algo-
SNR values, the value @fis increased to encourage good rithm varies from 1 t®K —1, which is much greater than
users to compete, whereas, at higher average SNR valudgse DSMUDiv algorithm, where the minislots varies from
the value ofp is decreased to lower the possibility of 1 to K, the average guard time of the JPCF algorithm
collision. is much smaller than the guard time of the DSMUDiv
algorithm as depicted in Fig. 7. Such advantage occurs
at medium to high average SNR. As the average SNR
V. NUMERICAL RESULTS decreases this advantage diminishes as seen in Fig. 8.

In this section we elaborate on the the performancérhe. reason Is that the JPCF a]gonthm has contention
inislots which creates an additional delay on top of

of the JPCF algorithm by presenting some numerica . L :
examples. We compare its performance with both théhe delay created by the poling minislots. This delay

DSMUDIv and the optimal selective diversity schedulingmcrease as the probability of finding a user with channel

schemes. Parameters values are found in Tables | ar%?m excefed|r|19 the threshgll\(lijaIule det;_r_eas;s,hwhlcrt]hw
Il. Fig. 3 shows the normalized average feedback Ioagi € case lor low average vaiues. g. 9 shows the

(i.e.. the average feedback load divided by the number O?ffect of different data transmission time durations on the
use’rsK) of the JPCF algorithm for different values of System throughput. Obviously, higher values give better

p, which is the probability of contention. As the value of performance.
the average SNR changes from low to high, the optimal
value of p, at which the feedback is minimized, changes VI. CONCLUSIONS

from p = 110 p = 0.13, for a given value ofK. In this paper we proposed a scheduling algorithm
Table Il shows the optimal values qof for different  that maximizes the spectral efficiency while reducing
values of K. The reason for the change of the optimalthe feedback load. The algorithm, called joint polling
value is the threshold value. For a given threshold valueznq contention based feedback (JPCF) algorithm, collects
the percent of users with channel quality exceeding ithannel quality information of the users either in a
increases as the average SNR increases, which leads pBlling form or in a contention form. Compared to the
higher probability of collision. As more users contend theoptimal (full feedback) algorithm, the JPCF algorithm has
feedback load increases, which forces the valug @ 5 similar spectral efficiency and a higher system capacity,
change to maintain the minimization in (20). The point atyyhich takes into account the effect of the feedback
which this change happens depend on the valug'$t  rate. Also, the JPCF algorithm shows more reduction
and the BEP. in feedback load compared to the DSMUDiv algorithm.
The comparison of the JPCF algorithm with both theone drawback of the JPCF algorithm is the high delay
DSMUDiv and the optimal selective diversity scheduling compared to the DSMUDiv algorithm as the average SNR
algorithms is presented in Fig. 4. In the figure, althoughdecreases, which affects the performance. As the average
the DSMUDiv algorithm has decreased the feedback loagNR increases, the delay encountered when using the
compared to the optimal algorithm, the JPCF algorithmyPCF algorithm drops below the delay created by using
has decreased the feedback load even more. This extige DSMUDIv algorithm, which improves the system
reduction comes from the introduction of the contention-performance. The work presented in this paper includes
based feedbacke{minislot), where not all users need to analysis of the JPCF algorithm under slow Rayleigh
be polled as opposed to the DSMUDiv algorithm, whichfading assumption. Closed-form expressions of the feed-

is a pure polling-based feedback algorithm. In terms oback load, system capacity and scheduling delay are also
spectral efficiency, as shown in Section IV-B, both thepresented in this paper.

JPCF algorithm and the DSMUDiv algorithm have the
same spectral efficiency (here the feedback rate is not
included). In [6], it has been proven that the DSMUDiv
algorithm maintain the performance of the full feedback Acknowledgement is due to King Fahd University of
algorithm in terms of spectral efficiency, which means thafetroleum and Minerals (KFUPM) for its support in
the JPCF algorithm also maintain the same performanc&arrying out this research which is part of the Junior
The difference will come when you include the feedbackFaculty Research Grant no. JFRG/2006-06.

rate (og, ), which is defined as [bits/channel use]. From
(13), we can see that as the feedback load increases the
system capacity decreases, therefore, we deduce that the
JPCF algorithm has the highest system capacity compared
to the other two algorithms, which can be seen in Fig. 5
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TABLE |
A LIST OF SELECTED MODULATION LEVELS (BEP, = 10~2)

Modulation Level  Switching Threshold (dB)

. BPSK 7D =48
and 6. As a benchmark we include the average spectral 4-0AM [l -
efficiency (ASE) that does not include the feedback rate. Tepy ~

; . 16-QAM v =15
The gap between the system capacity and the ASE shrinks 64 (4
-QAM v =20

with the increase of number of symbols transmitted in the
data transmission time slot.
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TABLE Il
A LIST OF PARAMETERS
Parameter Value
N 4 modulations
K 30 users
Ty 154 usec (based on reference [24])
Ty 5 msec (based on reference [24])
TABLE Il
THE PARAMETERS OPTIMIZATIONS
K p 7 (dB)
5 02 ~>19
1 7 <19
0.13 F>15
30 1 F¥<15
012 F>15
50 1 F¥<15
01 ~>14
100 1 ¥<14
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Fig. 2. A flowchart of the JPCF algorithm.

Fig. 5. System capacity ofi) the proposed (JPCF) scheduling
algorithm, (i) the DSMUDiv scheduling algorithm, andi{ the
optimal (full feedback) scheduling algorithm. Settipg= 1,
100 symbols are transmitted, afd= 15dB.
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