EUSIPCO 2013 1569744663

Efficient Combination of HARQ-I with AMC and
Power Control Operating in Tracking Mode

Asma Selmi, Mohamed Sialg Hatem Boujemé&a
Higher School of Communications of Tunis, University of ®age, Tunisia
IMEDIATRON Laboratory,?COSIM Laboratory
E-mail: {selmiasma, mohamed.siala, boujemaa.hd@supcom.rnu.tn

Abstract—In this paper, we develop an energy efficient cross- link adaptation techniques with the ARQ protocol to maxieniz
layer design which optimally combines adaptive modulatiorand  the average throughput under a given average transmit power
coding (AMC) and power control (PC), at the physical layer, consiraint and channel statistics. The proposed combimati
with type-I hybrid automatic repeat request protocol (HARQ-I), . . . .
at the data link layer. The objective is to maximize the averge mechanlsm allowed the S'mUItaneou_s selection of the optimu
throughput efficiency under a prescribed average transmit pwer ~transmit power and MCS as a function of the current channel
constraint. We have shown in [6] that the optimum transmissbn  state.
strategy is a function of an unknown parameter, referred to ), In our previous work, we have carried a numerical max-
which depends on both the average transmit power and the time imization of the average throughput using the technique of

varying channel statistics. Since the channel statisticsra a priori - . ..
unknown at the transmitter, we here recourse to an adaptive Lagrange multipliers. The optimum joint AMC and PC strat-

algorithm, operating in tracking mode, to follow this parameter. €@y for a given channel state depends on a Lagrange muitiplie
We show that the obtained Monte-Carlo simulation results ae A, which is intimately related to the desired average trahsmi

in perfect agreement with the numerical results based on a power and to the usually unknown channel statistics. Due to
perfect knowledge of A. The obtained results show a significant these unknown statistics, we here assume, for more realism,

performance improvement with respect to a conventional cres- . . .
layer design using exclusively AMC at the physical layer and that A is unknown at the transmitter, and that an appropriate

HARQ-I at the data link layer. feedback from the receiver is used to track it. We also ressour
to a Monte-Carlo simulation approach, modeling in a reialist
. INTRODUCTION way channel variations and tracking loop behavior.

New radio communication systems are appealed to use ver he performance of our realistic approach is analyzed n
efficient link adaptation techniques to increase trandomss terms 9f average throughput asa functpn_of average transmi
spectrum efficiency. Recent systems, such as HSPA, emp R, ,ln order to confirm that th_e realistic |mplementat|qn
adaptive modulation and coding (AMC) at the physical lay esn’t cause any degradat!on with respect tp the numerical
[1], to maximize throughput by matching modulation anlsults presented in our previous work, and which were shown
coding scheme (MCS) to time-varying channel conditions. R outperform other ear_ller reseqrch work;.
the other hand, systems like UMTS, use only power contr]QIThe remainder of this paper IS orgamzed as fOHOWS.' we
(PC) at the physical layer [2], to guarantee a given targetzsi irst present the system model in Section Il. We detail the

to interference ratio (SIR), by tracking and compensatir{ alistic version of the cross-layer design in Sectionvithjch
instantaneous channel variations erates in tracking mode and optimally combines AMC, PC

Both AMC and PC link adaptation techniques could bgnd HARQ-I. We analyze the achieved throughput efficiency

combined with the Automatic Repeat reQuest (ARQ) prél'_] Section IV, verify the good agreement of the realistic

tocol, at the data link layer [3]-[5]. This protocol requestsimuilation resuIFs with the theoretical a.nalyt.ical res.um
retransmissions of erroneously received packets, whidmshesecnon V, and finally draw some conclusions in Section VI.
improving system throughput, relative to the use of forward [I. MODELING

error correction (FEC) alone at the physical layét. [A A System Model

combination of ARQ with FEC, called hybrid ARQ type-I
(HARQ-I), has been developed, where unsuccessful attem
are used in FEC decoding instead of being discarded.

tgonsider the single-transmit single-receive antennaesyst
n Fig.1. Basing on the channel state information (CSI),

Most of previous research works has only investigated tﬁ@nale_? by the rfcen{[er,bthe tragsfmltttﬁ r deu?ttas the W"’j“e
combination of two of these three techniques. For instanégansm' parameters 1o be used for the next transmission.
in [3] AMC and HARQ have been combined without PC "The packets to be transmitted by the physical layer are first

while in [4], [5] AMC and PC have been jointly used withoutassumed to be queued in an infinite buffer, then transmitted o
HARQ. In '[6] we have optimally combined AMC and pc2 packet-by-packet basis over the wireless channel. We con-
' ' sider slow-varying channel conditions, so that the packady

*This work was supported by “Futur et Ruptures” grant from lthstitut for transmiSSi_on and t_h_e preceding signaling bits eXpe?i?n
Mines-Télécom, Paris, France. the same fading conditions. Moreover, the fading condgion
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Fig. 1. Transmission system block diagram.

are assumed to be (i) independent and identically dis&tutthis interval the other MCSs. The effective throughput isnth
(i.i.d.) between different packets, and (ii) follow anyasfethe given by the maximum of all elementary throughput curves,
popular fading models such as Rayleigh, Rice, or Nakagami-
m. Thr(yr(n)) = max{Thr,(v:(1))}- @)
N modulation and coding schemes (MCS) are assumed to
; . I1l. REALISTIC IMPLEMENTATION OF COMBINED PC,
be supported at the physical layer. A givadCS,,, n = AMC AND HAROQ-|
1,2,, N, consists of a specifid/,,-ary QAM modulation, a
rate R, FEC code and a packet size ¢f, symbols. At In this section, we first briefly present the optimal combi-
the transmitter, the transmit power levB] (or equivalently nation of PC, AMC and ARQ protocol that we proposed in
the transmit SNRy;) as well as the appropriate/CS,, are [6]. The aim of this combination is to maximize the average
respectively selected by the PC and the AMC selectors, atheoughput efficiency’hr, while guaranteeing a target average
function of the channel instantaneous poweed back by the transmit power;, or equivalently an average transmit SNR
receiver. To solve this constrained optimization problem, the Lagean
The SNR at the transmitter, defined as the ratio between theltiplier method was used. It amounts to the unconstrained
average transmit symbol energy and the one-sided noiserpowgximization
spectral density, will then be a function ¢f and denoted by

v:(n). The SNR at the receiver, denoted next 4y(n), is e (Thr =A%) subjectto 5: = Jiargers  (3)
defined as _ . . . :
() = 17 (). 1) where) is the Lagrange multiplier. First, an analytical deriva-

At the data link layer, a selective repeat (SR) HARQ—ﬁion was carried.in order to Qerive the general pargmeudzrize
. . . orm of the optimal transmit SNRy; .,:(7) , solution of

protocol is implemented. Each transmitted packet is emi:Odt%e maximization problem in (3). After this derivation, the
for both error detection and correction. When a receivettgac Lo P i '
. ; L maximization problem became as follow
is found to be in error, it is discarded and another copy of it
is sent by the transmitter. s (Thr(x(u)) B M) V>0, @
B. Adaptive modulation and coding system x(w) H

Each packet corresponds toinformation bits which are wherey = ¥ andx () = (). We notice that the obtained
first encoded with a detection code and a codeword fsfrm of the maximization problem doesn’t depend on any
k + n, bits is issued. A tail ofm bits is then appended parameter and hence has a unique solutign(x:). We deduce
to this codeword to terminate the convolutional code sellithat the optimal solution has a general parameterized fatin w
After an error correction code of a rat®,, a number of respect top
(k + np, + m)/R, coded bits are obtained. Usind/,-ary
QAM modulation, these coded bits will then be mapped to Ye,opt (1
ns = (k4 np + m)/(loga(M,)R,) symbols. n

Each M CS,, scheme has its throughput efficiency curveéd numerical approach has been then conducted to find the
denoted next byl'hr,(v.) and expressed in (bits/s)/Hz, ageneral solution of (4). We can notice that the equivalent
a function of the received SNRy.. The more M,, R, form of the optimization problem in (4) doesn’t depend on
and @,, values are high, the more the corresponding MCtBe channel statistics. This means that the expected optimu
provides good performances for high received SNR and wesddution (5) is valid for any generic channel. However, ill st
performances for low ones [3]. Hence, for a givgn there is depends on the Lagrange multipliartightly related to the
only one MCS that outperforms the other schemes. Then, #enstraint imposed on the average transmit SNR.
received SNR range can be partitioned infcmon-overlapping  In the following subsection, we present an iterative method
intervals, defined by the switching thresholds, } \_,, where for estimating the appropriate value of the parametegiven
To = 0 and Ty = +oo for convenience. Whenever thea target average transmit SNR. This method is based on
received SNR~, falls within the interval [T,,,7,1), the an exponential window similar to that used for the Earlyel_at
MC'S,, will be chosen for transmission, since it outperforms ialgorithm often employed for synchronization.

) _ ’77‘,01)15(77) _ Xopt(g). (5)
n



A. Adaptive algorithm for estimating B. Mode of operation

First, we try to express the average transmit SNRas @ Summarizing our results in Section Il the operating stage
function of \. The explicit expression of; is given by of the proposed cross-layer design are summarized in a

_ oo flowchart given in Fig.3.
Y = / Y(n) £ (n)dn,
;7, changed u

0
Early-Late algorithm | o
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where f,)(n) is the channel power probability density function
Numerical solution

(PDF). Using (6) and (5)y; can be expressed as
_ Xopt( ) oo Xopt(u)
Vi —/0 =2 fy(n)dn /0 L fOw)dp. (7)

Unlike the solut|on of optimal transmit SNR, the expression
of the average transmit SNR as a function)oflepends on
the channel distributiory, (n). Hence, we need to know the
channel statistics in advance, to derivdrom the constraint
on 4;, which is not always possible. An alternative way is to
apply an adaptive algorithm to iteratively determine thaatx
A from the targetyt
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il e R e
[ | ' First of all, the transmitter selects a suitable desiredanye

o m 1 transmit power. From the corresponding average transnit SN
%, the equivalent Lagrange parameteris determined by
performing the adaptive algorithm (described on the previ-
ous subsection). Having the channel power fed back by the
As illustrated in Fig.2, we start with a nominal,.,, receiver, the transmitter determines the optimal receie
value corresponding to a given channel distribution (Righle by performing the numerical solution process describedspn [
channel for example). This value will be then iterativelgection Il . The most appropriate MCS schemés then se-
adjusted, until the correspondirig reachesy;,,q.:. At the lected by comparing the obtained,,; to different switching
instantt, the estimatedy; is defined as thresholds{T,,}}_,. The buffered packet is transmitted using
N ~ MCS,, and the optimal transmit SNRy ... If the packet
76(8) = (1= )%t = 1) + a%t,0pt (£), ® i erroneously recgived, the receiver tries to corrch):t iingis
wherea is a chosen forgetting factor. The adjustment)of the FEC code. If it's still in error, the receiver request the

45 40 35 -30 25 A_) /\/ l/ )\ I 5 )\,,‘m 0
Fig. 2. lllustration of the adaptive algorithm for estinmatil\.

will depend on the difference betweén and Yiarget- retransmission of the same packet.
Let be ¢, the desired accuracy on the estimated average
transmit SNR. The proposed adaptive algorithm can be sum- IV. THROUGHPUTANALYSIS

marized in the following steps :
Step 1) InitializeA = A\om
Step 2)
while e = |’i)/t(1f) — ’S/ta'rget| > ¢ do
Take a channel realization (i.8)
Preform the numerical solution process (detailed in su

In this section, we derive the average throughput efficiency
of our proposed cross-layer design where both techniques
AMC and PC at the physical layer are combined with a
HARQ-I at the data link layer. The throughput expression
Eor HARQ-I protocol and a givenV/C'S,, scheme, can be
expressed as

section IlI-A),
Input: p = ¥, k 1
Output: 7.0¢(1) (defined in (5)) Thrn = loga(Mn) oy mTr (9)
1(t) = (1 — a)Ye(t = 1) + ayi,0pt ()
if S = sign( — Frarget) Changeshen Considering the assumption of an (i.i.d.) block fading af&n
step + Sgﬂ (an assumed heuristic choice) the average number of transmission attempis can be
end if evaluated as
A A+ S x step
tet+1 Tr=S P(Ry)i= —— 10
end while Z 2 1 — P(Rq) (10)



where P(Ry) is the packet error probability, tightly upperA. Elementary Throughputs
bounded by The elementary throughput efficiencies (9) and [6, eq. (20)]
P(Rg)(yr) < 1= (1= Pg(y,))* ", (11) for the two categories of MCSs, are plotted in Fig.4. We can

distinguish2 switching thresholds for uncoded modulations

where Pg(v,) is the error event probability of the Viterbiande switching thresholds{T},}6_,, for coded modulations.

algorithm. For a soft decision decodingg(v;) is given by  The appropriate MCS scheme is chosen by comparing the
received SNR to these thresholds.

—+o0
PE (’yr) = min ]., Z adQ(\/ 2d’yr) y (12 Uncoded Modulations Coded Modulations
d—df °f S Tie
Tl| —s—QPsk:Rr =34
whered; anday are respectively the free distance and dist ° af e
spectra of the code, and where the funct@fx) is define z D oo
as ?3, —#— 64-QAM : R_=5/6 "4.
[ R : 2, 2.
Qo) =—= [ s .
In the presence of power control, the SNR at the recei a | J/"‘*““*
affected by both controlled transmit power and channek i Bl
n. Hence, for a given channel power PGF(n), the averag // /[J
throughput efficiency can be expressed as TR s = %o s Noas
_ +oo Fig. 4. Throughput efficiencies for coded and uncoded MC3s; 120.
T = [ ThrCae() fydn, (1)

B. Optimal Received SNR Analysis
wherenrop: (17) and Thr (7,05 (1)) are respectively given by agter performing the numerical solution process (conform-

(5) and (2). ing to [6] section Ill) to the upper envelop of the elementary
V. NUMERICAL AND SIMULATION RESULTS throughput curves in Fig.4, we obtain the optimal received
In this section we present some numerical and simulati 5 SNRs, depicted in Fig.5, for the two MCS categories and
o . A = —5 and 5 dB. We can see in this figure that, the
results. The fea5|b|||_ty of the proposed_ cross_-layer desig .optimal received SNR remains almost constant, then alyruptl
numerical ones. Resuling enhancement in performance! 28 1USt above the SNR swiching thresholds:(_,
assessed by comparing our design to AMC-HARQ and P _abllng the use of the next MCS scheme. Put differently, the

o . .optimal received SNR is always located at the beginning of
AMC-ARQ combination schemes. We consider two categorlﬁge throughput saturation zone of each MCS. The goal is to

MODULAHONRELCEOIDWG SCHEMES ensure almost the maximum throughput with the minimum
Uncoded modulations transmit SNR. Reaching a throughput saturation zone, the
ot prv 10AM Y power control unit avoid increasing transmit SNR since it wi
odulation S 0-Q): D40~ . .
- - ; p no longer improve the throughput. The preserved power will
4 DILS/Sym. “ B .
e (i) be exploited later to reach the next MCS scheme. We can also
Convolutionally coded modulations . .

, - : observe that, in the case of coded modulations, the system
Modulaion | QPSK 16QAM | 64QAM jumps some MCSs to directly reach the next transmission
Coding Rate | 12 | 34 | 12 | 34 233456 mode, such the case 81C'S, and M C'Ss as shown in Fig.5.

Ratebitssym)| 1 | 15 | 2 | 3 |4 ]43]5 This can be explained by the fact that the two thresholds are

) ) ] so close, moreover, power control has preserved enoughrpowe
of MCS schemes as detailed in Tables I. The first catego&}{owing to jump two thresholds at a time.

includes A = 3 uncoded/,-ary QAM modulations, where - e aiso notice that the distributions of (1) for A = 5
M = 2%,k = 1,2,..N, similar to [6]. While the second 4 can be derived from the one far= —5 dB by a simple
category consists ofV. = 7 convolutionally codedM,-ary (ransjation on the x-axis. Thus, in conformity with (5), agle

QAM modulations adopted from IEEE 802.16 standards. Wg,rve is sufficient to derive the distribution curvesoh,p: (1)
assume the same packet sig = @ for all MCSs. We also (and hencey, o,:(n)). for any value of\. '

assume a Rayleigh fading channel model, characterized the
channel power and faded SNR distributions, respectiveigrgi C. Average Throughput Efficiency
by

R 15 Next, we examine and compare the proposed cross-layer de-
Fo(n) = €77, (15) " sign, referred to as PC-AMC-HARQ, whereby a combination
and of PC and AMC is implemented at the physical layer with
Fo () = ;e*%. (16) @ HARQ-I at the data link layer, to the conventional design,

Vr used as benchmark and referred to as AMC-HARQ, whereby



Uncoded Modulations Coded Modulations

2o [ ] modulations category, which is greater th@arbits/sym.) the

| ] highest rate in coded modulations category. This means that
adopting high-rate modes benefits average throughput At hig

average transmit SNR. Hence, to improve average throughput

over the entire average transmit SNR range, a practicadisyst

could also optimally combine MCSs from both uncoded and

coded modulations categories.
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AMC is exclusively used at the physical layer with a HARQ-I
at the data link layer.
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N VI. CONCLUSION
o In this paper, we presented a realistic implementation of

" | a cross-layer design, which effectively combines both AMC
- M*f* ‘ ‘ ‘ ‘ ‘ ‘ and PC techniques, at the physical layer, with the type-I
- ? ° ©oas o ® e HARQ protocol, at the data link layer. The aim of this com-
Fig. 6. Simulated and theoretical average throughput effegi for PC-AMC-  Dination was to maximize the average throughput efficiency
HARQ cross-layer design, fa = 120 symbols. under prescribed average transmit power constraint. Tp kee
First, to verify the feasibility of our PC-AMC-HARQ cross-th€ proposed combination scheme independent of channel
layer design, we compare in Fig. 6 the simulated avera§glistics, we proposed an adaptive algorithm for iteediv
throughput efficiency to the theoretical one. We considerégftimating the Lagrange multiplier from the constraint on
an end-to-end simulation following the flowchart in Fig-BI the average transmit SNR. Simulation results, corrobdrate

As we can notice from Fig.6, simulation results are in perfeBY analytical results, show that our proposed realistiagies
agreement with the theoretical one. offers a significant reduction in average transmit power, fo

We compare in Fig. 7 the average throughputs of it given average throughput efficiency, with respect to both

proposed PC-AMC-HARQ design with both AMC-HARQ and*MC-HARQ and PC-AMC-ARQ designs.
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