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ABSTRACT

To provide quality-of service (QoS) guarantees for heterogencous applications, most recent wireless communications
technologies and standards combine the error-correcting capability of hybrid automatic repeat request (HARQ) schemes
at the data link layer (DLL) with the adaptation ability of the adaptive modulation and coding (AMC) modes at the
physical layer (PHY) layer. This paper aims to investigate the aggregated system capacity as well as the breakdown of
this capacity for different ACM modes in each HARQ scheme. This investigation was done by using maximum
weighted capacity (MWC) resource allocation at the PHY layer in conjunction with a novel packet error rate (PER)-
based scheduling at the medium access control (MAC) layer. As a result, the dominant AMC mode corresponding to

channel SNR was available.
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1. Introduction

In order to enhance the throughput of the wireless com-
munication system, link adaptation (LA) technologies are
considered not only at the physical layer, but also at the
upper-protocol-layers such as data link layer when de-
signing the wireless networks. LA technologies use the
instantaneous channel state information (CSI) to adap-
tively control the data transmission of wireless channel,
maintain constant transmission power to reduce the in-
terference of other users and satisfy different business’
needs, and save resources to improve overall throughput
for the system. In addition, the adaptive system can eas-
ily provide services with different qualities, such as
higher information transmission rate, lower packet error
rate, and higher spectral efficiency. LA technologies
mainly include adaptive modulation and coding (AMC)
at the physical layer (PHY) and hybrid automatic repeat
request (HARQ) at the data link layer (DLL). The AMC
schemes can be used to match transmission rates to time-
varying channel, in order to obtain maximum throughput
and improve spectral efficiency [1]. Cross-layer design
(CLD) which combines AMC and HARQ is extensively
studied in order to match the transmission rates to time-
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varying wireless communication channel conditions [2].

HARQ provides a good tackling technique to solve the
tradeoff between channel coding and packet retransmis-
sion. It is a well suited solution to enforce the link quality
at the medium access control (MAC) layer in wireless
environments, and has been adopted in some towards-4G
standards (3GPP LTE Release 8, for instance) [3]. It also
can be considered as a combination of forward error cor-
rection (FEC) and automatic repeat request (ARQ) which
is used to improve reliability [1].

A major concern in data communication is how to con-
trol transmission errors caused by channel noise so that
error-free data can be delivered to the user. A solution to
this problem is using HARQ schemes:

Type-I HARQ, the ARQ adopted in 3GPP (R99) is
called as HARQ type 1. It uses a fixed rate FEC code
along with ARQ. In this scheme, both error detection and
FEC bits are added to each packet prior to transmission,
when the received code word is detected in error, two
situations may arise. If the number of errors is within
error-correcting capabilities of the code, the errors are
corrected. Otherwise, the received coded data block is
discarded and a retransmission is requested by the re-
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ceiver, similar to standard ARQ [4]. The disadvantage of
the type I HARQ scheme is that once the code rate is
fixed, all parity bits for error correction are transmitted
even if they are not all needed, thus reducing the channel
use efficiency [5].

Type-1I HARQ, it’s an incremental redundancy (IR)
HARQ. It considers the time selective property of the
wireless channels. At first transmission, the data packet
has no or little redundancy. If it fails, each retransmission
includes additional redundancy bits from channel en-
coder; the redundancy is increased in the repeated trans-
mission of the same packet. Thus, retransmission of
type-1I HARQ only uses the information bits that have
not been transmitted in the previous transmissions. If all
the channel coded information bits have been transmitted,
then the channel code will be retransmitted. When the
decoder has received the information packet, it combines
all the information packets together to decode. The re-
transmission packet could not decode alone, it could be
decoded only if it was combined together with the pre-
vious transmitted information packet [2].

Type-1II HARQ, it also an IR scheme but it uses the
concept of self-decodable codes; it can be combined with
the error data stored and then decoded. The retransmis-
sion uses the puncture matrix which is complementary
with the puncture matrix for the first transmission. Every
puncture matrix has the same code rate and the same
error-correction ability [2]. At the receiver, if a frame is
detected to be in error, it is stored and a negative ac-
knowledgement (NACK) is fed back. Upon arrival of the
retransmission, the receiver attempts to decode the sec-
ond transmission of the frame. If the decoding is suc-
cessful, an ACK is fed back; otherwise the frame is
stored and combines all the packets together to decode.
The retransmission will continue until the decoding is
successful or maximum number of transmission has
reached [6].

HARQ in 3GPP Long Term Evolution (LTE), both
LTE and LTE-Advanced (LTE-A) use HARQ. In LTE,
HARQ reordering is done in the radio link control (RLC)
layer. So, it operates into different modes: the unac-
knowledged mode (without ARQ) or in acknowledged
mode (with active ARQ). In LTE-A, HARQ is very
similar to HARQ in LTE, only small adaptations have
been done to cope with the change in the supported
bandwidth since LTE-A is supposed to support band-
width up to 100 MHz [7].

In wireless networking, quality of service (QoS) plays
a crucial role in performance measurement. There are
four main schemes that are carried out for dynamic sub-
carrier and power allocation to different OFDM systems
users, which allow a flexible multiuser access and en-
hancement of the multiuser diversity [2]: maximum ca-
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pacity based resource allocation, proportional fairness
based resource allocation, adaptive subcarrier and power
allocation in OFDM based on maximizing utility and
maximum weighted capacity (MWC) based resource allo-
cation.

The AMC/HARQ CLD concept has been proposed in
many literatures such as [1,2,4,6]. In [1], the performance
of type I, II, Il HARQ with AMC over Nakagami-m
fading channel was analyzed, a closed form expression of
PER and average spectral efficiency were derived and
the conditional probability density function of signal-to-
noise ratio (SNR) was calculated using Marcov model. In
[2], the HARQ (type-II, type-III) was applied to the
cross-layer framework in order to satisfy the prescribed
delay and PER constraints at LL. In [4], Jaume Ramis
had proposed an analytical link level queuing model to
formulate a cross-layer design conceived as a constrained
optimization problem to exploit the joint impact on QoS
performance of both AMC at the PHY layer and HARQ-
chase combining based-error control at the DLC-layer.
Feijn Shi studied the joint design of type-III HARQ pro-
tocol at the data link layer and AMC scheme at the PHY
layer through closed-form expressions for throughput,
average delay and packet loss rate in [6]. Cross-layer
scheduling techniques for multiuser OFDM system were
introduced in [8,9] by Nan Zhou: in [8], a packet batch
based cross-layer scheduling scheme was proposed. This
scheme considers the differences between the batches in
the same queue, so it is more flexible and efficient than
conventional queue based scheduling. In [9], cross-layer
resource allocations based on MWC technique and delay
satisfaction (DS) scheduling scheme in the downlink
multiuser OFDM system were proposed. The current
paper will try to investigate the CLD and its enhance-
ments for OFDM based wireless networks. Differently
from the previously mentioned publications, the current
paper introduces another vision for CLD in both uplink
and downlink multiuser OFDM system by considering
the packet error rate (PER) as well as the SNR con-
straints on the overall performance.

In this paper, based on the AMC/HARQ cross-layer
design, the system capacity was investigated for different
SNR of OFDM channels for different HARQ schemes.
Also, a novel PER based data scheduling technique based
on MWC resource allocation was proposed.

In Section 2, the system model is presented. Sub-car-
rier and power allocation are presented in Section 3. PER
based data scheduling is presented in Section 4. Numeri-
cal results and analysis are shown in Section 5. Finally,
Section 6 concludes this paper.

2. System Model

The point-to-point wireless packet communication sys-
tem under consideration in this paper is illustrated in
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Figure 1, showing the most important blocks involved in

the transmission and reception processes for a single user.

The HARQ protocol with AMC is used over the Naka-
gami-m fading channel, the channel gain is assumed to
be constant during the transmission of one frame, and it
varies during the transmission of the next frame. Also,
the channel is assumed to support QoS-guaranteed traffic
characterized by a packet error rate (PER) and a prede-
termined acceptable link layer PER Py,. The processing
unit at the data link layer is a packet of fixed size, and the
processing unit at the physical layer is a frame made of a
variable number of packets that depends on the transmis-
sion mode (TM) selected by the AMC scheme. The re-
ceiving buffer can accurately detect the received SNR
and decide the next modulation scheme, then feedback
channel state message to the source node. On the other
hand, if the destination node cannot decode the received
data packet correctly, it feeds back NACK signaling to
the source node, otherwise, it feeds back acknowledge
(ACK) signaling, and the transmission of all signaling
messages are assumed to be error free, the maximum
number of retransmissions is denoted R,y

2.1. Channel Modeling

This paper adopts The Nakagami-m channel model. .The
probability density function (pdf) of the received SNR 1y,
is given by [2]:

where, y is the instantaneous received SNR, and
7 =E{y} is the average received SNR; m is the Naka-

gami fading parameter (m > 1/2). T'(m):= J't'""e" is the
0
gamma function.

2.2. Combining AMC with HARQ Schemes

Given y in the previous channel model, the objective of
AMC is to select a suitable TM to maximize the data rate

i Transmitter : ! : : Receiver
(MS) H H H ' (e-Node B)

Cross-Layer Feedback | Channel |
t | Estimator |:
Controller ' H

Fading Channel! AMC

Selector |1

Controller

MAC (DLL)

FeedbackChannel

Figure 1. Single link between a single-antenna transmitter
(MS) and a single-antenna receiver (e-Node B).
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while maintaining a prescribed PER P).

To combine the AMC at PHY and HARQ schemes at
LL, only finite delays could be afforded. So, the maxi-
mum number of the transmission of one packet Ry
could be determined by dividing the maximum allowable
system delay over the round trip delay required for each
transmission. If a packet is still erroneous after Ry
transmissions, it will be dropped, packet loss is declared.
So, acceptable Py should be predetermined [2].

To simplify the design, the following approximate in-
stantancous PER expression is used [1,2,6]:

1, if0<y<y,y

PER,, (7)=~ aMe(_g‘W) ify>y )
5 =/p

here, M is the mode index to identify the AMC mode.
The parameters a,,,g, and y,, are mode-dependent
parameters, which are listed in Tables 1 and 2 for packet
length N, = 1080 bits. These parameters are obtained by
fitting Equation (2) to the exact PER [10]. This expres-
sion is used to approximate the PER, when the convolu-
tional code is used. Tables 1 and 2 show the values of
these parameters for HARQ-type II and HARQ-type III
respectively [2].

In the following Tables 1 and 2, the index r in pa-
rameters a,, and g, ., represents the number of retrans-
mission. ¥ = 0, 1, 2, 3 represent the first, second, third
and fourth transmission. M = 1 - 6 represent the AMC
mode.

For the type-I HARQ, PER of each transmission is the
same as the first transmission of type-II, IIl HARQ. So,
the parameters ao, and go, are the PER curve fitting
parameters of type-I HARQ for each AMC mode. The
expression of the PER for type-I HARQ is given by:

(~2o.7) 3)

P, =a, ¢

Table 1. Transmission modes for type II HARQ [2].

Type-I  Mode 1 Mode 2 Mode3 Mode4 Mode4 Mode5

Modulation BPSK QPSK QPSK 16-QAM 16-QAM 64-QAM
Code Rate 12 12 3/4 3/4 3/4 3/4
R, (bits/sym.) 0.5 1 1.5 3 3 4.5
ao, 1525.9 424.06 27.429 126.88 133.27 60.556
Qo 6.0354 2.6532 0.8483 0.4446 0.2430 0.0553
aip 0.2608 163.34 1940 99.5411 359.118 172.666
Sin 3.5497 1.5291 2.4865 0.4986 0.4812 0.1242
rp 13.134 401.49 149.355 178.966 224.796 56.311

Do 7.8735 3.1401 2.4442 0.5944 1.5547 0.1485

as, 1.0888 1807.2 46.2931 207.57 1064 40.7133
L 8.7707 3.9224 23718 0.6092 0.7082 0.1412
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Table 2. Transmission modes for type III HARQ [2].

Type-1lIl Mode 1 Mode2 Mode3 Mode4 Mode4 Mode 5

Modulation BPSK QPSK  QPSK 16-QAM 16-QAM64-QAM

Code Rate  1/2 172 3/4 3/4 3/4 3/4

(bitsl/{snym.) 0.5 1 1.5 3 3 4.5
Ao 15259 424.06 27.429 126.88 13327 60.556
Zon 6.0354 2.6532 0.8483 0.4446 0.2430 0.0553
i 0.2608 0.96857 0.017374 1.2538 0.0273 9.1637
Sin 3.5497 1.5291 0.61528 0.4569 0.1341 0.14264
A 13.134 1.4037 877.64 1.8815 0.5573 0.0762
o 7.8735 2.6295 3.4533 0.5538 0.4107 0.0909

as, 1.0888 0.07827 0.11309 1.0951 1.4994 0.5364

L3 8.7707 2.0908 1.1894 0.5096 0.5258 0.1286

Based on the parameters in the Tables 1 and 2, the
PER curves for the type-II, IIl HARQ can be calculated
from:

_ (—go,MV)
PO,M =ayu®
(e ) 4)
_ ~&Rax-1,M
PRmax -LM - aRmax_]vMe
Py, is the PER for the first transmission, P, ,,,
'max i

is the PER for the R, transmission, the index M is the
AMC mode.

Equation (5) must be valid, in order to satisfy that the
PER is lower than the packet loss probability P after
the R,y transmissions at LL:

{(SO,M + 8 R pax 1M )7}

R R|“1|X
' | ..
Aoy Gp 1m© (5)

)
Rmax ..
S P]OSS * Rargct (Rmax )

Then, the average PER for each mode is given by:
PERy (7,R,,, ) = a7 (6)

where,

q =& v
ay (Rmax ) = %m AR LM

(gO,M +...+ngaX71‘M)}, 7)
R

max

gM (Rmax) =

For the type-I HARQ, in order to satisfy the PER require-
ment at LL, Pt < PV%nthen we get

P, <pf=) = p ®)

loss — ¥ target
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2.3. Different AMC Mode Interval Calculation

The parameter Pioe(Rmax) 1S @ key parameter transferred
from LL to PHY. Puged(Rmax) transfers the PER con-
straint P and the time delay requirement R, to PHY,
in order to control the determination of the intervals for
different modulation and coding schemes. The intervals
are dynamic because of two reasons: first, Pirget(Rmax)
important factor to determine the intervals and it is af-
fected by Pyoss and Ry, second, PER curve in PHY for
each transmission mode PERw (7,R,, ) are affected
by R For type-1 HARQ, P, is not affected by R
For type-1I, and type-1IIl HARQ, P, decreases as R
increases. The intervals of different AMC modes can be
calculated from the expression [2,6]:

Y :l/gM 1n(aM/1)target)’M:1’2"“’M*
Yy = +®©

By substituting by @, (R,..), &,(R..) for (type-II
& III) and Py into the expression (9), we could figure
out the intervals of type-I, II, III HARQ for different
transmission modes, when the maximum number of
transmission is R, and the maximum PER probability is
P loss-

&)

2.4. ACM Model Selection

At PHY layer, when SNR y €[y,,,7,.,,) the mode M
modulation and coding will be chosen. So if we put
Equation (1) into the expression below, then we will
choose mode M with probability [2,6]:

7 =P, (M)=[""P (r)dy

4

F(m,mmj—r(m, m}’MHj (10)
_ 4 4
F(m)

where, T'(m,x):= J “¢"le'dt is complementary in com-

plete Gamma function.

3. Subcarrier and Power Allocation for the
Downlink

By considering a downlink OFDM system with U users,
it’s assumed that each subcarrier is occupied by only one
user [11]. With cross-layer optimization, the QoS infor-
mation is transferred from the traffic controller at the
MAC layer to the subcarrier, and power controller at the
PHY layer for resource allocation. Then, the resource
allocation results are fed-back to the traffic controller in
the base station for scheduling of the data to be sent out
in each slot [8].

In consistence with [9], this paper assumes a total
bandwidth of B shared by N subcarriers, and the OFDM
signaling is time slotted. Each slot has duration of 7.
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Let, Q, denotes the index set of subcarriers allocated to
user u (u=1,---,U). Let p,, be the power allocated to
user u on subcarrier n; (n € Q,). h,,1s the corresponding
channel gain. N, is the power spectral density of Additive
White Gaussian Noise (AWGN). By assuming perfect
channel estimation, the achievable data rate of user u on
subcarrier n is expressed as [9]:

Ru,n :%logZ (1+pu,n¢)u,n) (11)

where,
2

h

u,n

N,B/N

Pun = (12)
is the channel-to-noise power ratio for user # on subcar-
rier n.

Therefore, the total data rate of user u is given by:

R =Y R, (13)
neQ),

A resource allocation scheme had been proposed in [2],
to maximize the weighted sum of all users’ capacity J,
i.e., to maximize

JZiWuRu (14)

u=1

U
Subject to: p, , = O,Z z Pun < Foa

u=1 neQ,
Q,NQ, =D (i+j)and,
Qlugz UUQU g{laza'”’N}a

where, W, denotes the weight for user u, which is evalu-
ated based on the cross-layer optimization criteria. So it
indicates the QoS information for user u, and is obtained
from the result of data scheduling at the MAC layer as
will be investigated in Section 4 and Py, denotes the
total power.

The optimization process is divided into two stages
namely, subcarrier allocation and power allocation.

3.1. Optimal MWC Based Subcarrier Allocation

For simplicity, by assuming uniform power allocation
across all subcarriers, i.e., each subcarrier is allocated a
power p =P, /N .Optimal subcarrier allocation leads to
the maximum cost function, which is denoted by Jyux. If
an arbitrary subcarrier 7 allocated to user u (u=1,---,U)
with optimal subcarrier allocation is now reassigned to
user s, let J' denote the resulting cost function. The
difference between the two cost functions is given by [9]:

Jow —J' =W,R,, ~W,R,, >0 (15)

u”tu,n

Substituting (11) into (15), we have
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W, log, (1+pp,,)

> 16
W, log, (1+P(0,,,,7) 10

which implies that, with optimal subcarrier allocation,
subcarrier n should be allocated to user u rather than us-
ers if Equation (16) is satisfied. However, it is prohibi-
tively complex to perform optimal subcarrier allocation
with a large number of subcarriers. Therefore, a subop-
timal scheme is desired.
o Suboptimal MWC based subcarrier allocation
Intuitively, to maximize the cost function in Equation
(14), a larger weight demands a higher data rate. Let
R,/W, denote the Rate-to-Weight Ratio (RWR) and as-
suming uniform power allocation across all subcarriers.
Then, the following suboptimal subcarrier allocation
scheme is employed, where the user with the lowest
RWR is allowed to pick subcarriers in each of iteration
[9]:

1) Initialization:

a) SetR, =0, Q, =& forallu (u=1,--,U), sort W,
in the descending order, and let L={1,2,---,N} denote
the set of unallocated subcarriers.

Foru=1to U:

b)If ¢,,2¢,, (mnel; m#n), assign subcarrier m
to user u, i.e., add subcarrier m to Q,. Remove subcarrier
m from L. Update R, according to Equation (5).

2) Find the minimum R,/W, (k=1,---,U), and repeat 1
b) for the corresponding user u.

3) Repeat2) until L=O.

3.2. Optimal MWC Based Power Allocation

Following subcarrier allocation, the optimal power allo-
cation for each user can be obtained by using the La-
grange multiplier, i.e., (14) can be rewritten as:

U U
S-SR, m[z S o, Pj ()

u=1 u=1neQ,

SubJeCt to le(/:lz;leﬂ pu,n :Protal and pll,n Z O’ Let—
ting 0J / op,., =0, the optimal solution for p,, is given by:
w

u,n

z[u]:l(Wi size of (Qi ))
|:Pfolal +i Z L}_L’O}

i=l geQ; (pi,q (pu,n

Consider users j and u ( j,u € {1,---,U} ), and subcarrier
m e €; and n € Q, are two arbitrary subcarriers allocated
to users j and u, respectively. By 8J/dp, , =dJ/dp,,, =0,
we can drive:

Py = max

(18)

00 (142,,0,,.)

_ 19
Dim (1+pu,n(pu,n) ( )

3=
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D If W/w,=1, from (19) it can be derived that:
§0- m - wu,n
pj,m - pu,n = = (20)
¢)j‘m¢u,n

Equation (20) implies that with equal weight, the sub-

carrier with a better channel gain is allocated more power,

which is the same result as water-filling [12].

2)If W, /W, >1, we have:

(p',m - ¢L¢,n
Pjn = Pun > 21
¢j,m(pu,n

Equation (21) implies that the subcarrier correspond-
ing to the user with a higher weight is allocated more
power than the case using water-filling.

4. Packet Error Rate Based Data Scheduling

After receiving the resource allocation results from the
PHY layer, which indicates the amount of data allowed
for each user, the MAC layer performs scheduling for
each batch of data to be sent out. This paper proposes a
novel scheduling scheme, which assigns the weight de-
pending on the average PER in each ACM mode, after
the intervals of different ACM modes are calculated from
Equation (9).

The weight W, denotes the weight of the batch of user
u corresponding to the ACM mode M,, which is given by:

for PER < ¢ PER max

(22)
for PER > 6 PER max

Ni— Q=

where, T; is the total number of users in ACM mode i,
and 6<1.

Equation (22) gives higher priority to the user whose
batch of data has the maximum PER.

To give the higher priority to the user whose batch of
data has the minimum PER, the following equation may
be used:

for PER > ¢ PER max

(23)
for PER < ¢ PER max

J_\]|._‘ Q|_.

5. Numerical Results and Analysis

In order to investigate the proposed cross-layer optimiza-
tion scheme, numerical results will be deduced for HARQ
schemes over a Nakagami-m fading channel. The data
unit is assumed to be one frame, and each frame contains
a fixed number of symbols. The receiving buffer can
accurately detect the received y and decides the next
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modulation scheme, then feedback channel state message
to the source node; on the other hand, if the destination
node cannot decode the received data packet correctly, it
feeds back NACK signaling.

5.1. SNR Margins for Different HARQ Modes

In order that, the different modulation and coding schemes
is assessed in the case of having only the AWGN. So,
Figure 2 presents the obtained probability of PER against
the apparent SNR for different AMC modes.

Figures 2 and 3 show the case of having different
SNR margins to sustain the PER at a certain range. The
obtained results in Figures 2 and 3 are in consistence
with those published in many references as [1,2].

The retransmission technique depends on the used
HARQ scheme. Also, it is assumed that the transmissions
of all signaling messages are assumed to be error free,
maximum number of retransmissions, R, = 4 and the
ACM modes M = 6.
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Figure 2. Different ACM modes for type II HARQ.
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Figure 3. Different ACM modes for type II1 HARQ.
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5.2. Effect of Proposed PER Scheduling Criteria
on the System Capacity

This paper employs the proposed MWC based resource
allocation at the PHY layer and the PER based schedul-
ing at the MAC layer for consistency. It considers a LTE
system listed in [13], with U = 100 users, a total transmit
power of Py, = 1 W, a total bandwidth of B = 10 MHz,
subcarrier width of 15 KHz, physical source block code
of 180 KHz bandwidth and 50 available Physical Re-
source Block (PRB). The power spectral density of
AWGN is Ny = —80 dBW/Hz [9] and ¢ in Equations (22)
and (23) is taken to be 0.8.

Figures 4 and 5 show the obtained throughput for each
mode by deploying the minimum PER using Equation
(23) after running different number of iterations with
different HARQ techniques. Whereas, Figures 6 and 7
show the obtained throughput for each mode by deploy-
ing the maximum PER using Equation (22) after running
different number of iterations with different HARQ tech-
niques.

So, it may be noticed that, the PER maximum as well
as the minimum margins are closely estimating the vali-
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Figure 4. Average SNR against system capacity (/) HARQ
type II-minimum PER.
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dation range for each AMC mode separately. This may
be explained as a result of having good and stable CLD
optimization for different AMC modes with different
HARQ.

5.3. Effect of Service Requests on HARQ-Type
111

Figures 8-10, are investigating the effect of having more
customers talking on the same Enhanced e-NodeB site
and contenting upon the available throughput.

So, these figures show that by increasing the number
of customers, it’s noticed that there’s a steady increase in
the required SNR to achieve the same throughput. This
may be explained by that the system will be more starv-
ing to the power in order to overwhelm the existing in-
terference which arises from the existing customers.

5.4. LTE System Capacity with Proposed CLD
Based PER Scheduling

In Figures 11-14, it is shown that for LTE system para-
meters, HARQ type III will have much better performance
(aggregated throughput) than that of HARQ type II. This
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may be explained by that the HARQ type III will have
higher coding gain so, the obtained throughput is im-
proved and can be achieved in lower SNR (compared to
HARQ type II required SNR).
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6. Conclusion

A novel optimized cross-layer design (CLD) for AMC/
HARQ wireless networks was presented. In this paper,
MWC resource allocation at PHY layer is used. In addi-
tion, the new PER based data scheduling is proposed in
order to investigate the aggregated throughput, after de-
veloping AMC/HARQ schemes. Also, this paper intro-
duces an analysis and complete investigation for break-
ing down of different AMC modes in the same HARQ
scheme. The concurrent paper aims to put in the spot the
relation between the dominant operational ACM modes
in conjunction with the available SNR, which will be
useful for practical implementation and deployment for
the cross-layer design of certain operator or service pro-
vider.
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Figure 12. (a) Average SNR against system capacity (J) for each mode in LTE system with proposed minimum PER based
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Figure 14. (a) Average SNR against system capacity (J) for each mode in LTE system with proposed minimum PER based
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