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Abstract—In this paper, an adaptive MIMO transmission
scheme using QAM and LDPC code is proposed for an OFDM
cellular system employing FDD. By approximating the LLR
distribution to a Gaussian distribution, only two parameters, the
mean and the normalized standard deviation, are required to be
sent to the transmitter, which requires only a few more bits than
those required in currently used single carrier cellular systems,
such as cdma2000-1x EV-DO. Itis shown by computer simulation
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that the proposed adaptive transmission scheme can provide up cst
to 2 3dB gain over the conventional system using the mean feedback
SNR only, at the expense of only 3 more bits in the feedback

information.

Fig. 1. The system model for the proposed adaptive transmissio

I. INTRODUCTION
In order to meet the explosively increasing demand on

reliable and high-rate service over wireless channel,ogth scheme is required with low feedback rate comparable to that
nal frequency division multiplexing (OFDM) has been widelyn currently employed cellular systems, such as cdma2600-1
accepted as the most promising radio transmission tecnol@=\.pO. However, in frequency-selective fading channeis, t
for the next generation wireless communication systems dgx)astem capacity would degrade signi cantly if only the mean
to its advantages such as the robustness to multipath fadigignal to noise power ratio (SNR) over the whole sub-casrier
granular resource allocation capability, and low compiexijs used as in a single-carrier system.
[1]. In addition, in order to enhance the system capacity as|n this paper, an adaptive MIMO transmission scheme,
large as possible, a multiple input multiple output (MIMOhased on the knowledge of the received log-likelihood ratio
technique, such as spatial multiplexing (SM) [2], and tin li (LLR) distribution, is proposed for an OFDM cellular system
adaptation using adaptive modulation and coding have begfing SM, quadrature amplitude modulation (QAM), and low
considered as key technologies for the next generatiorlesge gensity parity check (LDPC) code. By approximating the LLR
communication systems [3][4]. The basic idea of the adeptidistribution to a Gaussian distribution, only two paramete
modulation and coding is that the transmitter selects one @t mean and the normalized standard deviation, are rehuire
the pre-de ned modulation and coding set (MCS) by the aig be sent to the transmitter, which requires only a few more
of the channel state information, which is reported to thsits than those required in currently used single carribulee
transmitter by the receiver in frequency division duplexinsystems. This paper is organized as follows: In Sectione, th
(FDD) systems. system model considered in this paper is shown. The proposed
In OFDM systems, the bit-loading algorithm is knowrgdaptive transmission algorithm is presented in Section 3,
to be optimum. However, the transmitter has to know thgnd the performance of the proposed scheme is evaluated by

channel state information of all sub-carriers, which is imcomputer simulation in Section 4. Finally, concluding rekna
practical in wireless OFDM systems using large number ¢f provided.

sub-carriers. Thus, block-wise adaptive transmissiorses

were proposed as sub-optimum algorithms [3][4]. In cefula Il. SYsTeEM MODEL

systems employing FDD, however, even the amount of theA physical layer frame is comprised of a number of con-
feedback information required for the block-wise adaptiveecutive data slots, in which pilot symbols of each transmit
transmission schemes is far from that can be supportedaintenna are well distributed in both frequency- and time-
practical situations since both high frequency selegtigihd domain. In case of multiple access system, all sub-channels
high mobile speed should be supported. Thus, for praciit a data slot are also well-distributed in a data slot. In. Fig
cal OFDM cellular systems, a simple adaptive transmissidn the system model considered in this paper is shown. In the



where A? is the transmit powerh, andn, are the complex
channel gain and the additive complex Gaussian noise with
mean zero and varianc 2 at thelth symbol location in a
data slot, respectively. Then, the decision variable oflthe
symbol,z is given by

v L . 0
5 . z = hyyighij = Ajhijx + ny; ()
o T Wheren:J = h,ni5jhjj is also a complex Gaussian noise with
TR L mean zero and varianc 2.
e e In the Gray encoded 4-QAM, the LLR distributions of the
Fig. 2. The Gray encoded 4-QAM and 16-QAM constellationsgshultiple  tWO Dits in a symbol are the same. Lat= z; + jz;q and
transmit antennas. X|k be and thekth bit in x,. Then, the LLR OfX?, X|o , IS
given by
transmitter.side, pilot symbols of aMy transmit antennas x? =log max Prfzjx;higPrfxg
are transmitted with xed powePpjo . At the receiver side X2 X0
employingNg receiving antennas, the channel is estimated by | Prizixi-haPrf 3
the channel estimator. With the estimated channel, thergian 9 x.rznfl%(:l Frapa,mgrrtxg ®)
state information (CSI) is generated and sent to the tratesmi P 2Ajhijzi
side. At the transmitter, the MCS and the transmit power (TP) =

are determined from the received CSI and the pre-determined

required SNR table. In case of multiple access system, thaereX ™ denotes the set of symbols in which tkth bit
are a number of receivers with their own CSls. Then, basidm. Since the distribution of;; whenx}’ =0 is Gaussian
on each user's pre-determined quality of service (QoS) amdth meanﬁd% and variance 2, the distribution of x|°
the reported CSI, active users are selected with correshpxg)p henx® = 0 is Gaussian with meaﬁzjf;dz and variance
MCS and TP by the MCS and TP selector. Then, the adaptivelyz;p, ;2 Note that the distribution of x! is the same to
transmitted signal is received and the LLR is calculatednfro > "/ S

the received symbols with the estimated channel at thevr«*arceithat of Xy .Then, the mean of the LLR d|str|bu_t|on over t_he
side. Finally, the LDPC decoder extracts the transmittéarin whole code block when the all-zero codeword is transmitted

mation. is given as
[1l. THE ADAPTIVE TRANSMISSION SCHEME £ WO = 1 X1 A?jhj?
A. Received LLR distribution in SISO case ' L., 7 4)
For a given LDPC code and a decoding algorithm, the = 2MgsnR ;

performance is determined by the received likelihood distr P
bution [5]. Thus, the transmitter can expect the perforrsangheremgyg = % :-:Ol Azzihzliz_ Also, we have
of each MCS option if the received LLR distribution is known.

In addition, by parametric modelling of the received LLR ) o 1 X1 A%h*  2A%hj2
distribution, the LLR distribution parameters can be used a E XPo= v > )
a CSl. In this paper, we assume that the LLR distribution is 1=0

Gaussian. Then, the mean and variance of the LLR distributign,g
can be used as the CSI and the performance of each MCS

option can be well expected by the transmitter with only two Var x =E %xf E? X7 ©6)
parameters. =4msnr +4M3\R 3NR

In this paper, we consider Gray encoded 4-QAM and 16- _
QAM for modulation options (shown in Fig. 2) and theVN€re ___snr IS 2de ned as  snRr =
maximum value approximation of the maximum likelihood 1 L 1 A%jhj? 1. Thus, we can see that

. . mszNR L 1=0 2 2
(Max-ML) method for LLR calculation algorithm. However,the mearmsyr and the normalized standard deviatiogr

it can be easily extended to higher order QAM modulat|on8f the received SNR are suf cient statistic for determining
such as 64-QAM. L . . the received LLR distribution.

First, we con3|dgr the 4-QAM case in single mput_ single Now, consider the 16-QAM case. Since we use the Max-ML
T e i, meth h LLR of a it 1 & sy = roportonal o e
receiver is given by ' ' difference of the followings: one is the minimum Euclidean

distance between the received symbol and the constellation
yi = Ahix; + ny; (1) points where the bit is 0, and the other is the minimum



one between the received symbol and the constellationgoisinceU; andV, are unitary, the Euclidean distance between
where the bit is 1. Then, we obtain the follows: any two constellation vectors or noise vectors is invariant

apihiizi . 4A%jhJ? 5 Co under the transformation de ned by the matrix, or V.
3 "EZZA_h T0°F 2 0 Thus, the SNR of théth spatial channel at thih symbol
xP = 5 e z; 2Cy[ Ca; (7) location, i, is de ned as
N S
' 4/51%11;. Yot 2ii 2 Cs; AT (13)
and [H 2N .
( 2aihjzy . AR 5 o [ Ci: Then, the mean and the normalized standard deviation of the
x2 = 102 10 > g OL ™' (8) received SNR in MIMO case are given as
i 2pihiizi , 4A%jhj2 : 9
o 2 + 10 2 AR 2 Cz[ Cs:
1 XN !
Note that x! = x? and x? = x? except that MsNR = [ li (14)
z; and C, are replaced witlez,; and R,, respectively. In T =0 i=0
addition, the distribution ofz,; whenxf = 0, f,, (y), is and v
given by i 1 b LNy 1
1 ofyv- 24 1 (v-2y- 2) _n- =P —_— 2 1L (15)
f ( )_ ? (Y:VI, )+ 2 (y1 3V|1 )1 k —O, (9) SNR m%NR LNT i Li
2= Ly v 9+ L viv 2 k=2; =0 1=0

Therefore, in MIMO case alsansyg and syr are suf -
cient statistic for determining the received LLR distribut
regardless of the MCS option and the number of transmit and
receiving antennas.

wherev, = Ajh|j=pF) and (y;m; 2) is dened as the
Gaussian distribution with meam and variance 2. Then,
after tedious mathematical calculations, we obtain follow

5v2

E Xt = 0 C. Proposed adaptive transmission algorithm
2 0 10vZ | 34vi The CSl is de ned as the mean and the normalized standard
E XNo= Tt 10 deviation of the received SNR in a data slot and the SNR is
’ 2 (10) estimated from the received pilot symbols. Then, the CStind
E X = 2 cates the received LLR distribution when the transmit power
5 o ap At i Ppiot - Now, let SNRy and ., be the required mean
E X =27 7 SNR and the required additional power when the normalized

Thus, it is seen again that the mean and the normalizﬁ@_ndard deviat_ion of the received S.NR ior the_ kth MCS
option, respectively. Then, the required transmit poweemvh

standard deviation of the received SNR are suf cient diatis S . .
the kth MCS option is usedPr., is obtained as follow:

for determining the received LLR distribution.
B. Extension to MIMO case Prk = Ppiit * SNRk  Msnr + ki oye (dB): (16)

Let x; be theNt 1 transmitted symbol vector of tHegh Here, SNRy and . can be pre-determined by computer
symbol in a data slot. Then, tidz ( Ny) 1received vector simulation or eld-test. From (16), the transmitter can lexzgie

of the Ith symbol at the receiver is given by how much power is required for each user and each MCS
A option. Then, any optimization process for selecting aatiser
yI = PN——TH|X| +n; (11) set and MCS option for each user can be adopted.
whereH | istheNg Nt complex channel gain matrix, whose IV. SIMULATION RESULTS

(ij )th element is denoted &s;; , at thelth symbol location | Fig. 3 the packet error probabilities of the MCS option
mgdata slot, a_nm is theNg 1add|t|v¢ comzplex Gaussian using 2x2 spatial multiplexing, 4-QAM and 1/2-rate LDPC
noise vector with mean zero and variange’l at thelth  ¢ode js shown. Here, the ITU-R pedestrian A fading channel
symbol location in the data slot. 3 is used and the transmit power is controlled to keep the mean
Then, by applying the singular value decomp%smon on g the received SNR in a packet constant. Also, the packet
channel gain matrbH,, we obtainH; = U ;D V", where eror probability of the conventional scheme using the mean
Uy andV, are unitary matrices and, is the diagonal matrix of the received SNR only, denoted as "All' in the gure, is
whose diagonal elements are the singular valueld of ;i°,  also plotted for comparison. In this gure, the normalized

i=0; ;Nr 1 Then, we obtain standard deviation is quantized into 3 bits (denoted as std2
yi = ADx| + n: (12) std7 in the gure). Note thqt the performanc.e curves for the
std0 and std1 cases are missing due to their rare occurrence.
wherey; = Ul'y;, A2 = A%2=Nr, x; = Vf'x;, andnj = From the result, it is seen that the packet error probability

U{' n;. Thus, the MIMO channel is equivalent br parallel increases as the normalized standard deviation increfses.
channels with channel gains ot[z, i=0; ;N7 1 Also, addition, when the normalized standard deviation is srs&dl



2x2 QPSK 1/2 LDPC code TABLE |

10 = e SUMMARY OF THE MCS OPTIONS USED IN THESISOSIMULATION
—— std3
10t - z:gg [ MCS option | Modulation | Code Rate| Transmission Ratd
—« std6 0 QPSK 1/6 0.384 Mbps
—— std7 1 QPSK 1/3 0.768 Mbps
- --- Al 2 QPSK 213 1.536 Mbps
w10 - 3 16-QAM 172 2.304 Mbps
4 16-QAM 213 3.072 Mbps
5 16-QAM 5/6 3.840 Mbps
10°}
TABLE Il
SUMMARY OF THE MCS OPTIONS USED IN THE2X2 MIMO SIMULATION
-4
10 0 2 4 6 8 10
Es/No [ MCS option | Modulation | Code Rate] Transmission Rate
. - ) ) 0 4-QAM 12 2.304 Mbps
Fig. 3. The packet error probability of the MCS option using 2SM, 1 4-QAM 273 3.072 Mbps
4-QAM, and 1/2-rate LDPC code. 2 lG-QAM 12 3.840 MbpS
3 16-QAM 2/3 4.608 Mbps
4 16-QAM 7112 5.376 Mbps
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the MCS option and the transmit power could be determined
with the pre-determined values of the required mean SNR and
the additional transmit power corresponding to the norzeali
standard deviation for each MCS option. From the simulation
results, it was shown that the proposed adaptive transmnissi
scheme could provide up ® 3dB gain over the conven-
tional system using the mean SNR only, at the expense of only
3 more bits in feedback information.
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Gaussian, the received LLR distribution could be represint
by two parameters: the mean and the normalized standard
deviation. Also, it was shown that the mean and the nornlize
standard deviation of the received SNR in a packet were the
suf cient statistic for the received LLR distribution. The



