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Abstract— 4G LTE demands higher peak data rate and 
spectral efficiency. For a given bandwidth allocation, 
spectral efficiency can be increased by increasing data rate 
using higher order modulation or larger MIMO techniques.  
However, this can increase the probability of error in noisy 
channel.  Therefore, this paper proposed an integrated 
adaptive modulation, coding and precoding for 4 X 4 
broadband wireless MIMO-OFDM system.  The receiver 
provides continuing channel state information feedback to 
the transmitter. The proposed system employs channel-
aware scheduling techniques that can dynamically change 
system parameters based on channel conditions and achieve 
high spectral efficiencies without increasing  bit error rate in 
noisy channels.  
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I.  INTRODUCTION  
In poor wireless channels, the continuously changing 

channel gain makes the wireless channel capacity change 
accordingly. In the traditional communication systems, the 
radio transmission system scheme is dead against the 
worst conditions. But the channel does not always stay in 
the bad state, this conservative idea greatly reduces the 
spectral efficiency of the system. Thus, adaptive 
modulation and coding (AMC) is proposed to solve this 
problem. It can change the modulation mode and coding 
rate according to the wireless channel condition to 
guarantee the target bit error rate (BER) requirement [1], 
[2]. 

The AMC scheme can enhance system capacity by 
selecting signal constellation and channel coding that is 
adaptive to its time-varying channel [3]–[5]. 

Multiple-Input-Multiple-Output (MIMO) antenna 
systems can provide enormous capacity by spatial 
multiplexing [6], [7]. The performance of a MIMO system 
is highly dependent on the characteristics of the matrix 
channel. Link adaptation can be employed to any time 
varying systems to improve the transmission throughput 
by dynamically changing transmission parameters. 
Therefore the combination of link adaptation and MIMO is 
promising to realize higher spectral efficiency and higher 
throughput for mobile communication systems [8]. 

Orthogonal frequency division multiplexing (OFDM) 
divides the channel bandwidth into sub-channels and 
transmits multiple relatively low rate signals by carrying 
each signal on a separate carrier frequency, which employs 
orthogonal tones to modulate the signals. This carrier 
spacing provides optimum spectral efficiency. 

Subcarrier-wise adaptation of the modulation scheme 
to the current channel state (adaptive modulation) has been 
proven to be a suitable technique to enhance the data 
throughput and/or the link reliability in multicarrier 
systems like OFDM transmission systems [9].  
Investigations in [10], [11] have shown a significant 
additional improvement if the modulation and coding 
schemes are jointly selected (adaptive modulation and 
coding). Because of the higher efficiency of longer 
codewords, the same coding scheme is typically used for a 
span of subcarriers. 

MIMO technology has been shown to provide 
significant system performance improvement over 
conventional systems by providing communication links 
with substantial diversity and capacity. This is especially 
true when channel state information (CSI) is available at 
the transmitter [12]. In fact, the closed loop capacity of a 
MIMO channel can be achieved by converting the channel 
into a set of parallel spatial layers via precoding and 
waterfilling power allocation at the transmitter and a linear 
minimum-mean-square-error (MMSE) filtering at the 
receiver wherein the optimal precoding and MMSE filter 
are determined by the singular value decomposition (SVD) 
of the MIMO channel matrix [13], [14]. 

Spectral efficiency is an important measure for 
evaluating the performance of mobile communication 
systems.   The Long Term Evolution (LTE) standard has 
specific requirements in terms of average, cell-edge and 
overall spectral efficiency relative to 3G standards  [15]. 

Spectral efficiency is the average data rate per 
bandwidth unit Hertz per cell.  Tradeoffs are required in 
designing mobile communication systems. For a given 
bandwidth allocation, spectral efficiency can be increased 
by increasing data rate using higher order modulation or 
larger multiple-input-multiple-output MIMO techniques.  
However, this can increase the probability of error in noisy 
channel. 

Therefore, this paper combines three technologies and 
proposes an integrated adaptive modulation, coding and 
precoding for a broadband wireless 4 x 4 MIMO-OFDM 
system.  The proposed system employs channel-aware 
scheduling techniques that can dynamically change system 
parameters based on channel conditions and achieve high 
spectral efficiencies without increasing the bit error rate in 
noisy channels.  

The paper is organized as follows :  Section II 
introduces the system model.  Section III describes the 
channel state information indicators.  Section IV shows the 
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simulation setup and results.  Finally, conclusions are 
drawn in Section V. 

 

II. SYSTEM MODELING 
 
Figure 1 shows Physical Downlink Shared Channel 

(PDSCH) major functional blocks to be modeled with 
Matlab scripts.   The transmitter is shown on the top row 
whereas the receiver is shown on the bottom row. 

For downlink transmission, in the transmitter, the data 
is multiplexed and encoded in a step known as Downlink 
Shared Channel processing (DLSCH). The DLSCH 
processing chain involves attaching a Cylic Redundancy 
Check (CRC) code for error detection, segmenting the data 
into smaller chunks known as subblocks, undertaking 
channel-coding operations based on turbo coding for the 
user data, carrying out a rate-matching operation that 
selects the number of output bits to reflect a desired coding 
rate, and finally reconstructing the codeblocks into 
codewords. The next phase of processing is known as 
physical downlink shared channel processing. In this 
phase, the codewords first become subject to a scrambling 
operation and then undergo a modulation mapping that 
results in a modulated symbol stream.  

The next step includes the  MIMO or multi-antenna 
processing, in which a single stream destined for 
transmission by modulated symbols is subdivided into 
multiple substreams and transmitted by multiple antennas. 
The MIMO operations can be regarded as a combination 
of two steps: precoding and layer mapping. Precoding 
scales and organizes symbols allocated to each substream 
and layer mapping selects and routes data into each 
substream to carry out one of the nine different MIMO 
modes specified for downlink transmission. Among the 
available MIMO techniques implemented in downlink 
transmission are transmit diversity, spatial multiplexing, 
and beamforming. The next step in the processing chain 
relates to the multicarrier transmission. In downlink, the 
multicarrier operations are based on the OFDM 
transmission scheme. The OFDM transmission involves 
two steps. First, the resource element mapping organizes 
the modulated symbols of each layer within a time–
frequency resource grid. On the frequency axis of the grid, 
the data are aligned with subcarriers in the frequency 
domain. In the OFDM signal-generation step, a series of 
OFDM symbols are generated by applying inverse Fourier 
transform to compute the transmitted data in time and are 
transported to each antenna for transmission. 

The MIMO transmitted symbols pass through 
combined MIMO fading channel and additive white 
Gaussian channel.   

At the User Equipment , OFDM Receiver performs 
FFT operation  to place the received modulated symbols in 
the same order in which they were placed into the resource 
grid at the transmitter. Next, MIMO Receiver separate the 
combined signals, to resolve each resource element 
transmitted on each of the transmit antennas.  Received 
codewords are demapped.  The demodulator maps the 

received signal to bits.   In the Descrambler function, we 
use the same Gold sequence generator to invert the 
scrambling operation. The descrambler initialization is 
synchronized with that of the scrambler.  Decision is then 
made on the data bit. 

III. LINK ADAPTION  
The mobile receiver generates two types of channel-

state report and transmit them to the base station.   

A. Channel Quality Indicator 
Channel quality indicator (CQI) measures the mobile 

radio channel quality.  It recommends  the best Modulation 
and Coding Scheme for the channel. 

Signal-to-interference-and-noise ratio (SINR) is 
calculated from the MIMO receiver output and the 
transmitted signal.  This is used for selecting  the CQI 
index. 

In order to compute the modulation scheme and the 
coding rate outputs, we perform a table lookup operation 
with the CQI index. For the first seven values of the CQI 
index (indices 0–6), we map to a QPSK (Quadrature Phase 
Shift Keying) modulation with a modulation rate of 2 bits 
per symbol. The next three CQI indices (7, 8, and 9) are 
mapped to the 16QAM (Quadrature Amplitude 
Modulation) modulator with a modulation rate of 4 bits per 
symbol. Finally, the last six CQI indices (10–15) are 
mapped to 64QAM with a 6-bits per-symbol modulation 
rate. The 16 mapping values for the coding-rate mapping 
of spectral efficiency measures to modulation and coding 
rates are specified by the long term evolution (LTE) 
standard document [16]. The combined information is 
provided in Table II. 

B. Precoding Matrix Indicator 
The precoding matrix indicator (PMI) provides 

preferable precoding codebook index for use in closed-
loop spatial multiplexing of downlink transmission. 

 

IV. SIMULATIONS 

TABLE I.  SIMULATION PARAMETERS AND VALUES. 

Parameter Value 
Channel Bandwidth 10 MHz 

Antenna Configuration 4 X 4 

Modulation Type QPSK, 16QAM, 64QAM 

Fading Channel model EVA 70Hz 

SNR  20 dB 

Transmission mode Closed loop spatial 
multiplexing 

 

A. Adaptive Modulation 
Table III shows the simulation results. With fixed 

modulation and coding rates, we obtain higher rates at 
higher-order modulations, at the cost of a much lower 
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achievable BER. Changing the modulation based on 
random selection provides the average results of the three 
fixed modulation cases.  

For adaptive modulation, CQI channel-state report is 
used to adaptively change the modulation scheme of the 
transceiver in successive subframes.   

If we select a modulation scheme based on channel 
quality, we obtain the best compromise in conditions of 
both low and high channel qualities. For subframes with 
higher channel quality, we choose higher modulation rates. 
Although we are using modulation schemes with smaller 
minimum constellation distances, as the channel is deemed 
clean, the probability of error in these subframes is low, 
hence we enjoy the highest rate without too much cost in 
bit errors. For subframes with lower channel quality, we 
revert to lower modulation rates. These rates are associated 
with higher distances between constellation points and as a 
result the probability of error is low. These subframes 
result in a reduction in the overall rates but maintain the 
quality within an acceptable range. Therefore the average 
BER with adaptive modulation (0.048) is lower than the 
random selection (0.13) and the average data rate with 
adaptive modulation (81.2 Mbps) is higher than that with 
random selection (79.6 Mbps). We observe that with 
adaptation based on channel quality we obtain the best 
tradeoff in terms of highest data rate and reasonable error 
rate. 

B. Adaptive Modulation and Coding 
CQI channel-state report is used to adaptively change 

both the modulation scheme and coding rate.  
Adaptive modulation and coding achieved similar 

results to adaptive modulation only.  The average BER 
with adaptive modulation and coding is (0.0042) is lower 
than the adaptive modulation only (0.048) and the average 
data rate for adaptive modulation and coding (72.2 Mbps)  
is only slightly lower than adaptive modulation only (81.2 
Mbps). 

C. Adaptive Precoding 
PMI channel-state report is used adaptively to change 

the precoding matrix index in successive frames. Table III 
shows that adaptive modulation and coding + precoding 
can achieve lower BER (0.0032) compared to adaptive 
modulation and coding (0.0042). 

 

V. CONCLUSION  
 Link adaptations are performed in the receiver and 

involve the selection and feedback of various system 
parameters.  These parameters are used in the transmitter 
in the following subframes  to specify the following : 
modulation and coding schemes, the number of 
transmission layers used in spatial multiplexing, and 
choosing the precoding matrices used in closed-loop 
spatial multiplexing modes.  The design  provide high data 
rate at acceptable bit error rate. 
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Figure 1.  Physical Downlink Shared Channel. 

 

TABLE II.  LOOKUP TABLE FOR MAPPING SINR ESTIMATE TO MODULATION SCHEME AND CODING RATE. 

CQI 
Index Modulation Coding Rate 

Spectral 
efficiency 
(bps/Hz) 

SINR 
Estimate 

(dB) 
1 QPSK 0.0762 0.1523 -6.7 

2 QPSK 0.1172 0.2344 -4.7 

3 QPSK 0.1885 0.3770 -2.3 

4 QPSK 0.3008 0.6016 0.2 

5 QPSK 0.4385 0.8770 2.4 

6 QPSK 0.5879 1.1758 4.3 

7 16QAM 0.3691 1.4766 5.9 

8 16QAM 0.4785 1.9141 8.1 

9 16QAM 0.6016 2.4063 10.3 

10 64QAM 0.4551 2.7305 11.7 

11 64QAM 0.5537 3.3223 14.1 

12 64QAM 0.6504 3.9023 16.3 

13 64QAM 0.7539 4.5234 18.7 

14 64QAM 0.8525 5.1152 21.0 

15 64QAM 0.9258 5.5547 22.7 
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TABLE III.  ADAPTIVE MODULATION AND CODING  :  BER, DATA RATES AND MODULATIO RATES IN DIFFERENT SCENARIOS (4X4). 

Modulation type Average data 
rate (Mbps) 

Modulation 
rate Coding rate Bit error rate 

QPSK - no adaption  57.3 2 1/2 1.4e-05 

16QAM - no adaption  78.7 4 1/2 1.2e-02 

64 QAM -no adaption 157.4 6 1/2 2.5e-01 

Random selection 79.6 2 or 4 or 6 1/2 1.3e-01 

Adaptive Modulation 81.2 2 or 4 or 6 1/2 4.8e-02 
Adaptive Modulation 
and Coding 72.2 2 or 4 or 6 0.3333-0.95 4.2e-03 

Adaptive Modulation 
and Coding + 
Precoding 

72.2 2 or 4 or 6  0.3333-0.95 3.2e-03 
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