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ABSTRACT 

We propose a general MIMO-OFDM channel 

prediction framework, which exploits both the spatial 

and temporal correlations. We also derive two 

predictors which select data for auto-regressive (AR) 

predictors in various ways based on the proposed 

MIMO-OFDM channel prediction framework. By 

minimizing the mean square error (MSE) of 

prediction model, the first predictor chooses the data 

set. The second predictor chooses the data in a 

heuristic way, programmed to reduce the 

computational complexity. Our algorithms can be 

applied to improve the precoding performance in 

multi-user MIMO-OFDM systems. 

Keywords: MIMO, Data, Precoding, Channel 

estimation, Wireless, OFDM. 

EXISTING SYSTEM 

There are several algorithms that have been proposed 

for channel estimation in wireless networks. There are 

also classifications in those protocols based on the 

variations in the nature of network. Previously for 

short range wireless network channel prediction 

several algorithms were developed, amongst them 

short range wireless channel prediction using local 

information is discussed in this section. 

Short range wireless channel prediction using local 

information 

Wireless channels change due to the mobility of users, 

which coupled with system delays, causes outdated 

channel state information (CSI) to be used for 

transmitter optimization techniques such as adaptive 

modulation. Channel prediction allows the system to 

adapt modulation methods to an estimated future CSI. 

The primary contribution of this paper is a low 

complexity channel prediction method using 

polynomial approximation. The method is local in the 

sense that only a few previous channel samples are 

required to estimate the next CSI. The computational 

complexity of the proposed method is demonstrated to 

be negligible compared to previous methods. 

Simulation results show that the proposed method 

accurately tracks slowly to moderately fading 

channels. The proposed method's usefulness is 

demonstrated by applying it to a multiuser OFDM 

system. As an example, a multiuser OFDM with a 

system delay of 5 ms and a Doppler spread of 40 Hz 

loses about 17% of its capacity due to imperfect 

CSI.Using the proposed algorithm to predict the CSI, 

the capacity loss is less than 1%. 

INTRODUCTION 

Concept of MIMO System: 

The idea of using multiple receive and multiple 

transmit antennas has emerged as one of the most 

significant technical breakthroughs in modern wireless 

communications. Theoretical studies and initial 

prototyping of these MIMO systems have shown order 

of magnitude spectral efficiency improvements in 

communications. As a result, MIMO is considered a 

key technology for improving the throughput of future 

wireless broadband data systems MIMO is the use of 
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multiple antennas at both the transmitter and receiver 

to improve communication performance. It is one of 

several forms of smart antenna technology.  

MIMO: 

Technology has attracted attention in wireless 

communications, because it offers significant increases 

in data throughput and link range without requiring 

additional bandwidth or receiver incorporates multiple 

antennas by using space-time-frequency adaptive 

processing. Single-input single-output (SISO) is the 

well-known wireless configuration, single-input 

multiple-output (SIMO) uses a single transmit antenna 

and multiple receive antennas, multiple-input single-

output (MISO) has multiple transmit antennas and one 

receive antenna. And multiuser-MIMO (MU-MIMO) 

refers to a configuration that comprises a base station 

with multiple transmit/receive antennas interacting 

with multiple users, each with one or more antennas. 

Transmit power. This is achieved by higher spectral 

efficiency and link reliability or diversity (Reduced 

fading). Because of these properties, MIMO is an 

important part of modern wireless communication 

standards such as IEEE 802.11n (Wi-Fi), IEEE 

802.16e (WiMAX), 3GPP Long Term Evolution 

(LTE), 3GPP HSPA+, and 4G systems to come. Radio 

communication using MIMO systems enables 

increased spectral efficiency for a given total transmit 

power by introducing additional spatial channels 

which can be made available by using space-time 

coding. In this section, we survey the environmental 

factors that affect MIMO performance.  

 

These factors include channel complexity, external 

interference, and channel estimation error. The 

multichannel term indicates that the receiver 

incorporates multiple antennas by using space-time-

frequency adaptive processing. Single-input single-

output (SISO) is the well-known wireless 

configuration, single-input multiple-output (SIMO) 

uses a single transmit antenna and multiple receive 

antennas, multiple-input single-output (MISO) has 

multiple transmit antennas and one receive antenna. 

And multiuser-MIMO (MU-MIMO) refers to a 

configuration that comprises a base Station with 

multiple transmit/receive antennas interacting with 

multiple users, each with one or more antennas. 

The constant advances in the world of wireless 

communications bring to end-users new services and 

features never expected in the past. Nevertheless, they 

also bring new challenges and issues to overcome. A 

major problem to solve is the quick growth of energy 

consumption in the Information and Communications 

Technologies (ICT) infrastructure. Mobile and other 

wireless communications are great contributors to the 

rapidly increasing rate of ICT traffic due to the 

innovative services supported by the latest mobile 

platforms, increasing every day the energy consumed. 

According to the often-cited Gartner report, the ICT 

Market contributes 2% of global GHG, Greenhouse 

Gases (CO2) emissions. This contribution will rapidly 

grow if no immediate measures are taken. The first 

problem of the high levels of energy consumption is 

that it is often necessary to use fossil fuel (e.g. diesel), 

which produces large amounts of GHG. 

The major part of the huge demands of energy comes 

from the radio access network (RAN), which 

represents 57% of the energy consumption of a cellular 

network. The high energy consumption of the RAN is 

due to two major reasons. First, the inefficient power 

supply conversion into transmission by base station 

(BS) systems, where the RF power amplifier section 

consumes between 60 and 70% of the energy supplied, 

dissipating a remarkable quantity of energy in terms of 

heat and only a small fraction corresponds to the useful 

output. 

Consider the downlink transmission in a single-cell 

cellular network. A list of all notations used in this 

paper for describing the considered model and its 

analysis is provided in the Nomenclature section. In 

this model, the BS can jointly utilize two CCs that are 

classified into primary CC (PCC) and secondary CC 
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(SCC). The PCC is looked upon as the main CC for 

transmissions, while the SCC is thought of as the 

supplementary CC when the traffic is relatively heavy. 

Assume that the two CCs are consecutively located in 

the same band and each has bandwidth B in Hz. The 

LTE-A frame structure that the scheduling process is 

executed subframe by subframe is followed. In each 

subframe, there are J subchannels and two time slots. 

The resource block (RB), which consists of seven 

OFDM symbols in one time slot and 12 subcarriers in 

one subchannel, is set as the smallest allocation unit. 

The total energy consumption in each subframe for the 

BS transceivers of OFDMA-based multiple CCs, while 

maintaining certain quality-of-service (QoS) minimum 

required levels and the fairness among users. Here, the 

QoS is considered to be the blocking probability and 

the data rate. This paper focuses on the downlink 

transmission and supports both the real-time (RT) and 

the nonreal-time (NRT) traffics simultaneously. 

Motivated by the practical need to more reasonable 

energy-saving designs in this area, a novel green 

scheme based on the rate-and-power control design is 

therefore proposed for efficiently solving the 

considered problem. The presented scheme also 

includes necessary scheduling and call admission 

control mechanisms. 

Focus on energy-efficient transmission, discussing the 

research on some techniques like MIMO, 

OFDM/OFDMA, adaptive modulation, scheduling, 

etc.  The radio resource allocation and transmission 

mechanisms are viewed from three different 

perspectives: space, frequency and time domain. 

Functions of MIMO: 

MIMO can be sub-divided into three main categories, 

precoding, spatial multiplexing or SM, and diversity 

coding. 

Precoding:It  is multi-stream beamforming, in the 

narrowest definition. In more general terms, it is 

considered to be all spatial processing that occurs at 

the transmitter. In (single-stream) beamforming, the 

same signal is emitted from each of the transmit 

antennas with appropriate phase and gain weighting 

such that the signal power is maximized at the receiver 

input. The benefits of beamforming are to increase the 

received signal gain, by making signals emitted from 

different antennas add up constructively, and to reduce 

the multipath fading effect. In line-of-sight 

propagation, beamforming results in a well defined 

directional pattern. However, conventional beams are 

not a good analogy in cellular networks, which are 

mainly characterized by multipath propagation. When 

the receiver has multiple antennas, the transmit 

beamforming cannot simultaneously maximize the 

signal level at all of the receive antennas, and 

precoding with multiple streams is often beneficial. 

Note that precoding requires knowledge of channel 

state information (CSI) at the transmitter and the 

receiver. 

Spatial multiplexing: 

It  requires MIMO antenna configuration. In spatial 

multiplexing, a high rate signal is split into multiple 

lower rate streams and each stream is transmitted from 

a different transmit antenna in the same frequency 

channel. If these signals arrive at the receiver antenna 

array with sufficiently different spatial signatures and 

the receiver has accurate CSI, it can separate these 

streams into (almost) parallel channels. Spatial 

multiplexing is a very powerful technique for 

increasing channel capacity at higher signal-to-noise 

ratios (SNR). The maximum number of spatial streams 

is limited by the lesser of the number of antennas at the 

transmitter or receiver. Spatial multiplexing can be 

used without CSI at the transmitter, but can be 

combined with precoding if CSI is available. Spatial 

multiplexing can also be used for simultaneous 

transmission to multiple receivers, known as space-

division multiple access or multi-user MIMO, in which 

case CSI is required at the transmitter. The scheduling 

of receivers with different spatial signatures allows 

good separability. 

Diversity Coding:  

It techniques are used when there is no channel 

knowledge at the transmitter. In diversity methods, a 

single stream (unlike multiple streams in spatial 
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multiplexing) is transmitted, but the signal is coded 

using techniques called space-time coding. The signal 

is emitted from each of the transmit antennas with full 

or near orthogonal coding. Diversity coding exploits 

the independent fading in the multiple antenna links to 

enhance signal diversity. Because there is no channel 

knowledge, there is no beamforming or array gain 

from diversity coding. Diversity coding can be 

combined with spatial multiplexing when some 

channel knowledge is available at the transmitter. 

Forms of MIMO: 

Multi-antenna types: 

Multi-antenna MIMO (or Single user MIMO) 

technology has been developed and implemented in 

some standards, e.g., 802.11n products. 

 SISO/SIMO/MISO are special cases of MIMO  

Multiple-input and single-output (MISO) is a special 

case when the receiver has a single antenna. 

Single-input and multiple-output (SIMO) is a special 

case when the transmitter has a single antenna. 

single-input single-output (SISO) is a conventional 

radio system where neither the transmitter nor receiver 

have multiple antenna. 

 Principal single-user MIMO techniques  

Bell Laboratories Layered Space-Time (BLAST), 

Gerard. J. Foschini (1996) 

Per Antenna Rate Control (PARC), Varanasi, Guess 

(1998), Chung, Huang, Lozano (2001) 

Selective Per Antenna Rate Control (SPARC), 

Ericsson (2004) 

 Some limitations  

The physical antenna spacing is selected to be large; 

multiple wavelengths at the base station. The antenna 

separation at the receiver is heavily space constrained 

in hand sets, though advanced antenna design and 

algorithm techniques are under discussion. 

Multi-user types: 

Recently, results of research on multi-user MIMO 

technology have been emerging. While full multi-user 

MIMO (or network MIMO) can have a higher 

potential, practically, the research on (partial) multi-

user MIMO (or multi-user and multi-antenna MIMO) 

technology is more active. 

 Multi-user MIMO (MU-MIMO)  

In recent 3GPP and Wi MAX standards, MU-MIMO is 

being treated as one of the candidate technologies 

adoptable in the specification by a number of 

companies, including Samsung, Intel, Qualcomm, 

Ericsson, TI, Huawei, Philips, Alcatel-Lucent, and 

Freescale. For these and other firms active in the 

mobile hardware market, MU-MIMO is more feasible 

for low complexity cell phones with a small number of 

reception antennas, whereas single-user SU-MIMO's 

higher per-user throughput is better suited to more 

complex user devices with more antennas. 

PU2RC allows the network to allocate each antenna to 

a different user instead of allocating only a single user 

as in single-user MIMO scheduling. The network can 

transmit user data through a codebook-based spatial 

beam or a virtual antenna. Efficient user scheduling, 

such as pairing spatially distinguishable users with 

codebook based spatial beams, is additionally 

discussed for the simplification of wireless networks in 

terms of additional wireless resource requirements and 

complex protocol modification. Recently, PU2RC is 

included in the system description documentation 

(SDD) of IEEE 802.16m (WiMAX evolution to meet 

the ITU-R's IMT-Advance requirements). 

Enhanced multiuser MIMO: 1) Employs advanced 

decoding techniques, 2) Employs advanced precoding 

techniques SDMA represents either space-division 

multiple access or super-division multiple access 

where super emphasises that orthogonal division such 

as frequency and time division is not used but non-

orthogonal approaches such as superposition coding 

are used. 

 Cooperative MIMO (CO-MIMO)  

Uses distributed antennas which belong to other users. 

http://en.wikipedia.org/wiki/Single-input_single-output
http://en.wikipedia.org/wiki/Bell_Laboratories_Layered_Space-Time
http://en.wikipedia.org/wiki/Wavelengths
http://en.wikipedia.org/wiki/3GPP
http://en.wikipedia.org/wiki/WiMAX
http://en.wikipedia.org/w/index.php?title=PU2RC&action=edit&redlink=1
http://en.wikipedia.org/wiki/Space-division_multiple_access
http://en.wikipedia.org/wiki/Space-division_multiple_access
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 Macrodiversity MIMO  

A form of space diversity scheme which uses multiple 

transmit or receive base stations for communicating 

coherently with single or multiple users which are 

possibly distributed in the coverage area, in the same 

time and frequency resource.[10][11][12] 

The transmitters are far apart in contrast to traditional 

micro diversity MIMO schemes such as single-user 

MIMO. In multi-user macro diversity MIMO scenario, 

users may also be far apart. Therefore, every 

constituent link in the virtual MIMO link has distinct 

average link SNR. This difference is mainly due to the 

different long-term channel impairments such as path 

loss and shadow fading which are experienced by 

different links. 

Macrodiversity MIMO schemes pose unprecedented 

theoretical and practical challenges. Among many 

theoretical challenges, perhaps the most fundamental 

challenge is to understand how the different average 

link SNRs affect the overall system capacity and 

individual user performance in fading environments.[13] 

 MIMO Routing  

Routing a cluster by a cluster in each hop, where the 

number of nodes in each cluster is larger or equal to 

one. MIMO routing is different from conventional 

(SISO) routing since conventional routing protocols 

route node by node in each hop. 

Applications of MIMO: 

Spatial multiplexing techniques make the receivers 

very complex, and therefore they are typically 

combined with Orthogonal frequency-division 

multiplexing (OFDM) or with Orthogonal Frequency 

Division Multiple Access (OFDMA) modulation, 

where the problems created by a multi-path channel 

are handled efficiently. The IEEE 802.16e standard 

incorporates MIMO-OFDMA. The IEEE 802.11n 

standard, released in October 2009, recommends 

MIMO-OFDM. 

MIMO is also planned to be used in Mobile radio 

telephone standards such as recent 3GPP and 3GPP2. 

In 3GPP, High-Speed Packet Access plus (HSPA+) 

and Long Term Evolution (LTE) standards take 

MIMO into account. Moreover, to fully support 

cellular environments, MIMO research consortia 

including IST-MASCOT propose to develop advanced 

MIMO techniques, e.g., multi-user MIMO (MU-

MIMO). 

MIMO technology can be used in non-wireless 

communications systems. One example is the home 

networking standard ITU-T G.9963, which defines a 

power line communications system that uses MIMO 

techniques to transmit multiple signals over multiple 

AC wires (phase, neutral and ground). 

In this paper, we adopt the notion of interference 

nulling in a MIMO-OFDM system and treat the IBI 

part as an interference channel. We propose a channel 

independent precoding scheme for a MIMO-OFDM 

system with insufficient CP or even no CP. We show 

that our proposed precoding scheme can eliminate the 

IBI caused by the insufficient CP with a higher 

bandwidth efficiency than the conventional zero-

padding or a sufficient CP adding when the number, n , 

of receive antennas is no more than the number, ntr  of 

transmit antennas, i.e., nr = nt. Interestingly, when 

nt=1and n=1, i.e., the single antenna case, in this 

paper, the IBI incurred from the insufficient CP can be 

aligned to a subspace of dimensions no more than a 

half of the difference of the ISI channel length and the 

insufficient CP length, thus the other half can be used 

for sending more information symbols. In this paper, it 

is also shown that when nr>ntr, the IBI can be 

eliminated similarly without any zero-padding or 

adding CP or precoding when the OFDM block length 

is not too small. 

Spatial Correlation 

Theoretically, the performance of wireless 

communication systems can be improved by having 

multiple antennas at the transmitter and the receiver. 

The idea is that if the propagation channels between 

each pair of transmit and receive antennas are 

statistically independent and identically distributed, 

then multiple independent channels with identical 

characteristics can be created by pre coding and be 

http://en.wikipedia.org/wiki/MIMO#cite_note-Karakayali-10
http://en.wikipedia.org/wiki/MIMO#cite_note-Karakayali-10
http://en.wikipedia.org/wiki/MIMO#cite_note-fnt2013-12
http://en.wikipedia.org/wiki/Signal-to-noise_ratio
http://en.wikipedia.org/wiki/MIMO#cite_note-Basnayaka-13
http://en.wikipedia.org/wiki/MIMO
http://en.wikipedia.org/wiki/Channel_%28communications%29
http://en.wikipedia.org/wiki/Independence_%28probability_theory%29
http://en.wikipedia.org/wiki/Identically_distributed
http://en.wikipedia.org/wiki/Precoding
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used for either transmitting multiple data streams or 

increasing the reliability (in terms of bit error rate). In 

practice, the channels between different antennas are 

often correlated and therefore the potential multi 

antenna gains may not always be obtainable. This is 

called spatial correlation as it can be interpreted as a 

correlation between a signal's spatial direction and the 

average received signal gain. 

Proposed System 

We propose a novel MIMO-OFDM channel prediction 

framework, which takes both spatial and temporal 

correlations of multiple antennas into account. Then, 

we propose two order-reduced autoregressive (AR) 

prediction algorithms to reduce the computational 

complexity under the proposed framework. The first 

predictor chooses the data via minimizing the MSE of 

prediction model, while the second predictor chooses 

the data in a heuristic way. Both of the two proposed 

algorithms can exploit spatial and temporal 

correlations effectively while maintaining a low 

computational complexity. We give more detailed 

analysis and simulation results in this paper. 

Furthermore, we present an appealing application of 

the proposed prediction algorithms, which can improve 

the precoding performance in MU-MIMO systems. In 

MU-MIMO-OFDM systems, precoding is proven to be 

an effective way to increase the system performance 

and eliminate the interferences among users. 

Unfortunately, CSI can only be feedback from the 

receiver in FDD systems, thus resulting in unavoidable 

outdated problem. 

 
Figure 1 Performance of pre coding with predicted 

channel coefficient of a high correlation scenario (α = 

0.9, β = 0.9), P = 2,M = 4,Np = 2(p = 1, 2), Doppler 

frequency is 5 Hz. 

 

 
Fig. 2. Prediction performance of a high correlation 

scenario (α = 0.9, β = 0.9),M = 4,N = 2, Doppler 

frequency is 70 Hz. 

                                                    

CONCLUSION 

There are two main contributions in our work. First, 

we derive a novel channel prediction framework for 

MIMOOFDM systems which takes both spatial and 

temporal correlations in to account. Second, we 

propose two MIMO prediction algorithms which select 

the useful data for AR modeling. The FSS predictor 

employs the optimal data selection strategy, which 

requires huge computations. In contrast, the reduced 

complexity FSS predictor chooses the data in a 

heuristic way, whose computational complexity is 

quite low. The performance of the two proposed 

algorithms is nearly the same in 2×2 antenna case. As 

the antenna increase up to 4×2, the FSS predictor 

offers slightly better performance compared with the 

reduced-complexity FSS predictor. Simulation results 

show that the prediction performance can be 

effectively improved by exploiting the spatial 

correlation, especially when the spatial correlation is 

relatively high. 

 

http://en.wikipedia.org/wiki/Spatial_multiplexing
http://en.wikipedia.org/wiki/Diversity_combining
http://en.wikipedia.org/wiki/Bit_error_rate
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