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Brief Introduction to LTE
 Long Term Evolution is a step toward the 4th generation (4G) of radio

technologies, designed to increase the capacity and speed of mobile
cellular networks
 LTE Downlink is based on MIMO-OFDM
 OFDM Transforms frequency-selective fading into a set of flat fading

channels, one for each subcarrier
 MIMO  Used to combat fading and increase capacity of wireless
communication systems
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Motivation forSemi-BlindChannel
Estimation
 LTE is based on MIMO-OFDM
 Multiple antennas at the transmitter and receiver sides to combat fading

and increase the capacity of wireless communication systems
 An independent channel realization between each transmittingreceiving antenna pairs

 Channel Estimation challenge: a much larger number of parameters

to be estimated, compared to a typical SISO system
 need to exploit more information at the receiver in order to achieve an

acceptable estimation accuracy

 Pilot based approach: compared to SISO, the transmission of a longer

pilot sequence is required
 Pilots don’t carry desired information  Bandwidth Inefficient solution

 The Semi-Blind approach represents an alternative solution
 Also the unknown symbols are exploited at the receiver in the estimation

process
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MIMO-OFDM System Model
 The noise is a zero mean Gaussian process with covariance
(precision
), independent across time and sub-carriers
 The entries of
represent an i.i.d. sequence of symbols drawn
uniformly from the consteallation (
), with mean power
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Training Sequence Channel Estimation:
Observation Model and ML solution
 Only the observations in

correspondence of the pilot
symbols are used for the
estimate
 The blind observations are

completely discarded in the
estimation process
 ML solution

information used in the estimation process
unknown
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Training Sequence Channel Estimation:
Advantages

Disadvantages

 Very simple algorithm
 No iterative algorithms to
converge to a local solution

 Very robust
 There is an exact solution to the
likelihood equation

 In a MIMO-OFDM system, the

large number of parameters
require a longer training
sequence
 Pilots don’t carry desired
information  bandwidth
inefficient solution

 The blind observations are

completely discarded in the
estimation process
 Missed opportunity to enhance
the estimation accuracy
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Semi-Blind Channel Estimation:
Observation Model
 Compared to the pilot based

approach, also the blind
observations are used in the
estimation process


is unknown at the receiver,
since it carries the information
symbols
 One more degree of uncertainty

information used in the estimation process
unknown

on the blind observations
 However, the blind observations
provide evidence of the
unknown symbols
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Semi-Blind Channel Estimation:
EM-Algorithm
 E-step: posterior first and second

order moments of the unknown
symbols, given the current
channel estimate

 M-step: channel estimate
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Semi-Blind Channel Estimation:
Assumptions on the unknown symbols
 True Discrete distribution
 Estimation accuracy: optimal solution, since the true distribution is used
 Computational burden: the computation of true posterior distribution is a

combinatorial problem, not scalable to higher order modulations and
MIMO systems 
combinations for each unknown symbol

 Gaussian Approximation
 Estimation accuracy: sub-optimal solution

 Computational burden: reduction in the computational overhead;

the E-step corresponds to the MMSE equalizer

 Constant Modulus Approximation
 Estimation accuracy: sub-optimal solution, but there is one less degree of

freedom on the unknown symbols  better approximation than the
Gaussian one
 Limited applicability: only
(
) and transmission rank
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LTE Downlink Frame Structure
Pilot allocation on RB

 RB: Resource Block
 12 sub-carriers and 7 OFDMsymbols

 With 2 transmitting antennas

the number of pilots on each RB
on each antenna is twice the
case of 1 transmitting antenna
 In the simulations one single slot
is transmitted with 6 RBs
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SISO-OFDM
4-QAM, N=72, L=9, 1 slot
Mean Square Error

 The best accuracy is achieved

when using the true discrete
distribution
 The Constant Modulus approx.

achieves a better performance
than the Gaussian approx.
 In general, the more closely we

approximate the true
distribution, the better the
estimation accuracy
 Good approximations in the low-

SNR regime
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SISO-OFDM
4-QAM, N=72, L=9, 1 slot
Bit Error Probability

 In general, the channel

estimator with a better accuracy
from an MSE perspective leads
to a better performance in terms
of BER
 Semi-Blind approach with

Gaussian approximation leads to
0.4-0.6 dB improvement
compared to the pilot based
approach, from a BER
perspective
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1Tx2R SIMO-OFDM
4-QAM, N=72, L=9, 1 slot
Mean Square Error

 Augmenting the number of

receiving antennas, the pilot
based approach doesn’t improve
the accuracy over the SISO
scenario
 All the Semi-Blind approaches

improve the estimation accuracy
over the SISO scenario
 There is less uncertainty in the

estimation of the unknown
symbols, since we exploit the
diversity gain deriving by the use
of two receiving antennas
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1Tx2R SIMO-OFDM
4-QAM, N=72, L=9, 1 slot
Bit Error Probability

 In parallel, we notice the same

improvement from a BER
perspective: Semi-Blind
approach with Gaussian
approximation leads to 1-1.2 dB
improvement compared to the
pilot based approach, from a
BER perspective
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2Tx2R MIMO-OFDM
4-QAM, N=72, L=9, 1 slot, tx rank S=2
Mean Square Error

 The estimation accuracy for the

pilot based approach is the same
as the SISO scenario
 more pilots are allocated

 For the Semi-Blind approaches

the estimation accuracy is
slightly worse
 The pilots are always

transmitted orthogonally across
the antennas
 Compared to SISO, the unknown
symbols are not
deterministically orthogonal
across the transmitting antennas
Inter-Antenna-Interference
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Concluding Remarks
 The Semi-Blind approach leads to better performance from both an

MSE and BER perspective over the pilot based approach
 However, this comes at the cost of an increased receiver complexity
 Need of iterative algorithms to converge to a local solution

 The True discrete distribution leads to optimal performance from the

point of view of the estimation accuracy, but high computational
overhead

 The use of approximations represents a trade-off between

estimation accuracy and computational complexity
 Gaussian approximation: a good approximation in the low-SNR regime
and for higher order constellations; can easily be applied to different
scenarios
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