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Abstract. In order to track 5G downlink shared channel in real time and
meanwhile to reduce computational complexity, a linear minimum mean square
error algorithm based on demodulation reference signal adaptive parameter
estimation is proposed. Firstly, the SNR nonlinear centralized optimization
problem is transformed into a multivariable linear programming problem due to
the restriction of non-uniform energy distribution in time-domain channel.
Secondly, considering the uncertainty of multipath delay channel, the combi-
nation of negative exponential distribution model and generalized correlation
algorithm is taken advantage of so that the original problem is turned into a
specific parameter optimization problem. At the same time, according to the
obtained delay parameters and SNR, the most appropriate interpolation coeffi-
cient is selected for the LMMSE channel estimation by combining with the
sliding window, which avoids the matrix inversion process, realizes the real-
time matching of parameters, and reduces the computational complexity. The
simulation results show that the proposed algorithm has better system perfor-
mance compared with the classical channel estimation algorithm.
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1 Introduction

With the function of effectively improving spectrum utilization and realizing multi-user
access, Orthogonal Frequency Division Multiplexing (OFDM) is frequently applied in
5G system. The quality of channel estimation determines whether OFDM technology
can be implemented efficiently. In a consequence, it is very important for communi-
cation system to obtain effective data information by appropriate methods. The data
processing of the channel estimation module of Physical Downlink Shared Channel
(PDSCH) has a direct effect on the performance of the whole 5G system, so it is of
great importance to find a method easy to implement and with better system perfor-
mance. In literature [1], an algorithm based on Fast Fourier Transformation
(FFT) operation, circular shift operation and fast Toplitz matrix vector multiplication to
obtain the autocorrelation matrix has been put forward. In literature [2], it is pro-posed
that the method of estimating the noise variance in the time domain through the leading
symbol has strong robustness, yet multiple iterations increase the complexity. In
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literature [3], a linear minimum mean square error channel estimation algorithm based
on compressed sensing has been raise, which improves the frequency band utilization.
These techniques may increase the computational complexity, so there are difficulties
to apply them in practice. Literature [4] proposes two-dimensional linear minimum
mean square error channel estimation method for OFDM systems, which can reduce
the computational complexity, but this algorithm is only suitable for slow fading
channels. In literature [5], the channel delay parameters are estimated, and then the
channel estimation is carried out by using the lookup table, under the condition of high
SNR, this algorithm suffers from flat effect, which may degrade system performance. In
literature [6], a new low rank minimum mean square error method is pro-posed to
simplify the filtering matrix and diagonal matrix, which has good system performance,
but involves the acquisition of channel statistics.

Aiming at the difficulty and high complexity of channel prior information acqui-
sition, an adaptive parameter channel estimation method based on Demodulation
Reference Signal (DRMS) is proposed in this work. According to the characteristics of
energy and power delay profile distribution in 5G time-domain channel, the methods of
impulse point decision and difference approximation are adopted to estimate the delay
parameters and Signal to Noise Ratio (SNR) in real time respectively, and the channel
estimation is carried out in combination with the sliding window. In the light of the
simulation results, this method achieves a good compromise between system perfor-
mance and computational complexity compared with the classical channel estimation
algorithm.

2 System Module

Estimation of DRMS in 5G downlink Shared channel is divided into two parts. At the
pilot, the algorithm of Least Square (LS) or Linear Minimum Mean Square Error
(LMMSE) is adopted; at the data, interpolation algorithm is adopted [7, 8]. Including:

• Channel estimation at pilot adopts LS algorithm;
• LMMSE interpolation is used for data locations in the frequency domain;
• Linear interpolation is adopted at the location of time-domain data. After the above

steps, channel responses of all reference signals are finally obtained.

5G system has made a new design for reference signal. The function of the most
important Cell Reference Signal (CRS) in LTE system will be carried by DRMS,
Channel State Information Reference Signal (CSI-RS), Phase Tracking Reference
Signal (PTRS) et al. In particular, DRMS is used for channel estimation of PDSCH in
5G systems, which uses LS algorithm to complete the estimation of the initial channel
frequency response.

Based on the existing Minimum Mean Square Error (MMSE) algorithm, the
instantaneous power of each frame is replaced by the average power of each sub-

channel, so LMMSE denotes ĤLMMSE ¼ RHH RHH þ b
SNR I

� ��1
ĤLS as the channel

responses, where W ¼ RHH RHH þ b
SNR I

� ��1
represents the interpolation matrix, RHH
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represents the correlation matrix, I is an unit matrix, b is a constant, which depends on
what kind of modulation is used. When the modulation is QPSK, b ¼ 1; 16QAM,
b ¼ 17=9; 64QAM, b ¼ 2:6854; 256QAM, b ¼ 3:4371.

It can be seen from the expression that the emphasis lies in the calculation of
correlation matrix and SNR, as well as the inverse operation of the matrix [9, 10]. The
former constitutes the interpolation filter coefficient, which is related to the system
performance, while the computational complexity of LMMSE algorithm is mainly
reflected in the process of matrix inversion.

This paper mainly studies the frequency domain interpolation algorithm based on
LMMSE to apply in practical engineering. Considering its practicability from different
perspectives, there is a design scheme.

3 Proposed Algorithm

The expression of LMMSE channel estimation correlation matrix is as follows:

RHH ¼ E HHH
� � ¼ rx;y

� � ð1Þ

rx;y ¼
1� exp �sm j 2pN x� yð Þþ 1

sr

h in o

sr 1� exp � sm
sr

� �h i
1

sr þ j2pN x�yð Þ
� � ð2Þ

The maximum diameter delay sm and root mean square delay sr determine rx;y [11,
12]. The traditional method uses a channel model with uniform delay distribution and
negative exponential power delay profile, and assumes that the root mean square delay
is a fixed constant.

3.1 Proposed Algorithm Design

The flow chart of 5G downlink Shared channel DRMS channel estimation algorithm
are shown in Fig. 1. Specific steps of the algorithm are given as:

• Obtain DRMS reference signals and then use LS algorithm for DRMS estimation.
• Conduct the LMMSE frequency domain interpolation at the data points according

to the estimated channel value obtained in the previous step.
• According to the characteristics of energy distribution in the time-domain of the

channel, the SNR is calculated by tracking the distribution of the channel in real
time, and the delay parameters are obtained by using correlation method.

• Calculate the frequency domain LMMSE Wiener filtering coefficient through the
obtained delay parameters and SNR.

• In the frequency domain, the sliding window and LMMSE algorithm are combined
to estimate the data signals.

• Using linear interpolation to estimate the data signals in the time domain.
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3.2 Proposed Adaptive Delay Parameter Estimation

Real-time estimation of delay parameters can realize adaptive adjustment of the number
of pilots at the sending end, and the channel estimation performance can be improved
effectively. In order to solve the channel mismatch problem caused by delay param-
eters, this paper randomly assigns the delay value and estimates parameters in the
channel model with negative exponential distribution of power delay profile. The delay
power is calculated as P sð Þ ¼ Ce�s=sr , C represents the maximum value of multipath
power spectrum. The relation between delay power and multipath delay can convert rx;y
into

rx;y ¼
1� h exp sm2pj

x�y
N

� �

1� hð Þ 1� �sm
lnh 2pj

x�y
N

� � ð3Þ

The correlation matrix problem is transformed into the maximum path delay
problem, which improves the accuracy and reliability of parameters.

In order to obtain the instantaneous correlation value at pilot frequency of OFDM
symbol, Correlation operation is carried out for frequency domain channel response at
pilot. The instantaneous correlation value is presented as

R̂H Dð Þ ¼ Ei Ĥ mð ÞĤ� mþDð Þ� � ð4Þ

Considering the characteristic of concentrated energy distribution of time-domain
channel, the power delay spectrum is obtained by Inverse Discrete Fourier Transform
(IDFT). This can formally be expressed as

r̂h lð Þ ¼ IDFT R̂n
H Dð Þ� 	 ¼

XN�1

D¼0

R̂n
H Dð Þe�j2pD=N ð5Þ
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Fig. 1. Adaptive LMMSE channel estimation

374 B. Deng et al.



Where l ¼ 0; 1; . . .;N � 1. Since the power delay spectrum is approximately
symmetric with N=2 as the center, the channel impulse points are determined by the
following decision

r̂h lð Þ[ r̂h l� 1ð Þþ r̂h lþ 1ð Þð Þ=2 ð6Þ

The position parameters of the peak element of the impulse point are obtained,
l� Ts is the delay time of each path, and Ts is the tap interval.

The maximum path delay spread value of the channel is a relative delay value,
which is actually the value of the power attenuation udB of the strongest multipath
signal. So define E ¼ r̂h 0ð Þ � 10�u=10 to determine the number of taps that is set as
G ¼ argmax

l2 1;2;...;N=2½ �
fr̂h lð Þ[Eg, where u is the threshold value of power attenuation cor-

responding to the maximum diameter delay. After the impulse point decision and
threshold setting, the maximum diameter delay extension value sm is obtained by
multiplying the tap interval and the tap number. The process is shown in Fig. 2.

3.3 Proposed SNR Estimation

The SNR is estimated according to the characteristic that channel energy sparsely
distributes on M channel paths, and always tends to be distributed on K paths of what
the size we don’t know. Therefore, this paper proposes an adaptive SNR estimation
method to track the channel energy distribution in real time. This method can determine
not only the size of K, but also its corresponding specific location. It is also suitable for
the channel with decentralized energy distribution.

Receiver signal in time domain is r ið Þ ¼ y ið Þþw ið Þ, where r ið Þ ¼ rI ið Þþ jrQ ið Þ
represents the received signal. By splitting the real part and the imaginary part, the
received signal power can take the form

P ¼
Xi¼M�1

i¼0

PðiÞ¼
Xi¼M�1

i¼0

real r ið Þð Þj j2 þ imag r ið Þð Þj j2
h i

ð7Þ
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Fig. 2. The process of maximum diameter delay estimation
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The noise on each path in the channel is different, but its noise power always
approaches one value. Assuming that the noise power of each path is r2, there are M
paths. So �P ¼ P

M [ r2 is the average power, where P represents the total power of
received signal. According to the above analysis, in order to determine the exact location
of the signal, the algorithm gives the decision condition P ið Þ � �P[ 0, where P ið Þ
represents the received signal power of path i, which must be the value of 0, 1, 2,…, K.

Exclude the determined signal path, calculate the average power of the remaining
M � i paths, and repeat the first two steps until it meets P ið Þ � �Pj j\d (d is a positive
number approaching 0). After determination, the remaining path, which does not meet
the above conditions, is the path of noise, so as to determine the K paths of signal
distribution.

Given that the noise power of each path is basically the same, the average noise
power of the last M � K paths is calculated as

r2 ¼
PM�1

i¼K P ið Þ
M � K

ð8Þ

Therefore, the SNR is estimated with

SNR ¼ P � Nr2

Nr2
¼ P

Nr2
� 1 ð9Þ

The process of adaptive SNR estimation is shown in the Fig. 3.

In practical engineering application, to save resources as much as possible, the
consideration of computational complexity is the key. Suppose that there are N pilots in
OFDM symbol, and the initial subspace dimension of the estimated signal is assumed
to be r through adaptive estimation. Each OFDM symbol channel estimation achieves a
moving average instead of statistical autocorrelation values. The next time estimation is
an orthogonal iteration, the value is the average of the previous estimation. The total
computation is OðNðrÞ2Þ, but the traditional LMMSE estimation computation is
OðN3Þ. This method reduces the dimensions of the correlation matrix inversion, and the
number of calculations for plural matrix multiplication and addition.
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Fig. 3. The process of adaptive SNR estimation
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4 Simulation Results and Discussion

4.1 Simulation Parameter

In order to verify the validity and stability of the proposed estimation algorithm,
MATLAB is used to simulate it. Simulation parameters are shown in Table 1, and the
channel multipath number is generated randomly between timely delays.

Figure 4 shows the simulation of power delay spectrum under different SNR. It can
be seen from the figure that the change of SNR has little influence on the delay
spectrum, and only when the SNR is very small (0–10 dB) may generate noise impulse
points leading to misjudgment. It is shown that the multipath time delay estimation
algorithm presented in this paper is not affected by channel noise and has good
stability.

Table 1. Simulation parameters

Parameter Value

System bandwidth 20 M Hz
Modulation method 64QAM
Channel model Negative exponential distribution
Subcarrier number 512
Subcarrier interval 7.815 kHz
Pilot model Comb
FFT 2048
Sampling frequency 30.76 MHz
Cyclic prefix Normal CP

Fig. 4. Power delay spectrum for different SNR
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Figure 5 depicts Bit Error Rates (BER) generated by different channel estimation
algorithms. Compared to Singular Value Decomposition (SVD) LMMSE interpolation
algorithm, the improved LMMSE algorithm has a smaller BER. The BER performance
of LMMSE algorithm is the most ideal. Although the performance of the improved
LMMSE interpolation algorithm is not completely consistent with the ideal channel, its
system performance is relatively better than that of other interpolation algorithms. The
simulation results show that when the SNR is relatively small, the improved LMMSE
algorithm has lower BER and better performance. However, BER decreases faster
when SNR is greater than 15 dB. This is because the algorithm makes full use of the
correlation between symbols to track the signal information in real time. And it esti-
mates the dimension of signal subspace within a small error range to reduce the
estimation error.

Figure 6 shows the Mean Square Error (MSE) performance of different algorithms.
With the increase of SNR, the MSE of the four algorithms decreases. Under the same
SNR, the MSE of LS interpolation algorithm is the largest. The improved LMMSE
algorithm is superior to SVD-LMMSE algorithm. Moreover, with the increase of SNR,
the improved LMMSE algorithm is very close to the characteristic curve of the ideal
LMMSE algorithm. The reason is that the improved algorithm takes full account of the
characteristics of uneven delay distribution and concentrated energy distribution in the
channel to realize the adaptive estimation of parameters, and make the actual estimation
as close as possible to the ideal channel.

Fig. 5. Comparison of BER for different algorithms
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5 Conclusion

Based on the characteristics of the 5G downlink shared channel, the time delay
parameter and SNR estimation of the LMMSE channel estimation algorithm are
optimized under the condition of not requiring the channel statistics information, and
better system performance is obtained. A corresponding model is established for the
proposed time delay estimation optimization method. Moreover, the methods of fre-
quency domain correlation method and impulse point decision are combined to sim-
plify the multivariate solution to a single variable by using the negative exponential
distribution channel model. For SNR optimization, considering the characteristics of
channel energy distribution, channel distribution decision conditions are set to track the
channel information in real time, and fixed variable estimation is converted into
adaptive estimation, so as to improve the information accuracy. Ultimately, the slid-ing
window LMMSE algorithm is made use of to obtain the channel response of the whole
channel. This paper also attempts to compare the proposed method with other different
methods of channel estimation. Simulation results demonstrate that com-pared with the
traditional LMMSE algorithm, the improved algorithm reduces the computational
complexity and effectively reduces the waste of hardware resources.
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