
 
 

 

  
Abstract—The upcoming fifth-generation (5G) systems will 
need to support novel traffic types that use short packets. The 
short-packet communication (SPC) is a concerned application 
in the subject about low-latency high-reliability. Due to the 
property of SPC, efficiently reducing the length of cyclic prefix 
(CP) and length of pilot is an important study. As far as we 
know, no research has been presented for blind receiver with 
joint channel shortening, carrier frequency offset (CFO) 
compensation and data detection for 5G SPC systems. 
Therefore, we employ the blind system in the receiver which 
does not need pilot and reduce the length of CP as short as 
possible. CFO estimation and channel shortening have been 
addressed individually. However, this leads to a circular set of 
assumptions, since standard CFO estimators perform poorly 
when the channel is longer than the guard interval, and 
standard channel shorteners assume that CFO estimation has 
already been perfectly performed. This paper proposes a blind 
receiver for uplink reception of a multi-input multi-output 
(MIMO) single-carrier interleaved frequency-division 
multiple-access (SC-IFDMA) system transmitting over a 
highly-dispersive channel, which is affected by both timing 
offsets (TOs) and frequency offsets (CFOs). When the length of 
CP is insufficient to compensate for channel dispersion and TOs, 
a common strategy is to shorten the channel by means of 
time-domain equalization, in order to restore CP properties and 
ease signal reception. This paper proposes a blind receiver for 
SPC systems that do not need pilot and can solve the interblock 
interference (IBI) caused by insufficient CP length. The receiver 
exhibits a four-stage structure: the first stage performs blind 
shortening of channel impulse responses (CIRs), without 
needing neither a priori knowledge of the CIRs to be shortened, 
nor preliminary compensation of the CFOs; the second stage 
performs joint estimation and compensation of the CFOs; the 
third stage implements signal-to-noise ratio (SNR) 
maximization, without requiring knowledge of the shortened 
CIRs; the fourth stage performs blind  detection with fractional 
lower-order statistics constant modulus algorithm 
(FLOS-CMA). Some simulation examples are given to show the 
effectiveness and comparisons of the proposed receiver. 

Index Terms—short-packet communications, blind receiver.  

I. INTRODUCTION 
HE vision of the Internet of Things promises to bring 
wireless connectivity. Each new generation of cellular 
systems has been mainly designed with the objective to 

provide a substantial gain in data rate over the previous 
generation. Fifth generation (5G) will depart from this 
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scheme: its focus will not only be on enhanced broadband 
services. This is because the vast majority of wireless 
connections in 5G will most likely be originated by 
autonomous machines and devices rather than by the 
human-operated mobile terminals. 5G will address the 
specific needs of autonomous machines and devices by 
providing two novel wireless modes: ultrareliable 
communication (URC) and massive machine-to-machine 
communications (MM2M). With MM2M one refers to the 
scenario where a massive number of devices need to be 
supported within a given area. The data packets are short and 
reliability must be high to cope with critical events. Indeed, 
short packets are the typical form of traffic generated by 
sensors and exchanged in machine-type communications. 
Among these, short-packet communications (SPC) [1]-[2] is 
receiving a significant attention in the subject about 
low-latency high-reliability. Therefore, we employ the blind 
system in the receiver which does not need pilot and reduce 
the length of CP as short as possible. So, 5G will potentially 
require a transmission mode with very low air interface 
latency enabled by very short frames. 

In the uplink, we employ MIMO SC-IFDMA [3] which 
can be considered as a precoded version of OFDMA [4]-[5]. 
One of the major drawbacks of OFDMA is due to the large 
fluctuations of the transmitted signal envelope [6], which 
dictates the use of expensive linear amplifiers in the uplink, 
as well as significant power back-off at the user transmitters, 
thus resulting in both undesirable additional costs and waste 
of battery power. Just like OFDMA, the performance of the 
SC-IFDMA uplink is susceptible to time offset (TO) and 
carrier frequency offsets (CFO) between the transmitters and 
the receiver. TO and CFO will cause both loss of 
orthogonality among subcarriers and IBI. To solve this 
question, synchronization/compensation originally designed 
for the OFDMA uplink [7] can be amended and applied to the 
SC-IFDMA uplink. MIMO [8]-[10] wireless communication 
which uses spatial multiplexing is able to raise channel 
capacity through added data, which need to be separated by a 
detection algorithm. 

If the delay spread of the wireless channel is larger than 
the guard interval between blocks, then channel shortening is 
required for proper demodulation. Moreover, the vast 
majority of CFO estimation algorithms require that channel 
shortening has already been performed and in some cases 
CFO estimation techniques assume that the channel is an 
ideal impulse. However, fulfillment of the QS assumption 
might be impractical for systems operating over 
highly-dispersive multipath channels: in this case, joint 
timing and frequency synchronization at the BS is needed, 
which becomes a formidable task in the case of interleaved 
carrier assignment scheme (CAS), since the users cannot be 
separated in advance by simple bandpass filtering, as in 
subband CAS. In this paper, we consider the uplink MIMO 
SC-IFDMA systems affected by both TOs and CFOs, 
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operating over a highly dispersive channel for which the QS 
assumption is violated, i.e., the CP is not long enough to 
compensate for channel dispersion plus the residual user TOs. 
The receiver of our study exhibits a four-stage structure: the 
first stage performs blind shortening of CIRs, without 
needing neither a priori knowledge of the CIRs to be 
shortened, nor preliminary compensation of the CFOs. In the 
general condition, the length of CP must be longer than 
channel path to effectively suppress IBI by CP removal. To 
overcome this problem, channel shortening techniques can 
make channel become an equivalent channel whose length is 
shortened. Several non-blind [11]–[15] as well as blind 
channel-shortening algorithms have been proposed for 
single-input single-output systems, some of which have also 
been extended to the MIMO case. The second stage performs 
joint estimation and compensation of the CFOs. Because 
SC-IFDMA is sensitive to CFO, it needs an accurate 
estimation of CFO to keep the orthogonality. In this paper, 
the CFO estimator is based on the algorithms of estimation of 
signal parameters via rotational invariance technique 
(ESPRIT). The number of parameters estimated using 
ESPRIT becomes equal to the number of unknown values, 
under the assumption that all the transmitted signals are 
independent. It can therefore be expected to result in an 
improved CFO estimation performance. ESPRIT has a much 
lower computational load. The third stage implements 
signal-to-noise ratio (SNR) maximization, without requiring 
knowledge of the shortened CIRs. The last stage performs 
blind data detection with FLOS-CMA. Due to using MIMO 
wireless communication, it needs to separate data received in 
different antenna by a detection algorithm. At the output of 
the antennas, the signals are interfered by both inter-symbol 
interference (ISI) and inter-user interference (IUI). To 
suppress the ISI, and also to separate different signals, a 
multi-user constant modulus algorithm (MU-CMA) was 
proposed. However, in many practical problems, the noise 
encountered is more impulsive in nature. In order to handle 
the realistic noise and interference in the data, we employ the 
FLOS-CMA. 

II. SYSTEM MODEL 
Let us set that the uplink of a MIMO SC-IFDMA system 

with 
mkk ≤  active users, each has 

tN -antenna transceiver, 
transmitting to BS equipped with rN  antennas. The 
transmitter is described as Figure 1. The system have total of 
M subcarriers, distributed in 

mK  disjoint sets, each consisting 
of 

uM  subcarriers, 
mu KMM /=  . In MIMO SC-IFDMA 

system, the subcarriers are uniformly distributed to the signal 
band, i.e., let 1,1,0, −<<<

uMkkk iii   denote the subcarriers 
distributed to user } , 2  1{ K,,k ∈ , one has  

}1{,, −∈+= ukmlk MllKi  ,  , 1 , 0for      φ  (1) 

where  }1 ,  , 1 , 0{ −∈ mk Kφ  denotes the index of the first 
subcarrier assigned to the thk  user.  
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where 
cpT  is CP insertion, T]I,IT M

T
cpcp [= , kW  is the M-point 

normalized IDFT matrix and elements are 
21
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 }1  1  0 {  1 −∈ M,,,l  and  }1  1  0 { 2 −∈ uM,,,l  . The baseband 
received signal at the thα  antenna ( },{1,2, rN∈α ) can be 
expressed as follows, 
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where )(, thN
k α  is the channel impulse responses between the 

thk  user transmitter at 
thN  transmit antenna and the 

thα  BS 
antenna receiver, 

kfΔ  and kτΔ  are the remaining CFO and 
TO of the thk  user, and )(tαω  is the noise. 
    Assuming that )(, thN

k α
 spans kL  sampling periods, i.e., 

 0)(, ≡thN
k α with ],0[ ckTLt ∉ ( PTTc /= , where T is the symbol 

length). By assuming that user will try to adjust uplink 
synchronization parameters, the remaining TO will be either 
much smaller than 

kL  or, in the worst condition, reduces to 
the two-way propagation delay [7] between the thk  user and 
the BS, whereas the remaining CFO is limited to one-half of 
the subcarrier spacing )/(10 cMTf =Δ , i.e., 2/0ffk Δ<Δ . TO 
can be expressed as kckk T ξθτ +=Δ , for 

kθ >0 and 
),0[ ck T∈ξ . Therefore, we denote the normalized CFO 

NN
k

N
k ff 0/ ΔΔ=ε , and N

kε  will be smaller than 1/2.     The 

signal )(trα
 is sampled with rate cc TN / , and 1≥cN  denoting 

the oversampling factor. The thq  sample of the received 
signal at the thα  antenna is given by  
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Set 
cr NNQ =  and by collecting the 

cN  data vectors resulting 
from oversampling over all the rN  receiving antennas into 
the Q-dimensional complex vector, we obtain 

TTNTT mrmrmrmr c ])}({,,)}({,)}([{)( )1()1()0( −=  (7)
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Thus, we can express the received signal as 

     
+

=

−

=

−

=

+−=
kkt L

l

N
k

qN
k

K

k

N

N

M mlmulh
mj

emr
N
k

θ

α

π

ω
ε

0

)(1

0

1

0

2

)()()()( (8)

where  
TTNN

k
TN

k
TN

k
N
k lhlhlhlh c ])}({,,)}({,)}([{)( )1()1()0( −= 

 
(9) 

T
k

qN
Nkk

qN
kk

qN
k

qN
k lhlhlhlh

r
)](,),(),([)( )(

,
)(

2,
)(

1,
)( θθθ −−−= 

 
(10)

TTNTT mmmm c ])}({,,)}({,)}([{)( )1()1()0( −= ωωωω 

 
(11)

Tq
N

qqq mmmm
r

)](,),(),([)( )()(
2

)(
1

)( ωωωω =  (12)

III. THE PROPOSED BLIND RECEIVER 
The proposed blind receiver is described as Figure 2. 

The blind receiver includes four steps: blind channel 
shortening, CFO estimation and compensation, SNR 
maximization and blind data detection. 
Blind Channel Shortening 

When }{max },,2,1{max kkKk LL θ+= ∈ 
 and maxL >

cpL , the 
effects of channel dispersion and TOs cannot be cancelled by 
removing CP. To solve this issue, we propose to incorporate 
in the receiver a TEQ, aimed at shortening the CIR to 
suppress IBI by CP removal. The proposed eL -order 
finite-impulse response (FIR) TEQ acts on 
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sample of )(mr  and can be expressed as follows, 
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and 1  +∈Σ= gLHN
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k CfHg  is the combined gL -order FIR 

channel-TEQ response. In this paper, we design the 
shortened CIR of the users as FIR channel of order 

effL  and 

effL  is a design parameter and equal or less than 
cpL . The 

proposed desired window is },,1,0{ effL . According to the 
above equation, we can find that 
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)(mywall  contains noise and the IBI component outside 
the desired window. This part cannot suppress IBI by CP 
removal. Assuming that 

effg LL
N

wallkg −= 0,
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(zero-forcing approach), which needs to require knowledge 
of N

kH  and N
kΣ . But it cannot be called blind system. So we 

propose MMOE approach to make N
kg  become a blind 

manner, by generalizing the design to SC-IFDMA scenario. 
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where )()( mwFmv H
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decomposition of *)()( γmzmy T
mmoe =  and removing CP to 

achieve IBI suppression, and the TEQ output vector  
T

mmoecpmmoecpmmoemmoe PnPyLnPyLnPyny )]1(,),1(),([)( −++++= 

 of IBI free sample in the thn  symbol period is given by 
*)()( γnZnymmoe =  where T

cp PnPzLnPznZ )]1(,),([)( −++=  .     
According to [3] that )(nZ  can be rewritten as 
     )()()( nVnAnZ +Ψ=                                                   (26) 
Put )(nZ  into a )1( +× cputm LQMNK  matrix V row by row 
and compute the estimated tmtm NKNK ×  covariance matrix 

H

cpu

VV
LQM )1(
1

+
=Ξ  (27) 

Let E  denote the set of 
tKN  eigenvectors which 
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tKN  largest eigenvalues of Ξ . E  spans the 
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Through taking N
kε̂  into Ψ  to implement CFO compensation, 

the estimate of )(nA  is given by 
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where HH ΨΨΨ=Ψ −1)('  is the Moore-Penrose inverse of Ψ . 

Blind User SNR Maximization 
    Assuming that IBI has been removed and the CFOs have 
been perfectly compensated. Thus, the resulting thk  user data 
matrix )(ˆ nAk

 can be express as 
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After DFT, it has 
)(ˆ)( nAWnQ kdftk =                                                        (31)  

To take into account the constraint vector γ  , we observe that 
the cascade of CFO compensation, user separation and DFT 
can be equivalently seen as a linear transformation of the 
TEQ output vector *)()( γnZnymmoe =  which allows one to 
write the frequency-domain vector )(ˆ nqk

 as 
*)()(')(ˆ γnQnyRWnq kmmoekdftk =Ψ=                                (32) 

Therefore, the SNR can be expressed as 
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where  
**

,,
2)]()([ mmoeNN

T
mmoe

N
wink

TN
winkusk

H
kQQ FRFGGMnQnQER

kkkk
+== σ  , 

with )]()([ nNnNER k
H
kNN kk

= . According to [3] that 
kk NNR  is 

a scaled identity matrix, therefore maximizing SNR with 
respect to γ  leads to 

  }{max arg *
, γγγ

γ kkQQ
H

optk R=                               (34) 

1  subject to =γγ mmoe
H

mmoe
H FF . max,

~
kγ  is the eigenvector 

associated with the largest eigenvalue of 
matrix 1*1 −−

mmoeQQ
H

mmoe RRR
kk

, and mmoemmoemmoe RQF =  is the QR 
decomposition of 

mmoeF . 

IV. SIMULATION RESULTS 
In this section, the performance of the proposed blind 

receiver for MIMO SC-IFDMA system is simulated. The 
MIMO technology is simulated with 2×2 configuration and 
the adopted channel models are the Rayleigh fading channel 
with path number 10 and the cost207 fading channel which is 
simulated over bad urban area (path number 21). The 
modulation format is QPSK. In this system, each user has two 
antennas for transmitter side and receiver side has two 
antennas. The DFT sizes are 128,64 == MM u  and 

64,32 == MM u
. The CFO is 0.15 subcarrier spacing and the 

Cyclic Prefix (CP) lengths are 6 and 1. The design parameter 
effL  is equal to the CP length. The step size of the equalizer is 

0.001. Table 1 summarizes the simulation conditions.  
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Table 1: The details of simulation conditions. 
Item Value 

Number of antennas 2x2 
Modulation formats QPSK 
DFT size 128,64 == MM u ; 

64,32 == MM u  
CFO 0.15 subcarrier spacing 
CP length 6 and 1 
Channel Rayleigh, cost207 
Channel path Rayleigh is 10 and cost207 is 

21 
Design parameter effL = CP length 
initial condition of 
Equalizer 

[0,0,0…1…. ,0,0], the length is 
equal to M 

Step size of Equalizer 0.001 
 
At first, we set the DFT size as 64, 128uM M= = , and the 
results are shown in Figure 3 − 5. Figure 3 and Figure 4 
describe the BER performance comparisons between MIMO 
SC-FDMA and MIMO SC-IFDMA systems with CP length 6 
in Rayleigh channel and cost207 channel, respectively. It is 
shown that the BER of MIMO SC-IFDMA system is better 
than that of MIMO SC-FDMA. Figure 5 describes the BER 
performance comparisons of different CP lengths for 
SC-IFDMA systems in Rayleigh channel. Figure 6 describes 
the BER performance comparisons between those with and 
without blind channel shortening, CP length is 6 in Rayleigh 
channel. The DFT size is 64,32 == MM u . The simulation 
conditions are demonstrated to show the performances of the 
proposed blind receiver for very short packet communication. 
Obviously, it is shown that carrying out blind channel 
shortening can suppress the inter-block interference caused 
by insufficient CP length. When compared with the 
performance at BER= 210− , carrying out blind channel 
shortening is better than that without blind channel 
shortening at BER= 210− . The difference between the two 
conditions is about 2dB. Figure 7 describes the BER 
performance comparisons between those with and without 
CFO compensation in cost207 channels without channel 
shortening. The DFT size is 64,32 == MM u . It is shown 
that carrying out blind CFO compensation can have better 
performance and the performance approaches to that with 
perfect compensation of CFO. When compared with the 
performance at BER= 210− , we find that carrying out blind 
CFO compensation is better about 3dB than that without CFO 
compensation at BER= 210− . It can be found that the blind 
CFO estimation is almost perfect in high SNR. 

V. CONCLUSION 
This paper proposes a blind receiver for uplink reception of 

a MIMO SC-IFDMA system transmitting over a 
highly-dispersive channel, which is affected by both timing 
offsets (TOs) and frequency offsets (CFOs). When the length 
of the cyclic prefix (CP) is insufficient to compensate for 
channel dispersion and TOs, a common strategy is to shorten 
the channel by means of time-domain equalization, in order 
to restore the CP properties and ease signal reception. This 
paper proposes a blind receiver for SPC systems that do not 
need pilot and can solve the interblock interference (IBI) 
caused by insufficient CP length, the blind CFO estimation 

and compensation overcomes the drawback of MIMO 
SC-IFDMA system that is sensitive to CFO, and the blind 
data detection is proposed for separating signal at different 
antenna. Moreover, the simulation results are shown that the 
performances of the proposed blind receiver are acceptable 
for different environments.  
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Figure 1: The transmitter of the MIMO SC-IFDMA system. 

Proceedings of the World Congress on Engineering 2021 
WCE 2021, July 7-9, 2021, London, U.K.

ISBN: 978-988-14049-2-3 
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

WCE 2021



 
 

 

 
Figure 2: The proposed blind receiver. 

 
Figure 3: The BER performance comparisons between MIMO SC-FDMA 

and MIMO SC-IFDMA with CP length 6 in Rayleigh channel. 
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Figure 4: The BER performance comparisons between MIMO SC-FDMA 

and MIMO SC-IFDMA with CP length 6 in cost207 channel. 
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Figure 5: The BER performance comparisons of different CP length for 

MIMO SC-IFDMA systems in Rayleigh channel. 
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Figure 6: The BER performance comparisons between those with and 

without blind channel shortening, CP length is 6 in Rayleigh 

channel. 

10 15 20 25
SNR(dB)

10-4

10-3

10-2

10-1

100

BE
R

Tx=2,Rx=2  channel: cost207 CP=6
without channel shortening
without channel shortening

 
Figure 7: The BER performance comparisons between those with and 

without blind channel shortening, CP length is 6 in cost207 

channel. 
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