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Alternating Optimization

Wonseok Kangw, Minsik Kim*,
Daeyoung Park°

ABSTRACT

In this letter, we consider a joint channel

estimation and signal detection algorithm for blind

equalization in short-packet communications. We

divide the non-convex blind equalization problem

into two sub-problems and propose a channel

estimation and signal detection algorithm based on

the proximal alternating optimization. Experimental

results show that the proposed algorithm provides the

bit error rate (BER) performance improvement over

existing methods.
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Ⅰ. Introduction

Blind equalization can recover transmitted signals

using prior knowledge of transmitted signal statistics

without training signals. Thus, it does not require pilot

symbols and additional bandwidth for channel

estimation. One of the most popular blind equalization

algorithms is the constant modulus algorithm (CMA)

for phase shift keying (PSK)[1]. However, CMA

requires many transmitted symbols for algorithm

convergence. To mitigate this requirement, the

alternating optimization algorithm has been proposed

to minimize the residual inter-symbol interference

(ISI) in CMA output[2-4].

Short-packet communications become increasingly

important for the next generation of ultra-reliable and

low-latency communications (xURLLC). However,

conventional algorithms suffer from performance

degradation when the packet size is not large enough.

In this letter, we formulate a blind equalization

problem to find the channel impulse response and

detect the transmitted signal. Since this problem is

non-convex, we divide the problem into two

subproblems; recovering the transmitted symbols for

given channel responses and estimating channel

responses treating recovered transmitted symbols as

pilot symbols. Then, we apply the proximal

alternating optimization method to find the channel

impulse response and the demodulated symbol jointly.

Ⅱ. System Model

We consider a multipath fading channel with L
channels, where L ≥ 1 is the oversampling ratio or

the number of receive antennas. The received signal

is given by

(1)

where K is the length of the channel impulse response,

 is the element of the transmitted P symbols in M-ary

quadrature amplitude modulation (QAM) for t = 0, 1,

…, P + K - 1, is the channel impulse response of

the l-th channel, and is an additive white Gaussian

noise with zero mean and variance s2.

We estimate st using only the observation . The

blind equalization problem with joint channel

estimation and symbol detection is formulated as [4]
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(2)

Since we do not know the channel order K, we

consider using a linear equalization filter with N taps

that are sufficiently long to equalize the channel.

Ⅲ. Proximal AO between Channel 
Estimation and Symbol Detection

Problem (P1) is a non-convex optimization

problem, which is generally difficult to solve. Thus,

we solve this problem using the proximal alternating

optimization (PAO) methods[5]. We first optimize

for a fixed st. Then, we optimize st for a fixed .

We repeat this procedure until convergence.

First, if  is given, then problem (P1) reduces to

a conventional channel estimation problem. The least

square (LS) problem with a proximal regularization

is

(3)

where with

with , and

(4)

≥ 0 is a proximal regularization parameter and

the term relaxes the convergence

condition or enhances the convergence speed.

We assume that each transmitted symbol is

randomly drawn from a constellation point set ,

which guarantees the full rank with probability 1.

The closed-form solution of the estimated channel is

(5)

which is more general than the solution given in [4].

If = 0, the solution reduces to the conventional LS

solution[4]. If is very large, then the current channel

estimate Hn+1 is close to the previous channel estimate

Hn. Thus, we need to set carefully to achieve the

best performance.

Second, if is given, then Problem (P1) is

equivalent to the MIMO detection problem. We also

apply proximal regularization and the signal detection

problem is

(6)

with with

and

with , and

(7)

≥ 0 is a proximal regularization parameter and

the term relaxes the convergence

condition or enhances the convergence speed.

Problem (P3) is NP-hard due to the finite

constellation constraint . In general, this

non-convexity can be solved by the projection

operator after finding a solution that minimizes the

objective function. Our proposed solution of Problem

(P3) is

(8)
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where is the projection operator of each entry

of s to the nearest constellation point in . If =

0, the solution reduces to the solution given in [4].

If is very large, then the current symbol estimate

si+1 is close to the previous symbol estimate si. Thus,

we need to set carefully to achieve the best

performance.

We solve problems (P2) and (P3) iteratively until

convergence. Algorithm 1 describes the iterative chan-

nel estimation and symbol detection based on the prox-

imal alternating optimization.

Algorithm 1. Iterative Channel Estimation and Symbol
Detection Algorithm based on Proximal Alternating
Optimization

1: Input:
2: Initialize s0 and H0 with CMA
3: Repeat until convergence
4:

5:
6: End

Ⅳ. Experimental Results

In this section, we evaluate the proposed blind

equalization algorithm in AWGN channel with ISI.

We assume that the multipath channel has a channel

impulse response of length K + 1 = 5 and the number

of receive antennas L = 4. We use CMA with N =

10 linear equalization taps for initial blind

equalization.

For performance comparison, we consider the fol-

lowing schemes: 1) CMA [1]: One of the well-known

algorithms for blind equalization, 2) AO[3,4]: The

alternating optimization algorithm to minimize the

residual ISI, 3) PAO: Our proposed algorithm based

on proximal alternating optimization, and 4) Perfect

CSI: The ideal algorithm to detect the transmitted

symbols coherently with the true channel information.

Throughout our evaluations, the performance metrics

focus on BER to demonstrate the efficacy of each

scheme under the described settings.

Figure 1 shows the BER with respect to the

proximal regularization parameter . Since the

performance of PAO is not too sensitive to , we

use = 0.1 as a default value. We change from

0 to 200 with an interval of 10. Regardless of ,

PAO always achieves a lower BER than AO. For

the best BER performance, we chose = 90 in the

subsequent simulation.

Figure 2 shows the BER with respect to SNR. We

observed the following: 1) The performance of CMA

without any alternating optimization is the worst and

Perfect CSI presents the BER lower bound. 2) A long

packet length is required for reasonable BER

performance because the BER performance improves

with large P. 3) As P becomes smaller, the BER

difference between AO and PAO becomes larger.

This implies that the performance gain of PAO over

Fig. 1. BER with respect to (P = 128 and SNR 4 dB).

Fig. 2. BER with respect to SNR.
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AO is significant in the case of short packets. 4) The

performance of PAO is better than AO regardless of

the P. In addition, the SNR gain of PAO is 2 dB

when the BER is 10-2.

Ⅴ. Conclusion

In this letter, we proposed a joint channel

estimation and signal detection algorithm for blind

equalization. We formulated a blind equalization

problem to minimize the residual interference. In

order to deal with the non-convexity of the blind

equalization problem, we divided it into two

sub-problems with proximal regularization terms. We

chose the proximal regularization parameters that

achieve the best BER performance. Experiments show

that the proposed algorithm has a lower BER than

the existing method for all considered packet sizes.

In addition, the performance improvement of PAO

over AO is significant when the packet length is short.

Therefore, the iterative blind equalization based on

PAO works well in the case of short packet

communications.
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