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Random-Multi-Branch Successive Interference

Cancellation detection in single-user and multi-user

MIMO environments
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Abstract— This work focuses on a new methodology for use in
a Multi-branch Serial Interference Cancellation (MB-SIC) type
of MIMO detector. The proposed structure incorporates a low
complexity ordering scheme and a variable amount of branches,
whose number is controlled by a metric that reflects the quality
of the current signal vector estimate. Single and multiple-user
environments with both correlated and uncorrelated channels
scenarios are considered. Bit error rate results, obtained through
simulation, and complexity results, expressed in terms of the
required number of flops per detected signal vector, are compared
with the corresponding results of previously proposed MB-SIC
schemes.

Keywords— MIMO, Multiple Branches SIC, Random Orde-
ring, Variable Number of Branches.

I. INTRODUCTION

Ordering algorithms (e.g., based on the channel norm, the

SNR and the SINR) play an important role in the perfomance

of SIC receivers [2]–[4]. A generalization of SIC techniques

is the MB-SIC, which employs multiple SIC algorithms in

parallel branches producing multiple candidates for detection

[5]. The number of parallel branches L is a parameter that must

be chosen in the project. In this context, the optimal ordering

scheme conducts an exhaustive search L = Nt! (where Nt

is the number of transmitted symbols and ! is the factorial

operator), that means explore all possible different orderings.

It is clearly very complex for practical systems, especially

when Nt is large. Therefore, an ordering scheme with low

complexity is of great interest [6].

The contributions of this paper can be summarized as

follows: (i) conclusive results that show that the best option

for the ordering pattern in multi-branch detection is a random

ordering, without using transformation matrices; (ii) an adap-

tive detection scheme to choose dynammicaly an appropriate

number of branches at each signal vector detection, resulting

in a decrease in complexity; and (iii) comparison of different

MB-SIC detectors in terms of performance (i.e., in terms of

BER) and complexity (i.e., average account number of flops)

in three different scenarios, uncorrelated scenario for single-

user MIMO and correlated scenario for multi-user MIMO with

centralized and distributed antenna systems.

This work is structured as follows. Section II reviews

the system models considered. Section III is dedicated to

the description of the considered detection algorithms, which
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includes the MB-SIC scheme found in the literature and our

proposal named random-multi-branch successive interference

cancellation by random order (RMB-SIC-RO). Section IV

discusses the results of some simulations. Finally, conclusions

are outlined in section V.

II. SYSTEM MODELS

A. Scenario A

Consider a MIMO system with Nt transmit antennas and Nr

receive antennas, Nt ≤ Nr, where Nt symbols are transmitted

from Nt transmit antennas simultaneously [7]. Let s ∈ CNtx1

be the symbol vector transmitted with the element si being

the unit energy transmitted complex signal of the i-th user.

Let H ∈ CNrxNt be the channel gain matrix, such that the

(p,q)-th entry hp,q denotes the complex channel gain from the

q-th transmit antenna to the p-th receive antenna. Assuming

rich scattering, we model the entries of H as independent

and identically distributed (i.i.d) CN (0, 1) random variables,

where CN (0, 1) stands for complex gaussian distribution with

zero mean and unit variance. Let r ∈ CNrx1 and n ∈ CNrx1

denote respectively the received signal vector and the noise

vector at the receiver, where the entries of n are modeled as

i.i.d CN (0, σ2
n). The signal-to-noise ratio (SNR) per receiving

antenna is defined as 10log10
Nt

σ2
n

, where σ2
n is the noise

variance. The received signal vector can be written as

r = Hs+ n (1)

B. Scenario B

In this subsection, we consider a multiuser massive MIMO

system with Centralized Antenna System Model (CAS) using

NA antenna elements at the receiver and K users that are

equipped with NU antenna elements each, where NA ≥ KNU

[5], [8]. At each time instant, user k transmits NU symbols

which are organized into a NUx1 vector sk. The composite

received signal after demodulation, pulse-matched filtering and

sampling is collected in an NAx1 vector r which can be

modeled as

r =

K∑
k=1

γkHksk + n =

K∑
k=1

Gksk + n = Gs + n (2)

where G =
[
G1 G2 · · · GK

]
, s =[

s
T
1 s

T
2 · · · s

T
K

]T
, and the entries of n ∈ CNAx1
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are modeled as i.i.d CN (0, σ2
n). The data vectors sk have

zero mean and covariance matrices E
[
sks

H
k

]
= σ2

skI, where

σ2
sk is the user k transmit signal power. The elements hk

i,j of

the NAxNU channel matrices Hk are the complex channel

gains from the j-th transmit antenna of user k to the i-th
receive antenna and using the Kronecker channel model [5],

we have that

Hk = Θ
1/2
R H0

kΘ
1/2
T (3)

where H
0
k has complex channel gains obtained from complex

gaussian random variables with zero mean and unit variance,

ΘR and ΘT denote the receive and transmit correlation

matrices , respectively. The components of correlation matrices

ΘR and ΘT are of the form

ΘR/T =

⎛
⎜⎜⎜⎜⎜⎜⎜⎝

1 ρ ρ4 · · · ρ(Na−1)2

ρ 1 ρ · · · ...

ρ4 ρ 1
... ρ4

...
...

...
...

...

ρ(Na−1)2 · · · ρ4 ρ 1

⎞
⎟⎟⎟⎟⎟⎟⎟⎠

(4)

where ρ is the correlation index of neighboring antennas and

Na is the number of antennas in the transmit or receive array.

When ρ = 0 we have an uncorrelated scenario and when

ρ = 1 we have a fully correlated scenario. The parameters

γk = αkβk represent the large-scale propagation effects for

user k such as path loss and shadowing, where the path loss

αk =

√
Lk

dτk
for each user, Lk is the power path loss of the

link associated with user k with respect to the base station, dk
is the relative distance between the user and the base station,

τ is the path loss exponent chosen between 2 and 4 depending

on the environment.

The log-normal shadowing parameter βk = 10

σkvk
10 , where

σk is the shadowing spread in dB and vk corresponds to a

random variable N (0, 1).

C. Scenario C

In this subsection, we consider a multiuser massive MIMO

system with a Distributed Antenna System Model (DAS)

configuration using: NB antenna elements at the base station

and M remote radio heads each with Q antenna elements,

wich are distributed over the cell and linked to the base

station via wired or optical links, and K users equipped with

NU antenna elements each, where the number of receiving

antennas NA = NB + MQ ≥ KNU [9]–[14]. Note that if

M = 0 the DAS architecture reduces to the CAS scheme with

NA = NB .

At each time instant, user k transmits NU symbols over flat

fading channels. In vectorial form we have sk ∈ CNUx1. The

composite received signal after demodulation, pulse-matched

filtering and sampling is collected in an NAx1 vector r which

can be modeled as

r =

K∑
k=1

ΓkHksk + n =

K∑
k=1

Gksk + n = Gs+ n (5)

where G =
[
G1 G2 · · · GK

]
, s =[

s
T
1 s

T
2 · · · s

T
K

]T
, and the entries of n ∈ CNAx1

are modeled as i.i.d CN (0, σ2
n). The data vectors sk have

zero mean and covariance matrices E
[
sks

H
k

]
= σ2

sk
I, where

σ2
sk is the user k transmit signal power. The elements hk

i,j of

the NAxNU channel matrices Hk are the complex channel

gains from the j-th transmit antenna of user k to the i-th
receive antenna. Unlike the CAS architecture, in a DAS

setting the channels between remote radio heads are less

likely to suffer from correlation due to the fact that they are

geographically separated. However, for the antenna elements

located at the base station and at each remote radio head, the

M + 1 submatrices of Hk are modeled using the Kronecker

channel model, so that Hk =
[
H

T
k1

H
T
k2

· · · H
T
kM+1

]T
.

The links in the DAS setting experience, in the average, lower

path loss effects due to reduced distance between the users

and distributed antennas. The large-scale propagation effects

are modeled by an NAxNA diagonal matrix given by

Γk = diag

[
γk,1 · · · γk,1
︸ ︷︷ ︸

NB

γk,2 · · · γk,2
︸ ︷︷ ︸

Q

· · · γk,M+1 · · · γk,M+1
︸ ︷︷ ︸

Q

]
(6)

The parameters γk,j = αk,jβk,j for j = 1, ...,M+1 denote

the large-scale propagation effects like shadowing and pathloss

from the k-th user to the j−th radio head, where the path loss

αk,j =

√
Lk,j

dτk,j
for each user and antenna, Lk,j is the power

path loss of the link associated to user k and the j-th radio head

and dk,j distance between them, τ is the path loss exponent

chosen between 2 and 4 depending on the environment. The

log-normal shadowing βk,j = 10

σkvk,j
10 , where σk is the

shadowing spread in dB and vk,j corresponds to a N (0, 1).

III. COMPARED DETECTORS

The multi-branch successive interference cancellation (MB-

SIC) algorithm relies on different ordering patterns to produce

multiple candidates for detection. Each ordering is referred to

as a branch, so that a detector with L branches produces a set

of L estimated vectors. Then the MB-SIC algorithm selects

the candidate branch with the minimum Euclidean distance.

The ordering of the first branch is identical to a standard

SIC algorithm and could be based on the channel norm, signal-

to-noise-ratio (SNR) or the signal-to-interference-plus-noise-

ratio (SINR), which is the best option; while, the remaining

branches are ordered by shifted orderings relative to the first

branch. This paper considers SINR ordering, that is signals

with higher SINR values are detected first [2], [3]. Considering

MMSE linear detection, the i-th symbol detected is

ŝi = Q
(
w

H
i r

)
, i = 1, 2, · · · , Nt (7)

where wi is the i-th column of the MMSE detection

matrix given by WMMSE = H
(
H

H
H+ σ2

n/σ
2
sI
)−1

and
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the function Q(x) returns the point of the complex signal

constellation closest to x. The SINR in the i-th symbol is

SINRi =
Esi |wH

i hi|2∑Nt

l=1,l �=iEsl |wH
i hl|2 + σ2

n||wi||2
(8)

for i = 1, 2, · · · , Nt, hl (l = 1, 2, · · ·Nt) is the l-th
column of the channel matrix H and Esi is the energy of

the transmitted symbol si. Nt values of SINR are calculated

and ordered from highest to lowest, then the Nt symbols are

detected following this same order.

Subsections III-A and III-B describe a methodology for

reordering the remaining branches by permutation and in a

random fashion, respectively, both using a fixed number of

branches. The subsection III-C defines a new methodology

based in [15] where the ordering patterns are randomly chosen

but the number of branches is variable.

A. Multi-Branch Successive Interference Cancellation by Per-

mutation Order (MB-SIC-PO)

In this algorithm each branch uses a column permutation

matrix P. The estimate of the signal vector of l-th branch,

x̂l, is obtained using a SIC receiver based on a new channel

matrix H
(l) = HPl [16]. The order of the estimated symbols

is rearranged to the original order by

ŝl = Plx̂l, l = 1, · · · , L (9)

According to [16] the permutation matrix is described by

Pl =

[
Is 0s,Nt−s

0Nt−s,s ĪNt−s

]
, 2 ≤ l ≤ L (10)

where Im is an identity matrix of size mxm, 0m,n denotes

mxn-dimensional matrix full of zeros and Īm represents a

reversal matrix mxm.

The algorithm shifts the ordering of the cancellation accord-

ing to shifts given by

s = �(l − 2)Nt/L�, 2 ≤ l ≤ Nt (11)

where L is the number of parallel branches and �.� rounds the

argument to the lowest integer according to the l-th branch.

Expressions (10) and (11) evidence can be seen that the

maximum number of branches is equal to the number of

transmit antennas, L ≤ Nt.

B. Multi-Branch Successive Interference Cancellation by Ran-

dom Order (MB-SIC-RO)

This scheme is very simple, the ordering in the first branch

is made according to a standard SIC algorithm while the

remaining branches employ an ordering vector il (where the

subindex l represents the corresponding branch, l = 2, ..., L
) formed by integers between 1 and the number of symbols

transmitted Nt, randomly selected without replacement.

C. Random-Multi-Branch Successive Interference Cancella-

tion by Random Order (RMB-SIC-RO)

In this subsection a new detection scheme is presented. Our

proposal is a variation of the RLB-LAS [15]. Similarly to the

detector MB-SIC-RO, the main idea of the algorithm RMB-

SIC-RO is to generate several estimates of the transmitted

signal vector through SIC detectors with different orderings.

However, here the number of branchs, L, which corresponds

to the number of candidates tested for each received signal

vector, is variable and depends on a stopping criterion.

The RMB-SIC-RO detector is summarized in the Algorithm

1. The input and output of this algorithm is r and ŝopt,

respectively. The ordering in the first branch, is, is done

according to a standard SIC algorithm while the remaining

branches employ the random ordering vector, il. The function

”SIC” represents the SIC detector and has as inputs: the input

vector r, the channel matrix H and the ordering vector; and

has as output: the Maximum Likelihood (ML) cost value, Cml,

of the estimated vector and the estimated vector of transmitted

symbols ŝ. Note that the first estimate is considered as ŝopt but

in the course of the algorithm it may be replaced by a better

estimate (e.g., with a lower value of the ML cost function).

The stopping criterion defines a number of iterations Np which

depends on the value of the ML cost function of the best

estimate, Cmlopt . The ”stopcriterion” function gives the value

of Np [15], which is calculated as follows,

Np = �max (cφ(ŝ), Npmin
)� (12)

where c is a constant, the operator �a� gives the largest integer

less than a, Npmin
sets the minimum number of iterations and

φ(ŝ) is given by

φ(ŝ) =
2Cml(ŝ)−Ntσ

2
n√

Ntσ2
n

(13)

and Cml(ŝ) = ‖r−Hŝ‖2 is the ML cost function.

At the end of each iteration, if the iteration number is greater

then Np, the algorithm stops and the current decision signal

vector is elected as the final detected signal vector.

Algorithm 1: RMB-SIC-RO

input : r

output: ŝopt
1
[
Cmlopt , ŝopt

]
= SIC

(
r, H, is

)
2 Np = stopcriterion

(
Cmlopt

)
3 iteration = 0
4 while iteration< Np do

5 iteration = iteration+1
6

[
Cml, ŝl

]
= SIC

(
r, H, il

)
7 if Cml < Cmlopt do

8 Cmlopt = Cml

9 ŝopt = ŝl

10 Np = stopcriterion
(
Cmlopt

)
11 end

12 end
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IV. NUMERICAL RESULTS

We consider 4-QAM modulation, data packets of 102

symbols, fixed channels during each transmitted data packet,

perfect channel state information and synchronization. The

numerical results are averaged over 103 runs. Each of the MB-

SIC detectors use linear MMSE receiver filters and ordering

by SINR for the first branch. RMB-SIC-RO parameters used

in the simulation are Npmin
= 2 and c = 5, these values

were taken from the detector RLB-LAS in [15]; however, it

is necessary to make a proper study for the proper selection

of these parameters, because they compromise the complexity

and performance of the detector. Moreover, the fixed number

of branches is equal to the number of transmit antennas,

L = Nt. For the CAS configuration, we employ Lk = 0.7,

τ = 2, the distance dk to the BS is obtained from a uniform

discrete random variable between 0.1 and 0.95, the shadowing

spread is σk = 3 dB and the transmit and receive correlation

coefficients are equal to ρ = 0.2. The SNR in dB per

receive antenna is given by SNR = 10log10
KNUσ2

sr

σn
, where

σ2
sr = σ2

sk
E[|γk|2] is the variance of the received symbols.

NA = 32 antenna elements at the receiver, K = 16 users and

NU = 2 antenna elements at the user devices is considered.

For the DAS configuration, we use Lk,j taken from a uniform

random varible between 0.7 and 1, τ = 2, the distance dk is

obtained from a uniform discrete random variable between 0.1
and 0.5, the shadowing spread is σk = 3 dB and the transmit

and receive correlation coefficients are equal to ρ = 0.2.

The SNR in dB per receive antenna is given by SNR =

10log10
KNUσ2

sr

σn
, where σ2

sr = σ2
skE[|γk,j |2] is the variance

of the received symbols. NA = NB + LQ = 32 antenna

elements processed at the receiver with M = 16 remote radio

heads each with Q = 1 antenna elements, K = 16 users and

NU = 2 antenna elements at the user devices is considered.

Figures 1 and 2 show the results of performance and com-

plexity, respectively, of the considered detectors for 8x8, 20x20

and 32x32 systems in scenario A, where the configuration

in this case is Nt = Nr for Nt = 8, Nt = 20 and

Nt = 32, respectively. It can be seen that in all cases the BER

performance curves of the proposed RMB-SIC-RO detector

remains below the other curves and that the MB-SIC detector

achieves a performance similar to the RMB-SIC-RO only for

the 32x32 system but with higher complexity.

Figures 3 and 4 show the results of performance and

complexity, respectively, of the focused detectors operating

in scenarios B and C with modulation 4-QAM. Note that

in those scenarios the performance of the detectors resulted

very similar. The real advantage of our proposal for these

scenarios is the complexity. Note that for detectors MB-SIC-

PO and MB-SIC-RO the number of flops remains constant

and independent of the type of scenario. On the other hand,

the performance in terms of complexity of the proposed

RMB-SIC-RO varies and is clearly dependent of the type of

scenario. It is worthy noting that the average number of flops

per detected signal vector required by RMB-SIC-RO detector

tends to grow with increasing SNR, and that makes sense, the

quality of the initial candidate improves with an increasing

SNR, and the better is the initial candidate, the larger, in the

average, is the number of candidates that have to be tested

before finding a better one.
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Fig. 1

PERFOMANCE OF MB-SIC-PO, MB-SIC-RO AND RMB-SIC-RO

DETECTORS IN 8X8 (– ·), 20X20 (– –) AND 32X32 (—) SYSTEMS WITH

MODULATION 4-QAM IN THE SCENARIO A
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Fig. 2

COMPLEXITY OF MB-SIC-PO, MB-SIC-RO AND RMB-SIC-RO

DETECTORS IN 8X8 (– ·), 20X20 (– –) AND 32X32 (—) SYSTEMS WITH

MODULATION 4-QAM IN THE SCENARIO A

V. CONCLUSION

This article has presented a comparison of three types of

MB-SIC detectors, two of them proposed here. A low com-

plexity MB system that uses a variable number of branches,

controlled by a stopping criterion was introduced. We consider

three different scenarios for a broader vision and comparison

of the considered detector strategies. Numerical results and

comparisons have indicated a superiority in BER performance

of the proposed MB-SIC-RO detector over the other two, with-

out an increase in complexity, an even with lower complexity

in some scenarios.

The use of a variable number of branches, whose number

is controlled by a function of the ML cost of the current

best solution, as in the RLB-las and RMB-SIC-RO detectors,

has shown to be a good strategy in the search for efficient

MB detection techniques. It is to be noted, however, that

the number of branches determined by the stopping criterion,
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Fig. 3

PERFOMANCE OF MB-SIC-PO, MB-SIC-RO AND RMB-SIC-RO

DETECTORS WITH MODULATION 4-QAM, K = 16 AND NU = 2 IN THE

SCENARIOS B AND C
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Fig. 4

COMPLEXITY OF MB-SIC-PO, MB-SIC-RO AND RMB-SIC-RO

DETECTORS WITH MODULATION 4-QAM, K = 16 AND NU = 2 IN THE

SCENARIOS B AND C

described in Subsection III-C, is dependent of parameters such

as the constants c and Npmin
in (12). A proper (or optimal,

if possible) choice of these parameter can improve further the

trade-off performance versus complexity and certainly is an

interesting topic for future research.
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[16] L. Arévalo. R. C. De Lamare, K, Zu, and R. Sampaio-Neto, Multi-

branch lattice reduction successive interference cancellaion detection
for multiuser MIMO systems, in Wireless Communications Systems
(ISWCS), 2014 11th International Symposium on. IEEE, 2014, PP. 219-
223.

104


