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ABSTRACT

Decentralized interference cancellation in MIMO-OFDM (or-
thogonal frequency division multiplexing) systems can be con-
sidered as a promising approach in next generation wireless
systems. Considering the entirety of the antennas of all mo-
bile terminals at one end and the antennas of the access points
(APs) at the other end of the communication link, state of
the art interference cancellation is based on a central signal
processing unit, e.g. a central unit (CU), where joint detec-
tion can be applied in the uplink (UL) and joint transmission
in the downlink (DL), respectively. Unfortunately such se-
tups require cost-intensive optical fibers or point-to-point ra-
dio links in order to deliver all the required information to the
CU. Therefore decentralized, cost-efficient solutions, which
by-pass the CU, are of common interest. In this contribution
a novel decentralized uplink detection scheme for MIMO-
OFDM systems is presented and evaluated under real channel
conditions.

1. INTRODUCTION

Multiple-Input Multiple-Output (MIMO) systems are capable
of increasing the achievable capacity and integrity of wireless
systems and hence, they may be expected to form an integral
part of next generation wireless systems. Classic infrastructure-
based wireless networks, such as cellular systems or wireless
Local Area Networks (LANS) have attracted a lot of research
and have reached a state of maturity. By contrast, despite
decades of research, the family of networks operating with-
out an infrastructure-based network, such as ad hoc wireless
networks, require substantial further research. Cellular sys-
tems constitute a specific example of an infrastructure-based
network, where APs distributed over a given geographic area,
provide access for mobile terminals with the aid of a cen-
tral signal processing unit. However such solutions are cost-
intensive and solutions are of common interest that by-pass
the central signal processing unit.
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MIMO-OFDM systems can be considered as a promis-
ing technique in Next-Generation Wireless Systems based on
their ability to establish a reliable, cost-efficient data commu-
nication [1]. Different proposals for MIMO-OFDM systems
are known in the literature, where state of the art interfer-
ence cancellation is based on joint signal processing in the
CU [2-5]. Unfortunately, such setups require cost-intensive
optical fibers or point-to-point radio links in order to deliver
all the required information to the CU. Therefore solutions
which by-pass the CU are of common interest [6]. In this
contribution a novel decentralized uplink detection scheme,
based on a distributed signal processing at the APs, is pro-
posed. A prerequisite for this kind of signal processing are
efficient communication links between neighbouring APs.

The remaining parts of this contribution are organized as
follows: Section 2 introduces the system model and state of
the art interference cancellation schemes are briefly reviewed.
The novel decentralized uplink detection scheme is introduced
in section 3, whereas in section 4 the obtained results are pre-
sented and discussed. Finally, section 5 provides some con-
cluding remarks.

2. SYSTEM MODEL AND STATE OF THE ART
INTERFERENCE CANCELLATION

In the following, a multiuser MIMO-OFDM system is con-
sidered and the time-discrete equivalent low-pass represen-
tation of signals is chosen. Consequently, signals are repre-
sented by complex vectors and matrices, which are printed in
bold face. In the investigated scenario K5 APs are at fixed
locations and Ky MTs are simultaneously active. In gen-
eral, the number of MTs, simultaneously supported on each
subcarrier without interference from each other is limited by
the number of antennas used at the APs when Zero-Forcing
(ZF) detection is applied. This limitation can simply be abol-
ished by using more antennas, at both, the transmitter and
receiver sides in order to increase the available degrees of
freedom [7]. Furthermore, the combination with other mul-
tiple access techniques, such as TDMA (time division multi-
ple access) or FDMA (frequency division multiple access) is
feasible.



Due to the application of OFDM a subcarrierwise mod-
elling is feasible [2]. The data symbols of the MTs, which are
transmitted simultaneously over the same subcarrier, can be
stacked in a vector and result in

T
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Throughout this contribution, PSK (phase shift keying) mod-
ulation is assumed.

OFDM leads to a non-frequency selective channel per sub-
carrier, described by a complex channel coefficient. Extend-
ing these considerations to a multiuser MIMO-OFDM sys-
tem, the following subcarrier specific system matrix can be
obtained
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where the value QE]“‘”“M) denotes the subcarrier specific chan-
nel transfer function between the kA -th AP and the ky-th MT
in case of a single antenna per AP [8]. The channel transfer
functions are characterized by a path loss model with a path
loss exponent of 4.0 and Rayleigh fast fading. In a centralized
system, the signals are received by the APs and collected at
the CU. Let the received vector e, be expressed as

e, = (§81)7g512)3 e 7Q1SKA))T . (3)

Then, the subcarrierwise representation leads to
Qu:Hu'Qu+gu ) (4)

where the noise vector n,, is defined as follows

n = (ngl),ﬂgg)’...

T
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The noise n,, is assumed to be white with a variance of o2 /2
for both the real and imaginary parts.

The interference between the different data streams, which
is introduced by the non-diagonal channel matrix H,,, re-
quires appropriate data detection strategies. In a centralized
system, interference cancellation is based on a central signal
processing unit, e.g. a CU, where joint detection (JD) can
be applied in the UL and joint transmission (JT) in the DL,
respectively [9, 10]. Popular techniques are based on PIC or
SIC (parallel or serial interference cancellation), which have
attracted a lot of attention within the last years [2,3,11]. The
general structure of a PIC scheme in the UL is shown in Fig. 1.
The matched filter (MF) includes several correlators to match
the corresponding channel coefficients and can be defined as
follows
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Fig. 1. UL interference cancellation

The expression diag (EET -ﬂu) returns a diagonal matrix

on its

u

diagonal. The MF delivers a biased estimation vector

with the elements of the square matrix (ﬂ*T -ﬂu)

r

=u

:Xuf = :Xuf ‘H

——u

d,+V, ;-n, . (7
Rearranging equation (7) leads to
Eu:Qu+(zuf'ﬂu_l)'Qu—’_zuf'gu ’ (8)

with T describing the identity matrix. Analyzing (8) it is ob-
vious that the remaining interferences can be removed by a
matrix V., ., which has to be defined as follows

Murzzuf'ﬂu_l : (9)
Finally, the vector d,, (p) is given by

d,(p)=r, - V,,-d,(p-1) . (10)
The hard or soft decision of d (p) results in d,(p) and can
be used in the next stage to outperform the current detec-
tion. Nonetheless, it is worth mentioning that the proposed
structure can also be applied without quantization. Assum-
ing convergence and an infinite number of iterations p, i.e.
asymptotically, equation (10) corresponds to the ZF solution
and results in

d
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3. NOVEL UPLINK DETECTION SCHEMES

3.1. Stateof the Art Interference Cancellation

Assuming PSK modulation, the normalization contained in
(6) simplifies and the matrix V_,; results in

Ve =H" . (12)
For the matrix V. defined in (9) the following solution can
be found

Xur = Xuf : Eu - dlag (Xuf Eu) . (13)



Using (12) and (13), the estimate of the kyr-th user signal in
the p-th iteration, described by the ky;-th element of the data

vector d,,, results in
) 4 o (k)
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ka=1 k=1
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In the first detection stage, i.e., p = 1, only a coarse estimate

can be achieved due to éflk)(()) =0, i.e., no knowledge about
the interferers is available. In this case, the detection of the
kyi-th user signal takes the interferences from the other MTs
into account. In the following stages, this influence can be ap-

proximately eliminated from the received signal gff“) at the

. . (k)
ka-th AP using detection results d, "(p — 1) from the pre-
ceding stage. In general, each AP contributes to the detection
of the ky\i-th user signal. The complex conjugate multiplica-
tion by H (k%) * in (14) allows a coherent summation of
the detection results for the ky;-th user signal. The hard or

soft decision of 4" (p) results in 4™ (p) and can be used
in the next stage to outperform the current detection. In gen-
eral the above described algorithms are performed at a central
processing unit [2, 3].

3.2. Decentralized I nterference Cancellation

The drawback of a centralized system, using a CU, can be
avoided as a main feature of the proposed scheme. As shown
in (14), at least theoretically, all APs contribute to the detec-
tion of the ky;-th user signal. In a decentralized system, the
matched filter estimate

Ka
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(15)

must be separated into its AP specific contributions and leads
to

Ka
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with
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The weighting using H *4**»)* has to be performed at each

. L~k .
AP [, for each user signal ky;. Separating Qfl M)(p) into its
AP specific user contributions leads to
Knm
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From the AP specific matched filter estimates for the ky;-th
user signal 2R the interferences introduced by the other

MTs have to be removed.

APs MTs APs MTs
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significant APS  relevant interferers estimating d.
Fig. 2. Relationship between significant APs and relevant in-
terferers in an exemplarily considered scenario

The novelty of the proposed decentralized UL detection
scheme results from the point that only local channel state
information is necessary to estimate the AP specific user con-
tributions. As shown in (18), the processing of the AP spe-

cific data estimates 4. "™ () at the ka-th AP requires only
local channel state information, e.g., H{*~*v) for kyy =
1,2,..., Ky, which is available at the k5 -th AP. Taking the
networking between the APs into account, an improved data
estimate can be obtained based on an exchange of AP specific

user results

Ka
Ay =3 A (19)
ka=1

which describes the novelty of the proposed decentralized
system concept. Based on (17) a coherent superposition of
the different signal parts stemming from the same mobile is
possible. From a practical point of view (18) can be sim-
plified taking only dominant interferers into account as it is
exemplarily highlighted in Fig. 2. In this case, equation (18)
is simplified to

EflkAykM)(p) :E&kA,kM)* gslkA) _ Z

. relevant
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(20)

Furthermore only significant signal parts have to be taken

into account (Fig. 2). This means that not all user signals have

to be considered at each AP. Only few dominant neighboring

APs need to be included when doing the matched filtering.
Equation (19) results in

0= ¥

significant
(neighbouring) APs ka

Equations (20) and (21) show the theoretical basis of the de-
centralized uplink detection scheme for multipoint-to-multi-
point OFDM systems. The proposed scheme requires only
local channel state information at the APs. In comparison to
a centralized system, here no channel state information has to

~(ka,k
alrn gy (21)



Fig. 3. Investigated scenario consisting of 12 cells, 12 APs
and 12 MTs

be exchanged between the APs. This will reduce the complex-
ity of the proposed algorithm significantly. Only preliminary
detection results have to be exchanged between (neighbour-
ing) APs.

4. RESULTS

In order to assess the performance of the proposed distributed
system architecture with partial cooperation, a scenario con-
sisting of 12 cells, 12 APs and 12 MTs is considered as shown
in Fig. 3. One MT is randomly located in each cell with uni-
form distribution. The channel transfer functions between the
APs and MTs are characterized by a path loss model with a
path loss exponent of 4.0 and Rayleigh fast fading [12]. Fur-
thermore, QPSK modulation is chosen. In order to evaluate
the BER characteristic properly, the CCDF (complementary
cumulative distribution function) is used, whereby a purely
interference limited system is considered, i.e., the thermal
noise is ignored. The simulation results are shown in Fig. 4,
5 and 6, respectively.

Applying full cooperation, MF describes the first iteration
of PIC. The ky;-th user signal, described by the ky;-th element
of the data vector d,,, results in

Ka
L) = 5 HER )

Zu
ka=1

(22)

In comparison to full cooperation, individual MF describes
the operation at the corresponding AP for the MT in the same
cell, i.e., it corresponds to a conventional cellular system with
no cooperation among cells. The BER CCDFs show a su-
periority of the individual MF compared to the full MF. The
reason for this behavior can be justified by the unconsidered
interferences from the other MTs.

Partial cooperation requires a cooperation between the APs
in order to bypass the CU. Mostly, not all APs are involved in
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Fig. 4. UL CCDF of the BER distribution P, without quanti-
zation and one antenna per AP
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Fig. 5. UL CCDF of the BER distribution P, without quanti-
zation and two antennas per AP

the MT specific data detection process [13]. Ignoring fast fad-
ing, the squares of the channel transfer function amplitudes
between the APs and MTs decay with a power of 4.0 of the
distances. This implies that the received energy at an AP is
mainly contributed by the MTs close to the AP. Therefore we
can conclude that only a few APs have to exchange prelimi-
nary MT specific data detection results and therefore partial
cooperation requires only a cooperation between neighbour-
ing APs with significant MT specific channels. The BER dis-
tributions with partial cooperation are depicted in Fig. 4, 5
and 6, whereby the number of considered APs per MT was
limited to two.

From the theoretical point of view it can be concluded,
that under certain circumstances, e. g., the received power at
the AP stemming from different MTs is in the same range,



1 . ;
\ —full, MF
““““ individual, MF
0.8t O partial, p=1
V partial, p=28
(N
A 0.6
<
—
S 04f
ol
0.2r
v
0 ‘—3 ‘—2 ; -1 0
10 10 10 10

Fig. 6. UL CCDF of the BER distribution P, without quanti-
zation and three antennas per AP

no reliable estimation can be performed. In order to over-
come this limitation, the degrees of freedom should be fur-
ther increased, e. g., the APs can be equipped with more than
a single antenna or a more advanced multi-user detection is
necessary [2, 14]. Therefore we have assumed that each AP
is equipped with two or three antennas. The arising perfor-
mance improvements can be seen in Fig. 5 and 6. For a high
number of iterations partial cooperation is able to achieve a
good compromise between performance and complexity.

5. CONCLUSIONS

A novel decentralized uplink detection scheme for multiuser
MIMO-OFDM systems was presented and evaluated under
real channel conditions. A prerequisite for the proposed dis-
tributed signal processing are efficient communication links
between neighboring APs. These could be based on wires,
optical fibers or point-to-point radio links.

Furthermore, our proposed architecture requires no cen-
tral unit and only local communication and local channel state
information are required. The results have shown that decen-
tralized, cost-efficient solutions, which by-pass the CU, are
possible and seem to be a promising approach in next gener-
ation wireless systems.
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