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Abstract. The joint transmission and detection integrated Complex quantities are underlined, and vectors and matrices
network (JOINT) is a novel OFDM-basedian Nee and are printed in bold face(-)* and(-)T designate the complex
Prasad 2000 air interface solution for beyond 3G (B3G) conjugation and the transposition, respectively. The element
mobile radio communications systenWeber et al.2002. in the i-th row andj-th column of a matrix is denoted by
JOINT aims at eliminating the multiple access interference[-]; ;.

(MAI) and improving the system capacity by the application

of MIMO techniques applied in the service area (SA) based

system architecture. In a SA based structure the intra-SR Scenario description

multiple access interference (MAI) can be easily combated

by algorithms like, e.g., joint detection (JDiIgin, 1996 2.1 Multiple-service-area scenario

Verdy, 1998 in the uplink. The parameters like, e.g., the SA ) ] }

size, the system load and reuse factor show great impacts dff the present subsection a multi-SA scenario for the per-
the system performances, in terms of the average bit erroforma_nce investigations of the SA based system structure is
rate (BER) and the BER statistics. Spectrum efficiency ofdescribed. _ _
JOINT is also investigated based on the simulation results. N contrast to cellular systems, the entity of JOINT is the
SA, consisting of several neighboring sub-areas, which are
equivalent to the cells in the cellular system. It is assumed
that there is one AP located at the center of each sub-area,
and that there is at most one active MT randomly distributed
in each sub-area. As depicted in Fig.the hexagons repre-

I [ th f f il i is lim- . .
In general the performance o mobile rgdl_o systems Is lim sent the sub-areas with radi®&s and the APs and the MTs
ited by interferences. The joint transmission and detection

integrated network (JOINT) is a novel OFDMan Nee are located in the corresponding hexagonal sub-areas. The
and Prasad2000 based air interface solution for beyond _radiusR equa : tq 250m of_the hexagonal sub-area is assumed
3G (B3G) mobile radio communications systeri¢eper et in the foIIc_>W|ng |_nvest|gat|ons. .

al, 2002. Each service area (SA), the entity of JOINT, is The neighboring hexagonal sub-areas with the same pat-

equipped with a central unit (CU), to which the access pointstern form a SA. The numbeks of APs per SA also repre-

(APs) of the SA are connected. In each SA multiple mobilesents the SA size. The neighboring SAs with different pat-

terminals (MTs) are active simultaneously. In a SA basedt)erns forrg a clustet:] of d?fAS. ;rhle ftrequepgb\res_orzrcefs car;
system two basic types of the MAI can be discerned, i.e. € reused among the difierent clusters o S. 'he size 0

the intra-SA MAI and the inter-SA MAI. The intra-SA MAI (> Sluster of SAS 1s described by the reuse faetorte
can be easily combated by algorithms like, e.g., joint detec- s W € same pattern represent the co-channet SAs, in

tion (JD) (Klein, 1998 Verdy 1998 in the uplink, while the which we are.mterested. Itis knc_)vyn that in the casXgf
inter-SA MAI remains to be dealt with. equal to one, i.e., each SA comprising only a single sub-area,

In order to reduce the computational effort of simula- the SA-based system architecture is equivalent to the cellu-

tions, in the present paper some simplifications are made!ar system architecture. Due to the hexagonal sub-areas, it

e.g., only a single subcarrier is considered, and the chan® found, th_at, whatever the SAs look like, if one of the APs

nel is assumed to be perfectly known. In the present pa—In one SA IS chpsen as the reference AP, the reference .APS

per signals on the considered subcarrier are described b f the nelghbqung fpur po-channel SAs always form a dia-
ond, as depicted in Fid.. In other words, the reference

their complex amplitudes and the channel is described by it Ps of the co-channel SAs are located alona a paralleloaram
complex transfer function value at the considered subcarriel’.o‘. . . . : gap €log
grid. In the following simulations, instead of a scenario with
Correspondence toY. Liu fixed dimensions, the a scenario with a fixed numigx of

(fliu@rhrk.uni-kl.de) the co-channel SAs, e.gVsa equal to 505, is investigated.

1 Introduction
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number of co—channel SAs

Fig. 1. An example of the SA-based system architecture with therig 2. Considered area with the SA sikg =3 and the reuse factor
SA sizeKg=3 and the reuse facter=3. r=3

As shown in Fig.2, the reference cluster of SAs is at the 3 Subcarrier-wise system model

center of the given scgnario. The SA in white in the ref- In the considered scenario there are in tafgh co-channel
erence cluster of SAs is the reference SA. The co-channeéAS The total UL data vector
interfering SAs which have a dominant influence on the ref- ' N
erence SA are included so that with the finite scenario we cary _ (d(l)T o d(NSA)T) (3)
approximate the ideal infinite scenario. -\ -

consists 0fNsa SA specific data vectors
2.2 Channel model 49 = (d((i—l)K+l) N .d((i—l)K+K))T =1 Nea (@
A Rayleigh fading channel model with log-normal fading is gch of dimensiork, wherek denotes the number of MTs
applied in the simulations and is discussed in the following.per SA. The elemeng(~DK+0 of 4 of Eq. @) are as-
The average path gain between an MT and an AP denoted by, e to be independent identical distributed with a variance

g is a log-normally distributed random variable, i.e., o2 of real and imaginary parts. For the covariance matrix of
the data vectod of Eq. (3) follows
G
g = 1010 (1) Bd —E [ii*T} — 20,d2| . (5)
holds, whereG is a normally distributed random variable The total channel transfer function (CTF) matrix reads
with standard deviatioag and mean valué. og takes the HAD ... H®Nsal
value of 4 dB in the investigations. A dual-slope modié- - -
jeson etal.1992 Xia et al, 1992 Steil, 1995 is described in H= : : ) (6)
the following. With the break-even-point distaneg (Boe- H®ANs) .. H(Nsa,Nsp)

jeson et al.1992 Xia et al, 1992 Steil, 1995, the antenna
gainsgt andggr of the transmit antenna and the receive an-
tenna, respectively, and the wave lengtlthe average loga- ./) —

consists of theVsa x Nsa sub-matrices

rithmic path gain HG-DK+LG-DKe+D) .. g((=DK+K,(j~DKs+D)
G= : : ’
- HG-DK+L(-DKs+Ks) .. py((—DK+K,(j~)Ke+Kp)
—10u1 l0gyg (T"> +10log;, (gT8R) for 0<p<pg, - -

(7)
—10w1 logyg (“’%) —1002 1004 (fB) +10log;(gTgR) , for p>pg

The elementgd ((~DK+k.(i—DKs+ks) of Eq. (6) describe
@) the CTFs between the MTs of the SAand the APs of the
SA j. The total noise vector
is obtained, wherer; < a3y is assumed. In the investiga- T
tions, g equal to one angr equal to one are assumed. The n = (g(l)T . .Q(NSA)T) (8)
break-even-point distanges (Boejeson et al.1992 Xia et
al,, 1992 Steil, 1995 takes a realistic value of 300m. The consists 0fVsa SA specific noise vectors

attenuation exponents anday are assumed to be 2.0 and , . T
4.0, respectively. n= (Q(('_l)KB+l) = -E((’_l)KB+KB)) ,i=1...Nsa (9)
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each of dimensiorkg. The elementg ((~DKs+ke) of 5@

to 1.38x10°23J/K, and B is the bandwidth of the consid-

of (9) are assumed to be independent identical and Gaissiaared single subcarrier, equal to 39.063 kHz. Therefore, with

distributed with a variance? of real and imaginary parts.
For the covariance matrix of the noise vectoof Eq. (8)

follows
R,=E {MT} — 252, (10)

If a constant transmitted enerdyper MT is used, the total
received vector

T ™T
6= (g(l) ... eWsw )

consisting ofNsa SA specific received vectors

(11)

. , , T
e — (g((l—l)KB-i-l) - 'g(<:—1)KB+KB)> ,i=1...Nsa (12)

each of dimensiolKg, becomes

T
g:£ﬂ¢+£_
od

(13)

4 Zero forcing joint detection

In the SA: the linear zero forcing JD (ZF-JDK(ein, 1996
Verdy, 1998 is employed at the CU. The biased estimate

od (ﬂa,i)*Tﬂ(i,i))‘lﬂo‘,i)*Tg(i)
JT

—diy Z (ﬂ(:’,w*Tﬂ(i,:‘))’1ﬂ<i,i>*Tﬂ<j,i> av
i#]

é(i) _

X(llj)

Od (G TGt a0
+ 7 (ROOTHED) TR (14)
of the data vectod”) of Eq. @) is obtained. The intra-SA
MAI is eliminated. The inter-SA MAI corresponding to the
second term of the right side of EdLl4) and the enhanced
noise corresponding to the third term of EgdYresult in the
data estimation error vector

Q(i)_i(i)z
S CoxT oL T
3 l(:,,nd(.@f/’% <ﬂw>* ﬂa,z)) HED Ty (15)
i#]

5 Simulation results

5.1 Noise figure

In the following only the thermal noise of the receiver is con-

sidered. The variance? of the thermal noise can be de-

scribed by the noise figurg, i.e.,
0% =«kToBF (16)

holds Couch 1997, where Ty is the absolute tempera-
ture, e.g., equal to 290 K is Boltzmann’s constant equal

Eq. (16) the relation

T T
10logq <;) =10logq (m)

—3

10w
-10 |Og_|_0 F10 |Ogl0 <m) :TdBm_FdB+C0nSt (17)
0

can be obtained. In the following, the average BERs/er-

sus the differenc&Tygm/dBm—Fyg/dB), which indicates

the relation between the transmitted energy and the noise
power, will be investigated. In the following typical values
of Tygsm equal to 3dBm and-4g equal to 5dB are assumed
(Couch 19979).

5.2 Average bit error rate

Figure3 depicts the average BER, curves of JOINT with
different combinations of the numbér of MTs per SA, the
numberKg of APs per SA and the reuse factqrin the up-
link. The Py, curves of the equivalent cellular system, which
are the curves for the case &g equal to one, are plotted
with dashed lines as references.

The Py curves converge to error floors, due to the fact that
the linear ZF-JDKlein, 1996 Verduy, 1998 is applied based

on the CTF matrisdl " of Eq. (7) of the SAi regardless of
the other co-channel SAs#4i. The intra-SA MAI is elim-
inated, while the inter-SA MAI in the multiple-SA scenario
remains to limit the performance.

As the reuse factor increases, the average distances be-
tween the interferers of the co-channel SAs and the receivers
in the reference SA correspondingly increase so that the im-
pact of the inter-SA MAI becomes smaller. Consequently,
the system performance, in terms of the average BERS, is
greatly improved. It can bee seen in Fathat for the same
numberK of MTs per SA and the same reuse factora
larger SA sizeKpg results in a better average BER perfor-
mance in the uplink. Through the comparison of JOINT and
the cellular system, itis found that the SA-based JOINT does
not show advantages over the conventional cellular system
for the small reuse factor equal to one. However, as the
reuse factor increases, th@, curves of JOINT converge to
lower error floors.

5.3 Bit error rate statistics

Other than a rough assessment of the average BERthe
outage probabilityP,yt is @ more meaningful quality criterion

to evaluate the system performance. The outage probability
Pout is the probability that the MT-specific BERy,, which

is the BER averaged only over the noise and the fast fad-
ing for the corresponding MT, is greater than a given outage
threshold, i.e., a given maximum acceptable BERx In
order to comprehensively evaluate the system of JOINT the
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Fig. 3. Average BERsP, in the reference SA in the uplink.
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Fig. 4. CCDF curves of the BERBS}, in the uplink.
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Table 1. Spectrum efficiencies of the reference system &fg=1 andK =1.

r=1 r=3 r=4 r=7 r=9 r=12

bz - - - - 0.1333

Table 2. Spectrum efficiencieglts;g% of JOINT.

r=1 r=3 r=4 r=7 r=1 r=3 r=4 r=7
K%:% - 0.1778 0.1333 0.0762 K%:% - 0.1333 0.1 0.0571
K%:% - - 0.2667  0.1524 K%:% - 0.2667 0.2 0.1143
KLB:% - - - - KLB:% - - 0.3 0.1714
K%:jil - - - 0.2286

statistics of the MT-specific BERB, in the reference SAare SA concept it is fair to consider the spectrum efficiency per
discussed in the following. AP. With the system Ioaé% fulfilling the quality criterion of
Usually for the uncoded transmission, the maximum ac-Eqg. (18) and the corresponding reuse factowith the data
ceptable BERPhax equal to 0.01 is assumed. The outage rate Ry equal to 62.5 kBits/s per MT per subcarrier and with
probability the bandwidthB equal to the subcarrier spacing 39.063 kHz,
the spectrum efficiency

K
is chosen as the quality criterion, e.g., for the system with they, = ZKB (29)
r

given values off4gm of and Fyg. Figure4 depicts the com-

plementary cumulative distribution function (CCDF) curves is defined based on the analysis of the BER statistics in
of the MT-specific BER$}, in the reference SA. In each fig- Sect.5.3,
ure, the vertical dashed line indicates the maximum accept- According to Eq. {9) the spectrum efficiencieg are cal-
able BERPmax, and the horizonal dashed line represents theculated for different combinations of the SA si&as, the
outage probabilityPoy of Eq. (18). Concerning the CCDF  numberk of MTs per SA and the reuse factar The corre-
curves, the flatter the curve is the better the system performsg,ponding results are listed in Tal?e The symbol — means
To fulfill the quality criterion of Eq. {8) for each case that the corresponding case does not fulfill the quality of ser-
there exists an upper limit of the system loge, which may  vice (QoS) criterion of Eq.18). The optimum value of the
be smaller than the full Ioa%— equal to one. At the given spectrum efficiency)c is the maximum of the spectrum effi-
values ofTysm and Fyg the SA-based JOINT shows advan- cienciesc of Eq. (19) for each case ok, as highlighted in
tages over the cellular system in the interference eliminationTable2. It can be seen that the SA-based JOINT has great
Moreover, the larger the SA sizZ&g or the larger the reuse potentials in improving the spectrum efficiengycompared
factorr becomes, the greater performance improvement caito the conventional cellular system, whose optimum value
be obtained. of the spectrum efficiency. is equal to 0.1333 bits/s/Hz as
shown in Tablel.
5.4 Spectrum efficiency

Based on the analysis in Secis2 and5.3it is seen thatthe 6 Conclusions

improved performance of JOINT can be obtained by increas-

ing the SA sizeKp, increasing the reuse factoor reducing  In the present paper the average BER performance and the
the system Ioaqf—B, at the sacrifice of spectrum efficiency. BER statistics of the uplink of JOINT are investigated in
To achieve a high spectrum efficiency is a challenge for thethe given multi-SA scenario. The influence of parameters
future mobile radio systems. A trade-off between the per-like, e.g., the SA siz&g, the reuse factor and the system
formance and the spectrum efficiency has to be made for théoad KLB on the system performance is studied. SA-based
system design. In conventional cellular system spectrum efJOINT shows a great potential of interference elimination
ficiency n¢ is defined as the ratio of the total data rate perwhich improves the system performance and enhances the
cell and the corresponding bandwidth us&tegle 1992 spectrum efficiency as compared to the conventional cellular
David and Benknerl996. To adapt the definition to the system.
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