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PRINCIPLES OF THREE DIMENSIONAL SPATIAL MULTIPLEXING
IN WIRELESS COMMUNICATIONS
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National Technical University of Ukraine “KPI”, Kyj Ukraine

This paper presents a comparative analysis of théptexing principles, allowing increasing the bmical efficiency of radio
resource usage based on the three-dimensionalsgpetial separation in a spherical coordinatéesysThese methods allow
creating spatial multichannel communications betwegrtain points (areas) of the space throughalmtors and signal pro-
cessing system of wireless base station. Threerdiioeal spatial selectivity in spatial matchedrdifion is provided by the
physical processes of the focusing and the diftfexBon signals by their front curvature, and ir tspatial correlation signal
processing — by orthogonality of spreading sequertbeir reusing by cyclic shift and synchronizatidepending on the dis-
tance from the base to the mobile station.

Introduction poin_ts. Ho_weve_r, appears, t_hat there are a Iohef?et

spatial points with identical impulse responseadtidi-

Capacity increasing of data transmission system {ign, orthogonality between large number (6-8) pé-s

some spatial volume, frequency band and time iatertjal channels is not provided on high level, theduces

is the most important task in wireless communicatiothejr productivity [3]. This productivity reductioap-
technique. The most advanced techniques that sodve pears due to MIMO STC technique operation nature

problem mentioned above is spatial multiplexing-sy$ased on system independent spatial channelizing pr
tem based on directional antenna with sectoriailarad ciples [4, §1].

tion [1] and MIMO system technology [2]. The desce B
that realized these techniques provide signalsings:
sion in “direction-to-direction” mode between twam
bile stations (MS) through base station (BS) ardgeni
system, since the spatial signal division is predidn .
two angular spatial coordinates, — azimuth andalev ~ e IO s
tion, — in three-dimensional space of sphericalrddo ; Q' i G :
nates. Thus, MS located on the line between BS a
currently serviced MS should wait their queue ditsp
the used frequency spectrum resource. That eskentii
is a conflict situation. The key solution of thiendlict

is increasing of radio frequency resource usage ef
ciency by including an additional dimension of diste ,, © 0 NS e SN g T w
in spatial signal division process. Then, spatighal % 0 ¥ Y Yg U L
transmission is proceeded in “point-to-point” mode Y '

thus signal division is provided in all three sphtili-
mensions of spherical coordinates.

This new spatial multiplexing method implementa-
tion result leads to dividing of primal service ar® Also, another ways of providing of signal division
several sub areas that serviced by primal radio ami by distance dimension exist, then wireless comnainic
BS, but not its own equipment as usual if it is regdrdetion is regarded on the plane which serves asididgy
on the plane, as on fig.1. Equipment reducing @tleer factor and it is irradiated by directive antennasnf
consequence of the implementation. points on some height above this plane at diffeaaint

Requires attention the fact that MIMO techniqu&wuth or elevation angles. However, such ways ofipse
with space-time coding (STC), in a some senseblis ado three-dimensional spatial signals multiplexing
to provide three-dimensional spatial signal mudtipl achieving requires additional expenses for liftidig
ing, whereas it's based on adaptive adjustmentnto i rective antennas at sufficiently high altitude g@movid-
pulse response of spatial channel between twoigertig their functioning in adverse weather conditioAs

Fig.1. Three-dimensional spatial multiplexing
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the same time, problem of reflected signals andadgy one MS and received by others. In case, when tiansm
that passed the target point, which further adntes- and receive channels are located in the same fnegue
ference to neighboring MS is not solved. band and in the same time interval, then MS must us

Taking into account all the problems that appe&AA as BS. This spatial multiplexer channels distri
during arranging of pseudo three-dimensional spati@on is described by mathematical apparatus of FAA
signals multiplexing, it is required to find suclyreal SPSD synthesizing which takes into account location
processing principles that allow implementing tealr (spatial distribution) and signals amplitude-phessri-
three-dimensional spatial signals division withaddi- butions of FAA elements that presented in detai[§]a
tional expenses for infrastructure and with systian According to [6], practical realization of spat&g-
pendent spatial channelizing condition fulfilme8is- nal division by distance for narrowband signalpads-
tem dependent spatial channelizing is a channatiore sible in millimeter waves range. For such princifgal-
process that excludes influence of signal multipatlzation in lower frequency band with all criteri&reec-
propagation effects [4, 81]. essary spatial channels orthogonality fulfillmeaed to

If criteria mentioned above are considered from-optchange transmitting signal “sinusoidal” carrier tdira
mal filtration theory viewpoint [5], then the nesasy wideband impulse.
solution based on spatial matched filtration (Sdé&) be FAA angular spatial resolution is greater for twe o
implemented by means of focused antenna arrays \FAders than their resolution by distance. Resolutign
[6] which use “optical” focusing and signal divisiby it distance between two spatial channels can be really
electromagnetic wave front curvature processeso Alachieved in range of 10-30 dB. Resolution by angula
there is a solution based on spatial correlatignadipro- dimensions and by distance defines focal area -trans
cessing (SCSP) [7] that uses orthogonality of shrga verse size and it “depth” (focal depth) respectivel
sequences and their set reusing possibility byicgtlift Focal depth by -3dB signal level calculated fror [6
[8], and special synchronization procedures thaedd 2\(R: codB; ))’

. . A = ,
on distance between MS and BS. These solutions can DZ-(AR. cod8, )/ D)’
whereRg, 0 — focal point distance and angular coordi-

provide signal division and multiplexing in all && spa-
gate,D — maximum linear size of FAA, — wavelength.

tial dimensions of spherical coordinates.
This paper is devoted to the comparative analyfsis ! . . :
Circular FAA with diameterD = 2m, operational
frequencyFc = 120 GHz SPSD cross section in azi-

the principles of multiplexing based on solutionsrm
tioned above. ) ) . :

_ _ muthal plane with take into account signal attelomat
Multiplexing based on by propagation shown on fig.2.

gpatial matched filtration

200.

This three-dimensional spatial multiplexing method
operating principle based on spatial channelizieg- f
tures that provided by specialized FAA [6], thaksis
“optical” focusing and signal division by it electag- 150
netic wave front curvature processes for signaastr
mitting and receiving respectively. These featdiudfdl
all requirements for controlled formation of sigmpaiw-
er spatial distribution (SPSD) in all three dimemsi of
spherical coordinates. Herewith, SPSD by distaree
pends as on affect of attenuation from propagatisn,©<
on signals time/phase distribution adjusting at FAA
ements. P

Formation of spatial channels requires one FAA that
installed on BS for each cannel, according to paysi
principles that underlying the operation of FAA. Mfay
use directional antenna, which not having the FAd&pp ;
erties, because BS FAA forms certain service axelue ? distance. m
sively for target MS. But MS antenna radiation ddou | | | | _
not interfere with the neighboring MS. In such case
transmit and receive channels must be separatd-by
guency in order to separate the signals that traieshipy

100

nce, m

5 1n
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Fig.2. SPSD generated by FAA
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SPSD generated by FAA that shown on fig.2 derals division provided by FAA is sophisticated pro-
scribes spatial selectivity of single channel aofetr cess which have essential but clear restrictiohsisT
dimensional spatial multiplexer based on SMF. spatial multiplexer based on FAA realization is com

Spatial multiplexer is based on SMF and consisficated and expensiveiccording to [6], these re-
of nine circular FAA with diameteD = 2m, opera- strictions are the result of using of “sinusoidedrri-
tional frequencyFc = 120 GHz channels distributioner for signal transmissioif€hanging transmitting sig-

/ selectivity by distance without and with takeadnt nal “sinusoidal” carrier to ultra wideband periodic
account signal attenuation by propagation shown ampulse or baseband signal spectrum spreading lead:
fig.3. to spatial resolution / selectivity and hyperfoalis-

tance increasing equally to spreading spectruno rati
F(R).dB [6].

il S These FAA restrictions can be avoided by using
another signal processing method — correlationadign
L T

10m : | processing, especially that based on spatio-tenhpora
' \ principles [7].
. . | ] l'

|1|||||||i|; AR T—" Multiplexing based on
'| J /\Uf_- spatial correlation signal processing
.ul’, W W This multiplexing technique has become as evo-
. //\ —fﬁ 2 lution of SMF method and modification of multi-
0 100 200 3w  plexing system based on code division principles by
F(R),dB altering temporal operation principle basis to gpat
| | temporal.lts distinguishing feature is the possibility
of several spatial channel forming by single di-
rective antenna with angular spatial selectivity by
i | means of changing transmitting signal “sinusoidal”
e | baseband carrier to orthogonal spreading sequence
mﬁ (OSS) set baseband basis. Where selectivity by dis-
tance is provided by SCSP. Respectively, spatial
signal division by distance is realized not phy#ica
: : but virtually by means of SCSFRpatial resolution
J \\W\\\ | Rm Dby distance dependent not on antenna system physi
100 00 300 cal parameters but on OSS virtual parameters that
also is SCPS distinguishing advantage which re-
Fig.3. Spatial multiplexer based on SMF channels ~Mmoves restrictions on used frequency range.
distribution / selectivity by distance Spatial channel capacity increasing is provided
by OSS set reusing by its cyclic shift that present
As shown on fig.3, selectivity by distance is dein details at [8].
creased with its dimension increasing, thus specifi Special synchronization procedures that provide
signal power concentration in nearest and more disynchronous signal transmission mode in “up” and
tant areas that act as service sub areas is diffarel “down” direct spread spectrum system channels are
tends to decrease. Also, advisable that the maximumecessary for this technique operation providing.
signal levels in nearest and more distant spaliahe Thus, MS system clock source initial phase depend-
nels difference due to signal attenuation by pr@pagent on distance from its location to BS for “prirhal
tion not to exceed FAA adjacent spatial channel s©SS set and for reused set is dependent with take
lectivity [6]. Physical processes that underlyifget into account respective time shift equal to OSS cy-
operation of FAA restrict its maximum operation raelic shift time interval.

il

i i |
‘ mmf”.\

" I il
i 'i' i

dius by hyperfocus distance Spatial multiplexer consists of sectorial antenna
Rue = DY, and SCSP unit that run with 32 symbols OSS set,

where three-dimensional spatial selectivity stiisp OSS reusing rat® = 2, operating frequenckc =

sible. 2,4 GHz and symbol rate — 10 Mchip per second

Taking into account all the information mentioned¢hannels distribution / selectivity by distance Iwit
above, physically real three-dimensional spatigt si
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out and with take into account signal attenuatign hinitial phase relative to BS,"'° | =d/c. MS sets its
propagation shovyn on fig.{l. ~own clock source initial phase equal to received pi
As shown on fig.4, spatial channels orthogonalitiot signal phase and then transmit service signal

is provided by OSS that generated these channgjh the same initial phase"°t = d/c. Then, BS
initial phase delay for a value when OSS set autpsqeives signal with initial phase?s | =2d/c, in

correlation (ACF) and cross-correlation function%ther words, BS receives from MS the same pilot
(CCF) magnitude equal to zero. ignal with initial phase differenctr,=2d/c.

Shown on fig.4, spatial selectivity was perfor_m_e_ Now it became clear, that BS receives signals
W}:]en MS ar;]d BS clock sr?urc_e *:f‘? the same initigh 1, \ss asynchronously due to different distance
phase (as they are synchronized in some point Byeen each other. First channel signal from MS1
certain signal) as they not care about distance b id second channel signal from MS2 are asynchro-
tween ‘?a.c.hl Ot;]er’ ?]Ut ea;]ch BSh_;:orreIatlors ;Io usly received by BS and became co-channel inter-
source initial p afse as phase shift equal to $I9"Qance for each other according to their channels
propagation time from respective MS to BS. source OSSs CCF magnitude in value of difference

of signal time propagation due to different specifi
location of MSs relatively to BS.
\ Also, difference between BS and MS established

clock source initial phase can be determined if MS
clock source is adjusted at location on distadte
from BS and then after MS will become to BS loca-
tion their clock source initial phase differencedes-

Ay termined as equal tate=d’/c.

i Thus, to provide the condition of synchronous
V/\ /\ signal receiving at BS it is necessary that signals
k= from all MS are became to BS with initial phase

10°° } =0 or with sucht,"“™ value when CCF mag-

'
i ., R

-3

nitude of all OSSs is become zero. Then, before sig
nal transmission every MS must shift its clock
source initial phase by value
10"*t =dlc=T-dlc,
= A | TSt = 1C%F0- dfc = 7 + 1,°°- dic,
\L e T-0SS period.
el AN L | MSs shift their clock source initial phase to such
W N'//\\ NS \ value that their real locations determined by BS as
” '- || /N pm  usual become virtual from which BS receive signals
0 &0 120 1 420 480 Synchronous|y_
If principle of channel capacity increasing by
Fig. 4. Spatial multiplexer based on SCSP channels OSS set reusing with its initial phase shift toueal
distribution / selectivity by distance 170°“Fis used, in that case all MSs that operate with
primal OSS set must shift transmitted signals ahiti
Consider the synchronization principles requireghase to value
for this multiplexing method operation. For the new M5t = dlc=T-dlc,
system synchronization principles synthesis, definfien these signals are received by BS coherently.
the value of the signals initial phasg that trans- And all MSs that operate with reused OSS set by its
mitted t and receivedl by MS and BS in current initial phase shift to value,"“™ must shift transmit-
code division multiple access wireless communicaed signals initial phase to value
tion system [9] not taking into account time delays Mt =1 ,SCF0 dic = T + 1,°C0- dic,
for signal processing and it passing through BS anRflen these signals are received by BS coherently if
MS receiver/transmitter feeder lines. BS shift corresponding correlators clock source ini
BS transmits pilot signal with initial phasetjg| phases to valuato = 1o°CFC
10°° 1 =0, then it is propagated to MS through path Channel capacity in direction from BS to MS
of lengthd with speed of lightt and received with could be increased as for reverse direction case wi
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take into account such a fact that MSs receive sig- k=|R/d],
nals from BS always coherently if their CIOCKNhe
sources initial phases are adjusted by BS pilot si : .
nal. Thus, in trF])at case, necejssary sr):ift trapnsrhittg0 BS serwce_sub area has indéxand farthest — 1. .

by BS signals and MSs correlator clock source inj- Next step Is gllocaﬂon (?f some channel capacity
tial phases simultaneously and at same valuatgf to MS _Ioc_:ate_d |r_1k-th_ service sub area for signal

= 7,5CF0 transmission in direction from BS to MS that, essen

When OSS set is reused, necessary to follow tlﬁl@lly, is determination of MS receiver clock soarc

condition of primal and reused OSS sets (with shiffnitial phase taking into account the condition of
ed initial phase to valua ) ACF and CCF “zero Necessary to ensure clock source initial phasevequi
positions” equality, then reusing ra and initial alence to distance between MS and BS for providing

phase shift,c™ are related as signals for MSs located in different sub areasispat

division.
Ato““"° = TIN, whereN = 2", ne Z. : o
All OSS sets “absolute” orthogonality are pro- OSS sets ACF main lobes allocation in the space

vided only in the case when condition reveaIeBy d|sta_nce with maximum qlen5|ty can be _done as
above is performed. one main lobe for one service sub area, since, suk
Therefore, define that essence of new synchrorfif€@ and SPSD/ACF main lobe by -3dB level sizes

zation principle is to establish such temporal reldY distance as usual not equal that is caused Iy OS
tions between the initial phases of signals fror dicorrelatlon properties but rather OSS symbols num-

ferent MSs at which some channel signal ACF mail?\er and reusing rate inequality

lobe coincides with other channels signal CCF “zero Search and study of QSS sets that cc_)uld be re-
points”. used are performed easily by construction of the

Summarizing all the definitions mentioneolspecial correlation fields (3D surfaces) in MATLAB

above, such synchronization and code divisiowat con_sist of multiple correlation function ar-
channel distribution systems can be built which afanged in order ACE CChy,..., CChy, ACH,
low to decrease of signals initial phase adjustin Chy, CCRs, CChyn, — ACH,
range from [0T] to [0, At°°™ and to divide primal =CM1,CCh,....CCRn-1 and their position indicat-
service area int®N service sub areas that are main?.c| on absuss_a (X) axis, time sh_n‘ts |n_d|c_ated on o
tained by one BS radio unit, dlnates (Y) axis, fur_10t|ons magnitude indicatedZon
Thus, if there is such OSS set with reusing Mte axis, as shown on fig.5.

and service area with radius

R =NT-c,
then this service area is divided inbservice sub
areas with external radius

R=kT-c
and internal radius
R = (k-1)-T-c, "

re\_ j — rounding down operator. Thus, nearest

wherek e (1, N). N

All MSs are attributed to service sub area witl .|
index k where they are located and use primal ¢="
reused OSS set allocated for related sub area =~
spatial channelizing.

Synchronization starts as usual in code divisio
multiple access wireless communication systems
BS transmit pilot signal and MS is configured foi
operating by this signal. After, distance betweeh B
and MS is determined by transmitting of servic
signals from BS to MS and in reverse directions ar
estimation of overall propagation duratiany,=2d/c
which allows computing final valud. Information
about propagation duration and distance to its-loca
tion is sent to corresponding MS. Then, MS by the Fig. 5. 64 symbols complementary OSS sets coroelati
value ofd determine attribution index function field
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Studies have shown that this multiplexing meth- Therefore, three-dimensional spatial multiplexing
od with using of common modulation techniquess realized in two ways. The first one (SMF) imple-
can be realized by using of only binary OSS such asents the physically natural signals division, but
complementary (C-) sequences or zero correlati@xpensive to implement and has structural con-
zone (ZCZ/Z-) sequences [10]. straints caused by the used frequency range ared typ

The problem of finding OSS sets with similarof signal carrier. The second (SCSP) is more flexi-
features, as shown on fig.5, still remains an d¢tudle and without structural constraints, but imple-
because existing OSS sets did not allow achievimgents the essentially “virtual” signals divisiomat
reuse rate more than 4. reducing channels security from unauthorized ac-
cess. Also, further studies are necessary for impro
ing of convenient OSS sets synthesis technique with

Three-dimensional spatial multiplexing is basegurposes of spatial channel capacity increasing.
on signals division between MSs that spatially sepa
rated by angular coordinates and distance via gpeci
signal processing systems which operation based onl. Ahmed El Zooghby. Smart antenna engineering. —
SMF and SCSP principles according to the theory éfttech House, 2005. 313 p.
optimal filtering. 2. Mohinder Jankiraman. Space-time codes and

Comparing these principles it is possible to mak¥'MO systems. — Artech House, 2004. 338 p.
the following conclusions. 3. Luis Garcia Ordonez. Performance Limits of

. . : atial Multiplexing MIMO Systems: Ph.D dissertatio
. Spa_tlal multlplgxmg b_ased on SMF can be rea'Elrcelona, ?echni%:al Unive?/sity of Catalonia, Spain
ized with selectivity by distance of 10-30 dB ang b9 293 D.
angular coordinates of 30-50 dB between adjusted 4. Honglin Hu, Yan Zhang, Jijun Luo. Distributed
spatial channels by means of FAA. One FAA is ablgntenna Systems: open architecture for future weissl
to form one spatial channel. Three-dimensional spaemmunications. — NY: Auerbach Pub., 2007. — 490p.
tial selectivity can be achieved in certain rande o 5. Korostelev A. A. Space-time theory of radio
distances — from BS to hyperfocus distance. FAAystem. -M.: Radio i Svyaz 1987. — 320p.
capability can be enhanced by changing transmitting 6- Oleksandr Mazurenko and Yevhenii Yakornov. Fo-
signal “sinusoidal” carrier to ultra wideband petio ﬁgfiidwgcggsmBgi?f?:g;“mgaiaBer‘]%Vg’tl:Lcct’Lrss'echimag'
ic impulse or baseband signal spectrum spreading.,, - i™ (Eq) InTech, 2011. pp.419-440. DOI:
Configuration and construction of spatial multl-10 5772/16980.
plexers based on S_CSP are more flexible than based; pazurenko O.V. Anterinrestitky z neiniynoyu
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tures. But spatial signal division based on SCSP asssing of polyharmonic orthogonal signals]. irfik
sentially is “virtual” unlike based on SMF which isnaukovih prats’ ¥ KNU im.Tarasa Shevchenka, 2011,
physically natural. vol.32, pp. 35-42. .

Using of directed antennas for spatial signal divi- 8- Mazurenko O.V., Yakornov E.A. Mobile commu-
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