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SOME LIMITATIONS OF EVALUATING
DUAL-POLARIZED MIMO CHANNEL CAPACITY

This article discusses possible bandwidth limitations of a radio access channel using MIMO technology with
polarization-orthogonal channels, or dual polarization channels. The main attention is paid to the presence of
cross-polarization isolation between channels, or cross-polarization relation, or Cross Polar Discrimination. The
indicated ratio is determined mainly by the design features of the antennas. It is proposed to choose antennas with
the minimum required values of cross-polarization ratio, which limit a given channel bandwidth.
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Introduction

Formulation of the problem. In wireless commu-
nications, multiple-input and multiple-output (MIMO),
is a method for improving the quality, capacity, and
reliability of a radio link using multiple transmission
and receiving antennas to exploit multipath propagation.
MIMO technology has become an essential element of
wireless communication standards including IEEE
802.11n (Wi-Fi), IEEE 802.11ac (Wi-Fi), HSPA+ (3G),
WiMAX (4G), and Long Term Evolution (4G LTE).

Shannon-Hartley’s channel capacity theorem is
applied to provide the upper bound of the data rate
given a certain bandwidth and signal to noise ratio
(SNR). However, the cross-polarization discrimination
(XPD) of the radio wave is not considered to resolve the
capacity problem in the previous investigations. For a
radio wave transmitted with a given polarization, the
ratio of the power received with the expected polariza-
tion to the power received with the orthogonal polariza-
tion is called cross-polarization discrimination. There-
fore, the problem is the effect of cross-polarization iso-
lation on the polarization of the MIMO antennas on the
bandwidth of the radio channel.

The subject of research is MIMO-technologies with
polarization-orthogonal channels for mobile and fixed
communication systems of the new generation. Increas-
ing system capacity without increasing transmission
power or bandwidth has made the MIMO system unique
and efficient for data transmission. However, the obtained
bandwidth limitations due to the final solution by polari-
zation are insufficiently studied. The study of the possi-
bility of using an increase in the number of antennas of
MIMO systems with polarization-orthogonal antennas is
insufficient, so the topic of work related to the study of

limiting the bandwidth of the MIMO channel with dual
polarization antennas is relevant.

Analysis of recent research and publications. In
recent years, the use of MIMO technology with polari-
zation-orthogonal channels has become a promising
field of research for next-generation mobile and station-
ary communication systems [1-3]. An increase in sys-
tem capacity without increasing transmit power or
bandwidth has made the MIMO system unique and effi-
cient in transmitting data. However, the resulting band-
width limitations due to the final isolation by polariza-
tion have not been sufficiently studied. In works [4—12]
attention is paid to the polarization decoupling, how-
ever, only if there is a 2x2 configuration using the
MIMO. Studies of the possibility of using an increase in
the number of antennas of MIMO systems with polari-
zation-orthogonal antennas have not been sufficiently
conducted.

The aim of the article is to study the limitations of
the possibility of increasing the throughput of a radio
access system using MIMO antennas with polarization
orthogonal antennas.

Statement of basic materials
1. MIMO technology

In wireless communications, multiple-input and
multiple-output (MIMO), is a method for improving the
quality, capacity, and reliability of a radio link using
multiple transmission and receiving antennas to exploit
multipath propagation, as shown in Fig. 1. MIMO tech-
nology has become an essential element of wireless
communication standards including IEEE 802.11n (Wi-
Fi), IEEE 802.11ac (Wi-Fi), HSPA+ (3G), WiMAX
(4G), and Long Term Evolution (4G LTE).
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Fig. 1. Schematic diagram of MIMO technology

Two popular approaches for communicating in the
MIMO channel are diversity and multiplexing. Spatial
multiplexing is an approach where the incoming data is
divided into multiple substreams and each substream is
transmitted on a different transmit antenna, as shown in
Fig. 2. This is motivated by the capacity improvement
of the communication channels. Spatial multiplexing
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was first proposed by Paulraj and Kailath in 1994. Ini-
tial spatial multiplexing systems were narrow-band with
small delay spread, then, spatial multiplexing is being
considered for wideband channels in conjunction with
OFDM modulation.

MIMO diversity, on the other hand, is an approach
where information is spread across multiple transmit
antennas to maximize the diversity advantage in fading
channels. This is motivated by the desire to reduce the
probability that a fade on any one of the transmit-
receive antenna links will cause a codeword error. In
diversity, each pair of transmit-receive antennas pro-
vides a signal path from transmitter to receiver, as
shown in Fig. 3. By sending the same information
through different paths, multiple independently-faded
replicas of the data symbol can be obtained at the re-
ceiver end. Hence, more reliable reception is achieved.
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Fig. 2. Schematic of a spatial multiplexing system
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Fig. 3. Schematic of a diversity system (Alamouti scheme)

2. Channel capacity

Shannon-Hartley’s channel capacity theorem is
applied to provide the upper bound of the data rate
given a certain bandwidth and signal to noise ratio
(SNR). However, the cross-polarization discrimination
(XPD) of the radio wave is not considered to resolve the
capacity problem in the previous investigations. For a
radio wave transmitted with a given polarization, the
ratio of the power received with the expected polariza-
tion to the power received with the orthogonal polariza-
tion is called cross-polarization discrimination (XPD),
which is given by
)

XPD=10(d )=1010gpi,

+

Xp

where P, is the power of the orthogonal interference

component caused by the XPD. When the XPD of the
receiving antenna is considered, the receiving SNR
should be replaced by the signal to noise and interfer-
ence ratio (SNIR) to derive the channel capacity. The
SNIR can be expressed as

fsni == i 1
nB+P, I .
fsn dxp
Then, the capacities for SISO, MISO (m transmit-
ting and 1 receiving), SIMO (1 transmitting and n re-
ceiving) and MIMO (m transmitting and n receiving)
systems can respectively expressed as

_ rsndxp @)
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bps
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j=1 z
. bps
Cmn::mln(m,n)log2(1+rsni),% (6)

where Iy, is the SNIR, h; is the channel complex gain
of the i -th path.

17



Cucmemu 06pooku ingpopmayii, 2020, sunyck 2 (161)

ISSN 1681-7710

Fig. 4 shows the relationship between the SNIR
and XPD when SNR is constant (10, 20 and 30 dB). As
can be seen, due to the existing of XPD, the signal per-
formance will be deteriorated; the SNIR will be less
than the receiving SNR. When the XPD increases, the
SNIR will be firstly increased and then keeps un-
changed after approaching the SNR level. Fig.4 also
shows that, if the antenna has a large SNR, then a high
XPD should be provided to guarantee the receiving
SNR. For example, when the SNR is 10 dB, the per-
formance can be preserved when the XPD is 20 dB,
however, when the SNR is larger than 20 dB, to guaran-
tee the performance, the XPD need to be larger than
30 dB.

Fig. 4. Relationship between XPD and SNIR
when SNR keeps constant

When the SNIR of the receiving antenna is certain,
compared to the capacity of a SISO channel, the capac-
ity of a MISO channel is slightly improved when the
channel has a gain of h; =1, the channel capacity of a

SIMO system will be improved logarithmically as the
number of receiving antennas increases, while for the
MIMO channel, its capacity can be linearly improved as
the minimum number of receiving and transmitting an-
tennas increases, as shown in Fig. 5.

Fig. 5. Channel capacity of SISO, SIMO
and MIMO systems

In the simulation, the channel gain is set as h; =1,

and the SNR equals 20 dB while the XPD equals 20 and
30 dB, respectively. As can be seen, when the XPD de-

creases, the SNIR will be deteriorated, as consequence,
the capacity will be decreased.

Fig. 6 shows the capacity of 1x2 and 2x2 channels
when the XPD changes and the SNR keeps constant (20
and 30 dB). As can be seen, when the XPD increases,
the capacity is firstly increased and then keeps constant.
This is caused by the relationship between the XPD and
the SNIR, as shown in Fig. 4. Furthermore, we com-
pared the two results of the 2x2 or 1x2 channels, it can
be seen that, when the SNR changes larger, to obtain
maximum capacity, a larger XPD should be provided,
which is consistent with the analysis in Fig 4.

Fig. 6. Channel capacity with different configurations
when the XPD changes

So, the XPD of radio wave deteriorate the per-
formance of the received signal, and then decrease the
capacity of the communication system. When the XPD
is considered, MIMO technology still can be used to
efficiently improve the channel capacity of the commu-
nication system as well as a certain XPD level is pro-
vided. Note that, when the receiving SNR changes lar-
ger, the XPD should also be improved to guarantee the
maximum channel capacity.

When the XPD of the receiving antenna is consid-
ered, the receiving SNR should be replaced by the sig-
nal to noise and interference ratio (SNIR) to derive the
channel capacity. The results of the study indicate the
following: due to the existing of XPD, the signal per-
formance will be deteriorated; the SNIR will be less
than the receiving SNR. When the XPD is increased, the
SNIR firstly increased and then it is kept unchanged
after approaching the SNR level. Note also else, if the
antenna has a large SNR, then a high XPD should be
provided to guarantee the receiving performance.

The research results indicate the capacity limita-
tion at SNR more than XPD of MIMO antennas. Under
such conditions, increasing the signal strength no longer
significantly improves capacity. The limiting SNR ap-
proaches the value of the XPD.

When the SNIR of the receiving antenna is certain,
compared to the capacity of a SISO channel, the capac-
ity of a MISO channel is slightly improved when the
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channel has a gain of hi=1, the channel capacity of a
SIMO system will be improved logarithmically as the
number of receiving antennas increases, while for the
MIMO channel, its capacity can be linearly improved as
the minimum number of receiving and transmitting an-
tennas increases. The XPD of radio wave will deterio-
rate the performance of the received signal, and then
decrease the capacity of the communication system.

width of a communication channel when XPD less than
the expected SNR. Therefore, designing of communica-
tion channels with MIMO dual polarization antennas
need pay some attention to the features of the antennas
with minimum XPD.

So, the research results indicate certain limitations
on the channel capacity due to the presence of spurious
polarization of polarization-orthogonal channels. This

forces us to pay more attention to the design of antennas
with the smallest possible presence of spurious polariza-
tion coupling.

The scope of the research results is the design of
communication channels using MIMO technology with
double polarization antennas, as well as the develop-
ment of algorithms for compensation and signal proc-
essing taking into account the parasitic effect of cross-
polarization signal of double polarization antennas.

Conclusion

When the XPD is considered, MIMO technology
still can be used to efficiently improve the channel ca-
pacity of the communication system as well as a certain
XPD level is provided. Note that, when the receiving
SNR changes larger, the XPD should also be improved
to guarantee the maximum channel capacity.

MIMO technology with polarization-orthogonal
channels can be used to effectively improve the band-
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DESKI OBMEXEHHSA OLIHIOBAHHS MPOMYCKHOI 30ATHOCTI MIMO-KAHANY NOABIAHOI NONAPU3ALIT
0.0. Maprunuayk, I M. 3y6punskuii, Croans Jli, 0.0. Maptuauyk

Y ecmammi posenanymo modicnugi obmedicenHs nponyckHoi 30amHocmi Kanany paoio 0ocmyny 3a 00noMo2010 MexHon02ii
MIMO 3 noaspuzayitino-opmozonanvhumu Kanaiamu abo Kawaiamu noositunoi nonapuzayii. OcHoéna yeaza npudiisiemvcs Ha-
ABHOCMI NepexpecHoi noaspuzayii Mixce Kananamu, abo Kpocosoi nonapuzayii, abo s Kpoc-noaapusayitinoco ei0HOueHHs. 3a-
3HAYeHe CNIBBIOHOWEHHS BU3HAYACMbCA NEPeBadCHO KOHCMPYKMuUHUMU ocobaugocmsamu aumen. IIpononyemovcsa subupamu
anmenu 3 MIHIMATLHO HEOOXIOHUMU 3HAYEHHAMU Koeiyicnma nepexpecHoi noaapusayii, AKi 00MencyIoms 3a0aHy nponyckHy
30amHicme Kauany.

Ipeomemom docniocennsn sensomocsi MIMO-mexnonoeii 3 nonspu3ayiiiHo-opmocoHatbHuUMy KAHAnamu Osk MODIIbHUX |
CMAayioHapHux cucmem 36'A3Ky H08020 NOKONIHHA. 30inbuleHHs: EMHOCII cucmemu 0e3 30inbuleHHs nomyxcHocmi nepedaui a6o
emyeu uacmom 3poouno cucmemy MIMO yrixanvroro ma egpexmuenoro 0ns nepedaui danux. OOHaK OMPUMAHi 0OMeHCeHHS NPO-
NYCKHOI 30amHOCMi 8HACTIOOK KiHYe8oi pO38'sA3KU 34 NOAAPUAYIEI0 HEOOCMAMHLO BUBYEHI. JJOCTIONCEHH MONCTUBOCE BUKO-
pucmanns 30inbuenns kinokocmi aumen cucmem MIMO 3 nonspuzayitino-opmozonanvhumu anmenHamu npo8eodeHo HedoCman-
HbO, MOMY i mema pobomu, Wo Noé'a3ana 3 O0CHIOHCEHHAM oOMmedxcenHs nponycknoi 30amuocmi MIMO kauany 3 anmenamu
NOOBILIHOI NOAAPU3AYiL, € AKMYATbHOIO.

Memoto cmammi € uguents oomedlcerb MOACAUBOCHI 30INbLUEHH NPONYCKHOT 30amHocmi cucmemu padio 00Cmyny 3 6u-
kopucmanuam awmen MIMO 3 MIMO 3 noaspusayiiinumu opmoeonansnumu anmenamu.

Pesynomamu docnidsicens ceiouams npo HASGHICMb 0OMENCEHHS NPONYCKHOT 30aMHOCMI NPU 3HAYEHHAX 6IOHOWEHHS NO-
MYACHOCMI CUSHATY 00 HOMYACHOCTHI WyMY Dinbuie, HIdC 8eIUYUHA PO36'A3KU NO NOAAPUIAYI] NOAAPUZAYITHO-0OPMOSOHATLHUX
anmen MIMO. 3a makux ymog 30inbiuents nOMYyICHOCMI CUSHATY 6Jice He 00360A€ 3HAYHO NOKPAWUMU NPONYCKHY 30AMHICMb.
I'panuunum 3nauennam GiOHOWEHHS NOMYICHOCMI CUSHATY 00 NOMYICHOCMI wyMy 6yde make, KOIU 60HO HAOAUICAEMbC 00
BeUYUNY PO36'AIKU 3 NOTAPUIAYIEIO.

Obnacmey 3acmocysanhs pe3yibmamie OO0CNiONCeHHs — NPOeKMYBAHHA KAHANIE 36'A3KY 3 BUKOPUCHAHHAM MeXHON02il
MIMO 3 anmenamu nodsiliHoi noaspu3ayii, a Makoic po3pooKa aneopummie KoMneHcayii ma oopoOKU CUSHANIE 3 8PAXYBAHHAM
napasumHo20 NIUy Kpoc-noJApU3ayiliHo20 CUSHALY aHmel NOOGItHOI noapu3ayil.

Knruoei cnosa: SNR, SNIR, noositini noaapusayiiini kananu, EMHicms Kauany, Kpoc-noIapu3ayiline 8iOHOUEeHHs.

HEKOTOPbLIE OFPAHUYEHUSI OLLEHKU NPOMYCKHOW CMIOCOBHOCTU MUMO-KAHATA
JBOWHOM NMNONAPU3ALIUN

A.A. Maptemuyk, I'.H. 3y6punknii, Croans JIn, O.A. MapTeiHIyK

B cmamve paccmampusaromces 603modicHble 02paAHUUeHUs. NOIOCHL NPONYCKAHUL KAHAAA PAOUOOOCYNA ¢ UCHONIb308AHUEM
mexnonocuu MIMO ¢ noaspuzayuonno-opmo2oHaIbHbIMU KAHAIAMU UIU KAHAIAMU ¢ 080UHOU noaspuzayueil. OcHosHOe GHUMA-
HUe yoensemes Haauuulo Kpocc-nospU3AYUOHHOU PA36A3KU MeNCOY KAHALAMU. YKA3aHHOe COOMHOUueHUe Onpedesisiemcs 8 oc-
HOBHOM KOHCIPYKMUGHLIMU 0CObenHocmamu anmenn. [Ipednazaemcs eplbupamos anmenuvl ¢ MUHUMATIbHO G03MOICHLIMU 3HAYE-
HUSLMU KO3(huyteHma Kpocc-noasipu3ayuoHHO pa3esi3Ku, KOMopble 02PAHUYUBAION OAHHYIO WUPUHY NOLOCHL KAHAILA.

Knroueswvie cnosa: SNR, SNIR, norsipuzayuonno-opmozonanvhuvle kanansl, eMKocms KaHand, pa3easka no NOAAPU3AYUU.
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