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Interference Analysis of Digital HD Radio System
considering Angular Effect
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Abstract
broadcasting. Since the in-band digital radio systems are used in the existing analog radio frequency band,

In the current wireless communication technology, the digital radio system replaces the analog radio

interference problems of digital radio are caused. It is important to effectively analyze the interference. In this
paper, to analyze SINR and BEP (bit error probability) of digital radio system, we propose the analysis method
considering angular effect. The angular effect means a method to analyze the interference when the receiver is
located in different directions around the transmitter. These results are able to give basic information for the
allocation of digital radio networks.

Key Words : Digital Radio, angular effect, SINR, BEP

broadcasting must analyze and handle it effectively,
because there is the

broadcast and comparable channels'

| . Introduction

interference  with  existing

The digital radio system is a radio broadcast 5 existing

technology that spotlights in the world, because it has  papers, most of the researches tend to analyze only the

been proven many benefits. Therefore, the digital radio
broadcasting has started in many countries including
the US. and Europem*[:ﬂ. However, digital radio

performance about factor of distance between the
receiver and the interferer'™. In this paper, we analyze

the various interference effects including the angle
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elements, as well as distance. This technique has an
advantage to analyze the performance of the system,
when a receiver accesses from multiple directions.
Finally,
deployed to consider the density of the listener.

the repeater stations can be effectively

This paper is organized as follows: Section 2
presents the geometric model considering angular
effect and proposes the analytic method of SINR and
BEP. The simulations of proposed scheme are
presented in section 3. Finally, our conclusions are

given in section 4.

Il. Analytic Approach of the
Proposed Model

The analytic modeling is composed of three parts; a
geometric model, an interference effect analysis and a
bit error probability (BEP) analysis.

1. Geometric Model

Fig. 1 shows the geometric model on a digital radio
environment. The distance (r) between repeater station
1 (RS1) and repeater station 2 (RS2) can be obtained
easily because their positions are generally fixed. If the
receiver to listen to the signal of RS1 exists, the RS2

serves as the source of interference.

Receiver

i

d X

% ? %
RS1 r RS2
(Signal transmitter) (Interference)

a8 1. CXIEaC| AAEE 2I§t geometric model
Fig. 1. Geometric model for digital radio system

In this situation, the distance (x) between the

receiver and the source of interference can be given as

z= (dsin®0+ (r+ dcos@)z)l/2
= (d®sin%0 + d*cos 20+ r* — 2rd cos ) "/?
= (4712 —2rdcosf)"2.
(D

The distance (x)
relationship: the distance (d) between RS1 and the

between two repeater

is represented by following

receiver; the distance (r)
stations; and angle O

2. Interference effect analysis
SINR is calculated to analyze interference from a

receiver in the geometric model of Fig. 1.

PS

()]

In (2, k is the Boltzmann constant
(1.38x10 ®mW/K), T is noise temperature of a receiver
and B is the bandwidth. Ps is the received power from

the RS1 signal and given as

Pg= Ppg + Grs) + G, — Lg(d,f) dBm
3)

where Pgs; is the transmission power of RS1, Ggs;
is the antenna gain of RS1 and G; is the antenna gain
of the receiver. If the radio channel is applied to the
free-space pathloss, the propagation loss (L) is given

as

Lg = 20log, (dy,, )+ 20logyo (f 1y, ) + 32.45 dB.
@)

The free-space path loss is expressed as the
relationship between a distance and frequency.
The interference power (P)) is the received power

from RS2 signal and given as

P;= Ppey+ Gpey+ G, — Ly(x,f) dBm
)
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where Pgs is the transmission power of RS2 and
Grsz 1s the antenna gain of RS2. L; is the propagation
loss between the RS2 and the receiver. It is applied to
equation (4) equally.

In (2), kT is as follows at room temperature.

k7= 1.38x10 2 x290[K] (6)
= 4.002x 10 '"® =—174[dBm/ Hz]

Thus, SINR is obtained by the following as

S f— — —_ _ —
(N+[)dB_PS k—T—B—P; 7)
= Ppg + Grey + G, —

Ly(d,f)—174— B— P,
- GHS? - GI‘ + L](l‘,f) dB-

If all of the antenna gains are 0dBi and x is
substituted with the equation (1), the equation (7) can

be written by
S _
Ni7), = Prs s 1T4= B Prs,
+ L,((d* +r* = 2rdcos0)"%, f) dB.

®)

Finally, if there is no distance information between
a receiver and a source of interference, we can get
SINR using the equation (8). In addition, we can draw
results according to the change of angle €&

3. Bit Error Probability (BEP) analysis

We analyze bit error that is the main cause of
degradation in the quality of digital communications
and evaluate the BEP performance according to the
change of angle © If the modulation is DPSK, BEP is
suggested by

I -

Py=py)=ge 7 ©)

where y is energy per bit(E,) to noise power
spectral density ratio. The noise power divides the
interference effect and AWGN component. Therefore, y

is as follows.

o Eb o Eb
TT NN, P, :

BN

(10)

where Ny is the interference power (P;) normalized
to a bandwidth of 1Hz. Thus, N=P/B.
Finally, BEP is given as

£,
ProGreG.
B e LI((d2+ r2— 2rdcos€)1/27f;dB)

F N,

(1)

lll. Simulation Results

The major parameters for a simulation are the
following: a center frequency of 1035 MHz; the
transmission power of RS1 and RS2 is 100W; an
antenna gain (Ggsy, Grsz, Gr) is assumed to be 0dBi; the

path loss model is a free space model.

SI(NH)(dB-Hz)

0 I S T I R T B
0 5 10 15 20 25 30 5 40 45 50
[d] Distance(km)

O3 2. ohyst Z2z(0 )M AH2l(d)ofl K2 SINR ZEat,
7{2l(r) = 50km

Fig. 2. Results on SINR versus distance (d)
from various angles (6 ). The distance
(r) is 50km.

Fig. 2 is SINR drew by the alteration of the distance
(d) between the RS1 and the receiver. The distance (r)
between the RS1 and the RS2 is fixed at S50km. If the
angle O1is 07, RS1, receiver and RS2(interference) are
placed on the line. According to the result, the
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interference effect is the least when the angle is 90°

S/(N+H)(dB-Hz)

20 40 60 80 100 120 140 160 180
[8] Angle(®)

a3 3. Cist 72|(d) oA ZH=(6 )ofl [KE SINR Zaf,
72|(r) = 50km

Fig. 3. Results on SINR versus angles (6 ) from
various distance (d). The distance (r) is
50km.

Fig. 3 is SINR drew by the alteration of the angle.
The distance (r) between two RSs is also fixed at
50km. The degradation of SINR is the least when the
distance (d) between the RS1 and the receiver is 10km.
The interference effect by the angle changes is less
because distance of the RS1 and receiver is relatively
close. On the other hand, SINR loss is greatest when
both distance (d) and distance (r) is 50km.

SHN+)(dB-Hz)

I i !
10 20 30 40 50 60 70 80 a0 100
[r] Distance(km)

a2 4, st ZI(6 )ollM H2l(r)ofl [HE SINR Zzt 7
2|(d) = 50km

Fig. 4. Results on SINR versus distance (r) from
various angles (0 ). The distance (d) is
50km.
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Fig. 4 is SINR drew by the changes of the distance
(r) between two RSs. The distance (d) is fixed at
50km. SINR is the highest when the angle is the
largest (O =90°). However, the fluctuation of SINR is
heavy when the angle is 0°. If the angle is 0° and the
distance (r) is 50km, the position of the receiver and
RS2(interference) are the same. Therefore, the SINR

performance decreases extremely.

—=&— Separation distance = 5km
—=— Separation distance = 10km Il
—H5— Separation distance = 50km

Bit error probability

SINR{dB)

12 5. 0|7 7{2|2t SINR H3lof| mE BEP Zu}
Fig. 5. Results on BEP versus SINR and
separation distance

Fig. 5 is the bit error probability by the changes of
SINR. The separation distance means the interval
between the receiver and RS1. In this situation, SINR
is changed by movement of RS2. The results show
that, as the separation distance decreases, the BEP
performance is increased.

In summary the results, if angle © is 90°, the
performance is the best. It implies that the separation
distance between the receiver and the interference
source keeps always, because the receiver and RS2 are
placed vertically with RS1 as the center. Consequently,
if the repeater station is placed considering the density
of the receiver, the system performance can be

improved by setting the angle above 90°.

V. Conclusion

Since the in—band digital radio systems are used in
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the existing analog radio frequency band, interference
problems of digital radio are caused. In this paper, we
investigated the interference analysis of digital radio
system. In the simulation result, we get various results
as SINR and BEP considering the angular effect. This
analytic method can overcome the monotony in existing
analytic method. In addition, the presented result offers
information for placement of radio station considering
receiver accesses from multiple directions. Finally, the
repeater stations can be more effectively deployed to
use this method and to consider the density of the

listener.

References

[1] ETSI EN 300 401, “Radio broadcasting systems:
digital audio broadcasting(DAB) to mobile,
portable and fixed receivers,” ETSI, Tech. Rep.,
June 2006.

[2] Y.J. Lee, J. Seo, S. Beack, D. Jang, K. Kang, J.
Kim, and J. W. Hong, “Design and Development
of T-DMB Multichannel Audio Service System
Based on Spatial Audio Coding,” ETRI Journal,

vol. 31, no. 6, pp. 795-802, December 2009.

[3] iBiquity Digital, “HD Radio TM air interface
design description series,” August 2007.

[4] ETSI ES 201 930 V2.2.1, “Digital radio mondiale
(DRM) system specification,” ETSI, August
2000.

[5] Y.-T. Lee et al, “Laboratory test results of digital
radio technologies: DAB, DAB+, T-DMB audio
and HD Radio,” Proc. 2010 NAB BEC, April 2010.

[6] Lourens, J.G and Weber, D.M., "Measuring audio
SNR on digital broadcast systems,” Broadcasting,
IEEE Transactions on, vol40, no.2, pp.98-101,

Jun 1994.

¥ This research was supported by the KCC(Kore

R&D program supervised by the KCA(Korea Communications Agency)'(KCA—2011-11912—02002).

a Communications Commission), Korea, under the

by

= 20079 2¢ ¢
a3} 2]
= 2009 2¢
I;Hb‘l— (—J—b‘l—}d/x]—)
< 200041 3R 1 FH sk AsE
Aok} oot 314)

ey

o554l Cross Layer, ¥4 Scheduling,
Cognitive Radio, Ns-27]¥F WLAN #4], ¢jx]d Zlt]Q,
MIMO_OFDNM>

<FHAR

ke

A0
9 g A(H]8]9)
- 20034 29 AlFTEhaL SpAk
20061 29 ¢ AFTEAL A}
— $ 20001 29 ¢ AETIE A wial
— <2009 49~ &A) =R EA AT
' A BEA Y AT
@

<FRlEol  OXE W47)E, TXE gre B 7%,
MIMO-OFDM, g&&FA4l 7]e>

- 49 -



N
1
Rl

72 1a{3t CIX|= HD Radio AIAEIO|A Q] ZHY 24

st 9]
<011 39794 . FEosm An
Fot A

DDC, BAE eht]e, MIMO 4>

o] & Ei(v]=]e)

+19939 24 @ grEasta g7l
Apgsk AL
- 1905 89 ¢ TSt e

Apgekt AL
20073 29 AMUE A7) ARE
EE
19954 8L~ & A« gh=HlaEAl
A HEA AT Al
<FEAEE 1 DTV, DMB, tAEalt] e AJ2~e>

e

:F_

7 73 H38)

= 1989 19 ~ 19984 129 : d=A
AEAATY FAEAATH A
AT

=199d 1¥ ~ 20029 3¢
University of Surrey(Q3=) 7142}
T3k gigh Y ZA(FAD

= 2002 29 ~ 20043 8¢ @ =z}
BT oAl AT

=204 98 ~ 2006\ 2¥ : AL e AR FEE A
UZAL

= 20069 39 ~ #A| : FEUS GRS Fag

ST ¢ AR/ A ], ATRsA e, SDR,
Cognitive Radio, MIMO-OFDM, A#AE41 tj=x|Ez}t]
2, MIMO A A1d24>

- 50 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


