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ABSTRACT

In this paper, we study joint feedback design for interference channel (IC). We develop a simple iterative
algorithm for the joint feedback design to maximize the expected rate when the transmitters use partial
channel-state information (CSI) obtained by the feedback link. Also, from the simulation result, we show that

the performance gain is obtained compared to the conventional scheme.
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Fig. 1. Gaussian Interference channel model
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Expected rate of IFC (SNR,=SNR, E[y, ]=E[y,,]=Ely,,]=Ely,,1=10)
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Expected rate of IFC (SNR,=SNR, - 5dB, Ely,,]=El[y,,]=10, E[y,,]=E[y,,]1=5)
7 T T T

Expected rate (nats/channel use)

—O—K=2:

Perfect CSIT
Proposed (single-Q)

: Proposed (multi-Q for TX)

: Proposed (multi-Q for TX and RX)

: Proposed (single-Q)

: Proposed (multi-Q for TX)

: Proposed (multi-Q for TX and RX)

: Conventional P2P (single-Q)

: Conventional P2P (multi-Q for TX and RX)
: Conventional P2P (single-Q)

: Conventional P2P (multi-Q for TX and RX)

1

12 13 14 15

a8 5. oAk Apd Al RS o]-83F g Bafy A

AdelHe] 7l FE

Fig. 5. Expected rate of perfect asymmetric interference

channel via quantized CSI

v;=10 & W=

ogh

HlEGT} SRS Ae] Fo

[e)

5 9dem 71Ee] p2p 7k A

Bl oq=1008 AR 7t
P, =[5:2:15]dB)¢} P,=[0:2:10]dB)= =7}

5dB &gk Bsbd Bt ZHd Aol 7 v

ES R 7|E p2p AE A

AAE A A

AE g o 22 A5 2=

o

o = pZ e
o} w3k 7]Ee] PP A3t AR AAE B8 L
Akl #Hle] A AHe] AXFE FFdA|=

M Adele AR A

HE e Had

R
AL Fld 5 9l
oJ o

=

A%e ol Wkl 4 AL 913 Ak B3

R H

AR AR A WS FelA L2 A A

5 M) Al weld
kS R

FEW= A+

ol 7AHA AL olF= &
=ik ot g Al
=gk 3

%)7] wholek
e ofAs) w e
A5} el 7k 7bAo] wlaA

wat 38 2] AdelAe] wel

4 et el

o
)
al

> 5o
o

& BokS w] zb $Alche] AE ok ofzlEl @

@B)st P=[0:2:10/@B)= A7} 5dB EAl3ka
Aol BAA HAol 7 Al A ol

Aol A Pz BAR S4o) BT 0%t il

St oft
%
Y

2,
o
X,
r
)
- I
ang
+N
o
oX,
¢

olek mak webd 4l Adelxe} v
2] pop A% Aw AAS Eal e £ Aol
AR et dle] FEAAE AL
mEAle ckow] slEe] P2p AF An A
a Qe AE} eeluel As @ 7
He 54e 2 AL g 4 gtk

FAlRe] M THE s A A
el eajah HMe Asls ZAne) w

A5 ol5E At AL HAT 5 vk

—_

U
T
~
T

o r\‘
e Ho _TE: ] o
Mo o N O ot o

M9 oM I

—

(
—_

=

S
O, ol
I M
N o
% fu
[
2%
i) 0;?
3L
o
)
T
AT
fu 2> QY

v.d B

3w EgoldE 7Rk K94
oA ZH AN AL 7S SR A AR AR
A A1 ARk Adshs A% AR A
dlEe 7 false] As Ad P=sel ¥

7 Ad =g

e

ﬂ?

7 1
AR B4S FF aeislel AAsigon] mels
o dmE el A e WA S

933



g EA8t8] =77 *12-11 Vol.37A No.ll

A7) whitel Z1Ee] Ao EAlA
AR H B AN 2 AL @
odek. BT AT Thie] £441 Aol EAISHE
A A Sl sl A1 Aol

References

[1] D. L. Perez, G. D. L. Roche, A. Valcarce, A.
Juttner and J. Zhang, “Interference avoidance
and dynamic frequency planning for wimax
femtocells networks”, IEEE ICCS., pp.
1579-1584, Nov. 2008.

[2] Z. Bharucha, A. Saul, G. Auer and H. Haas,
“Dynamic resource partitioning for downlink
femto to macro cell interference avoidance”,”
EURASIP J. Wire. Comm. Netw., vol. 2010,
Article ID 143414, pp. 1-12, Jan. 2010.

[31 K. Son, S. Chong and G. d. Veciana, “Dynamic
association for load balancing and interference
avoidance in multi cell networks”, IEEE Trans.
Wire. Comm., vol. 8, no. 7, pp. 3566-3576, July
2009.

[4] V. Cadambe, S. Jafar, “Interference Alignment
and Degrees of Freedom of the K-User
Interference Channel”, IEEE Trans. Inf. Theory,
vol. IT-54, no. 8, pp. 3425-3441, Aug. 2008.

[5] K. Gomadam, V. Cadambe and S. Jafar, “
Approaching the capacity of wireless networks
through distributed interference alignment”,
IEEE Glob. 2009, pp. 1-6, Nov. 20009.

[6] S. W. Peters and R. W. Heath Jr, “Interference
alignment via alternationg minimization”, IEEE
ICASSP. 2009, pp. 2445-2448, Apr. 2009.

[71 H. Sato, “The capacity of the Gaussian
interference channel under strong interence”,
IEEE Trans. Inf. Theory, vol. IT-27, no. 6, pp.
786-788, Nov. 1981.

[8] X. Shang, G Kramer and B. Chen, “A new outer
bound and the noisy-interference sum-rate
capacity for Gaussian interference channels”,
IEEE Trans. Inf. Theory, vol. IT-55, no. 2, pp.
689-699, Feb. 2009.

934

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

A. B. Carleial, “Interference channels”, IEEE
Trans. Inf. Theory, vol. IT-24, no. 1, pp. 60-70,
Jan. 1978.

T. S. Han and K. Kobayashi, “A new achievable
rate region for the interference channel”, IEEE
Trans. Inf. Theory, vol. IT-27, no. 1, pp. 49-60,
Jan. 1981.

H. F. Chong, M. Motani, H. K. Garg and H.
E. Gamal, “On The Han-Kobayashi Region for
the Interference Channel”, IEEE Trans. Inf.
Theory, vol. IT-54, no. 7, pp. 3188-3195, Jul.
2008.

R. Etkin, D. N. C. Tse and H. Wang, “Gaussian
interference channel capacity to within one bit”,
IEEE Trans. Inf. Theory, vol. IT-54, no. 12, pp.
5534-5562, Dec. 2008.

C. Suh and D. N. C. Tse, “Feedback capacity
of the Gaussian interference channel to within
1.7075 bits: The symmetric case”, [Online].
Available: arXiv:0901.3580v1, Jan. 2009.

C. Suh and D. N. C. Tse, “Symmetric feedback
capacity of the Gaussian interference channel
to within one bit”, IEEE ISIT. 2009, pp.
1609-1613, Jun. 2009.

C. Suh and D. N. C. Tse, “Feedback Capacity
of the Gaussian Interference Channel to Within
2 Bits”, IEEE Trans. Inf. Theory, vol. IT-57,
no. 5, pp. 2667-2685, May 2011.

S. Bhashyam, A. Sabharwal, and B. Aazhang,
“Feedback gain in multiple antenna systems”,
IEEE Trans. Comm., vol. 50, no. 5, pp. 785 -
798, May 2002.

T. T. Kim and M. Skoglund, “On the expected
rate of slowly fading channels with quantized
side information”, IEEE Trans. Comm., vol. 55,
no. 4, pp. 820-829, Apr. 2007.

K. J. Jeon, I. Byun, K. S. Kim et al, “A Study
on the rate maximization via channel side
information for the overwater ad-hoc network
system”, KICS ICC. 2011, pp. 1-2, Nov. 2011.
K. J. Jeon, I. Byun, K. J. Choi and K. S. Kim,
“Joint Feedback Design for Multiple Access
Channel”, APCC. 2012, pp. 253-254, Oct. 2012.
K. K. Mukkavilli, A. Sabharwal, E. Erkip, and

B. Aazhang, “On beamforming with finite rate



=i AR A S S

flo
<t

3 A AR A

M

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

feedback in multiple-antenna systems”, IEEE
Trans. Inf. Theory, vol. 1T-49, no. 10, pp.
2562-2579, Oct. 2003.

D. I. Love, R. W. Heath Jr and T. Strohmer,
“Grassmannian Beamforming for Multiple-Input
Multiple-Output Wireless Systems”, [EEE
Trans. Inf. Theory, vol. 1T-49, no. 10, pp.
2735-2747, Oct. 2003.

D. J. Love, R. W. Heath Jr, “Limited feedback
unitary precoding for orthogonal space-time
block codes”, IEEE Trans. Sig. Proc., vol. 53,
no. 1, pp. 64-73, Jan. 2005.
D. Samardzija and N. Mandayam,
“Unquantized and uncoded channel state
information feedback on wireless channels”,
IEEE WCNC. 2005, pp. 1059 - 1065, Mar.
2005.

D. Samardzija and N. Mandayam,
“Unquantized and Uncoded Channel State
Information Feedback in Multiple-Antenna
Multiuser Systems”, IEEE Trans. Comm., vol.
54, no. 7, pp. 1335-1345, Jul. 2006.

T. L. Marzetta and B. M. Hochwald, “Fast
Transfer of Channel State Information in
Wireless Systems”, IEEE Trans. Sig. Proc. vol.
54, no. 4, pp. 1268-1278, Jun. 2004.

G. Caire, N. lJindal, M. Kobayashi, N.
Ravindran, “Quantized vs. Analog Feedback for
the MIMO Broadcast Channel : A Comparison
between Zero-Forcing Based Achievable
Rates”, IEEE ISIT. 2007, pp. 2046-2050, Jun.
2007.

E. Biglieri, J. Proakis and S. Shamai (Shitz),
“Fading channels : Information -theoretic and
communications aspects”, IEEE Trans. Inf.
Theory, vol. IT-44, no. 10, pp. 2619-2692, Oct.
1998.

M. Effros and A. Goldsmith,

definitions and coding strategies for general

“Capacity

channels with receiver side information”, IEEE
ISIT. 1998, pp. 39, Aug. 1998.

T. Cover and J.
Information Theory”, Hoboken, NI: Wiley,
2006.

A. Gersho

Thomas, “Elements of

and R. M. Gray, “Vector

Quantization and  Signal
Norwell, MA: Kluwer, 1992.

Compression”,

A 7| £ (Ki-Jun Jeon)

2008 2 Az A7
AAge (F3Ah

20104 2% A A7)
A} (33 Ah

20109 39 ~3A] At
A7 gs = walA

<FHlEeol> AHo|E LAl

B 2 2 (Ilmu Byun)

20059 294 AAAdista 217]
g} (F3Ah

2007 29 AAHE A7)
A} (F3Ah

2007 39~ AAH sk
i P e R e

<TAildol Y B4l o=

3 Jv|ES|=, LDPC H-5

1 8 = (Byung-Hoon Ko)

20061 8 AA|hstar A7 AAlgstt (-5

20071 3 ~&A] AAHSk
A71Ax sk Aakal &
& 4

<ol =% UESLZ,

A A3}

0|l & % (Duho Rhee)

2004 89 At Al
AAREEH (3

20061 89 At A7
Argetat (FE44h

2006 9L ~3A] AAE
R b e R e e

<Al olEsAl , A

Hx 4 F3

935



FEAEF3| =] *12-11 Vol.37A No.11

0l M 2 (Seong-Ro Lee)

198711 294 rE{ishal Ay
st (F5h

1990 29 g=aelrled A
7] D AAF (B3

19961d 8 =3yl A
7] 8 AR (FEh

2005 3¥~3x] B-Eostw
ARFE A RARFIAT Y

<A Bol tAEEA] A]/\Eﬂ o] 2 oAEAA
28, USN/ "V g~g-8-tof, ] =x]2~g]

1994 294 g=slr]ed A
7] 2 Az (FEah
19961 29 F=3slr]sd A

7] & Azxl-sta) (J«'cﬂ-/H /\]_)
19991 2¢ d=wslr)ed A
7] 2 A (FEEAh
19991 34~2000 34 Dept.
ECE, UC San Diego, "o
20001 44~2004d 29 F=EIAREAIATA Al

AT
20041 39-~20094 29 AAHEw AH7)AAFEEE
5 Zuae

z ;S],H H 2~

20004 3L~ A A7) AR g

<tlEol FAlolE, winz WA, chEAbealc
A skt *]iE,ﬂ e W o]F A2g
e =] gaF 2 ARt 23}

936




<<
  /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


