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Power Efficient Transmission Scheme with Adaptive Cyclic Prefix
for an Uplink of OFDMA Systems™**

Tae Won BAN', Nonmember and Bang Chul JUNG "9, Member

SUMMARY A novel adaptive cyclic prefix (CP) transmission scheme
is proposed for the uplink of orthogonal frequency division multiple ac-
cess (OFDMA) systems to reduce the power consumption of mobile sta-
tions (MSs). In the proposed scheme, an MS adaptively changes its CP
length in each frame, while the guard interval is maintained at a fixed dura-
tion to avoid frame synchronization problem and the interference problem
with frames of other users. Using the proposed scheme, MSs can save
power by not transmitting signal during the time difference between the
guard interval and the duration of the adaptive CP. We numerically analyze
the performance of the proposed scheme in terms of achievable capacity,
the amount of power saving, and the feedback overhead of CP values. The
result shows that the proposed scheme can reduce MS power consumption
by about 20% with a small amount of additional feedback overhead.

key words: cyclic prefix, guard interval, OFDMA system, power saving,
cellular uplink

1. Introduction

Recently, a number of orthogonal frequency division mul-
tiple access (OFDMA)-based wireless systems have been
proposed [1]-[3]. In the uplink of OFDMA systems, each
user utilizes certain sub-bands in frequency domain in or-
der to transmit its data and the other user utilize different
sub-bands, and then their transmit signals on frequency do-
main are received and added at base station (BS) in time do-
main. In addition, each user inserts cyclic prefix (CP) in the
guard interval in OFDMA systems for eliminating both the
inter-symbol interference (ISI) and the inter-carrier interfer-
ence (ICI). If the CP duration is shorter than a given multi-
path delay spread, then the performance of OFDM systems
degrades because of ISI. On the contrary, a long CP dura-
tion, compared with a given multipath delay spread, wastes
time and transmission power.

We can find an optimum CP value if channel delay
spread is given [4]. However, it is well known that the de-
lay spread of a wireless channel is time-variant. Hence, it is
natural to consider a transmission scheme with a variable CP
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in order to reduce the resource waste. A variable CP trans-
mission scheme for wireless local area network (WLAN)
was proposed in [5]. The authors proposed to use the time
reduced by adaptive CP length for transmitting data and
showed that it improved the throughput of the WLAN sys-
tems. However, in uplink of OFDMA systems, if each user
changes the guard time with CP dynamically according to
its channel characteristics, then the frame-synchronization
is not possible and the inter-carrier interference occurs in
the uplink of OFDMA systems because the start point of the
OFDM symbol of each user is not the same. In this letter,
we propose a new adaptive CP transmission scheme without
causing frame synchronization and interference problems in
the reverse link of OFDM cellular systems. In the proposed
scheme, each MS maintains a fixed guard interval in order to
eliminate the frame synchronization and interference prob-
lems and inserts the CP in a part of the guard interval accord-
ing to the feedback information from a BS. The MS does not
transmit data during the time difference between the guard
interval and the duration of the CP, so that the MS can save
its transmission power.

2. Proposed Adaptive CP Transmission Scheme

In frequency division duplex (FDD)-based cellular systems,
the feedback of CP length values from a BS to MSs and
the update of the CP length values in the MSs is performed
in each frame. A channel is assumed to be time-invariant
during a frame duration. Figure 1 shows the conceptual op-
eration of the proposed scheme in FDD-based systems.

MS BS

1. MS transmits a frame using an initial CP length value

equal to a guard interval o

~-4————Frame duration=N,(Symbol duration+Guard time)————
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—
Symbol duration

2. BS estimates the delay
spread and decides an
appropriate CP value for
the next frame

3. BS feeds the estimated CP duration value back to MS

-4

4. MS adjusts the CP
for the next frame

5. MS transmits a new frame using the adjusted CP value
which is less than or equal to a guard interval
- Frame durat >

- -~ o e~ e g~
Tx off Symbol duration

Fig.1 The conceptual diagram of the proposed scheme in FDD-based
systems.
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e An MS transmits a frame with a CP length value which
is initially set to a given guard interval A.

e A BS estimates its channel and determines the CP
length value for the next frame as an estimated max-
imum delay spread () value. The delay spread can be
estimated by the proposed way in [5]. The BS feeds
this value back to the MS after quantizing. We con-
sider Q quantization bits (that is, 2¢ quantization lev-
els). The BS quantizes the CP length value as follows:

Al AGD AL 90
={ 200 "0 =20 IR
cp { A, T>A. )
e The MS changes its CP length in each frame accord-
ing to the feedback information. The MS turns off its
power during the time difference between the guard in-
terval and the adjusted CP length value and then wakes

up to transmit data.

In time division duplex (TDD)-based cellular systems,
the downlink and uplink channel are reciprocal each other,
and each MS can estimate its delay spread of the wireless
channel from the common pilot symbol in downlink. Thus,
feedback overhead is not needed.

3. Performance Evaluation
3.1 SINR in a Multipath Environment

We first consider the m-th multipath with a relative delay

T, in an N g, multipath model. It has a normalized rela-

. . . N, paths M 1
tive signal power ratio p,, (Zm‘: 1’ Pm = 1), which consists

of signal (py,,) and interference (p;,,) parts. Introducing a
bias function [4] defined as

1, 0T, <A
B(ty) = B2, A<T, <T,+A (2)
0, T,+A<Tt,,

where T denotes the OFDM symbol time, we can derive
Ps.m and p;,, as follows:

DPsm = B(Tm)zpm’ Pim = Pm — Psim = (1 - B(Tm)z)pm‘
(3)

Given a channel with N, multipaths, the SINR per
subcarrier (I') can be expressed as

P
r=—_ >
. nZn
P, +r P

“)

where P, and P; are expressed, respectively, as

Nparhv Nparhv
Pvzzpcmandpi—zptm_l_[)v
m=1 m=1

The terms Py, P,, r, and n denote the transmit power per
subcarrier, the thermal noise power, the distance from a
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transmitter and a receiver and the path loss exponent, re-
spectively. The fading and shadowing are not considered.
In order to obtain the density function of the maximum de-
lay spread 7, we assume a simple two-ray multipath model
for mathematical simplicity, where there are two dominant
multipaths in a system (Npuns = 2) and the relative delay
of the second multipath signal corresponds to the maximum
delay spread 7, that is, 7 = 7,. This model is widely used
to analyze the effect of CP or multipath because the primary
interest is not the number of multipaths but the maximum
delay spread if the CP value is determined by the maximum
delay spread. It is well known that the root-mean-square de-
lay spread (7,,,s) increases with an increasing distance from
a transmitter and a receiver and is log-normally distributed
[7]. Therefore, 7,, can be expressed as:

Trms = Tmrey’ )

where T, €, and y are the median of 7,,,, an exponent re-
lated to the dependency of 7,,,5 on r, and a log-normal ran-
dom variable, respectively. ¥ = 10logy is a Gaussian ran-
dom variable with zero mean and standard deviation o, and
its density function is given as

(10 log, (y))2

fry) = exp (— . (6)

' V2rIn 100,y 20 5

For Npums = 2, Tyms can be described as
Thue = T3p2 — (12p2)* = T2p2 — (p2)°, %

and then, T can be derived as
rm Tm €

Trms r y @)

T = = y = Z’
- m-n
where ¢ is defined as /p> — p% /(T,,,r¢). Then, we can de-

rive the conditional density function of the maximum delay
spread in the two-ray multipath model for a given r as fol-
lows:

Srir(xlr) = {fy(lT)

10 [ (101og10<r§>)2]
——exp|-——F+——|.
V27 1n 1007, 7 207

&)

3.2 System Capacity

The time overhead in the proposed scheme is A/(T; + A)
because the fixed guard interval is set to A, which is the
same as that of the existing OFDM systems. Therefore, the
capacity of the proposed scheme is equivalent to that of the
existing scheme with a fixed CP length equal to the guard
interval. For a given guard interval, the average capacity
(C) over a cell can be derived as

T. R 00
C= Ts;Afo [fR(l’)fo Srir (1)
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xlog, | 1 + ——0) ]d‘r}dr, (10)

1-Py(r)+ r”;’—l”

where the density function of a distance from the BS and a
MS for a given cell radius R is expressed as fr(r) = 2r/R2.
P, becomes a function of 7 if a channel profile is varying.
Using Eqgs. (2), (3) and (5), Py(7) for a given channel profile
can be given by

p1t P2 0<7t<A
P =3 pr+ (B2 . Ast<T,+A (D)
D1, T, +A<T

Equation (10) can be rewritten as Eq. (12) if P4(7) in Eq. (10)
is replaced by Eq. (11).

TT+Af fR(V)[f Jrr(zlr)

p1Lt D2
-log, |1+ dr
2( 1—(P1+P2)+F"%]
Ts+A

+ Jrr(zlr)
A

Iy +p2(T+A T)Z

log, |1+ 3 dr
U= (p+ o () ) ot
” P1
+ fT|R(T|V) 10g2 (1 + —p]dT]dT
T,+A L=py+re
12)

3.3 Power Saving Ratio

We define the power saving ratio g(r) as the ratio of
transmission-off period to the overall OFDM symbol dura-
tion in a frame for a given maximum delay spread 7. Con-
trary to the previous case of capacity, this power saving ratio
is affected by the quantization of the CP value. Therefore,
g(7) can be represented as

(A-%) @na A 0
< =
g(r) =] Ty 20 STS300= 1,2 (13)
0, 7> A

The average power saving ratio over the entire cell area can
be calculated as

R 00
G= j(; Jr(r) j(; Jrr(ting(T)drdr

R A
Zj(; fR(r)fO‘ Srr(xINg(T)drdr

? (@ A-1
— . 2
= fo fi(r) ZE[ f o TR

(14)
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Table 1  Parameters used for performance evaluation.
| Parameters | Values |
Number of subcarriers (V) 1024
Channel bandwidth (W) 100 MHz
OFDM symbol duration (7's) 10.24 usec
Transmitter power per subcarrier (Pry) (200/N) mW
Noise density (Np) —174 dBm/Hz
Cell Radius (R) 1000 m
Path loss exponent (1) 3
Relative power of the second delay spread (p2) 0.5
Median of rms delay spread (7},) 1 usec
Exponent related to 7,5 (€) 0.5
9 T T
Analysis(oy=2)
Analysis(oy=4)

O Simulation(oy=2) ||
*  Simulation(oy=2)

Capacity[bps/Hz]

4 5
Guard Interval[usec]

Fig.2  Capacity for two different standard deviations of log-normal
distribution (o).

Table 2
oy,=2 o,=4

(us) Analysis Simulation Analysis Simulation
0=6[0=0|0=6[0=0|Q0=6|0=00|Q0=6|0=cwx

2 3.99 | 407 | 399 | 407 | 487 | 494 | 488 | 493
9.74 | 988 | 9.70 | 9.88 | 9.63 | 9.75 | 9.54 | 9.76
15.62 | 15.80 | 15.59 | 15.78 | 14.53 | 14.68 | 14.62 | 14.65
21.00 | 21.21 | 20.90 | 21.19 | 19.22 | 19.41 | 19.17 | 19.39

Power saving ratio (%).

W |

For evaluating the performance of the proposed adaptive CP
scheme, we use the parameters in Table 1. The OFDM
symbol duration is set to be 10.24 us, while the guard in-
terval can be controllable as long as it is shorter than the
OFDM symbol duration. The simulations are performed
with Monte-Carlo method (10° times for average) and the
delay spread are generated by Eq. (9). Figure 2 shows the
capacity for varying guard interval values. The capacity is
maximized when the guard interval is approximately 3 usec.
If the guard interval is less than 3 usec, the capacity degrades
because of ISI. On the other hand, a longer guard interval
degrades the capacity because of a larger time overhead. In
the practical systems, the guard interval tends to be longer
than the optimum guard interval analyzed in Fig.2 due to
the stability of the system.

Table 2 represents the average power saving ratio of
the proposed adaptive CP scheme, which can be calculated
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from Eq. (14). The number of quantization bits is set to be 6
in Table 2 and it yields nearly the same performance as the
case that O = co. When the optimal guard interval (3 us)
is applied, the power saving ratio is around 10%. The ana-
lytical results agree with the simulation results. The power
saving ratio increases around 20% when the guard interval
is set to be 5 us.

4. Conclusions

In this letter, we proposed an adaptive CP transmission
scheme in the uplink of OFDM-based cellular systems. In
the proposed scheme, MSs still use a fixed guard interval
in order to maintain frame synchronization. On the other
hand, MSs alter their CP lengths frame by frame according
to the feedback information from the BS in FDD mode. In
the TDD-based OFDMA systems, the proposed adaptive CP
scheme does not require any signaling overhead, because
each MS estimates its delay spread of the wireless chan-
nel by using the common downlink pilot symbol. The pro-
posed scheme yields a power saving ratio of 20% with a
small amount of additional feedback overhead for the guard
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interval of 5 usec. In addition, the proposed scheme guar-
antees the same capacity as the conventional system. The
proposed scheme can be a good candidate technique in the
uplink of OFDMA-based next generation cellular systems
where mobile stations are power-limited.

References

[1] IEEE, P802.16-REVd/D5, “Part 16: Air interface for fixed broadband
wireless access systems,” May 2004.

[2] 3GPP, TR 25.814, “Physical layer aspects for evolved UTRA (Release
7),” Nov. 2005.

[3] IEEE C802.20-05/68r1, “MBFDD and MBTDD wideband mode:
Technical overview,” Jan. 2006.

[4] M. Batariere, K. Baum, and T.P. Krauss, “Cyclic prefix analysis for
4G OFDM systems,” Proc. IEEE VTC’2004 Fall, pp.543-547, 2004.

[5] Z.-Y.Zhang and L.-F. Lai, “A novel OFDM transmission scheme with
length-adaptive cyclic prefix,” J. Zhejiang University SCIENCE 2004,
vol.5, no.11, pp.1336-1342, Nov. 2004.

[6] T.S. Rappaport, Wireless Communications: Principles and Practice,
Prentice Hall, 1996.

[7]1 L.J. Greenstein, V. Erceg, Y.S. Yeh, and M.V. Clark, “A new path-
gain/delay-spread propogation model for digital cellular channels,”
IEEE Trans. Veh. Technol., vol.46, no.2, pp.477-485, May 1997.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 /FlateEncode
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


