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Abstract - We propose a simple technique to reduce PAPR  according to various system requirements. In tlinerot
for a Very High Throughput Wireless LAN with back- hand, the IEEE802.11n system uses special form of
ward compatibility with IEEE 802.11a/n sysem. By PTS to reduce the PAPR.

applying proposed phase rotation in partial transmit In this paper, we report our work in developing a

sequence technique we got PAPR reduction up t0 301dB ;i \WI AN system based on IEEE802.11TGac's

lower than conventional one, yields in comparable PAPR f ti | . ts. Si it | oy
with |EEE802.11n preamble. unctional requirements. Since it uses large nundfer

Keywords - Gigabit, Wireless LAN, backward compatibi- subcarriers we need to mitigate the PAPR problem.

lity, |EEES02.11a/n WLAN System, PAPR reduction. However, the above PAPR reduction techniques were
restricted by considering backward compatibilitythwi
| INTRODUCTION IEEE802.11a/n WLAN system. Here we propose a

. . simple technique to reduce PAPR by applying proper
The very high throughput (VHT) wireless LAN hase rotation in PTS method. This technique dwe s

(WLAN) ~ system which is under discussion b APR signal while maintaining low complexity and
IEEE802.11TGac, offers throughput more than 1Gbhps,i g 9 piexity

MAClayer\[1]. This system is assigned to use 80 M ackward Compatlblhty .W't.h IEEE802.11a/n system.
bandwidth and work in the 5 GHz band, same band e resulted time domain signal has comparable PAPR
W

h IEEE802.11n's signal.

IEEE802.11a/n WLAN system [2], [3], therefore ' . ; :
ensuring the backward compatibility with both sysse . bTh]!IS papelr 1S odrg_anlze(i_as f|(|)”(-)|-vgs' The PTSd;nethod
is included in the functional requirements [4]. $ho IS ,:.'e y ?Xp gl,zng zectl_on | epr;[gp?se Gﬁe bit
systems above take advantage of using OFDM to aAIIc\)lnSsosrtem er]e L;;;g(cv;ﬂngcom atigirlit Ig?ol
high data rate and employ MIMO fto boost th EE802 1yla/n are analyzed in section Irl)l Finguge
throughput. However same as other OFDM-bas ) . nt . '
system, they also suffer from peak-to-averag raw some conclusions insection V.
powerratio (PAPR) problem. Between them,
thelEEE802.11ac shall face the highest PAPR problem !I. PARTIAL TRANSMIT SEQUENCE SCHEME
due to using the largest number of subcarriers. The complex baseband OFDM signal with N sub-

Many PAPR reduction techniques, such asarriers can be written as
amplitude clipping [5], clipping and filtering [6§oding

[7], tone reservation and tone injection[8], active N-1 _
constellation extension [9], and multiple signal .sm:—Zsk.eﬂ”“'*‘”()gngT (1)
representation techniques such as partial transmit N =

sequence (PTS) [10], selected mapping [11], amdereSkis the symbol transmitted in subcarrierAF
interleaving [12], we re discussed and compargd3h is the frequency spacing, which is chosen to BéT1/
Those techniques achieve PAPR reduction at thedT is the symbol duration of the original input signal
expense of transmit signal power increase, biterrdthens(t) is sampled at the symbol ratel 1(1) gives a
rate(BER) increase, data rate loss, computatiorsé@ndardN-point IDFT. However, in most applications,
complexity increase, and soon.the discussion wasedl the OFDM signal must be oversampled, and thus an
with conclusion there is no special technique ashibst oversized IDFT is normally used. The instantaneous
solution for all OFDM systems. Rather, the PAPRower ofs(t) is given by

reduction technique should be carefully chosen P(1) = [s()f (2)
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Fig. 1. Proposed Transmitter of Gigabit WLAN system  ysyally, thebms are chosen as complex values with unit
with PTS for PAPR reduction amplitude, i.e.bm = g0m, 6m [ [0, 2t]. Thus, (6) can

] ] ) be rewritten as
The PAPR of the OFDM signal is defined as

max(|s(t 12) _ max{P(t)}

A= E(s(2}  Pa & SRR SR SR "’jl
1 av . i Lo 9 Lo

where Pav = E{|s(t)}2} represents the average = | ' % 7 BMLO© 7)
power of thesampled OFDM signal. : : - ' .
LetS=[SO, - - - SN-1] be the input data vector for SNL1 - SNL2 svLml e

the IDFT block. In the PTS method, is split inkd The PTS method is to find an optimum phase vector

subvectors, each subvector being appropriately gghd® = [01, 02 - - - Ou]" such that the PAPR is minimized.
with zeros to form arN- dimensional vector. Therg Therefore one should perform an exhaustic search fo

(M-1) phase factors, arfi'* sets of phase factors are

can be rewritten as _ _
searched to find the optimum one. The search

M
S=> S S0 complexity increases exponentially with the numbgr
= _ subblocks M. Further, the number of required side
where any two of the Sms (m = 1, 2, .., M) ari‘ﬁformation bits to be sent to receiver LibggeM_lJ,

othogonal,i.e., they disjointly contain the elenseot S.
By multiplying each vector Sm by a rotation fadbon =
é"™ , we obtain the combination of the rotated vectsrs

where | X] denotes the smallest integer that does not
exceedX, decreases the data rate. Next, to mitigate these
complexity and side information problem, we first

iven b . ) .
g y search the optimurfi for each field and propose single
o ] value off for all field then set the receiver with the same
5= Z by Sm (5) 9
m=1 .
The objective of the PTS method is to determineMhe
coefficients, i (m =1, 2, - - -, M), such that the IDFT [1l. PAPR REDUCTION IN THE
of S, PROPOSED GIGABIT SYSTEM

> i Block diagram of transmitter of the proposed

;;:;Dpnggzzbm ;Dpns‘m}zzbm S (6) Gigabit system is shown in Fig. 1. There are four
streams and PTS is done before the IFFT to rechee t

APR in each stream. The proposed mixed format (MF)

has the mini PAPR. B fe . : )
as_tne minimum ceause an oversampgreamble for this system which considers backward

OFDM signal is usually needed for the generatiothef L . . A
continuoustime signal for transmission, the IDFZesn compatlblhty with IEI_EE802.11a/n IS Sh_O_W” In Fig. I2
obtaining (6) iSNxL, whereL is the oversampling rate,CONSIStS Qf thr.ee main parts, short training fig®sF),
The oversized IDFT of S'can be obtained by insertinqong training f'elds (LTF) and SIGNAL fields (SIG)f_
L-1 zeros in eaclsm. Usually, thebms are chosen as (ra]gacyh (L)’(Vrll:'?'? throu_gr:]r?pqt ('_(;T) e_md very high
: . ; i = 0m throughput parts. The time domain represéonat
complex values with unit amplitude, i.bm =€ *, 6m € g those fields on transmit chaifiX, i = 1, 2, 3,4 are:

m=1 m=1

[0, 2q]. Thus, (6) can be rewritten as has the minimu ) . )
; ; ermined by equations (8) until (14), whei&X =
PAPR. Because an oversampled OFDM signal is usu Y 4 is number of transmit antennalNITX.48 . 1

needed for the generation of the continuoustimaasig

for transmission, the IDFT size in obtaining (6)N8L, \/NTX'Z?E’ Etﬁndt 1\/INTX.228 fatrﬁ t?e sgale f_ac;c_)rs to

wherelL is the oversampling rate. The oversized IDFT T?:ureLTli N é)glgowerdoD te fl'mlz oma|nt_|gxﬁ

“S can be obtained by insertihg1 zeros in eacBm. S S, an S and bata field, respec Ivady,
summed over all transmit chains is either 1 or lotlvan
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with T1g is the transition time between two consecutive
fields. § are the four times duplication of IEEE802.11a
STF symbols, | are the four times duplication of
IEEE802.11a LTF symbols, Hare the two times
duplication of IEEE802.11n HT-LTF symbols. TiTX CS
and TiSTS CS represents the cyclic shift diversaty
prevent unintentionally beamforming for legacy and
non-legacy part, respectively, Bnd R are the data SIG
fields and pilot, respectively which allocated ofthk
subcarrier. pis pilot polarity controller sequence which
can be generated by IEEE802.11a’s scrambler with
the "all ones” initial state and by replacing alls” with

-1 and all "0’s” with 1. Q is a spatial mapping matrix
which maps the each space time stream (STS) symbols
onto transmit chain symbols s(iTX) k. Pis 4 x 4
orthogonal mapping matrix defined as:

1
i y o (17)

o | 1 |
The constants to calculate the timing used indhétem
are listed in Table IYk represents the proposed rotation
of the subcarriers in 80MHz channel to get low PAPR
signal while considering the backward compatibility
with IEEE802.11a/n system, as:

1 for k< -—64
i fi —64<k<0
=141 (18)
el for 0 < k<64
je® for k> 64

The 80 MHz channel for the Gigabit system is didide
into two 40 Mhz channel lower and upper, each casi
of 20 MHz lower and upper. With 256 subcarrierskas
is the subcarrier index, the negative subcarrikers Q)
are for lower 40 MHz channel which consistkef —64
as the lower 20 MHz and -64l< 0 as the upper 20
MHz channel, while the positive subcarrieks>(0) are
for 40 MHz channel upper which consists of & < 64
as the lower 20 MHz ankl > 64 as the upper 20 MHz
channel, as illustrated in Fig. 3. The IEEE802.%h

1.wT field (t) is the time windowing function toeat MHz rotates the subcarriers in 20 MHz upper by &g|
the spectral mask’s requirement which is definedaagelative to the subcarriers in 20 MHz lower to reglthe

rectangular pulse wT (t) of duration T.

PAPR.
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TABLE |
THE CONSTANTS FOR CALCULATION THE TIMING OF :' """"" AR iy ey H :""""'T;'xﬁi'.,;;,' ------ H
GIGABIT WLAN SYSTEM % 20 MHz lower 20 MH:z upper i E 30 MHz lower 20 MHz apper i
Parameter Value Parameter | Value IE | ! | | / | i E | I ||| J | i]
Ay 312.5kHz (80MH#256) | Tysrr 8 (us) 128 64 ] 64 127
Torr 3.2 us (1/AF) Tiirr 8 (us) Subcamiers #
T 0.8 0.4 (us) Tisic 4 (us) Fig. 3. Contruction of the conventional
Tsym 4136 (us) Thsig 8 {us) Gigabit 80 MHz channel
Trg 0.1 (us) Tysic 8 (us)
T?:“.a‘ =1,23,4 | 0005 0.0 015 (us) | Tysyr 4 (us) —— g i Fry T 1
Tadti= 1234 | 0.-04, 02,06 (us) | Tvers 4 (us) o A O | | Mo 0MH e E
HIE i [ e e |}
TABLE Il 1 L :
PHASE ROTATION TRADE-OFF FOR PAPR REDUCTION -128 -4 0 64 127
BETWEEN STFS AND LTFS Fig. 4. Contruction of thefisrt proposal toreduce the
7 PAPRTdD] PAPR of the Gigabit system
L VAT -STF L—ITF VHT - LTF Average
69 342 449 473 434 ARy DM e e DM K
70 343 4.44 4.68 431 : 20 MHz fower 20 MHz upper : : 20 MHz fower 20 MHz upper i
71 353 138 163 130 li | | |“ j | T, | | |[| 3} | §|
72 3.64 4.33 475 436 -I“KI - L =
73 374 139 385 18 . 4 . S f“ =
73 384 139 796 153 oo

Fig. 5. Contruction of the second proposal to reduce the
PAPR of the Gigabit system.

A. First Proposal for PAPR Reduction
Since the PAPR reduction using PTS technique fo 65
the proposed Gigabit 80MHz was restricted by
consideration of backward compatibility with
IEEE802.11a/n, we should keep the 90 [deg] phas
difference between 20 MHz lower and upper for eéh
MHz channel. Therefore only the phase rotation betw
40 MHz lower and upper can be adjusted to reduee tt
PAPR. The division of the 80 MHz channel with

PAPR (dB)

proposed phase rotation is illustrated in Fig. 4jclv T AN R -
also describes the phase rotation in Eq. 18. | © L&VHT-STF

We first searched thé [ [0, 7] to obtain the lowest AR | |
PAPR signal for L-STF then continue for other fielde. 255 = = = = Tn e
VHTSTF, L-LTF and VHT-LTF. However the phase Phase rotation [deg]
rotations for lowest PAPR of those fields are rfo¢ t Fig. 6. Phaserotation searching for PAPR reduction of
same, therefore we take an average of them wich has STFsand LTFs.

lowest PAPR to be used in all field. This is dowe t

accomodate single phase rotation for all fieldred tow B. Second Pproposal for PAPR Reduction

complexity system can be achieved. This also ehieis Here we propose another phase rotation with the
the need of sending side information when the veceisame PTS technique. The subcarriers in the 20MHz
is set with the same phase. The phase rotatioslsegr upper of the 40 MHz upper is phase rotated 90[deg]
from 40 [deg] to 100 [deg] versus PAPR reduction fe.c.w. relative to the subcarriers in the lower ,oas
STFs and LTFs is displayed in Fig. 6. The tradedffustrated in Fig. 5. This configuration might dease
between them are listed in Table Il where the bolthe support of backward compatibility —with
printed are the values 6ffor the lowest PAPR of each|IEEE802.11n in the 40 MHz upper, however sincesit i
field. As it gives the lowest average PAPR, thaugabf applied in all fields, the channel information whics

0 is choosen to be 71 [deg] for all field. By applyithis taken from the LTFs preamble is valid to be used fo
phase rotation we get PAPR reduction up to 1.786 @Bcoding the SIGs and the Data field. The phasgioot
lower than the conventional one. for second proposal is represented as
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I for k<-64, O<k<o6d
Ye=<j for —-64<k<0 (19)
—j for k>64

By applying this
PAPR of all fields and obtain up to 3.01 dB low&FR

configuration we re-calculate the

The proposed phase rotations with partial transmit
sequence technique reduces the PAPR from the
conventional one up to 3.01 dB, yields in comparabl
PAPR with the IEEE802.11n MF preambule
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TABLE Il
PAPR OF THE PROPOSED GIGABIT MF PREAMBLES AND
IEEE802.11N MF PREAMBLE

Field Conventional | Proposed-1 | Proposed-2 | IEEES02.11n
(dB) (dB) (dB) (dB)
L-STF 5.099 3.539 2.239 2.089
L-LTF 6.176 4.389 3.166 3.168
L-SIG 9.759 1973 6.749 5.769
HT-SIGI 9.825 8.039 6.815 6.815
HT-SIG2 12.043 10.532 9.233 9.032
VHT-SIG1 11.083 9.297 8.073 -
VHT-SIG2 8.799 7.013 5.780 -
HT-STF - - - 2.089
HT-LTF - - - 3.406
VHT-STF 5.099 3.539 2239 -
VHT-LTF 6.417 4.650 4.032 -
Data 7925 7844 1.856 7287

Table Il displays the obtained PAPR of the Gigabit
system MF preamble using conventional, first ag

second proposed phase rotation compared

Education, Culture, Sports, Science and Technology
(MEXT) Japan.
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