Design of Very High Throughput WLAN System
for 4K Digital Cinema Transmission

Wahyul Amien SYAFEI**, Hiroshi OCHI ™

1Electncal Engineering, Faculty of Engineering, Diponegoro University,
JI. Prof. Soedarto, SH. Tembalang, Semarang, Indonesia

wasyaf ei @indi p. ac.id
*

Department of Computer Science and Electronics, Kyushu Institute of Technology, Japan
ochi @se. kyutech.ac.jp

Abstract— We proposed a design of a Very High Throughput \ hich has resolution of 4096714 under in-door channel
Wireless LAN system. It reaches 33 meter propagatiodistance

by using 80 Mhz bandwidth on 5 GHz band. The propesd Model proves the excellent performance of the dpesl
preamble has backward compatibility with IEEE802.11 system, System. Channel model B of IEEE802.11TGn [5] imnesled
allows band sharing and avoids collision within 5 Gz band. The and interpolated to model the in-door channel fnfgrmance
proposed preamble has comparable PAPR and preamble examination [6].
efficiency with IEEE892.11n system. Run test for sinsmitting 90 This paper is organized as follows. The proposed 1.
frgmes of 4K image siz_e with 24 bi_t per pixel resation for Gbps WLAN system with backward compatibility to
ggrﬁ?alnstcrlz;g:?he z')r('::‘éll"l":r?t” e;g?ﬁ;nég'g??rze Crr(‘)anndefs STeor‘:' IEEE802.11n system is briefly explained in sectlioiSection

P proped sy * Il describes the configuration of 4K digital cinam
transmission for performance examination. In sectly,
System performance, link budget analysis and vigeality
due to wireless transmission errors are preseifiedlly, we
draw some conclusions and future works in section V

Keywords — VHT WLAN, backward compatibility, PAPR,
preamble efficiency, digital cinema transmission

. INTRODUCTION
The demand of high throughput wireless communicatio |I. A 1.2-GBPS WIRELESS LAN SYSTEM WITH
leads the IEEE802.11ac task group (TGac) to disebssit BACKWARD COMPATIBILITY
new standard for WLAN system which has throughpeero TO IEEE802.11N SYSTEM

1Gbps with carrier frequency lower than 6 GHz Hpwever, Block diagram of transmitter and receiver of thegmsed
since it works in the same band_as IE_EE_802.1_1n WLA&Y/stem is shown in Figs. 1 and 2. Three samples of
system [2], the backward compatibility is included the qqyjation coding scheme (MCS) which defines the
functional requirements [3]. Other point to evatiahis 5ameteres to calculate the data rate are list@dtile I. The
system is the usage models, such as in-door highitde onsiants to calculate the timing are listed in lgab.

video streaming, etc. [4]. _ o Throughput over 1.2 Gbps is accomplished by usib@nd of
Through this paper, we report our work in desigranf 2 guard interval (GI) on MCS-3.
Gbps WLAN system based on IEEE802.11TGac’s critdtia

reaches 33 meter propagation distance by utili#AgMHz A Mixed Greenfield Preamble
bandwith on 5 GHz band. The proposed preamble has gjnce the aim is gaining the throughput while maiming

backward compatibility with |EEE802.11n system. Shighe packward compatibility with IEEE802.11n systémthis
means that when the proposed preamble is transintite 3561 we propose Mixed Greenfield (MGF) preamblictvis
IEEE802.11n system can recognize it, allowing baharing a5 extension of Greenfield (GF) preamble of IEEE80@
and collision avoidance within 5 GHz band. Furthe® gystem. It consists of a HT-short training fieldTUSTF), a
propose a novel phase rotation to get the low PABRal and i1 jong training field (HT-LTF), a HT-signal fiel(HT-SIG),
provide the data length two times longer than IEEE8Ln's 4 VHT-signal field (VHT-SIG) and VHT-long traininfields
to increase the preambl&ieiency. The proposed system use®/HT-LTFs) in 80MHz channel before the data porfi@s
four transmission streams with five antennas atrémeiver illustrated in Fig.3. The proposed MGF preamble 8jss
which contribute @-order diversity gain to maintain thelonger than IEEE802.11n's GF preamble, however dag
throughput and performance. Soft viterbi decodee aength is two times longer than that of IEEE802. Mitigates
employed as the forward error correction scheme. test for this overhead. The transmitted signal on each mnénshain
transmitting 90 frames of 4K digital cinema can be written as:
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TABLE Il TABLE Il
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3 k=122 igpg=|

(i firx) .
T .‘11” “JH = I,l'ﬁ'ff,:' + 'Ii-”[':lr i rl\ iG) . 2)
" o = with Nyy = 4
by (1) |
i ":'\‘. Iy 1 .
+ =1 — (i -2T ) . .
.1,_.. SyirF i i to ensure that the total power of the time domagma as
ierp=2 summed over all transmit chains is either 1 or lotkan 1.
iy Table Ill lists the values dfitone f ield for each fieldw is the
+ Shu {t = taa)

wheretHLTF = THSTF; tHSIG = tHLTF +THLTF; tVSIG =
tHSIG + THSIG; tVLTF = tVSIG +TVSIG; tData = tVLTF
+(NLTF -1)TVLTF.

1) HT - Short Training Field: is used for start-of-packet
detection, automatic gain control setting, initiaéquency
offset estimation and time synchronization. It @nstructed
by four times duplicating of IEE802.11a STF symbpi§
frequency shifting and phase rotating, as illustlain Fig.4.
The time domain representation of HT-STF on transimiin
iTXis:

time windowing function which is defined as a rectangula
pulsewT (t) of durationT.

for[ﬂﬁrq

fDr[—“ﬂ-:r{ I—ﬂ*]

By | t Tre
Jmn (0.5 + 7)) £
wrly =11

[ o =
sin (505 —

3
£y
where TTR is the transition time between two consecutive
symbols. Notatiors f andw will be used to represent the scale
factor and time windowing function, respectively in
subsequent equation®@k is a spatial mapping matrix which
maps the each space-time stream (STS) symbolgramsmit
chain symbolsP is an orthogonal matrix defined as:

for (I=I1 < ¢ < “F”‘J
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The time domain form of the VHT-SIG in transmit ahalr X
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4 e J2mk-96)AF (171 1, . . Intk-320Ap{1-T)
Yk represents the proposed phase rotation in 80MHareta [Qu-96]iry isre (e P+ [Qeaalinisrs 1 i
to get low PAPR signal, as: e [Q.H?-i]i:.-c.-'.w.»; k3 DA -1 _ [Q.06 LTU,!_” j.e”'l“-“'”’;"‘ri"-" ]
"1 for k=-64.0= k=064, (8)
TR — j for —6d < k = 0 {5] IEEERQ2 | la STF
i tor >0 [ | | | [
kis the subcarier index in the spectral IBie128,127.Sk are i slmmfim# s W
the four times duplication of IEEE802.11a STF syiabo Fig. 4. Construction of the proposed HT-STE
placed at indices that are a multiple of four. Thenerates s
waveforms which has a period of @8 and the HT-STF S
includes ten such periods, with a total duratioraf. TiISTS I | I ] J ‘ I ‘ 1 l = | I
CS represents the cyclic shift (CS) for each SIBBS to i i 0 64 177
prevent unintentionally beamforming. The valueJi&TS CS Subcarriers #

are specified in Table IV Fig. 5. Construction of the proposed HT-LTF and VHT-LTFs.

2) Long Training Fields: consists of HT-LTF and VHTLTFs.

The former is used for fine frequencifset estimation, fine LSEMCSMS-; Ls8 RENEIRE Mz
time synchronization and estimate the MIMO chanfuel ‘ ,|2‘3|d ﬁ -le QH c1| _2|__3 lie ”H "JE’Lilﬂ
decoding the SIGNAL fields. The later are used stineate - VHT;SiGﬂ
the MIMO channel for decoding the data fields. E&dl is E
constructed by two times duplicating of IEE802. HR-LTF @ z £
symbols, frequency shifting and phase rotatingillastrated 'L N ; % £

& £

in Fig.5. Each LTF has 4 duration except the HT-LTF }M
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which is twice longer to improve channel estimataeuracy. ﬁ it
The time domain of HT-LTF and VHT-LTFs on transmi 0 4 B|g 1411 12]43] 14 15 B|=9‘Eﬂ‘21|z‘2ﬂ
chainiTX are represented in Eq. 6 and Eq. 7, respectively. VHT-31G2
122 4 . : : . ; :
(L) - — Fig. 6. Format of the proposed VHT-SIG. VHT-SIG! provides the Data
F:,-J-;?;,'-UJ =8 wW Z Z [QkTireisrs (Pligrs 1 T2 L;;.t'iz"x't“""' length two times longer than that in IEEER02.11n system Lo mitigate the
) E=—122 igpz=1 overhead problem.
(6) Diata
i 2 3 Pilot symbol
(adry) : " Frktpli-T Sl
Jlr'rf_i:"}'.f[” = _|" Z [Qd-'-"t'--'"I.ﬁlpT-'.'-"r.v.J-‘l}F\'Lk-f’ e |
E=—132 fgrs=1
(7

wheret = 2TGI + TiSTSCSfor HT-LTF, t = TGl + TiSTSCS =
for VHTLTFs and Lk are the two times duplication of '
IEEE802.11n HT-LTF symbols. T e —_—
3) Sgnal fields: consists of HT-SIG and VHT-SIG. Fig. 7. Proposed data and pilot subcarriers allocation on OFDM symbol.

The former has the same format as IEEE802.11n KT8 wheret = nTSYM + TGl + TiSTS CS. Dk,n is the data of
that it can be decoded by IEEE802.11n system. Bber | vHTS|G which allocated on theth subcarrier ofi-th OFDM
contains information about the transmitted framel d@s symbol.pn is pilot polarity controller sequence which can be
special format as shown in Fig. 6. It composed BITVSIG1  generated by IEEE802.11a’s scrambler. Equatiors@itein a
and VHTSIG2 each containing 24 bits. All are comtianal Bpsk modulation in which the constellation of treaitones
encoded at ratel/2, interleaved and BPSK mapped. Thés rotated 90 relative to HT-LTF.

stream of 96 complex numbers generated by thegs ste

Subcarrier #

JPRLE

- . B. Preamble contribution
divided into two groups of 48 complex numbBk,n, 0= k< |n this part we compare the proposed MGF preamitle te

47,n= 0, 1. VHTSIG1 provides data length up to 217 octefdF Preamble of IEEE802.11n system. The preamble
which is two times longer than that in IEEE802.klstem. €fficiency can be approached by:
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Tsym-Novad . _ system is shown in Fig. 8. It consists of pre armbtp
F.?={TJ B o J100% (9} processor, JPEG2000 part and WLAN system part. Pre-
BEREESIEES SR processor separates the data from a video playervideo
and audio data plus control. JPEG2000 encodesntlages
= ; i i Kakadu ver.6, ten layers with equal distar&ethe
Where Nyyum Noapy is number of OFDM UYS'"9 ) . :
symbol in data field, angs is number of FEC encoder. The €CEIVer side, after the .rece|ved data. IS d(.ec.odmi,.ppst-
N ) processor returns the video data to its original dilfital
preamble ficiency of both system for maximum LENGTHginema format. The JPEG2000 has seven error mesidiools
aggregation witi'SYM = 4ys for four spatial streams is listed ERT) which make it has a high durability agair error.]
in Table VII [9]. The ERT will work optimally with system thatak bit
PAPR of time domain OFDM signal which Hdsamples error rate (BER) lower than 6.
can be calculated by:

8LENGTH+16+6 N 1

max(]s,|?) IV. SIMULATION

PAPR (dB) = 10log g —prmg=, m=0.--- .N=1 (10} mcs-1, MCS-2 and MCS-3 with 400ns of G duratiore ar
The PAPR comparison between both preambles is sho%)nservofo:' Chhapnzl mOdﬁl B OT IfEEESOZ.;;TGan rededh
in Table VIIL. 10 model the in-door channel for examining the psEd

system. Table V lists the simulation parametersfan®

C. The Data Field
The Data field consists of 16-bit SERVICE field, ypltal
sublayer service data unit (PSDU), 24 TAIL bits d@adD

TABLE V

Paraserer ror Perrogstasce Exaoamanon

. o ! . Parameter Value
bits. All bits in the Data field are scrambled, eolutional MC= Tndex R
encoded, punctured, interleaved and mapped to QF Frequency Carnier () 37 GHz
symbols. Eight pilot signals are inserted in the-sarriersk = Q:J;:jlr_':jl?"”*m“m :[m[ﬂm{
_ _ _ _ : : Format Poacket Mixed Greenheld Mode
117,-75,-53, -11, 11, 53, 75 and 117. Each spatial tim e B e e e
streamiSTS= 1, 2, 3, 4 has affierent determined pilot pattern EIP]?\“[*O' EEPPJ”B }-"'L‘L‘l i
eCOoder Lanear vive:
denoted aPki STS,n,n=1,2,- - - , 8. Pilots allocation Euard fﬂEﬂ'al eryl? #fﬁ'ﬂns
. - . . . Ante Gy, Gpy) |
in one OFDM symbol is illustrated in Fig. 7. Aftgerforming Noee Figure (NF)— e
an IFFT, the output is cyclically extended as a ®io Implementation Margin (UM) * | 5 dB
options of Gl length are available to get the dabidata rate. Transmit Power per BW (P) | 2.5 mW/MHz
The time domain waveform of the VHT-Data on trartsm | Holtzmann Constant (b o Alde
.. . . emperature N
chainiTX can be wrlt\ten ?s. —_ e speed (@) 30T % I0° ms
— R = Channel B0 MHz in-door channel model
gEW=s > w3 > Qi — - fent L
B = B i R (1 * 1 possible performance degradation in the implementation.
. ik . PERRARGT) TABLE Vi
(Di + Pus2 P'\J\ ) The Pamaserm For Smaviarmmic Dharmar Civema Trawssission
where 7= nTgyy + T + TEE. Parameter Value
: = Frame Size 3006 3 1714 pixel
. Color Depth 24 bils per pixel
D. The Receiver _Sde . o Frame Rate 30 Trames per second
In this part we introduce very briefly the receiwde. After TPEGIO00 coding Kakadu ver.t, 10 layers, with ERT
frequency and frame are synchronized and the Gés | '[Turgﬂ gt:glpﬂ‘?-;iﬂﬂ ?l:!:éhr'tr pixel
i P mage Coding Kate 4 Uibps
re.m'oved each stream is demodulated uzlng dFFT'h'-I WEAN Setiing T e ey
minimum mean square error (MMSE) MIMO decoder whic i i |3 E P e e e

is used to cancel the interference signals cortg#hd order

diversity gain. This comes from MIMO linear deCOdeéhows the performance comparison. As expectedotiver

diversity which is stated a@8T —-NR+1, whereNT andNR are coding rate shows better performance with the oafst

number of transmit and receive antennas, respéc(8e throughput reduction. For target BER-E)the MCS-1, MCS-

2 and MCS- 3 need 32dB, 35dB and 40dB of SNR,
lll. CONFIGURATION OF 4K DIGITAL CINEMA respectively. The throughput versus propagatiotadce of
TRANSMISSION above scenarios is shown in Fig. 10. For LOS cdte a
The configuration of 4K digital cinema transmissittn scenarios give throughput over 1 Gbps for 45 meter
examine the performance of the proposed 1.2 Gbp&NVL propagation distance, while for NLOS case they he&8
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meter propagation distance. MCS-3 achieves thrautghf? cinema
Gbps for 33 meter propagation distance. During tdigi simulating the image transmission are listed in l@al.
Since the image coding rate is 1.2 Gbps, only MOBHB
400 ns Gl can be used to transmit those imagesl1Eighows

the PSNR result, as the target BER is-@0MCS-3 which

transmits the images using 40dB of SNR can achieeage
and video compression are between 30 and 50 dBrewhBSNR of 51.31dB. Surprisingly, this value exceedstarget
higher is better. Acceptable PSNR values for wg®lePSNR. Fig. 12 displays one sample of the receiveages
transmission are considered to be about 20 dB tdB§10].
However our target PSNR is over 40 dB to guaradigial

cinema simulation total 90 frames with resolutid@®@1714
pixels per frame are transmitted. The image trassiomn's
quality is evaluated using the peak-signal-tonoisgio
(PSNR) in dB. Typical values for the PSNR in lossage

BER

human’s eye. These results demonstrate that tipoped 1.2

employed to provide excellent 4K digital cinemang@ission. system which has backward compatibility with IEEE8An

Threughput [Mbs]
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TABLE VI
Preassce Erpcrmcy () cOMPARISON FOR FOUR SEATTAL STREAMS
Preamble LENGTH Nova | Trecameie [l
TIEEEBIL1In GF | 635536 octet 243 I6us 643 %
Proposed MGF 131072 octet 230 Flus 0544 %
TAHELE VIl

PAPE compamizon

Ficld IEEESOLIIn GF | Proposed MGF
HI-5TF 2.05 dB 123 dB
HT-LTF 36 dB 3I6 dB
HT- 51C 703 dB 706 dB
VHT- 851G - di 69T dB
Dain 1003 dE 10.16 dBE

V. CONCLUSION
Gbps WLAN system has high performance and can bepe have been developing a 1.2 Gbps MIMO WLAN

fo
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WLAN system. The proposed preamble has comparaf$ Kenney T and Eldad P, "Investigation of upsaimgltechniques
PAPR and preamble fficiency with |IEEE802.11n GF for Tgac Channel Model,” doc.:IEEE 802.11/40839r0, 2009.

preamble. Simulation results prove that the propasestem [7] "Suplement to IEEE STANDARD for Information Teology —
can be used to provide excellent 4K digital CinemaTeIecommunlcatlons and information exchange betvegstems -
transmission service. We will implement and evaluttis Local and metropolitan area networks - Specificunegments”,

: IEEE Std 802.11a- 1999(R2003), June 2003.
system on FPGA chips as a future work. [8] Proakis and Salehi, "Digital Communications'ftRiEdition. Mc.

Graw Hill. International Edition, 2008.
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