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Abstract—This paper deals with a design of next generation phase rotation before the OFDM modulation to lower the
Gigabit WLAN system based on IEEE802.11TGac's functional peak-to-average power ratio (PAPR) and provide the data
requirements. It achieves 1.1 Gbps throughput for 45 meter |onqih two times more than that of IEEE802.11n system to
propagation distance with 80 MHz bandwidth on 5 GHz band. . . . )

The proposed preamble ensures backward compatibility with the |ncrea§e t_he preambléﬁelen_cy. MIMQ architecture W'th, four
IEEE802.11gn systems and has lower PAPR and comparable transmission streams and five receive antennas contriBiite 2
preamble dficiency with IEEE802.11n’s preamble. It uses MIMO order diversity gain maintain both the high throughput and
architecture to maintain both the high throughput and the high  the high performance. As a forward error correction (FEC)
performance. Two options of channel encoder, binary convolu- scheme, besides the binary convolutional code (BCC) with

tional code and low density parity check code are available to - . .
enhance the performance. Run test under in-door channel model soft Viterbi decoder, the performance enchancement using low

demonstrates the excellent performance of the proposed system.density parity check code (LDPC) with min-sum algorithm
decoder is also conducted. Run test under in-door channel

Index Terms—Gigabit, MIMO, WLAN, backward compatibil-  model demonstrates the excellent performance of the proposed
ity, IEEE802.11gn system.

The rests of this paper are organized as follows. The pro-
posed next generation Gigabit WLAN system with backward

The next generation wireless LAN (WLAN) systems shouldompatibility to IEEE802.1%a systems is briefly explained
have ability to support numerous applications of wirelesa section Il. Section Il describes the contributions of the
communication. This leads to a combination of the orthogonatoposed preamble. Section IV shows the results of system
frequency division multiplexing (OFDM) and multi input multi performance examination and link budget analysis under in-
output (MIMO) tecniques to provide a WLAN system withdoor environment. Finally, we draw some conclusions and

|. INTRODUCTION

Gigabit throughput. future works in section V.

The IEEE802.11TGac have been discussing about the stan-
dard for very high throughput (VHT) WLAN system which Il. A NEXT GENERATION GIGABIT WIRELESS LAN SYSTEM WITH
has 1 Gbps throughput at medium access (MAC) layer [1]. BACKWARD COMPATIBILITY TO IEEE802.13/N

This system is assigned to work in the 5 GHz band frequency,Block diagram of transmitter of the proposed system is
same as |IEEE802.14a WLAN systems [2], [3]; therefore, shown in Fig. 1 where the partial transmit sequence (PTS)
ensuring the backward compatibility with those systems is ibdock is inserted in each stream to reduce the PAPR. The
cluded in the functional requirements. For evaluation, chanr@bposed receiver is displayed in Fig. 2 where diversity gain
model B of IEEE802.11TGn [4] can be resampled and iris expected by using five receive antennas. Three samples of
terpolated to model the in-door channel for IEEE802.11TGagodulation coding scheme (MCS) which defines the parame-
system [5]. teres to calculate the data rate are listed in Table I. By using
This paper deals with a design of next generation Giga-MAC protocol with 80% #iciency the 1 Gbps throughput
bit WLAN system based on IEEE802.11TGac’s functionadt MAC layer can be achieved by using the MCS-31 with 400
requirements. It achieves 1.1 Ghps throughput for 45 metes of guard interval (Gl) length.
propagation distance by utilizing 80 MHz bandwith on 5 )
GHz band. The proposed preamble ensures backward cdin-Mixed Format Preamble
patibility with IEEE802.11/ systems. This means that when Since the aim is ensuring backward compatibility with
the proposed preamble is transmitted, the IEEE8020114EEE802.11& systems, we propose a mixed format (MF)
WLAN devices can recognize it and consider that the 5 GHreamble which consists of fields that can be recognized
band is busy. It is kind of protection mechanism to avoidly IEEE802.11a system named Legacy fields (L), i.e. L-
collision within 5 GHz band. Further, we propose a novelhort training field (L-STF), L-long training field (L-LTF),
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Fig. 1. Proposed Transmitter . .
Fig. 2. Proposed Receiver
TABLE |

SampLES OF MobuLATION CopING ScHEME FOR PrROPOSED GiGaBIT WLAN SYSTEM

MCS | Modulation R Nepsc | Nsp | Nsp | Nceps | Npbeps | Nss Data rate [Mbps]
(iss) 800ns GI| 400ns GI

29 64-QAM 2/3 6 228 8 5472 3648 4 912 1013

30 64-QAM 3/4 6 228 8 5472 4104 4 1026 1140

31 64-QAM 5/6 6 228 8 5472 4560 4 1140 1266

8 aus 8us 84 aus 4 per LTE  4/3.6/65 per Data

and L-signal field (L-SIG), a field that can be recognized—fo—%Jﬂ—/%r—wH—%—%
by IEEE802.11n system, called High Throughput (HT) field L-sTF I L-LTF HT-si6 IVH?S'G
i.e. HT-SIG, and fields for IEEE802.11ac system, named Very L L PO L [P L

High Throughput (VHT) fields, i.e. VHT-SIG, VHT-STF, and

VHT-LTF, as illustrated in Fig.3. Compared to IEEE802.11fi9- 3. The proposed mixed format (MF) preamble ensures backward
ﬁ?mpatlbmty with IEEE802.1)a systems, and its time boundaries.

system which also considers the backward compatibility wi TABLE Il
IEEE802.11a system, the proposed MF preamble igs8 THE CONSTANTS FOR CALCULATION THE TIMING
longer than IEEE802.11n's MF preamble. However we pro- [parameter | Value Parameter | Value
vide the data length which is two times longer than that of [ Ar 312.5kHz (8OMHZ256) | Tt 8 (us)
IEEE802.11n to mitigate this overhead problem. The trans- | ToFt 3.2 us (I/AF) Tisic 4 (us)
mitted signal on each transmit chaiify, i = 1,2,3,4 can be Tol 0.8, 04 fis) Thsie 8 ws)
. ) ’ > Tsym 4 3.6 s) Tvsic 8 (us)
written as: TTR 0.1 @ws) TvsTF 4 (us)
TisTF 8 (us) TvLTF 4 (us)

o0 = $E70 + SRt~ ture) + ALt - tisie)

(itx) (itx) (itx)
+ Syg1elt — thsie) + sygialt — tvsig) + SysTHt —tvsTR) transmit chairiz is:

Nitr

+ Z ST~ tyire — (Lte — D)Tvite) S 1 ® iz S, QAT o
iTe=1 sTRY = == Wrisrs kk- cs
i V48 Nrx k=—122

+ Soe(t = thata)
(1) whereNrx = 1,...,4 is number of transmit antennaﬁ

is the scale factor to maintain that the total power of the time
where t 7 = Tistr tisic = it + TLTE tisic = tHUTF + domain signal as summed over all transmit chains is either
Thite tvsic = tisic + Thsie: tvsTr= tvsie+ Tvsial WiTF = one or lower than one. The constant 48 describes the number
tvsTr+ TusTR toaa = tvirr + (NLTF) Tuirr. of used subcarriers by L-STF as well as by VHT-STF in
The constants to calculate the timing of transmitted signghe OFDM symbolwr, ., (t) is the time windowing function
are listed in Table Il. Next, each field of Eq. 1 is explainegnich is defined as a rectangular puisg(t) of durationT as

briefly as follows: Eq. 3. Table Il lists the duration of each fiel@;(q).
1) L-STF: is used for start-of-packet detection, AGC set-
ting, initial frequency éfset estimation, and initial time syn- sinz(g(o.5+ TLTR)) for (% i< TLzR)

chronization purpose. It is constructed by four times dupli- T g
cating of IEE802.11a STF followed by frequency shifting Wr(t) =11 for (3 <t<—==) (3
and phase rotating. The time domain waveform of L-STF on Sinf(3(0.5 - “{—3)) for (1518 <t < 1)
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TABLE III . C
PROPOSED CYCLIC SHIFT VALUES FOR LEGACY PORTION (T/1% consists of IEEE802.11n HT-SIGNAL format which is com-

s posed of HT-SIG1 and HT-SIG2 each containing 24 bits. All
are convolutional encoded at ratk2, interleaved and BPSK
mapped. The stream of 96 complex numbers generated by
these steps is divided into two groups of 48 complex number:

where Trg is the transition time between two consecutiv€kn,0 < k< 47,n=0,1. The time domain representation of
fields. T« represents the proposed rotation of the tones {he HT-SIG in transmit chaifry is:

Tes | Tés Tes Tes
Ons| -50ns| -100 ns| - 150 ns

80MHz channel to get low PAPR signal while considering 1 1 26
the backward compatibility with IEEE802./asystem, as:  s\{2).(t) = N Z Wro () Z (iDkn + PrszPy)
n=0 k=—26
1 for k<-64,0<k<64 (ej2n(k—96)AF(t—nTsY|vl—TG|—TicTsX) + jejzn(k—?)z)AF(t—nTsYM—TGl—Ti:TSX)
Te=1q1 . ]tOI’ k_ 62: k<0 ) + eJ2ﬂ(k+32)AF(t—nTsvm—TG|—T‘CTSX) _ jeiZH(k+96)AF(t—nTsvm—TG|—T'cT5X))
—-j for k>

(7)
wherek is the _subcarier_indgx in the spectral li8e;25127. Sk whereDy, is the data of HT-SIG which allocated on theh
are the four times duplication of IEEE802.11a STF Symbojﬁlbcarrier of-th OFDM symbol.p, is pilot polarity controller

placed at findices kt]ha; ﬁre a muI.ti%Ie fOf four. '(Ij'hia geneE'equence which is generated by IEEE802.11a’s scrambler with
ates waveforms which has a period of (8, and the L- the "all ones” initial state and by replacing all "1's” with -1

STF Includes ten such periods, with a total duration of &4 5| "o with 1. Equation 7 results in a BPSK modulation

i ; . ) .
ps. Tcg represents the cyclic shift (CS) for transmit chaif, \hich the constellation of the data tones is rotated 90 [deg]
iTx to prevent unintentionally beamforming which Cons'derﬁalative to L-SIG

compatibility with the legacy IEEE802.11a. The values of CS 5) VHT-SIG field: contains information about the trans-

for legacy po.rtion are sp.ecified in Table 1Il. L _mitted frame and has special format as shown in Fig. 4. It
2) L-LTF: is used for fine frequencyfiset estimation, ime ;o h05ed of VHT-SIGL and VHT-SIG2 each containing 24
synchronization, and estimate the MIMO channel's charagys ‘Al are convolutional encoded at rats2, interleaved and
teristics for_ decoding the SIGNAL flel_ds. 'I_'_he_tlme domaigpgyk mapped. The stream of 96 complex numbers generated
representation of the L-LTF on transmit chairx is: by these steps is divided into two groups of 48 complex

122 , number:Dyn, 0 < k < 47,n = 0,1. The time domain form
STPe® = —% Wire(®) D) Tili @211 of the VHT-SIG in transmit chaitrx is:
“Nrx k=-122

) i 1N S
wherel are the four times duplication of IEEE802.11a LTF sﬁ/SI)G(t) - 208Nt x HZ:(; Wrysio(!) k;G(JDk’“ + Prv2P)
symbols. The constant 208 describes the number of used.
subcarriers by L-LTF as well as by all SIG fields in one OFDM (€7 *0Re(-Tsv
symbol. Equation 5 occurs in 3/2 time domain sequence. | gi2r(k+32Ar(t-nTsywTei-Td) _ jejzn(k+96)AF(t_nTSYM—TGI—T(i;TSX))

The L-LTF has 8us duration which obtained by repeating this 8)
sequence twice and prepending with k$cyclic prefix. ] . . i

3) L-SIG field: is inserted to maintain the backward com- AS shown in the upper side of Fig. 4, VHT-SIG1 field
patibility with IEEE802.11a system. It contains IEEE802.118rovides data length up to 2octets which is two times more
SIGNAL format which is composed of 24 bits information, alfhan that in IEEE802.11n system. This makes the proposed
are convolutional encoded at rat2, interleaved and BPSK MF preamble has comparabléfieiency with IEEE802.11n
mapped. The stream of 48 complex numbers generated W§; Preamble which will be verified in section Ill.
these steps is defined aBi,0 < k < 47. The time domain 6) VHT-STF:allows more accurate AGC setting and reduce

waveform of the L-SIG field on transmit chainy is: the dynamic range requirement on the ADC of the proposed
system. It has the same construction as L-STF but with longer

4 1 2 CS to get comparable power with the data field. The values of
(iTx) (t) = Wr,o (1) (D + Py) - . . .
Stsictt) = 208N, o } : kT Fk CS for each STS are specified in Table IV. The time domain

k=-26 (6) representation the VHT-STF in transmit cha is:
(/298 e (t-Tar=TdY) 4 jgin(k-32r (t-Tar-TdS"

Toi &) 4 jel2r(k-32 (t-nTsyuTor-TCY)

122 4

1
H) =————= Wrye(l) [Qulirxisrs Y kSk
V48 Nrx ° k:zllzzisél o

QI 2TKAR(t-TETS)

+ ej27r(k+32)AF(t—TG|—T(i;TSX _ jeiZn(k+96)Ar(t—Teu—TicTsX)) SS/TSX')I'

where Dy and P¢ are the data of L-SIG field and pilot,
respectively. The data is null at the pilot's subcarriers.

4) HT-SIG field:is inserted to keep the backward compat- ©)
ibility with IEEE802.11n system. It needs to be decoded buthereSy are the four times duplication of IEEE802.11a STF
the contained information does not need to be interpretedsitmbols. Qx is a spatial mapping matrix which maps each
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SMCS 8 LS LENGTH s Data
LSB MSB LSB MSB
o Pilot symbol null
ol 1lel sl [ ol o s rd 14 e 0 P O PN
1 16 9 53
2. : ‘
ggu g g % § —128_122 -117 =75 -53 -11 s 0 5 +11 +53 +75 +117 +]22+]Z7
E528 o O G2 Subcarrier #
S8 g ol B g é = CRC SIGNAL TAIL
£ o D n Ol g
=c 9 = | B 2 &7 co Fig. 5. Proposed data, pilot and null subcarriers allocation on OFDM symbol.
0| 1]2|3[4]5|6]7|8|9]|1011[12 1314 1516 1718 19| 20| 21| 22 23

VHT-SIG2 These TAIL bits are produced by replacing six scrambled
"zero” bits following the message end with six nonscrambled

Fig. 4. Format of the proposed VHT-SIG. VHT-SIG1 provides the da " i e
length two times longer than that in IEEE802.11n system to increase preamp eero bits. The PAD bits is appended so that the number of

efficiency. bits in the DATA field is a multiple oNcgps.
TABLE IV _ To reduce the probability of long sequences of zeros or
PROPOSED CYCLIC SHIFT VALUES FOR NON-LEGACY PORTION (T5d ones, the Data field is scrambled by using frame synchronous
T [ T2 T2, T2 scrambler which has generator polynonk) = x” + x* + 1.
Ons| -400 ns| - 200 ns| - 600 ns The scrambled data is encoded using forward error cor-

rection (FEC) encoder to enhance the performance against
. channel noise. BCC and LDPC are available for FEC. If BCC
STS symbols onto transmit chain symbafS*). For line of encoding is to be used, the scrambled data bits are divided
sight (LOS) environmen® is an identity matrix. For NLOS py sending alternating bits to four firent BCC encoders.
environment, expansion mapping Qk is applied. The BCC encoder has generator polynomi@ls= 133% and
7) VHT-LTF: estimates the MIMO channel’s Characteristicgl = 1715 of rateR = 1/2. After encoding’ the encoded data
for decoding the Data field. It is constructed by two times dys punctured to achieve the rate selected by the MCS. If LDPC
plication of the IEEE802.11n HT-LTF followed by frequencyencoding is to be used the scrambled data bits are divided by

shift and phase rotation. Each VHT-LTF hasud duration. sending alternating bits to two fiérent LDPC encoders. The
The time domain representation of the VHT-LTF on transmitppC encoder is systematic, i.e., it encodes an information

chainirx is: block, ¢ = (io,i1,...,ik-1), Of sizek, into a codewordg, of
i 1 12‘22 24: sizen, ¢ = (o, i1, ..., iK-1), Po, pTl Pn-k-1)), by addingn-k
n,itx . . . _ .
SULTE() === W, (D) [QlirxistslPlisysn  PArity bits obtained so that - ¢’ = 0, whereH is an fi-k)xn
V228Nrx k=—122ig7s=1 parity-check matrix.
TkaejZJrkAp(t—TG.—Tf:SSTS Spatial stream parser divides the encoded data into blocks

of Negpsdiss), iss = 1,2, 3,4 bits. If BCC encoding was
(10) > = _
used, each block is interleaved by a three steps permutation
wheren is the number of VHT-LTF in each transmit chaininterleaver in frequency domain then mapped to PSK or QAM
Hi are the two times duplication of IEEE802.11n HT-LTFsymbols. If LDPC encoding was used, since the structure
symbols.P is 4 x 4 orthogonal mapping matrix defined as: of encoded data is already interleaved, no more frequency

interleaving is performed, hence the parsed streams are im-
1 -1 1 1 .
mediately mapped to PSK or QAM symbols
1 1 -1 1 ) ; . .
P= 1 01 1 -1 (12) Two options of Spatial mapperQ] are available, direct
101 1 1 and extension mapping. The later mapping promises robust

communication in NLOS environment.
The constant 228 describes the number of used subcarriers byhe 256 inverse fast Fourier transform (IFFT) point is used
VHT-LTF as well as by the data field in one OFDM symbolto get the time domain OFDM signals. The indices 1 to 122 are
) mapped to the same numbered IFFT inputs, while the indices
B. The Data Field -122 to -1 are copied into IFFT inputs 134 to 255. The rest
The Data field consists of the 16-bit SERVICE field, thef the inputs: 123 to 133 and the 0 (dc) input are set to zero.
physical (PHY) sublayer service data unit (PSDU), 24 TAllAfter performing an IFFT, the output is cyclically extended as
bits for four encoding streams, and PAD bits, when BCC en-GlI. Two options of Gl length are available to get the desired
coding is used. The Data field consists of the 16-bit SERVICdata rate.
field and the PSDU, when LDPC encoding is used. All bits Eight pilot symbols are inserted in the sub-carrirs=
in the Data field are scrambled. -117,-75,-53,-11,11,53 75 and 117. Each STS has a
The SERVICE field is used for scrambler initialization. Idifferent determined pilot pattern denoted a&smn, n =
is composed of 16 bits, all set to zero before scramblind,2,---,8. The proposed subcarriers allocation for data, pilot
The TAIL bits are six bits of zero for each stream which arand null in one OFDM symbol is illustrated in Fig. 5.
required to return the convolutional encoder to the "zero state”. The time domain waveform of the VHT-Data on transmit
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___________________________________________________

chainitx can be written as: 40 Mz lower 40 Mz upper

1 ! 1
i 20 MHz lower 20 MHz upper i i 20 MHz lower 20 MHz upper i
1 1
Nsym—1 122 4 l 1 1 I . 1H 1 . |
() ) = 1 S wrt-nTev Y Y ! A | / i
SData 528N Tsym SY . -128 -64 0 64 127
TX n=0 k=-122 ists=1 Subcarriers #
i _ _TisTs
[Qulirxists(Dx + l3n+2F’E(STS,])'Y'k.elz"kAF(t MTsywTei~Tcs ™) Fig. 6. Construction of the conventional 80 MHz channel.
(12)
C. The Receiver Side e mmmm oo S -
. . ) . . I 40 MHz lower : 1 40 MHz upper :
In this part we introduce very briefly the receiver side. After 1 20 MHzlower 20 MHzupper 14 20 MHz lower 20 MHz upper 1
. 1 1
all frame are synchronized and the Gls are removed, each ! 1 j i: 1 —j i
. . . 1 1 1
stream is demodulated using the fast Fourier transform (FFT)ag 64 0 P9 27
Five streams of received training sequences are exploited to Subcarriers #

estimate the M!MO channel characteristics indUding pha%. 7. Construction of the proposed 80 MHz channel for PAPR reduction.
errors. The minimum mean square error (MMSE) of MIMO

decogler which is us_ed t_o Cancel t_he interference Signé}lﬁis makes the proposed MF preamble has lower PAPR than
contributes 24 order diversity gain. This comes from MIMO IEEE 802.11n MF preamble. The PAPR value for the STFs

linear decoder diversity which is stated B — Ng + 1 [7]. and LTFs are constant, while for SIGs and Data field are vary
Output of the MIMO decoder are four streams of the eStiepnend on the contained information

mated symbols. Demapper remaps the estimated symbols ont
sequence of bits. If BCC encoding was used, the deinterleaver
returns the sequence of data bits into original sequence per
block, before errors are corrected by soft decision Viterbi

decoder. If LDPC encoding was used, the sequence of d%}ﬁ‘

N : ; ere Ngyy = [BLENCTH166Nes s ymber of OFDM
bits is decoded by min-sum algorithm-based LDPC decod ; . Nogps .
Finally, descrambler returns the decoded data bits into lg mbols in the Data field if BCC encoding was used, Aiad

iqinal ord number of BCC encoders. The preambfigceency of both
originat order. systems for four spatial streams with maximuwlBNGT Hand

I1l. CONTRIBUTION OF THE PROPOSED PREAMBLE Tsym=4us are listed in Table VI.

ext, the preambleficiency can be approached by:

( TsymNsym
TrreamBLEF TsymNsym

)100% (14)

In this section we compare the proposed MF preamble with IV. PERFORMANCE EXAMINATION

the MF preamble of IEEE802.11n system. A conventional We ob h i0s b bini fi
80 MHz channel with 256 subcarriers for Gigabit system is . €0 Zel?llzect ree ;cenar\l/locss)écqra ig'gg an]'fecrglng configu-
illustrated in Fig. 6. It consists of two 40 MHz channels whic ation an encoader in -3 wit ns o uration.

are compatible with IEEE802.11n 40 MHz system, i.e. th hannel model B of IEEE802.11TGn is resampled to model

subcarriers in the upper 20 MHz is 90 [deg] phase rotat in-doqr environment for examining the proposed system.
relative to the subcarriers in the lower one. This phase rotatioﬁjl,ble Vil lists the simulation parameters.

as a special form of PTS technique, reduces the PAPR of 40L) Scenario-A: 4x 4 MIMO with BCC as the FEC.

MHz signal. However applying this construction in 80 MHz 2) Scenario-B: 4x 5 MIMO with BCC as the FEC.

channel as it is y|e|ds in h|gh PAPR signa|_ 3) Scenario-C: 4 5 MIMO with LDPC as the FEC.

Here we propose a new phase rotation to reduce the PAPR oFig. 8 shows the performance comparison of the above
80 MHz signal with simple procedure. The subcarriers in theeenarios. For BER 18, Scenario-A, B and C need 54 dB, 40
20 MHz upper of the 40 MHz upper is phase rotated 90 [dedB and 35 dB of SNR, respectively. As expected, in Scenario-
c.c.w. relative to the subcarriers in the lower one as shownBnand C which employ 4x 5 MIMO, we get 29 -order
Fig. 7, which is also a description of Eq. 4. This configuratiodiversity gain about 14 dB better than Scenario-A that uses
is apllied in all fields, so that the channel information of thequare antennas configuration. Scenario C has the lowest SNR
40 MHz upper which is taken from the LTFs preamble is validith the cost of highest complexity due to the use of LDPC.
to be used for decoding the SIG fields and the Data field. = The link budget analysis to calculate the propagation dis-

The PAPR of time domain OFDM signal which h& tance can be approached by:

samples can be calculated by: 2
max(sn|?) d= - (15)
PAPR(dB) = 10l0g,g——>> ,---,N=1 (13) 47102
Ellil* where 2 is transmitted wave lengthl = Ly =

Table V lists the obtained PAPR of the proposed MF preamhl® log, ,(PxBa) + Grx — Grx— (S NR+ 10 logkT B)+ NF + M)

of the Gigabit system using conventional and proposed phasehe path loss fod <5 m, andL = Lq<s + 35log;4(d/5) for
rotation compared to IEEE802.11n MF preamble after four > 5 m. These parameters and their values are included in
times over sampled. By applying the proposed phase rotatidable VII. « < 1 is the eficiency factor and constant 5 is the
we get significant PAPR reduction from the conventional oneOS break-point distance. The propagation distance of three
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TABLE V
PAPRVALUE OF THE CONVENTIONAL AND THE PROPOSED MF PREAMBLE OF THE

GIGABIT SYSTEM COMPARED WITH IEEE802.1% MF PREAMBLE AFTER FOUR TIMES TABLE ViII

OVERSAMPLED. SIMULATION PARAMETER

Field Conventional | Proposed | IEEE802.11n Parameter Value
[dB] [dB] [dB] MCS Index 31
L-STF 5.82 4.47 5.25 Frequency Carrierft) 5.2 [GHz]
L-LTF 6.90 5.43 5.79 Antenna Configuration Square 4x 4, RX diversity 4x 5
HT-STF 5.82 4.47 5.25 Bandwidth 80 [MHz]
HT-LTF 7.09 5.57 6.36 Format Packet Mixed Format Mode
FEC Encoder BCC with soft Viterbi decoder
LDPC with min-sum algorithm decode|
TABLE VI

r

Spatial Mapping

Direct

PREAMBLE EFFICIENCY (T]) COMPARISON FOR FOUR SPATIAL STREAMS WITH MAXIMUM

MIMO Decoder Linear MMSE
LENGTHanp Tsym= 4us Guard Interval Length 400 [ns]
Preamble Mode | LENGTH | Nsywm | TprReAmBLE | 1 [%] Antenna Gain &t x, Grx) 0 [dB]
Proposed MF 131071 octet| 230 56 us 94.26 Noise Figure NF) 10 [dB]
[EEE802.11n MF| 65535 octet | 243 48 us 95.29 Implementation MarginiM) * | 5 [dB]
Transmit Power per BWRj) 2.5 [MWMHZz]
Boltzmann Constantk] 1.381x 10%° [J/K]
TemperatureT) 290 [K]

scenarios is shown in Fig. 9. In the LOS case, for throughp

ukight speed ¢)

3.01x 10° [m/s]

in-door channel model

over 1.1 Gbps, Scenario-B and C reach 45 meter propagaticd21n¢!

distance, while Scenario-A reaches about 23 meter. In thepossible performance degradation in the hardware implementation.

NLOS case the formers can propagate up to 20 meter, while
the later reaches about 13 meter.

V. CoNcLUSION
We have been developing a next generation Gigabit MIMO 0

WLAN system which achieves throughput 1.1 Gbps with 8
45 meter propagation distance. The proposed MF preamble
ensures backward compatibility with IEEE802.Alaystems. |
It has comparablefgciency with IEEE 802.11n MF preamble,
and lower PAPR than IEEE 802.11n MF preamble. Run test
under in-door environment shows an excellent performance.
MIMO architecture with 4x 5 antennas configuration con-
tributes 14 dB better performance than MIMO squarg 4,

and the LDPC contributes 6 dB more. We will implement and "

o
o 107
m

—A— 4 by 4 BCC
—s—4 by 5BCC
—e—4 by 5 LDPC

evaluate this system on FPGA chips as a future work [8].
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