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Abstract A novel multi-rate MB-OFDM ultra-wide band (UWB) system is proposed, in which users are distinguished
from their unique time-frequency codes (TFC). Also an adaptive TFC allocation algorithm is given to minimize total
transmitting power with the constraint of the minimal data rate requirement of each accessed user. Theoretical analysis and
experimental results show that the proposed system and allocation algorithm are able to increase system access capacity of
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multi-rate users and save power effectively, which is just an UWB system needed.
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Fig. 1 TFC-MB-OFDM system model

B LR RS, —MEIRfEREE S R, W—
ANTFCH] 43 e 570560 L R A5 A e 2 2 — ik R — A
I3 TC A AL I I R G R, J

_R_R

* TF TF
TEASCHY, 58 SCR N AL ER, IXFEA R 7 B 21
SR LA R, MRS SRR o A S 1 B S i SRS 2 1A
UF R R, BEEEREINT, WOK T80 BN, T L, STk
[417 B s LI TRC A BL S ot B T8 19 F =1, T =6 11
B, HIAAEZA RI6 o AXPPIEBL T, B B3 SR
FANTRI6(FIWIRIZ0), HABALIAEDR/6 MHREAN
ARG, RTHERIT RERIEHNRY . TEARFFT ANBHIE N
T, Ak F OB NE] 100, FAAHAKAS R R/600, TR
it 20 AN A SR a2 H N, 3L R /30 138 2835 SR8 I vy A
1FENH L

KA TFC FRAE—EMBE Ffn 2k
ERFBEANAE. "R TFC W4rRisTh C,
sk B NI R N AL R (R A IEEEE), F
IR o, U P ASRE DN R GE ISR (B ZE R 2R)
H

@

R, -1 C
> { . ](1— PP @

r=0
Hpr Z2—mih SR TFCH Z Fl o thX@)m i, R,
5 CZ M LGN, F P A BH ZERE 2R SRR /] o 3 138 1
FENEFR A B ZE A K RHE, RA BT HITFC



1860 s

i 28 3

TR PN A fEAN S RN Z I RG2S
FUERIGER ZRIEBR, I AR — e eE . R
FAFE, 3@ 4l 4y BB TRCEA TG, H o dr— e R b
I BN I AMB-OFDM & S, 4 1NOFDMAF
5 B BB AN B B E IR, T DA AT A I B 0 i
MB-OFDM#F 5 HR 38 In TFC R 43 Bie 5 76 A5, (H 43 il
W RN RGIEN, 1 HI 2 0] 4 E s oA S &
2 RGP RSN IRE, BT LR SEPr R G Tl 75 ZEAR
P T RER P R R S P AN CRIE R — AN A @ i

g T —A TFC-MB-OFDM R&WRI Y J5, B
AR ) R AT IEAN R ) TRC vl 23 LB oG 40 Bl 46
FF e AT LR ZAUAS 2R T Bed 8 FH P 13 6435 SRk 3
HPBEHUEANR S, AR A R Th 2. (HA R
FR BTt P B 28 9 A S R 32 it R N 2B I £ R IR
BLCS)— MR FI, AF i CSI KA T £ BRANEH,
WRAE P e N 2 S5 R AN R b 11 CSI Stk A Bl
SMAFRIZ, e A REIhE, THENFREE
BT 0 — R e CRIUE F P SR Z i SR IR oL, BUse/
T RGR I K B AR TFC 4rEL Ik,

3 TRC HE&E%

H 112 H /' OFDM 2 4t 1) il gk 43 Bl 77 S & AE 45 58
RERFBIERNEN FERERE@EH REE T E)RA
(21, B A ARAIE 3N L AR 6 (K 5 0 HEAT IR D
i B R A 2 RT3, S A3 Wy S I AN R AR
AN Rl AT AR 0 B K LR SO AT AR (. B AR
HR[4]7, MB-OFDMZ 4 (1)1 il 77 AR & FiAS [F] 1 2 1 50 T
HE 52 S QPSK,  BIAEAN FIICBe [H 8 A& 2 ANEuiF. X ETE
B NUWB RS BRI AR, Ik D R i
BB RGN E AR B AR — AN R BTLA T
BORREE R AT R4, WGRLINEZIERRE, BAME
lia) P 43 BC TFC R B B 2 i A P (i 1) 7 X0 2 QPSK 6 itk
4b, UWBR G EK RGN RS DR, B IR
[PV R I ShEAE N LN E 2 B R .

B B e P TRV 7S A Tk s R, BRh
A o I D8 ARSI, T AR 5 i i
Tiy 2 B LG I R %A e L Rtk il . 4 )y X QPSK
I, R PRIESS k AN PSS m A BB AN KT AN 1)
WL Pe 4 T BEAT A 40T 75 (K 850/ S % A7 e b oy B4

Yem =[Q (PO /ey k=12, K, m=12,--,F (3)
Q™ (1) & Q ik

Q(x) =%j§‘”e“z’2dt, x>0 (@)

(IR BRE @y B S K AN IES m AN 0o Y T
R A8 BRI, X AR T MR 2 CS I it
R HGE A A, I H—i s A [FIMB-OFDMAF 5 il 4%
MICSUEAZE M. T 4L H P OFDMAR 4 H, AT —A Al

AT — 2 REg— A B L BTl (3) el 4,
PEA AT AT BR A4 PRI, AN 4k 23 e 45 CS Ui 1)
P& E m I a  SOCHE PO, FRGR AEA Leds
R SR I 43 T 7 S (DA R AR 0L 7 1) 23 S BICSIAN LT
B FH P AR A o B S 28, R A a2 SOG4 B R
WEo P LA 75 BN A BL 77 S AT TR 4

B #—4 TFC-MB-OFDM ZR L HE Ry R AL
R, A5 K AN RN R GER T ENER, BANH
BARIE ARG R0 R AR E, k=12, K - N TE
W R4, RN SO e Rk — e, X R A%
s =R mT LA T A P B N SR, B

i&SR (5)
k=1

K e e A BRI, 23 BETT 5 | AR, I ATEAFAE
RPN, ez BT e, BELRIERE— A i T A ok 1
BINSILAE W I o
Bk =argmax(ay ) » WHESMACLE TP K] (R85
k
PSS P K (= k) B, T BRI 1 R %A W Ly
U%em =Yiem “im
=[Q7 (Pe)*/ e ~[Q (PE) /s
= [Q_I(Pe)]z(ak; m Gem) (e )

oc (akf",m - ak',m)/(ak',mak:wm) EDO'Ik‘,m (6)

PRI, ) U A S GRS SRAF B L i v, SR A
A5 0 ety /N DRIV, KA R M 7 K 3 i il o i
KRR LA K o B TERELE Wb A MB-OFDM
ity CsEARRE, b 2 MR Day, » BIE—A]
PAE R A BN BEAE T T AR, (RS RIE R R Jo Jsies
AT SR LI TR SR ATIER W] LA B0 A2 o

R Lk 3, #EA P RCR A LR AT

(1) WIEAFHN a , » O REIBIE LS CS
RO RN RICEERFRN R, k=1,
2, K, SRR IS BB ECH Ry, k=12, K o

(2) ¥R MR, » 4 R >R A R <R I/ 4354
PP EE Uy ={k| R£< 2R} MU, ={k| R;< <R}

() THECR U, T R BCE U, Th R T
Oy 18, BOHR/AMEREAT BIBPCE  e#AE, IR e, ,
U,, BUBHINF P R fHs

(4) HIEPIRQB), HERU, Ao SR/ E]
BKRATTS 5B, IF AR EA RSB, P -
B, .

TR R, B DR (4) 0 T El FE A BRI,
LA BR@) TR Dare , FITHE N T EEREAT K, BT/
FER A

4 SKWHERSITIE
N T AES R BATE S PEAARAE, BA B T SCHR[4]+



10 )

AR 0 % MR I MB-OFDM 357 0 1861

5 X ) 200Mb/s MB-OFDM & %5 . {4247 [ TFC-MB- OFDM
RGN T 15 L A AL SURRAS SR, 3F HARN 3 T
AN LLRR IR, (MR R A FE 200Mb/sANE . 1% R 50
PEANMUELYE 36 ASFr, BN I EOE R AN
9100, XAERGHI ALy 1/18 Mbls. KA 7E SCHR[4]5E
X1y 200Mb/s R i, H P Hdlsfe sk - BAT 2 9 R 1,
B ABRA R AR AR (7417 F 1 —A~OFDMAT 5, 4E7EA]
CSIMEAE A —ANCSERER, LARUE /B4l Rl

BAILEIEEE 802.15.3af71 & L[] 4 FPUWB/EE ALY (R
CM1 ZCMA)PIRIAT T 9280, szirp, A8 AP A
ok 5, Hodgr /Mg N AT 3K 4331l 2 100, 50, 20, 15, 10Mbl/s.
I 4% SR [A] R T e UINTFC T %, R AN RAH AT
R R AL I e P P (3 SR o (R AR ST R IR T 26
3 ERYs 5 AN P A /bF 1800, 900, 360, 270 Fl 180 4
A ek T A TR]INE A2 A AT T PR SR

10° 10°
=4 =2 =4 2
10
5 510
107 104
10° 10
& 102 B 102
m
104 : 104
0 5 10 15 20
SNR (dB)
(c) CM3
— — Equal SNR
----- Equal BER
— Proposed Alqorithm

B2 3 rBCHEEAE 4 M UWB {538 R Pk fe H it
Fig.2 Performance comparison of 3 allocation
algorithms in 4 UWB channel models

Kl2(a)-2(d) /3 ) R A AECML-CM4 R B4R R B0k 1 Kk
AR L -5 LA 56 (SNR-BER) M RE i 2 L ¢, LR s i
FIE R T AT I TRC A iR 77 R PERE I 2% 25 SNR1
of IV FF) g 2 A MR A Y P S 3R SR, B AL N R 40 (s A% 1 il 2%
WL A Y, IF HARE RGBSR IWBER, 454
A 3 L 1) R 3% SNRIEAH S5 (A5 R P CSI) A i i 25 5
AT — 4 B 2 (SR SNR2) XS I [ A2 AR F P T i sk, BALEE
NZRSE, BFES IR & 3% SNRIS AR 45 7N W] B 4 9% CSIF1 & 48
BERMAT IHEE V15 0« 5 18 F(F G K BEA LI, 3X ML Kl 2(a)-2(d)
25 M I 2 A SEIG 25 SR NP IME, RSB0 AT AN [F)
JURICSUERANTA],  AHAE ) — 20 S50 A5 FH AN A f0 23 e 75 S8 1
TP IICSHRREAAS o S8 45 TR, AT i TFC
YT RAE 4 FP(EIE T AT DRI IR AT i fE

5 £RiE

AR —FINH T TFC 1) MB-OFDM R4, Jf:
MR IX TN R G SR T — P AR TFC 43l
o HRAHTH IR 45 TR, IR RG] LA Rk I R 2
R P BARZNGE S, i FLATR 1) TFC 2l 7 E A6
JEEAH P BRI SR BT, e LA R RS
SRS TR, AT UWB RESR, CThHFERMTE 28
1E A P AR 2 1 1 e A o

2 & X

[1] FCC. First report & order. Tech. Rep. 02-48, Apr. 2002.

[2] Win M Z, Scholtz R A. Impulse radio: how it works. IEEE
Commun. Lett., 1998, 2(2): 36-38.

[3] Fisher R, Laughlin M M, Welborn M. DS-UWB physical layer
submission to 802.15 task group 3a. IEEE Tech. Rep.
802.15-04/0137r1, 2004.

[4] IEEE. Multi-band OFDM physical layer proposal for IEEE802.15
task group 3a. Tech. Rep. 802.15-03/268r3, 2003.

[6] Xu B, Bi G. Channel estimation using complementary sequence
pairs for UWB/OFDM systems. Electronics Letters, 2004, 40(19):
1196-1197.

[6] Batra A, Balakrishnan J, Aiello G R, et al.. Design of a multiband
OFDM system for realistic UWB channel environments. IEEE
Trans. on Microwave Theory and Techniques,2004, 52(9):
2123-2138.

[7]1  Saberinia E, Tewfik A H, Gupta R. Pilot assisted multi-user UWB
communications. Vehicular Technology Conference, 2003, 3:
1885-1889.

[8] Saberinia E, Tewfik A H. Multi-user UWB-OFDM communica-
tions. PACRIM, 2003, 1: 127-130.

[91 Rangnekar A, Sivalingam K M. Multiple channel scheduling in
UWB based IEEE 802.15.3 networks. Broadband networks, First
International Conference on, 2004: 406-415.

[10] Foerster J. Channel modeling sub-committee report final. IEEE
Tech. Rep. 802.15-02/490r1-SG3a, 2002.

[11] Woodworth C B, Karol M J, Haas Z J, et al.. Spectrally efficient
universal time slots using time-frequency-code. Personal, Indoor
and Mobile Radio Communications, 1994, 3: 1009-1013.

[12] Jiho J, Kwang B L. Transmit power adaptation for multiuser
OFDM systems. IEEE Journal on Selected Areas in
Communications, 2003, 21(2): 171-178.

[13] Wong C Y, Cheng R S, Letaief K B, et al.. Multiuser OFDM with
adaptive subcarrier, bit and power allocation. IEEE Journal on
Selected Areas in Communications, 1999, 17(10):1747-1758.

[14] Proakis J G. Digital Communications (Fourth Edition). McGraw
Hill, 2001.

EHA:

T RE -

W, 1977 4R4E, AR, WU ROh 2 ARG T R 4.
5, 1964 4R, HR, WFICTT RN B A 2 kTR
5.

Ftome 5, 1977 AR, WA, WFTUS IR A TS S AL



