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3) 2- tetrahydro pyr an- 70 3,4-C 2-pheny) bon

ﬂmeg;}-plgsq\pl(amqgj}mctwg lagsh pglped ’tyy B. 4, hawenton rarRART entltled “Exact

o0 (oSt Ael (G i AUt by, Syperposiion of

Aihp?mtlﬁe Plodnlited bPuisksb@OPY> TBER- Nhﬁ@dtlaﬂsZo@}@drmhﬁmyﬁtmns Vol.
3- CF SQZhenyI bond bond 4-CH 2-N+(CH ) 2-Cyd Oh
QQM345N3 Fepruarypldfyl bond bond 4- CH 2- N+( CHs)

E“O%?Wﬁ‘&léﬁ%ﬁé@“ﬁ 7S SRSl Y s aprovimated

dsifigijudt the dGiiadt pyl16d PapglfimdtBn2;, @t)Clas Blpkaeny! bond

bond 4-CH 2- N\+(CH 3) 2-cycl ohexyl, 79 3-d -4- OCH

3- phenyl bond bond 4-CH 2- N+(CH 3) 2-cycl ohexyl, 80

3- d - 4;@=2;@h&yj(npond bond 4-CH 2- N+(CH Eq (3)
3) 2- cycl ohexyl, 8 1 2,5-C 2-phenyl bond bond 4-CH

2- N+(CH 3) 2- cycl ohexyl 82 3,4-C 2-phenyl bond bond

SCH tiR> dhrﬁfﬁbhﬁplﬂsecghabmgeﬁuhytﬁqn 8,38 ,1¢ nich Jangkethph the other seven
-CH=CH bond 3-CH 2- N+( CH3) 2- cycl ohexyl, 84 4-F-phenyl
pillse-ElrdpingofinhcBerGHIR- MpptGhina)ed- GMSI@ lsigrgll §,(8% i8-a(raRably good
3-rhenyl )- bond bond 4-CH 2- N+(CH

Stizndtedf thieyidead G BHEsighay 5, () heiiywe R, the (1de &Fjust c,(n) to generate
3- phenyl)- bond bond 4- CH 2-N+(CH 3) O Cyd Ch XV

g ezr)yrhaﬁﬁrcﬁﬂdedfm@hffﬁiemh etypins fonaidwe GSM- @ﬂciﬁ.’ichhc(r@-ﬂ;uch as, for
3) 2-tetrahydro-pyran-4-yl, phenyl 88 4-bi phenyl bond
eainth1d-(CHrobt Midaohqau2- $)aﬂsiw§é errply betwedn Wi, (n)88hd 5,(n), and (2)
1- napht hal ene bond bond 4-CH 2- N+( CH
Mﬁﬁﬁﬂﬁj@)@ﬁvaoﬁyﬁa@(ﬁ)yl 90 2- napht hal ene bond bond

4- CH 2- N+( CH3) 2- tetrahydro pyran-4-yl, 9 1

Rosapht habeine dpprogitativh éf t(Bbl QVISK] él@ril M4yt obtained by using the
2CH3)] -tetrahydropyran- 4-yl, 92 2-naphthal ene bond
emlargestapylse shapipg GRBIPRCTH (2) aahg)(p) -as follows:

t et rahydr o- pyran-4-yl,

s, (n)=c,(m)®dy(n)+c,(n) ®d,(n) . Eq (4)

The estimated GMSK signal s,(n) is a better approximation of the ideal GMSK signal

5, (n) and can meet the various GSM specifications with good margins.

[0032] FIG. 4 shows a block diagram of a GMSK modulator 420, which can

generate the estimated GMSK signal s_(#) in equation (4). Within GMSK modulator
6



93 7-Br-napht hal en-2- bond bond 4-CH 2- N+(CH

3) 2-tetrahydro-pyran-4-yl J yi 94 7-Br-naphthal en- 2-
whoovd/obased 4- CH 2- N+ (CHs) 2-Cyd Ch6Xyl 5 yi 95 PCT/US2005/022039

6- Br - 2H chr onen- 3- bond bond 4-CH 2- N+( CH

3) 2- tetrahydro pyran-4-yl, yi 96 6-C -2H chronen- 3-

bond 4-CH N+CH32tetrahydro r.an
e @%elxesB APy a¥16c%‘?aef6‘ky9ﬁ FMSK symbols

cl ohex

g{ogH)_z,ﬂlnggrg?{éqf ut %ﬁlgp s ’@r@te %cérg}qagt Nﬂg;j]};pmg function c,(n). A
% r gbr 5 roztr@'_'ﬁgﬁrg tpét(’f‘l\g?:‘,kfd }ﬁ§§ afﬁ?'ll) )?py- prov1Hes filter output

C hr c‘{o&%xﬁher égq, ququué%qu%d?nﬁ tgla‘@s?qg to &]&eh giominant pulse

éﬁ S G SolbS BGEATS ISR el Bt oiiers. o

S Do e %tﬁgc%s RS dngt ﬁljtspﬂélgéﬁ%n eadthles GMSK
SURBTE. G, el e P sytbR G0 haARnS R wiligaing fumction
%1 (g)_| Clzé' I}ﬁfgrgigg )rlfépeg%é% éﬁgg ﬁiﬁ%&'g th% ?ﬁgﬁgwgn%ls %io(n) and provides filter
o B ST, P SR

oRE s éﬂl—% ﬁmhﬁ&&'z' (Jz 2- I(ll%ﬁsﬁ’b iSst 289 @medithe/ic,” filter. A summer
uran- 2-yl, -2H chronen- 3- bond bond 4 CH
Z?N’réc@ﬂe@)a&d(ﬁﬁﬁs— th)élﬁltﬁrcdiﬁﬁlﬁ[sgfrrﬁoﬂs] RERY - ardy b, (n] ahll provides the
6, 8-C 2-2H bond bond 4-CH 2-N (CH
Bétﬁnztte@GMSK&gaall& Jiept - 2- chromen-3-yl yi, 112

- CH3- 2H chr onen- ‘bond bond 4- CH 2- N+( CH
@(13'4 et rediyGNSKD Yiffdiertiay lencoding isikdt ]]&':er%e@ boin Ghe BiFRIbits a,(n)
bond bond 4-CH 2- N+(CH 3) 2- cycl ohex 3-yl 114

& Ebtafir HGodétsyIes1d Doayd 4 sﬁbbvﬁnh\ﬁ@w 3)BreGMsitaBwYls d.(n) for

chr onen- 3-yl
each pulse shaping function ¢;(n) may be derived from the code symbols d (n) based

on a known transformation associated with that function, as described by Laurent.

There is a one-to-one mapping between d,(n) and d;(n) for each pulse shaping
function ¢;(n). The input symbols d,(n) may also be derived directly from the input
bits a,(n) by taking into account (1) the different encoding on a,(n) to obtain d,(n)
and (2) the transformation from d,(n) to d;(n).

[0035] The GMSK symbols d,(n) for the ¢, filter may be generated as follows:
do(n) - j(n+9mi:_gmsk) -a, (n) ) Eq (5)

where j=+/-1 and Opir_gmse 18 @n initial phase value for the estimated GMSK signal.
The initial phase ,, ., may change from GMSK burst to GMSK burst. Equation (5)
indicates that the GMSK symbols d,(n) may be obtained by rotating the input bits

a,(n) by successively larger phase amounts j", starting with je"""’-g"“"+1 for the first



115 6-Cl - 8- CH3-2H bond bond 4-CH 2- N+( CH
3) 2-tetrahydro-pyran-4-yl, chronen-3-yl 116
wQ@2@612332H bond bond 4-CH 2-N (CH 3) 2- cycl ohe&l/1U$2005/022039
chronmen-3-yl 117 6-Cl -8-CH3-2H bond bond 4-CH
-N+(CH3) . - bicycl o[ 2. 2. 1] hept-2- chronen-3-yl vyi, 118

-Cl - 8- " ond band_4-CH 2- N+(CH. 3).2-c oheptyl, . .
ERPLHE ﬁ%y%ﬂéfgasg-r@atlgn S8R VBRI B0 Gy 3 R 512 since
élgq?% Zéﬁ?/d 0 ent%&l chronen- 3-yl 120 6-Cl - 8- CH3- 2H

8 VBRRFFTMNSG DN ¢8:3) 2- t hi en-3-yl, chronen-3-yl 121
g)(@bc'_&s' @Vﬁhi%"grehﬁi‘a&ss@ #30, a rotator 434 rotates each successive input bit

- - N+( CH3) 2- t'et rahydr o- pyran-4-yl, chromen-3-yl 122
6,60 +20F. BOAY, haned0%-tBkh 2othiof BB )tatehithe fist yhput bit a, (1) by
chromen-3-yl 123 6-F-2H chronen-3- bond bond 4- CH2-

O 3o2eayial GMSKY symbol d2Y , She-se2bhd patrbit- 3-(2b dyd-+b80Tdto obtain
4-CH 2-N (CH 3) -CyClolleXyl, yi 125 6-CF3-2H chronen-
GMSK beiBor-dtD)-, Mid @ild) dpay bltohg3y by 82730° th26btain GMSK symbol
8- F- 2H chromen-'3- bond bond 4- GH2- N+( CH3) 2- cycl ohexyl ,
YL (33 2the forletiBmpht ihk by 995 EbiaRy @hﬁi@ﬁnbol d,(4), and so on.
(é%j 2-cycl ohéxyl , %@?/I Y128 7- OCHG- oHF bond Bgr?d 4- CH

CH 1 GIASR! QMvRIY Uy (n f B E - et I néfatdd a Fo1lows:

O Sorie S cms%@( R Mrthis & fe iy dent RV i To
6- CF3- 2H chronen- bond bond 4-CH2-N (CH3) 2-t hi en-3'

-yl F il =181 0henD) 2 romen- 3- ;ppnd bond Ea (6
4° CHp? kﬁ’? ) 2- t hi ebk@h’yl . yi 132 5-F-2H chronen- 3- 109
bond bond 4-CH2-N (CH )2-thien-3-yl, yi 133

4- CF3p3hh lar G1yeda, (honyieho -2y CH 2- N+(CH 3) Eq (7)
-oyd oﬁCXyl £73-y1* 134" 8- &F3- 2H chronen- bond bond 4- CH

2-N +(CH 3)z-Cyd A leXyl, 3-yl 135 3H bond bond

#hésd2 o) -BransferhiedRyshber foy thaseconhry pulse shaII)ing function ¢,(n) ; and

benzo[ ] chromen-2- 136 3H bond bond 4- CH2- (
- CH3- @y i @l dxgtiusiverPR opemtiar (or ehvivatent! 2 -2 modulo-2 addition).
The exclusive-OR of two bipolar values y and z may be expressed as:

o +1 if y=z Fq (8)
z= .
7 -1 if y#z a

[0038] Within pre-processor 440, a transform unit 442 receives the input bits a,(n)
and generates the transformed symbols b,(n), as shown in equation (7). A rotator 444
then rotates each successive transformed symbol b,(n) by +90°. If 6,, ., =0°, then
rotator 444 rotates the first transformed symbol 5,(1) by 0° to obtain GMSK symbol
d,(1), the second transformed symbol b,(2) by +90° to obtain GMSK symbol 4,(2),
the third transformed symbol 5,(3) by +180° to obtain GMSK symbol d,(3), and so
on. From equations (5) and (6), the rotation of a (n) to obtain d,(n) is +90° ahead of
the rotation of b,(r) to obtain d,(n).

[0039] FIG. 5 shows a block diagram of an 8PSK modulator 422, which can
generate an 8PSK signal s, (n). Within 8PSK modulator 422, a pre-processor 450

receives 8PSK input bits a,(k) and generates 8PSK symbols d,(n), where k is an

8



yi 137 3H bond bond 4-CH 2-N+(CH 3) -Cyd d leXxyl,
benzo[f] chronen-2- vj |l 138 3H bond bond

W@ 20bA1 M4 CH3) 2- t et r ahydr o- t hi opyr anbenzo[ f] cPCDDE2002022039
4-yl, 139 3H bond bond 4- CH2- (4~CH3-norrholin-4-ium,
benzo[ f]chromen-2 - vyi 140 3H— bond bond

Hl%%ﬁﬁ@ﬁ@g o R ERRERZBh, §) G ORERs S unit 452

S ) S o o

? fhed a%n]% o@epfr‘tﬁ; aéz c@ﬁ&i h6alyh (n) ich may hane a value ranging

enzocyc I145 8, 9-"di hydro- 7H
Egn e %7 (dr l?ﬁgl) §§7(Py1r1£18 ’. gﬂéélllﬁgné rog Taje for b (n) s ﬁhJ,ls equal to
éﬂ‘%ﬂégﬁ éh%%%e %}_9/ g)(ﬁdkgo 5 gKﬁ%ﬁgg K}ﬁk_?%&&%?&e ﬁray coded
%Bgc] ? L r ?R%r ép eg S’Z’ﬂ’éﬁc%’? ;llQo 38 ?atcgpfrgsboﬂdin é Z}godulation

3)2-tetr r r.an- 4 yl, benzocycl ohepten-6- yi 149
fz‘tﬁ%”ﬁé’s n@)l?‘x ‘bond - CH 2- 4-CH 2-N +(CH

3) 2-tetrahydro-pyran-4-yl, furan-3-yl 150

[ 5- (4- O - phepy) dys2- bond -CH 2- 4-CH 2-N +(CH

3) 2- té’br(‘éﬁyll O pyran-4-yl, CH3]-furan-3-yl 151 Eq (9)
(2- CH3- 5- phenyl ) - bond bond 4-CH 2-N +(CH 3)

:E %ﬁng!hhgxgr{ @p{ﬂglic;l gﬂi(za %l%lﬁ%gq%g enzgﬁ%ag pgm gga? (sjlrégalbc%ggtellatlon
% 4&Sﬁhenyl) 2- bond -CH 2- 4-CH 2-N +(CH
esl fpp, ydr o- pyran-4-yl, CF3]-furan-3-yl

[0040] EGPRS uses a “rotated” or “offset” 8PSK scheme, which is simply called

8PSK herein. A rotator 456 rotates each successive modulation symbol m,(n) by

37 /8 to obtain the 8PSK symbol d,(n), as follows:

j(n+aim'l Spsk)

d,(n)y=m,(n)-e T , Eq (10)

where 6§, 4,4 is an initial phase value for an 8PSK signal and may change from 8PSK

burst to 8PSK burst. The rotation by 37/8 for each 8PSK symbol results in a smaller
variation in the envelope of the SPSK signal, which is desirable for the power amplifier
used for the 8PSK signal.

[0041] A pulse shaping filter receives and filters the 8PSK symbols d,(n) from

pre-processor 450 to spectrally shape the 8PSK signal. Since GSM specifies the
dominant pulse shaping function c¢,(#) as the pulse shaping filter for 8PSK, filter 460
for GMSK modulator 420 may also be used as the pulse shaping filter for 8PSK. Filter
460 receives and filters the 8PSK symbols d,(n) and provides the 8PSK signal s,(n) .

[0042] FIG. 6 shows a block diagram of an embodiment of unified GMSK/8PSK
modulator 120, which implements both GMSK modulator 420 in FIG. 4 and 8PSK
modulator 422 in FIG. 5 in an efficient manner. Within modulator 120, pre-processor

450 receives the 8PSK input bits a,(k), performs processing for 8PSK as described

9



154 [5-(4-d -phenyl)-2- bond -CH 2- 4-CH 2-N (CH 3)

-CyClolleXyl, CF3]-furan-3-yl 155 5-d -benzof uran- 2-
whoovd/obsed 4- CH 2-N +(CH 3) 2-t et rahydr o- pyr an- BE€yUS$209$/022039

156 5-d - benzof uran-2- bond bond 4-CH 2-N +(CH

3) 2-cycl ohexyl , yi 157 benzofuran-2-yl bond bond 4-CH

She Tor I 2“9{{' one 8 quﬁgﬂétm?“ipwi' ”dqb ftipjt gF & Multiplexer
Qyi5x] By BseSan o‘ﬁf%y PRl the MK\ biss g, (B gerforms
@?%2@?4 o Tapflosingnt B0 BB HHIRE ), fscribed above for FIG.
) ol Dok %&ﬁ&ﬁ R e gﬁg,amubgfgﬁ%'@;{ér 455 Multiplexer
ﬂfg@#ﬁo ek %4@%% S2Rgh ] PROYRS s e GRS symbols d,(n)
o B AR syl ngd;}qo st e i aapbpied . Oty co aliSa60. Filter
% {’lé%ﬁ 0t &WEXQ w an't&,.@% Slogiipan 166t que shaping function
BolTh i Adé%{% ﬁ#%rd%w STRPORy o oyr o oyl O
E@H‘éf[ isatie 019%} Zﬁe%l%sx YIS oFBYORiLE: )y performs
ll’fﬂceiqu Qﬁf gfn%% g%%ﬁ?goﬁ%agtgﬁﬁﬁﬁ déq%?%%%above for FIG.
4 %@r@%&%&wg ‘Q{n% %1‘8 Wt )ptygr_%’r(])’ juRy of a multiplexer 468. Maultiplexer

h@g‘ aRb Qé&l‘\%@')arkeflo YAlud Bﬁ a ‘lsugutzal?d §'(ﬁ' bé{ldcro%tropﬁ%ﬂazl%ﬁ%rovides

hi en-3-yl, bénzo[ b] oxepi n-4-yl
E}tlﬁlr-ﬂmg/GMﬂK] syinlydls ko) drdhizete @hlRe as the filter input symbols d,(n) for
f (CH3) 2-t et rahydro-pyran-4-yl, 173 2-C -pyridin-4-yl
bofitterbitd Rilt@HPZONBECHBER- the inpab yyinbelp . An) 4vith the k@ebndary pulse
3-d - benzo[ b] t hi en- bond bond
4hapii NaCBMB )cA7) etndaprpshdes ther Akerdoupyt  2ymbols 74 (2),.5-SGmmer 472
2-thi en-3-yl bond bond ) )
aurgg-thenjiltecoptpat symphodh yelo -angd rﬂafn)4aryi provifegs a modulator output signal
benzo[ b] t hi en- 2- bond bond 4-
ccH3) thtcétm@hpwlél%yr@fsl gjgual Jsz@z)b@"rﬁzloifﬂﬂli piga#- () depending

bond bond 4-CH2 N+(CH3) 2-cycl ohexyl, 178
g e Grficding mL&ﬂ cophicsigisie Facomodulater QPP signal s (1) may be
2-Cyd d 1l exyl exanpl e of the_invention j

i's
uendde @héﬁedm(h%%tﬁﬁl carr(qrﬁlaﬁhmpa@a?rﬁ@éb@ Bﬁcrawltslated signal (not shown
]gl@p% ble forns thereof represented as follows: Cpd 1
% d 3 Cpd 4 Cpd 5Cpd 20 Cpd 2 1 Cpd 22 Cpd 23
(0d4p4  aes. 25 Ghdw? GanCpoibadinept of VNI FdrEBOVBBILATARFER using

Mepm% se%&égl(gﬂ{ﬁggerz% §Frfc§HLé: -Ic-iorrg%l\l(altnt pulse shaping
function c,(n) spans five symbol periods, the ¢; filter may be implemented with a 5-tap
FIR filter. Within the ¢ filter, the filter input symbols d_,(n) are provided to the first
of four series-coupled delay elements 462a through 462d. Each delay element 462
delays its input symbol by one symbol period. Delay elements 462a through 462d
provide delayed symbols d,,(n —1) through d_,(n—4), respectively. Four multipliers

464a through 464d couple to the input of delay elements 462a through 462d,
respectively. A fifth multiplier 464e couples to the output of delay element 462d.
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ARydliae 200 s q ddters mpy Ge simplificdsb ?ﬂaB%esO%?het gited,gumber of possible

I l:
LA BL\sg S81L pghiRn oty BRs ADARL 1 tenta
twhth pregotmpugpd dookpup sablesh alfrirreyafmplec baahlmultﬁ)ﬁeﬂ_da]ay Bk Gmplemented
BB Pup s o B B O oG iR apipir output
m%déﬂoﬂ{e@ rexalﬁl?félﬁlse{;bi&m&e Shaiend nhi9ster %@%@%ﬁfenieﬁfed with a

filters for the two | argest pul se shapi ng functions;
Fogle7ipolruptatde dlabvaseives a aweoféiittr tinpve syhbels end pratvides a combined

EIL.G 9 sh nbol d trols f
o op it S5l Pl 1 o 8o 00101 PG 10 shows
F(gg@gs ofhd s Auaking Fh BBRK cvy Rl S, @reﬂﬁlﬁt EVeANSInnle®, which

] FIG™ 11 shows synbol s and controls for a

infeans that e IfeﬁpmscSRSKh& Qgﬂ\/ﬁi’cif oAl gulidd slBE{ﬁﬁBledetﬁﬂ is the mirror
[0021] . The word "exenp % iis used_ herein to nea
gageofrile smspensednihp |1%ﬂ halkef thedqwlseshaping functign. & aresul, the co

'?1‘[11&/ c eﬁi‘l’eg?{/xﬂ?% s ﬂfeﬁ'sﬁﬁeg a'l Q&R AeritS neCFd to be stored.

exe necessar|I e construe
PO0S0Er r elGor7 shdwaakp@eﬁmanmcbmam dfehe eydndds; fdetssusintg FIR filters.

22] The uni fi e at, escri bedq herein
&59 %énége% tersrmass plse be iep r%ﬁ%ﬁ%@ n ipes, Af ity such as, for

SArhE Sinfhit G Jo¥ Systenms. For clarity, a
spec fic unﬁr‘?@%se at(?)l?%)tfﬂ%t can support QGVWBK and

§RSK] f orMGENatan d20£m§8)e omsaed in vebsy modss: de€dSK etbde, an 8PSK

gl%ldg and a transition mode. Modulator 120 generates the estimated GMSK signal

s,(n) in the GMSK mode and the 8PSK signal s,(n) in the 8PSK mode. Modulator
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[0023] FIG 1 shows a block diagramof a transmtting

entity 110, which may be a base station or a wirel ess
walewsoel1sdqr a GSM system At transmitting enti t pCL005022039

transmt (TX) data processor 112 receives, formats,

codes, and interleaves data based on one or nore

ing and i nterl eavi ng sghenes, an ovi.des trea
390k AtheR iy oBelas I8 i Peb b ERRI s T B b upeir e aMsk
_MMIWaﬁ& QPSKZIQO(I@ rTéblléTS stRYiPlArids tﬁ?&ﬁxﬂ@dﬁio@tdfﬁﬂocﬁﬂh‘cbﬂﬁﬁzo for the
input bits, as described bel ow, and provides a

Heemades: output signal. A transmitter unit (TMIR) 122
further processes the nodul ator output signal to
generate a radi o frequency %lf nodul at ed si gnal that
is transmtted via an antenna %4. A controller 130

(H R P b & e Py 44N A
urrcot s uUptih at ijuir at Ll alirsimnmt Iy CITttl ty 11U. ATITTTUTY

unit 132 provi des GViSEeNodeor |pr odfSaMedes gndrangition Mode

uségg} olfl er 13 0024]| FI G hows g bl o
i tWtaCf Hﬁ&t K nmp ator ’):‘l"L, whjgg can ggﬁ_n_er nfe'ébglow

G\/Bléoﬁhetm&ﬂ)t ed |si gnal Opor sinply, a GMSK signal) foON

‘ K-Todularor 220, a di fferentig—encode
222%%@%55 an perf@ di ffler enti encodi n%ra@i‘?‘f /OFF

I nputcpides {ag |(n)} ang provi des codeysynbol § {d0see below
| or no i 1 oy o o Each fal

—a o -an . 1t ndny f Ay | noari eaode
e C—T T o—art— T 1ot X101 SR ALESATA |SAZZLULER~A= coCT—Cco

symboPl gl (n) dorrespodds to dne input bit ag (n)seaﬂvéﬁw

'S generated based on that rnput bit ag (n) and a
preceding input bit ag(n -1) . The synbol rate for {dg
(00521 i s Ahingicateddh Tabletlh gheniotfilteniseerfabled {faryal] thrde modesy while the

sipgplicit each, Lnput -Rit.-a n d .each code sy I
G T 5, S B, SRSt e in QP RGO R Fisy " e s
&lode,lthe ; Alter i88sddnd gbnekate hibac@itste Agtirhatd of the idenl IGMSH signal. In
Gaussi an | owpass filter 224 receives and filters the
Ssdsansifigngneds diag enfilter, sepss asg infernalaer betweem v wayeforms for
]%Ere B denotes the -3 dB bandw dth of
P{?g[%ﬁl‘t‘?‘g{latg%%b enotes one synbol period. For BT =
033] fiddrahe BEMSRImMyded@attnCOr ssjueneyd @il Sel (), the incoming bit
a duration of approximtely. four synbol_ periods

Q‘g‘%/ainggr@m Eafdéatwmsﬁsoag% A3 Pow@lr%l #s a@inafr/w éqr.hla%pée)fsaiem and
GORLUNE il GRURESEEREas Ml ol WS RETA. For i
RBSRIhSdLEViHE0 <§et1 %56 ?,g fjfl "i\%élei 1286 iﬂ%&g%‘&gﬁeﬁnﬁﬁ?m TX data

nodul at 1 ng si grma I ch ‘Cont al ns ase pulse
pfoacpssborl 18atsh comsedpuah ey pulSsayg(ar) 3-dupde) usan omdeaodergoes the

code s 0 n) ..Because.o h ilteri an )
BT e RPSE. desorineaoDO R Fithas. BehE B R B0, the o filter is
pRbvidell WikiR$ Lérb® Bsd RYesntifMp HisHed@ F&: the &ahdti®Rmbdde, the ¢; filter
synbol period. The direction of the phase transition

isstusnadh N @raslurlly slring ac awiéon dogt BRPKetoo GMSK | agdaturned OFF
\ ¢ e "
BERBAE, B A eI Bt S5l O e

Ateht biddukedga Shpott tramdifion bétweh Nhe GMER andl? 8PSKIOwaveforms in the
carrier signal froma local oscillator (LO generator )
pedulates dutmat signglhe, (ks 50 Bt widgsizad spiectnaliaiefants dug noti gegerated in
signal, and provides a GWBK signal, sfg (t) . [0026]
theaneduintoreupHisignal be expressed in continuous tine t

| ] v = i +. - I . .

E{ﬁg% . ;ﬁ’[’[ﬁ% glﬁ\xss & a g a&?t ?Iﬁlg(sSﬂ% ﬁgﬁéthxaeg@ GV e timeline for
trahseesdiamistdiddedbmtemal tifentheby EhcH teattif2dd spans 120t mgucaindinciudes

X I.S ap.arbitrar hase val ue;. and e I X
% %pﬁ@ (& e%g‘flﬂe& jruliiplg ﬁg@ﬁﬁrﬁm&% v@cﬁmﬁ% eSﬂIDMA frames 0
ﬁﬂ&y@ 85 baseRafgM e HAREN Mﬁﬁp&ﬁ'ﬁioﬁ&ﬁ i/ RtifHeO58ts,; which are
so that the wt termfor the angular frequency of
the carrier signal is omtted fromequation (1).
Equation (1) indicates thatt3the code synbols {dg(n)}
are enbedded in the phase of the GVBK signal. Equation
(1) also indicates that the phase of the GvBK signal
I's obtained by multiplying each code synbol dg(n) wth

o o o a1 o




the follow ng description. [0027] The phase-nodul at ed
GwsK signal shown in equation (1) nay be represented

W@200a/0821per posi ti on/ sum of ei ght anplitude- nodedBHUSH05/022039

signals in discrete tinme n, as follows: 7 g(n) = co(")
<S> do(n)+...+c7(n) (r)d7(n) =c,(n) (r)dn) , Egq (2)
onvolutlon 0

if:?ﬁlﬁ&ggt Srlétssﬂﬁtr}]lg%}}e els ‘B?I}?ﬁ“%stﬂ?clﬂ %ﬁfl %tglﬁagsq&t {sd%:ferred to as a
ARRat s GEe ERMGursiBBInls thotafl B (’I’B? el %@ &AREIY a training

function c.(n) . Equation (2) indicates that a

muptll@ﬁekémﬁlaegﬂa@/swgi @R The)nuveher 19é binepy bidx&dryagympols for

d d
S R B o St R PURGBKE 2P et sioge Ry OSM s
despHb&EnSwRiment IGRE TS50, Whichw publictysavailslespondi ng

I nput synbols d n) The |nput synbols d () may be
055, e d Heagerpiemcathe Wiplsss Beviec/aser iy typi yCPé@%?deb@%P time slot

Hﬁe}? \f‘ér thQ 831% 101? ?i:aﬁh ﬁi&?}tﬁﬁ% &%%fb@ thd egFﬁltthe time slot

api ng unc ions e el ght
Ssl%ignledil o thathoser ﬂ[&lﬁmM@\M&rmed émmﬂﬂc da;ta( F))r i packlet:cﬂb,ta call, a

Eﬁ?f ﬁl)\ay ge Pﬁégqeges eﬁét%}%@)ﬁéﬁﬂ‘lﬁgﬁ%a ice é:a }%]fg}lple slot indices
gM?]lEﬁ {sanagd Irhﬁtl @’Ry‘cﬁ GBS} hére ‘tﬁl'ré%?ﬁlaﬂl 8k %ﬁsﬂu‘i‘t@@ féBe multi-slot.

er seven pul se shaping functions.” The second
Aangétsslod rcohﬁgluahoiarrg!a'y plsb salaghdpi tignsroissivn oof bursiS1¢i fifferent

P’é’ﬁ'ﬁ# C%’]Ihlﬁc g%?@ﬁ%ﬁ%ﬁ? ﬁh’g‘g‘%‘g nghsfq?%t ggm nant

[0058E ShaBdulatof Y6 bbb Sk Tidhed FsdhSedn the GMISEOMmode and the SPSK
periods, and the secondary pul se shapin functlon

mo(lﬁ U@faaﬂl@ glmdeleer@ﬁr(ﬁéﬂ) apbeicod 9f adyrsihdWp gpardmpeded say span 8

f . .
e AN T ———
EIU{SSGE ah ﬂplDlg'nfgum Ghgticn bendeit GMFRN@IdEHSK) abfufﬁlly&:onnectmg or

|nput synbol s for t hese pul se_shapi gyfunctl ons ar
dissmpegiing g op filter %admpgﬁ@uqerﬂlépoagﬁ@ Ehilorpednlates, guiput signal

S OB AR B Bl B, 008 o v
CHf S 3l W, oUPEEJARDSRSLIEDS SR GRTUR BBk Ot o

btput sigms 8, {11)g malelse gohieviet &y @Vpiraviiding suitabje ata patterns to the co
appr oxi nmat ed usi ng just the dom nant pul se shaping

fnthet filoas daing) the gasrdfpeiriodg) using@f ldppropiiate ifitijl phaquvalue in the
Since the dom n ul se shapi fu ion co
é}ﬁd}{ovegwefw ‘?‘ﬁé‘ﬁwtfﬂ%‘P“g% ﬁ@rsclgeé%ﬁﬁﬁzﬁs%aﬁﬁh 52 OR/IFF the ¢,

net i proxi mated GVBK si gnal sg(n) is a
§§Ss%%§é§?f;}beg“g1’o Z%’gstl mat e of the ideal GVBK signal

FWEY]  HAWE! Orshowb ehelsymbofs dndbnigsl§ Mr 4 ttangitivariane GMEK Yo 8PSK
may provide insuffi CI ent rmr gi.ns for various GSM
@aﬂrsymoﬂg% ogepd. gl ar grbodingng %datefﬁﬁ?ra&pnﬁ%?g four GMSK

fn%{?ﬁﬁs )ofp Iqaf% \gf&é ﬁ% ft?lﬁtég%g'@%‘ &%deggfragélg)b @ngf 7 is used
Eoﬁtt%\?erﬁlé%gp)%géé’ ﬁ’gq{l | aregge BE qu)atl ;Eé)p kgregprocessed by pre-
%lf”??%f'?ﬁ%‘éé))aaé(%ﬁg St R et S Gt o
3GAhe ettt T hobte Y b oueials,p @ic?rﬁpsgﬁef%eﬁl by pre-
i’amlfo%gssgﬁ\)@%) 'fpog%qleg} gﬁi)ggosqum&sc d, @Ai Qs? dsciibe c{ Obove of FIG"3. The

data pattern for the c, filter may be given as a,, ,(n)={~1, -1,7,7,7,7}.
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generate the estimated GVWSK signal sjn) in equation

(4). Wthin GQvBK nodul at or 420, a pre-processor 430

WO eweiovass t he i nput bits ag {) and generates QMEKUS2005/022039
synbols dO(n) , which are the input synbols for the

dom nant pul se shaping function co(n) . Afilter 460

ives,a ilters, the .S ol s do{n) .and.
(9955, cednp U0, Sp! SRSy RS driT TS Ehighaf Mo the tar
& syniHoY E&‘ibd S SR AS Qualrd) @&ﬁéc‘p‘(&%ﬁgﬂﬂ?} GPtdybdDpéans). The GMSK
pul’'se shaping function co(n) . Filter 470 is thus also
symbodd dy (g ffan pré-piocessor 430B8 provigedeaspthe didiss typuiggnbols d ,(n)
receives the input bits ag,é% and %enerates GVBK . . .
foy thsotostilepx priPT to (iR symbat rCHAeS Whsh the; (Ripeal sontse! signal is at logic

ERHRHSR o B 0 b8 e s
B0 b BB T, e LS s

ﬁ%iﬁg shaping function cx() . Filter 470 is thus al so
Called the "CL1" filter. A summer 472 receives and sunms
[00s9F i | tThe CluSpldongyhdigha teanditignsafitain todiaJovatdlogicdugtostshe start
the estimated GVBK signal sg (q%é.‘%0034 For QvBK

off OPepymbalaperiodcddi BB iGMPKr symbls Ak drogh Drerdrqeassgr 440 are

bits a

to.obtain th d nbol.s dg. , .
Brsiet i e 2 s b @ e 2n it gtidkp aEiSgnbol period s

B8 BN S i e T b B AL bt o
ST 3t ?%]‘éiahlihgt hatpfdRmbl pRiodS wiRkRCthE 8d SBY control signal is at

Caurent ©"There is a oné-to-one mappi ng bet ween dg (n)

PRt HEK. Mhdse erda ekt usbd seflsshalt @ 4 et éontert. (n) . The
I nput synbols d_ n al. so be derived directly from

{0960} npdior p ﬁtsyn&pgi g'galig pyriechidatp natiem eoabrring fqurGYRK. input bits

it . . ) (
1! EERe B ity sbgdP bl pe¥inkf i ARalRl e guard
RIS, ornRgl S () OfN) flor-11 he, 107,117, eny . meEPheb €0gBelecaritad signal
as fol l ows~¥d ) =3 ngm'-*nsk) -ag (n) , Eq (5)

wheittons ffonVidgi@highgo nogic ek ahé tlenCil N8dl icahtrglisigial wahditons from
for the estinmated GVSK signal. The initial. phase gm

lesie lnmytodngin disty #che errsief il srmia) pesieskSphish 1s tgameqy for the

Sl i . t-hat the GVBK synbol s do(n) nmay be
ég%lg}aﬁlg%ﬁg& rc(){dati ng the input bits s (n) vy

H06tESsiTable)2 slmmgdahe phdass afithe oy and c;"filtest durtngriye giaré ppriod for
g ""- k+i_for the firstinput bit (1), . The phase
? GMSKdpr8PSK taansitigny &heifﬂﬁa o eyaole doghm) gre povidgd togfhe S-tap

ORI R o
e bi - . - h
ﬁ)‘ﬁ?gﬁﬁﬁ '1%%11'5?%1?5518, LE sHowf)in BGH90- Th fifket i )59%1301&9%?(11) are

r ot at or ates the first 1nput bit ag

Qv ab ihENREp Sy Hiret. ®8f ¥ich synhtd] $REOEMGhE P Uiltebioberdtes on the
P e . By Yol JRAGNNG o flticl obe

purpamt imput sEpboB png iwezmion: mpabswnboleMskaky mbewndo(BYG. 7. For
SR LB SRR SRRl o
torgencgts fie ,gﬁ%{rfmégb%%?%%ﬁ% 30 CrfrVA B "t Fiidicates a
%6% Fﬁ%@é Ct%ﬂ %Z%c%eég bgﬁwé%]fl Ir?g a?rfftﬁ%et%?%;ﬁ%im(a ):SI?/ ﬁgtﬁlg paeceding

bersPR EMSKUSIdY = PRIGREPREERA: bt ECBPS\KF)! &M by in Table 2 indicates
modul o-2 addition). The exclusive-OR of two bipolar
smimlawwy symbvolstoned i thedilist &ogellie preceding burst.f vy =z

y(r)z \ . Eq (8 [ - 1if y z [0038] Wthin

pre-processor 44 ra m ygi keceives the

i nput bits ag (n;)rag%dé ge@%&ggﬁgﬁ%ﬁé or med

symbols b {ri) , as shown i1f equation (7). A rotator

444




then rotates each successive transforned synbol b ) by
+90. If gnnsk = 0, then rotator 444 rotates the
wo peosp1xis@nsf or med synbol 1(1) by O to obtai n EM3KS2005/022039
synbol d1(1l) , the second transforned synbol 1(2) by
to obtain GVBK synbol di1(2) the third

GPamsfor WEQ’OSE{H&OCoﬁ{eﬁi by fr18q to opf aid) FveKCoy@io!

(3 gi—Freteguat+-onS g ard o, t+he

ol akdton f@("‘ékdc(ohl)rz 430(6%*0 eoflyr-G) El.) qls 4@6’)6%%1)%1({11%01 Sel
rofat i,on| of, 1 tojobtalp n) [100p39] HlI 5] shpws

! Ingk Lnnr(nléf 4 kD g%( IaLnr B??l \hFﬁh Lagg
generdt e anl 8ASKtsi gnat sp (n) |. Wth n—BPSK +iod{il at or
427 E-prqcessol 450 T ecel es?ﬁ i pyt Oits an

(3k) ajd qen ra t st 8PSk syhbdi s dp_(n erle i s

apiindgx forybift periodifof §PSK. Wthi N_pr§- processor
/'VT, a Aﬂ" f—fJ'* Arg—HH—4Bb2—+egeives—Hhe—i-Aput—bits—ap

(%) Tpeffotny Grlay|ceding oh dach skt & tlhrde {npdt

BIs, - anf oVl des & caorrespondi ng J Ay £0ded, Syol
% 1 p}' may have al valu rgn g fragm ra&nh

# or'7bp (n7) g {O 1, -1..} 2} .| Toe P/rrtml rape 1or0bp

[ HEP~N 3 lo-i. £ +..1 | P - £
(WL FS—tTts—€ UClI l P UIIT*= LLLILIAY [ ) T U 1Tfat t© 1

(&) . 7An| 8F5K |mappi mg Gnit #b4 |reBeilies @ hd Pa codied
syrrbobs ANG; MYPs »ea¢h 4&ray cpdgd §ymbol PP {(nh to 3

— =l ==l |l ol

cofrespondi ng inpdl tion bynbol as-lfoll ows:—np
() =ei2"*> . Eq (9) Each m)dul atlon synbol np (n) is

I r i .
UGBS B RS ol s SRS SRS ld i npus
Thé Esklter oaipakissddigrd bywhvioalymbel périvdk yelativd todh&BSHlter input (e.g.,
herein. A rot ator 456 rot ates each syccessive
thsdirstarli wiers {heeifilichal ¥ wmgiappeﬁra B e a"i%FFfPHE’“WSR— 6). The ¢

ﬁf W Bs 8dldyed ‘t@sorfe‘%lyh@ﬂ@ erflid &ﬂt)ave 'E(ﬁth(e@l "ﬁ?tefgl p}l‘g@ g., the first

ere qginit "Spsk-i Initial ase val ue
SP&Kesitighalfilendt meys aﬂuhamxeaxfsraomea’i?@i(owpusat 1t 58PSK

b h f h ynbol
PRl | < Assramaaireele o e ek Gy cnedBmaim) 1 4 FRegithg fefter and

h he I
S eleath Pk 98, AR p s vl e s compsl

fhsheid mgt fnd fided with eziexos it ame7 fanldtmassﬂmh be 8r8Ed OFhafies that. The

SRS b BT o CEaNR 8 G P! BRESm4r FRTo 2 5t syl

gé}m' lﬂqvﬁlw o c@@mﬁ% rﬁ)ue@éoﬁtgﬁs BHJ fBeSRAR IR, GMsI@ eyrﬁ@as The
PSK, filter GVBK nodul at or 420 may al so b

BRSKI ey efom sﬂmtsyé Ghhapibr) teribd ar = P o whiSK the-fitst eymh@(penod in

‘ﬁg@' Ves ﬁﬂ% ‘g’?tbtﬁ’g %ﬁ{ﬁ)}"xmf %‘il%% CF:?’Eer ’é%l’?g\/%lth ZETOS.

?ro%@k fb@ nals enbagh nRng, ok Hedfiied otk SIRPHs neither
nodul at%r 126>€ whi gh i npl e%ents both GVBK rrgdul atlglrﬁ; .

p@e GMSK| 1@ W@ﬁBSIQPQPhermmﬂan dilteri potpints durigg these symhol periods

ﬁ’%&ltgl ems%fga i 'e?é‘ﬁgg%%gfn@ SPSR, SEPRE o1 filter
1hg 1ﬁt%oﬁﬁaﬁb@s%d@ﬁ&ﬁmé@@ﬁgmve for FIG 5, and
ovi des 8PSK synbols dp {) t "0 input of a

3] pl é%@rda(cwstt;emsslesmfoéd @b@&i@o&e&@ym@dewie% -symbol guard
%e&ﬂlfiﬁ ef Y edt &) Ptalpu ISt :Ilbgé] @%ag%’c[t?r? glgsqldgg‘stf ﬂ'geg% Bta patterns

fﬁ@ﬁ&eﬁvéﬂﬁhoﬁhfﬁthél enﬁd’ﬂ@bepdiioﬂlle C&Sm%ﬁmb aSMd@¥ ks adtirle mask
exer 458 al so

" input of nultiplexer 458, I
(\@@@h véganamttmoyélf leyglteres taney dey %&Ig%bw dBs Bmepaask requires

BRI,y 1 AP AT By

thieluisefin]l g6Oof heXPS‘K btuet ® Halve ah apiplitusly vaatondef (0 dBwir fdss. Since
t he dom nant pul se shaping function CO(n) and provides

the filter output synbols xe(n) . [0043] Pre-processor

440 al so receives the GvBK input bits ag (n)

per f or ms



processing for the secondary pul se shaping function

Cl(") as described above for FIG 4, and provides GVBK
waewbola3d () to a "0 input of a nultiplexer BEGBUS2005/022039

Mul ti pl exer 468 also receives a zero value on a T

I nput and a G _Sel control signal and provides either

|t .

bR 0 B eS et Stvplop® cadqifaey 5 o HEndingits fta helferm in the

plebédrs ghhd pemwt mey EheSa Ueke %ﬂ\)el el Yaridfion SBHOMERIN] the time
pul se sha unctlon Cl(n n rOV|des the filter

@tatlfa uflhe ;ﬁﬁdﬁ@ Fe) sym theﬁﬁl% bwist grgederived djom Gray coded

%%ﬁ)cﬁg ?18 Y, 'mgltﬁe Qt(i@v sgfh%oé]lg‘%he) da&ﬁ ﬁat%h?\ﬁtedsgaﬁc?ed tﬂ be Gray coded

or’ outpu sign
SHEo1S I MAlto SBatéh tﬁHseaLEkeSFISKtﬁé @nald @@nt{dts) otﬂtm@ymeols d,(n)
on the CO_Sel and O _Sel control signals. The

padudted Gond utswimsomme Gafy) cateyl symbubeithve mmdssf 50.7812 kHz,
npdul ate a carrier_signal to generate the RF_ nmodul at ed

whghaﬁswltﬁétm% AR RRSKreymbel ragy of 7 §08Rs| kit end achRRRK gmbol being
ﬁﬂ%% tg%%& | nljf‘gs F#ﬁ%ﬁ&g#%g%g%eg& Fﬂ% 9°f ]l%% S resembles

;) hmtedxfrﬁ)ﬂam kHul The shegdopecofithis corieorarieobetyvesp aﬂsdE‘ andel 3 dB and

ynbol ri,ods, the ¢cO filter y be inplemented with
UBIftesﬁtﬁthS FeqUPIRI{OF GSVED 1 | ter, the filter

[0v8Y] SYEROE ﬂatc&{w batbdrfss AR H64M %ﬁhﬂ&ngﬁtrtﬁf th%flntfeﬁ'é[ state of
series-coupl éd delay el enments 462a through 4 .
dehavhéﬁenanhed@ﬂoﬂeGaﬁﬂibUSt|Bpﬁweﬁydh@ﬂanfmﬁ@ASKbumtmnas

I 2 . .
JoPRGE R a0 e PTtRD R bisb g mfebtater s raguired to
ha\feea‘iﬂﬁﬁehhél %JtaYe as-@ah inplt bittle@hcofGéEngd 6F ALITY lﬁﬁfé%een provided
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provideer srasoth phpdectiarditionyfrerh ¢he GMSK K;Qzazeﬂim té?ﬂab 8PEKc\lvaveform
del ay el enment 472 delays its input symnbol
Egin8) symehal griogdse (1 éﬁ@ﬁ%t’é—ﬁ?%@ it lpt@bag&vb\arrfdels and the
del ayed synbols dc (n - 1) and dcl (n -2),

%ﬁi%@mnbelwd (Phrermpiated| at ey ate, ol oF /2n dadiansipes siypibel period in a
the i nput of delay elenents 472a and 472b,

QEfElckanse. dlmcthm r Bhenkasty GMiSKesymbph o, 00 451G symebal period 7 = 4

out ut of dehgy el ement 472b. Miltipliers 474a through
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the filter output nbols Xlé‘a [0046] To obtain

hi @b aredsl and; tbﬁ 8PS yohode ds parngoifatﬁdat iagiate efodmn)8 aaddans per
c (n) may each be sanpled by an oversanpling ratio

$HOER) period in thpagnee ounter-clag kylse direetiofg) . For an OSR of

L, each synbol period is partitioned into L equally

spaced time offsets that are given indices of =0 ...

L-1 , where =0 is the first tinme offset and = L-1 is

the last time offset. The dom nant pul se shaping

function co(n) is oversanphed by a factor of L to

obtain 5xL coefficients since co(n) spans five synbo

peri ods. The 5xL coefficients are for 5xL taps of the

Co fllter and may be arranged |nto L sets, one set for
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a | ook-up table (LUT) 468. For each synbol period n,

the L sets of coefficients in |ook up table 468 may be
weywbet1sdir ough, starting with the set for = BCT/US2005/022039

multiplied with the filter input synbols dcO(n)

through dcO (n -4) . The multiplier results for each
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B e o o R s, 07 The Co and L
filters may be sinplified because of the linmted

nunber of possible val ues f®ableBe GVBK and 8PSK
synbols. The multipliers may al so be i nplenented with

pre-co ed | - les. F | ¢,
R 'ﬁﬂgﬁfé P ob it {0k fi B8l
t hat re&ei v80Q] o ;T By i npSYMRYLFHH=And | pr oViides a
mul ti plifer outpdt. AS amot her exgnpl €, set ?’r nor ¢
than one nmultiplier nmaylbe inp nted w ' P
| ook-up|table that receilves a ggk of filter iyyout
synbol s lard—previ-des—a—¢orbired—output—for—that—set of
mul tiplilers. [0@49] The|pul se Wit#hi ng flincti ofls co( )
and Cl(Tr)yexnibjt even|Symerry, V\man nmeans _that {he
response for tRA®2right half of**&kth pul se shapi ng
function is the mrror imge of the response for the
| eft half of the pulse shaping function. As a.resylt,
{0069 arfdCenlls siavisy Ghengyn @WP@%ﬁg ian@@lsgiﬂnygﬂ@l §PSK to
28 Eif t i Gontaining four
g%%lg?% spe%ﬂlﬂ%ﬂl)c%tcla1 S di rrgn?no el?hg&ﬁcgmé%?a% afttiglllnt ernga:lnlng
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Table 1 [0052] As indicated in Table 1, the cO filter

is enabled for all three nusles, while the Cl filter is

only enabled for the GVSK node and the transition

node. In the GvSK node, the Cl filter is used to

generate an accurate estimte of the ideal GWSK
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the two nodul ati on schenmes. [0053] For the GVBK node

(with CO_Sel =1 and C _Sel = 0), the incomng bit
wa@eeamisé om TX data processor 112 i s consi der BCI/ES2085/022039

bi nary (or 1-tuple) stream and undergoes the

pr ocessi ng for co(n) and C1(H) , as described above
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[0057] FIG 9 shows the synbols and controls for a
transition fromG@vsK to 8PSK for an 8-synbol guard
period. In an enbodi nent, a data pattern contai ning

four GIVSKlnput blts ag (n) of 1 foIIovved by four 8PSK
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processors 430 and 440 to generate GVSK synbol s do(n)
and d (n), respectively, as described above for FIG

wa@200¢he18% ay coded synbols bp () are processedP@lyU2085/022039

processor 450 to generate 8PSK synbols dp (n), as
descri bed above for FIG 5. The data pattern for the
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the precedi ng burs ="7 1f the preceding

Mt Shitinls pRBEKY,,, An isxused rstaktihg et GR slinbelt paricain nuk radnremains
synbol stored I'n'the filter fromthe precedi ng burst.
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contents of the cO and Cl1 fllters based on the timng
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8PSK waveform starts at GP synbol period n = 9 , which
is the first synbol period in which the cO filter is
WO pdobetk19é t h only 8PSK synbols and the Cl fil tRCT/0S2005/022039

[
filled with zeros. From GP synbol periods n =5
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LORRBE, et s RS B SRk e Bk, ot
gheames beiag sipporied indion thé pulsd/Siepumvrefarat yothe hegpdRE&Kmodulation

HehEER b GHAITPIe, 40 ) Bisnay B2 Ssehio e EREROL JRBliagform (s

aes@ﬁb%loé%‘i@)darﬁ]yorafof @{h;%r PéKPwlive%oﬂrﬁddf?d'ﬂﬁerﬁ%fK SIHERRL. Gz&SsKanother

period In & counter-clockw se direction. The | ast
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synbol periods n =5 through n = 8 (for an 8- synbol
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synbols dp (n) are rotated at a rate of 3 / 8 radians
per synbol period in the same counter-clockw se
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the | ast GWSK synbol at GP synbol period n =4 has a
phase of 270, or 3 r/2 . To continue the trend of

wo ooani1asg the first 8PSK synmbol at GP synbol PET/USmH05$1022039

=5 should have a phase of 15 78 =3 r/2 + 3 7 8 . If
the synbol index nis set to O for the first 8PSK

a%ﬂ‘gf g % hen ha S]gﬁ%ﬁ%S egﬁ-t?gea &Eaey( gg;u%ed;%jr \\flmarfoﬂs wireless
Sistehfr@nt, aV@'SNFsﬂ’ﬁ:‘m Beppesat EGPRYMN ‘BAS knifikd bhitRiukdrahy also be

index nis set to sonme other value for the first 8PSK
wﬁt@ba bageom RN fondite ranynisvien padhg forvard link{ g dowplinky as well as

0 j =
¢ PRI Hau P SR PR B U ¢ o
pmrm]ol Mkivaiiied rrddulatbt maybe implomeined by vhtiads means.t For example,
%sk . is given in units/increnents of 3 7 8 in Table 3.
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|'s ThelpreBi® (fé'é%-yaﬂtf’éﬁ%f g dibodel! hfodinidid 1s§:)‘6¢i@éc§to enable
dc ('n) startln synbol period 7. [0070] For a

a5 ypetsoh dqlér:cbl npethpoert @ amka patuserthe cp.rﬁmrt rrtlﬁglttorlve Various

mgﬁ %?xi/s esi ?%Jnaglléesnu()f <f3 %afhn% g% tg glﬁds%ﬁlﬁed in the art,
aedth Getiétic printiplds deﬁnea heréin mlty be hppliel, to-otfjer embogiments without
CO Sel control signal transitions fromlogic low.to

fegrtmenireih the Spifé OF seape rthemvepingbl Thes itlzrdp@sena iyeptien is not
C t
fleBd (R & B Bnp bR HONE LA Db i widest
tdope samistan withrthe pendplsy aﬂlblhovghﬁamrqssehsaktked heindat a
patterns for the 8-synbol and 9-synbol guard peri ods
are sel ected to have the desirabl e characteristics
gvﬁﬁgfngy @r, other data patterns nmay al so
u 0 7i? Tabl e 4 shows the contents of the CO
and Cl filters during the guard period for an
8PSK-to-GWBK transition. For sinplicity, Table 4 shows
the input bits ag {) and Gray coded synbols bp {) used
to generate the filter input synbols dcO(n) and dc
(n) . Table 4 - 8PSK-to-QGBK Transition[0072] As shown
in Table 4, the first binary input bit of-1 enters the
cO filter at GP synbol period n =5, and the first
bi nary input bit of-1 enters the C1 filter at GP
synbol period n =7 . The @ filter is enabled two
synbol periods later than the co filter because a
transformed synbol bx{n) for the 1 filter is obtained
based on the current |nput b|t and two prror |nput

o s — ~A




the | ast synbol period in which the CQfilter is
filled with only 8PSK synbols and the Cl1 filter is

w0 dobetk19é t h zeros. The GVBK waveform starts apCTEFS2005/022039
synbol period n =9 , which is the first synbol period
inwhichtheCandleiItF_e fiIIedvvithonIy
GWBK synbol's. From GP symbol™ periods n = 5 through n
=8, the nodul ator output signal is neither pure 8PSK
nor pure GWSK. The Co and Cl1 filter outputs during
these1synb6miwemﬁb@§OWQyﬂbé consi dered as
i nter t
fil te?%% i#lgegrr% ﬁrga t 20 ?ér? er po?taa}@ﬁlsw ahf%%{r‘%og%gtmn ECheme or
kdtpHE Symbélo 7& a sdaend miotuation adsmenfinért thendikst od setdad kpmbols, and
the GWBK synbols do(n) and d () is selected to provide
aroyjsc first AEETOMNUSn from t he 8PSK waveformto the GVBK
wavef gr c by [ t
GVBK g co‘?c{] i?te W Vg ?aﬁ%(;%g’re en {%oﬂtﬂg? [ %% Otlptq ﬁre the first
ﬂﬁﬂﬁlaﬂyﬂbtﬂieme ahig@rdvadd a &desid ﬁ;taﬂmitputpar(dw) at GP synbol

o "% SPEier QREEE S S AR Fectial SULFraby dnies futputs and

E#H%ﬁulat@o gure a snooth transition, the phase
the tirst pair of GWBK synbol s dO(n) and dx(n) for

GP synbol period n =5 nay be determ ned by (1) adding

PoundPng 1 NE° FEETREANY. PR Ao UEEHE OF oak FRUILIoh shome is a

cotR@Bhs phase mMaduladive (R bdlﬁniesarﬁlothb %@&oﬂdﬁﬁo&h@ﬁ(ﬁﬁ sdbeme is a
the GWBK synbols are integer nmultiples of p/ 2 (which

phasg|shifi keyinen@SE)srhemedul at or design) and only a snal |

di sruption to the phase rotation occurs (if at all).

Table 5 shows the initial phase of the first GWK

synboB. at @Re Sipp‘ﬂ@’tuspﬁf tlatinn, vaerémrthéiﬁlfsemmdmaanﬂisabeme is a

phases for the | ast 8P 0 synbol
Cayssianpmenimpm shaff k eﬂa&gG SXQtSCJH“s‘R (e Srecglahe %ﬂloatscheme is

He ins constant until the
nex%@%egﬁﬁ&%@t@gﬁs gcssﬁ%ﬁ Tabl e 5[0074] The
uni fi ed GVBK/ 8PSK nodul at or descri bed herein can

rovi de varj ous advan es.,. First i.ngl e, nodul at ot
ey b usoThe APRAIHO T CHHR 21 BHE bR GHheme 15 assodiated with a
?ﬁﬂﬁﬁ?%ffﬁﬂm pl(ng ﬂnch%h@i%ﬁl S2SKdst filteF Had"BY impulse response

inpl1fy the nodufator design, the interface between
chrzespoudington largest philse Fhaniag &nstioe eB100g thealviérash@' phpulse shapmg

he .uni fi drmdl t or aII f or _eas ands
AP o PR S R e B AR sponcin o &
kédoh@Narb&yt pelé sHa ?Iﬂgfﬁlﬁétﬁﬂ a@idﬂgrth&)pmﬁof%ﬂ ﬁﬂ@iﬁnglﬁﬂlctlons.
his is especially desi

8PSK wavef or is. rable for a
mul ti-slot configuration in whi ch m xed nodul ation

Ifﬁrggj 20(621: P %‘%ts &Eurt erm) l%glserﬁ{lgb%g%%} the first

syodabition deteme dnd id a Sedondimalke fohihe SEBKd myodatition dehefe. |,

the conplexity of the CQfilter is marginally

increased (if at all) to support both GVSK and 8PSK.

[ 0075k For j %fﬁmgﬁl‘ frglgg

descr?sbed g@%%b#%tpsygﬁd?xp nodul at orrﬁ%lg?ﬂ%\t}%ﬁ@gwde during a
gRmtiorhdteceretib dulstrmd seconfl niddalation sehediesndul at or are

al so possi bl e based on the description provided

herein. In general, a unified nodul ator may be

desi gped t qpguppefatusBY crl"’i'fﬁbqr vitferd dMé aﬁﬂs@@n§°§%€6§ﬁ§ filters are
wher e each "supported nodul ati on schenme nmay

spéreties ta re@ives bitstrand secoprh dequeneas eﬁermelelereSpectlvely, during a

AN R R R e SR e hry BB lgfon scheme, and

filters for any nunber of pul se shaping functions. The
nunber of filters and theiR3inpul se responses are
determi ned by the particul ar nodul ati on schenmes bei ng
supported and/ or the pul se shaping required by the
supported nDduIatlon schenes For exanple the C

o o T 1 ~rNe~ts ey




exanpl e, the PSK waveform may be filtered with the cO
filter (as descri bed above), a conbination of filters

w@ 200g/0121861e C and CL filters), or some other PCT/US2005/022039
filter(s).[0076] The unified nodul ator descri bed
herein may be used for various Wi rel ess systens (e. g ,

ﬁzggrsegﬁ %Sstggcr)nr&é gigtgrgist 1"5[9] @%\W Sﬁ%f g?s I(,ﬁ%dthgos%gon% sequence of

gn ssion on the formard link (or downlink) as well
as at a wreless device for data transm ssion on the
reverse link (or uplink). [0077] The unified nodul at or
may be inp ALY 0YS
iy 1 5 modtl APpRtuRor @l " SHERRE i By 3 Robd Whftences of
sphibolane,seletted t€ tadncoedriation ilhar enklopEef the modylitad output.
hardware i npl enentati on, the unified nodul ator (e.g.,
t he processing units shown in FIGS. 4 through 7) may
be | npl eme, 40 Br QB P wHRES: R Bedoh@ {8018 RECddrIVE based
|nteg‘rgated@‘c?r]t?:'lmr ASI Cs)’, gaﬁﬁta ngna p?ocessors ase
o3Rghitiallplst akalusi sgh:ated o qmasd@ ngrmteth plese @'@Sﬁ@sr)qdulator output

BeR L fpeEs SR raRelin SHetns i fif e R BGE o scheme.

m cro-controllers, nicroprocessors ot her el ectronic
uni ts designed to performthe functions descri bed
her e| h0. or The cappiiafist Phslaithe o otheraby rtheyfirgh andpecond filters are

PRESHTY fo o RERI b Bl BT RANG' opelyfly duroe o

(réndition &Rl ithe Qd‘oﬁnd frﬁ@dtﬁdtﬁhsschemeaﬁl therfist hmdumhsm Scheme, and

and so on). [0Q78] For a software |mobl enentation, the

et thenisqom filier staiys Bom aneys statel basedtPhihg seeend sequence of

%ﬁng% procedures, functions, and so on) that perform
unctions described her ei n. The software codes may

be stored in a nmenory unit (e.g., menory unit 132 in

750) . Thne Hosarreint of tagn bovhsrandhe At b ity dapved based on
B ﬁﬁﬁaﬁzfﬂﬁs aleRichal to #)Povtl&l,fa Bh ﬁ%‘ﬁ%e fo;L, %Q&duﬂi@r output when

previ ous description of the disc osed enbodi ments 1s
paustiiaien fromghabdcendmpdplatiswschekicltd g finst mbdulatian scheme.
make or use the present invention. Various

nmodi fications to these enbodiments will be readily
appar ent t?h&ﬁﬁﬁ@atﬁ%fdlﬁﬂalrﬁlﬁﬁ&ca risiapd the generic
principles defined herein my I|e to other

enbodlarﬁzfﬁﬁ Brevirodresar QPEpRaive it geq'er\@ msh &pyp bt tand geeratgethe first

%(ﬂ n%/eﬁ s't ﬁﬂ Thus, the present invention is not

%I 4] 5% i ted to the embodi ments shown herein

but i & skébnideprapesveskdd obbative oefdceive péondonputshisndndvenbrate the
t he 5r|n0|ples and novel features disclosed herein.
pesoBd pymppds fqrdhefinst fiftes; pdl L A VS 1. An appar at us
conpr 3 [ r
ympof P8 prépidebbr bhoshile REREAVE MR ik SEREINE et/ Sherate the
shirdsyhbofsdor theseamddiltendul ati on schene, filter the
first or second synbols, and provide a first filter
output; a second filter operative to receive and
filteqsthi nfo SYpRGHS Jrdlaibd €2 Wheleid BEUEAL HuBARE Rheme is a
and prOV|de a Second filter output; and a summer
opeimabus/phase modokiive (GAM) schmmdwhaf is rassocmﬂ witl erpdurality of pulse

Hhspine Be R, Sndie B RiaRePrbna: 1 Seribani oy he fust input

BROETR lafped ;ﬁﬂ&t gha]y@g Finkttids Anfiag thaphedity @FMB@ SKUPIRy functions

and the second dul ation schene is a phase shift

keganagpte ms@rstwm@nb, argl winreinghe thindie-poicessonisaperative to process
wherein the first nodul ati on schene is a Gaussi an

m ni mum shift keying (GWK) schene and the second

nmodul ation schene is an 8-a#y phase shift keying

(8PSK) schene.




4. The apparatus of claim2, wherein the CPM schene is
associated with a plurality of pul se shaping

wo eowe186, wherein the first filter has an i npui/§82005/022039

response corresponding to a | argest pul se shaping
function anong the plurality of pulse shaping

f.ungt i ons ngd wherein.the second f.ilter has an .
R0 el BB bIE et Shnd e A g dBhsieR, mieshe plurality of
PUlss shaphaPiunéidnd A6 béatatiRBird Benpdigir al ity of pul se

shapi ng functions. 5. The apparatus of claim1 and

operable in a first node for the first nodul ation

sche and i f : e ' .

S hend 01D P B86030 ! kBB URSGOR: FRANAL e i
phase abifekeyin(RSK ) sthemel eand whengin ahd seatusd preprodestonde Bperative to
the fiyst and. second mpdul ati on schenes. 7. The
BERSS?S:;IL%@CBP aryt bitsifor thed S seheme te generatg Hig sserndrymbols.
filters are operative to receive first and second

sequences of synbols, respectively, during a

t r ansilf.i onThe apparhtas foif ckimnig dvlieagin dine ficsh @nd seawntl Hdters are finite
secqnd nodul gﬁtfggg%sqcherre, andwherein the second filter
HEPHESIEFPQise Sst ate based on the second sequence

of synbols. 8. The apparatus of claim7, wherein the

first and second sequences of synbols are selected to

r educ&6var The i appaiaipsan! etaiml dpavhsfein Hbe rfiyrdiuland gecond filters are

ut put . The _appar at us_,of [ , erein th

S Ste s b o BRRRRERY T (URLFT wPBE T esg groster than
va¢.ue selected to provide a snooth phase for the

nodul at or out put when transitioning fromthe first

nodul ati on schenme to the second nodul ati on schene. 10.

The appara ' . ' [ 0 .
(11t onE ar ohe affarfhCLFiiio §\ChaLR, bY Brishd s HEA Mhprise o
phalay ofmulifplisssnihplanenteisypitic idokalpytabldur i ng a

transition fromthe second nodul ati on schene to the

first nodul ati on schene, and wherein the second filter
startggfro --bas e [ ot
of sy?f%ol s@?fw%ﬁgs?ptgg%g? 3s%gdf gg Itg?lr%h i:§Ll & erlezsigg&t% %{é&hlcatlon
Bystaw. synbol s are derived based on an initial phase

val ue selected to provide a snooth phase for the

nmodul at or out put when transitioning fromthe second

nodul a9 onTaE BEpRath® of BRirh 1185 iwhERHHHhBtWielest agumidetion system
The apparatus of claim1, further conprising: a first

pr & (Jolpd Sysism &paylabils Eompunigasivnse (GSMS tsystemusupportisg Enhanced
@gﬁlergle ecfc@tﬁ?ad‘i@@er@%c'é?ﬁG%ﬁ@{))o' s for the first filter; a
second pre-processor ‘operative to receive second i nput

bits and generate the second synbols for the first

filter; and a third pre-processor operative to receive

the f?#¥-st ARFEPABIUE SOBRESBENer ate the third synbol s

for t o] . . . [ .
wher e RUERET AR filetd £ itttk N2 ARG AFHE Aot Ll fiter having
piln &rapuls® chisharise aorresllingchene dftthe plusality b puise estlaping Hunctions,
a pluralit f pul se shaping functions, wherein the

Phpig(n ﬁ}eeplﬁt &L dlters al&?paﬁeﬂt foy@EneRte, ALt RE WaAVEGEmS for a
?wﬁY Bt hid dffioR? seRiS SindRih et Ein SRR/ 7 ChiPRoBMBAGh scheme
he plurality of pulse shaping functions to generate
isrgenériated twitly ariiffesent aetcofinine oe imore filkers lseleded frorpamaresthe plurality
i’i lg%qra ive to processthe first input bits for a

eEAeS 499 gest pul se shapi ng function anong t he

pl ur a} ki opsthewe RNRRL Betphtd HEehaHISd bResAINRE BRI B filters to
third synbols. 14. The apparatus of claim 12, wherein
ginsraies ordulabrguiititon scheme is a phase shift keying

(PSK) schenme, and wherein the second pre-processor is
operative to process the second input bits for the PSK
schene to generate the secefd synbols. 15. The

apparatus of claim1l1, wherein the first and second

filters are finite

C




I mpul se response (FIR) filters. 16. The apparatus of
claim1, wherein the first and second filters are
wo@ssmtpé ed by an oversanpling ratio (OSR) of PLT/USHVEF/€22039
L is an integer greater than one. 17. The apparatus of
claim1, wherein the first and second filters conprise

a plurality. of multipliers,inplemented with |ook-up

t abl eé.?' 18&herﬁ%r_’aéﬁﬂ_%§g(flﬁl@1 %(#’rlzﬁt}érﬁ?]ilp’éﬂag'oper able in a

W el @hureRIFBMire droceBsops, SheTprelftocekb® dHeRATvaitY Fedive input bits
claim 18, wherein the wireless communicati on systemis

dorpushef theyplueatity of mastylation csheres aud Pvide eoMjols jar ey of the
géﬁag%%%ﬁgagnhanced General Packet Radio Service

) . . An apparatus conprising: a plurality of
filters for a plurality of pul se shaping functions,
each filter_ having an_inpul se response correspondi ng

to oné2of theapnasstas pf §laigs 20, dnther SAMBIIHZST unct i ons,
wher ei I X j . .
A ol P PR HERIG 6 oo & oGk Eidairdi oBERE TR Hurality of
sohishtien sshemeshendito caablavibe cetnof ameearc mond diltest fa@nthe selected
sc?e{m is.,generated with a different set of one or
1P W 0| ect ed from anong the plurality of
filters; and a sunmer operative to sum out puts of
enabl ed ones of the plurality of filters to generate a
modul 88or dumpihod 2f gereratingppaedulaied signal] eomprixing:

furth CONMpri.sing.,a.plugalit f. pre- processors,

cach GeSR Beu 3yBPoliR o Bk niooPlioRisGhte 5T EERhl svpppts for o
e6Rn@mddaRtibh Welthicl ty geherio Airadt files ogplagmes and provi de
synbols for one of the plurality of filters. 22. The

appar &ltgangthird|symbplsdor the Aisetam jonsrhegae t9 gepprates seepnd filter
gﬁ%ﬁg%%(e to select a nodul ation schene from anong the
prardlity of nodul ati on schenmes and to enabl e the set

of oneuramingpthe first! dnelrsecdudr filkdr@ugmitetot gtherada haidutator output, and
schene, 23. A method . of 8enerati ng a @ﬁiul(ft,ed si gnal ,
PRI e mpdufaton QR ds wsef & sEiPFAlG The mResfulated sigagl.

nmodul ati on schene or second synbols for a second

nodul ati on schene to generate a first filter output;
filteR#ng iThe rdethydrind] claifro23; wehefdim she fushubmiditlation scheme is a
schene to, generate. a d.filter, out put; and _.sunmm n )
Beops Prdteradudin RENDSeste s B GBiiiaRaasen seme is a
PRAN sRifOfeyRiH (PBK) s@titharher ei n the nodul ator out put is

used to génerate the nodul ated signal. 24. The nethod

of claim 23, wherein the first nodul ati on schene is a

conti guous-phas dul.at i CP Cc nd the . .
second moddnaTre ol L Wicsih 6 CRRF s8Rl Hisrosigg? with o
PEREITR of plise SHapinFEih@dnefthe mdihod Zdrthetoemetisinghe CPM

schenme is assqgciated with a plurality of pul se shaping

f unct PENSEsSIngh SrstelRvly bits fph @ 18Rsh Mubsenghappigo faslpmh guong  thie

. . . ; i ti
by bf e flabiel Bhctins B AStar PHE Hu SpRBLRGLIT 1 07
gener ptoeedshey the fisdt ispuiibitk $or esedompt hegestpulse tHapinki fisdtion among

s Bt B Sl W B

generate the third synbols.

26.  The method of claim 24, further comprising:
processing second input bits for the PSK scheme to generate the second

symbols.

26



26. The nethod of claim 24, further conprising:

processi ng second input bits for the PSK schene to
w@emenstias t he second synbol s. 27. The net hod of PCT/a52905/022039

23, wherein first and second sequences of synbols are

filtered and sumred during a transition between the

first_and con | at i che and wherein the

secon 8’73 eq Egﬁ e¥ ‘35%81 gj iv@egeéggi%t &gde %Coﬂilfelc?\%‘%félc%\s of symbols
sR0Gkdted AMSIMhRA defnges Rakdior bétsier it SR€@AE second modulation
nodul ati on schenes. 28. An apparatus conprising: neans

peherer, andrwhegein, the secopsrisedusnewe! symialsis selsaigide ipgsiide a smooth
RERS: B BGE R0 Fe IR BLcbnl BlacflaGh QAflaTRAu! at i on

SChenme 10 generate a firs I'Tter output; neans for
filtering third synbols for the first nodul ation

schene to generate a second filter output; and neans

for séfmi ngTtapRARNS SPIRFFNEcond filter outputs to
gener glend f5o g‘ﬂbﬂﬁ% rﬁrg’tl'”sﬁﬂﬁolﬁ%{s o€ EFsttllﬁSleQﬁidﬁ alti¥me or second
to et 29.

out put 1's use ener a e nodul ated signal .
$imbalp farasecmdahodilaion LBemevvegenierata dbrst fittst output;

nodul ati on_schene is. cont.i nuous ase dul ati on

(CPM means. fpx fﬂW&ng ﬁ]élﬁg é}l}}}ﬁ S E‘Ha‘ﬁ? zﬁggc}ﬂo ﬂ&yesoﬁgmg to generate a
BR3E iRt dltpteyddrg (PSK) schene. 30. The apparatus of

claim 29, v&%er ein the CPM schene is associated with a

]|¢ol ur alticays &f spuinsing $heafish g?d geronil ditsr outputsalopgangratsa modulator
t i Sing: . ' fi '
o Sl Pl filfaog RO 1 o RS BFRRE M shafat RRAD

plurality of pul se shaping functions to generate the
first synmbols; and neans for processing the fijrst

i nput 28i t s Therappargis grfaclpizn g8sWheteins dhes Firshimpyludationt schpme is a

| ] . ; : ‘
CERBobL ol AL TR LGl B0 g s o
PRasefshift heyingo@SHD) isctiengs. neans for processing second

Input bits for the PSK schene to generate the second
synbols. 32. The apparatus of claim28, wherein first

and sggond TREGHERARS oPELRY FO A 15er&h $hd EPAEIREMB M associated with a

sumred during transiti ongg’etween the first and
phraity ofipulsé stapng fsodimmeshe apraravefuher ¢comeprisergdond

sequence of synbol.s i.s selected to, provide snoot h ..
©F ane PR BRI FEst AL DS BRI GeBgetion among
SRSty of pulse shaping functions to generate the first symbols; and

means for processing the first input bits for a second largest pulse shaping

function among the plurality of pulse shaping functions to generate the third symbols.

31.  The apparatus of claim 29, further comprising:
means for processing second input bits for the PSK scheme to generate the

second symbols.

32.  The apparatus of claim 28, wherein first and second sequences of
symbols are filtered and summed during a transition between the first and second
modulation schemes, and wherein the second sequence of symbols is selected to provide

a smooth transition between the first and second modulation schemes.
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