WD 2006/ 012136 PCT/ US2005/ 022039 UN FI ED MODULATOR FOR CONTI NUOUS PHASE
MODULATI ON AND PHASE- SHI FT KEYI NG BACKGROUND 1. Field [00011 The present

i nvention relates generally to conmunication, and nore specifically to a
nodul ator for a transmitter in a wireless conmuni cati on system H.
Background 100021 In a wireless comunication system a transmtter first
digital |y piooes®ess traffic/packet data to obtain codeRCHHIAISOFHEY
transmtter then nodulates a carrier signal wth the coded data to obtain a
nodul ated signal that is nore suitable for transmssion via a wireless
channel . The nodul ati on may be perfornmed based on various nodul ation
schenmes such asymief NA 4 Egm@ WN;U ﬁﬂ@ d
phase-shift keng/] :,r\m:g%mﬁmgj m se (()?U r$1|?'er si gnal
i s modul ated by t haVHOD (0) Ad\IIbHHa&&EsSthIrKE upt nanner.
As a result, a CPM nodul ated signal (or sinply, a CPMsignal) has several
desirable characteristics including a constant envel ope and a conpact
spectrum The constant envel ope alggwmﬁi gnal to be transmtted
using an efficient power anplifier. The conpact spectrum enabl es efficient
utilization qf thgjefyail able frequency spectrum However, the CPM signal
also has a fairly conplex waveformthat can conplicate the transmtter and

recei ver desil@fifd] = [Theomgessat t mventien foiatespyganrsallyr te HOMEBFHGAEPD.s AR NOLes

nmodul at ed by | BafolittRtin FRARRSs B aRLktidy period.

Furt her nore, Sﬁ%gﬁc%ﬁggga%@@ﬁgp%ﬁn er 1{sﬁlﬁtgljrrllal i%s restri ctled 0 be at
specific points in a signal constellation. Sonme comonly used PSK schenes

i ncl ude binary-PSK (BPSK), quadrature-PSK (QPSK), and 8-ary PSK (8PSK). PSK
is al so wi dely. usBackgrewbe of the ease in which a PSK nodul ated signal (or

sinply, a Psg%og'ggnilxﬁ ARelbE BeBREACEn Ystdn,td ﬁ&%ﬁii&érefﬁrstaﬂl%itﬂ}“yoﬁ%ié&% at a

receiver. | ransmtter may be required to support "mul'tiple
modul ati on schéivgmckdEdata texbiainl cededdata. afsntramsmittenthen maslylates asapposigndaussi an

i ni hi ft keyi g t.em f.or_ Nbbi. icati
(oo and Bpedirip Ot Shah oblaltp FoHRlen P S malf Dltfio BEBBRERIEY, ¢
wi rel ess conayy wable@rhente!. €Mhd hidduldtidon nydydeipyrfekepid e dnhiadioghaodulitioa wor | d.

EGPRS is a packet data service for GSM and . .
schemes such as, for example, continuous phase modulation (CPM) and phase-shift

keying (PSK).
[0003]  With CPM, the phase of the carrier signal is modulated by the coded data in

a continwous rather than abrupt manner. As a result, a CPM medulated signal (or

simply, a CPM signal) has several desirable characteristics including a constant
envelope and a compact spectrum. The constant envelope allows the CPM signal to be
transmitted using an efficient power amplifier. The compact spectrum enables efficient
utilization of the available frequency spectrum. However, the CPM signal also has a
fairly complex waveform that can complicate the transmitter and receiver designs.
[0004]  With PSK, the phase of the carrier signal is modulated by the coded data in
an abrupt manner at each symbol period. Furthermore, the phase of the carrier signal is
| restricted to be at specific points in a signal constellation. Some commonly used PSK
schemes include binary-PSK (BPSK), quadrature-PSK (QPSK), and 8-ary PSK (8PSK).
PSK is also widely used because of the ease in which a PSK modulated signal (or
simply, a PSK signal) may be generated at a transmitter and processed at a receiver.
[0005] A transmitter may be required to support multiple modulation schemes. For
example, a transmitter may need to support Gaussian minimum shift keying (GMSK)
for Global System for Mobile Communication (GSM) and 8PSK for Enhanced General
Packet Radio Service (EGPRS). GSM is a wireless communication system that is

widely deploved throughout the world, EGPRS is a packet data service for GSM and
1



1 WD 2006/ 012136 PCT/ US2005/ 022039 enpl oys BPSK to achieve a higher data
rate. GvWBK is one class of CPM and a GVSK waveform has the conplexity
normal |y associated with a CPM waveform Since GSM and EGPRS are wi dely
deployed, it is highly desirable to have an efficient nodulator that can
support bowo BMIM2Eaed BPSK. SUMMARY 100061 A "uni fi ed" PEBHEABYBLOR apabl e of
supporting nultiple nodulation schenes (e.g., GWK and 8PSK) is described
herei n. The waveform for each nodul ati on schene may be generated based on a

set of one Oémﬁl?rsesp%'ﬂ R&cfi é@%&r‘&&&%ﬁt@ﬂ@wﬁé is &chcgz[s& bedpheha Glex

wavef ornms for “al1” supported no ation schenes may be generated based on a
conposi t e sewawforal hasttizecotipfléetyentmaly aseocitedwvitly 2 GPAE Waveformys Elce GSM t hese

nodul ati on sc The unjfie dul at.qr,_i.ncl S fil . pul se
Shapi ng 1 uncERGHoRRS PrroviesiiovEd abis Ty yemepliid ine bt Sflieaf ofigicts

sel ected noG QAhis@spoRHIBIEMSK S@t8PEK. one or nore filters for the set of one
or nore pul se shaping functions used for the sel ected nodul ati on schene is

enabl ed, and all other filters are disabled. The outputs fromall enabled

filters are sutmed to generate a mw% t put, which may be used (e.g.,
to phase nodul ate a carrier signal) te a nodul ated signal. [0007]

To ensure a POt N W apshdd: HbddReR WIS b APpbdiiafnallSplé GhtiduReibl scHeflieh at i on
schenme to another (ne nodul at1 on schene, a suitable data pattern may be

provided dufegigCHIK andiRPSE)iinglepeibed deren. eddn Wavefam {diaech gnadglagan enabl ed
O ot o sk 280 s, DR B bR £ A5, b b A bRl Sthln By educe

the anount of envel ope o t put,
initialize tB&cfibddt Bslowo Thervagveformnifor all sippdreed tbdalhiion fc¢Hemes may bei ng

enabl ed or turned gon for the new nodyl atiio chene, and I.eset e
filter to a BYSH&d Basehen & pomeesie Fe"toiﬂéﬁlfl?q lg?sreﬁh}é’%i sﬁaplgé g&ﬁﬁl@ﬁ “8‘?& {g’ﬁr ned

of f. Each fililes nBuiRfon tiHeRRH OMeOini@éd mbo@hlafol endhes NP dlibafdr QActs phREE NMRY
thus be used as an interpolation filter to achieve a snmooth transition from

the wavef or nHfapingt fusctingr mefhie esepesise ison  Tocgramate et waveferre g mselspted he new
gener at ed wi FHORHTN OBTE TaResnEpr bafe SIS R tePbe e e RalRkafha T, 02
continuity i Ambhensrmelfrtths sedettgduhodulda8thedre R enntlbd rand wii dihee diltersdart at or
For GIVBK anddigaﬁ))?él.i §I‘hc(;i %lslt%ilisbferc?m ba?ll gnva\llbled filters are summed fo generate a modulator
output, which may be used (e.g., to phase modulate a carrier signal) to generate a
modulated signal.
{0007] To ensure a smooth transition when switching from one {current) modulation
scheme to another (new) modulation scheme, a suitable data pattern may be provided
during a transitioning period to each filter that is to be enabled or disabled. The data
pattern for each filter may be selected to (1) reduce the amount of variation in the
envelope of the modulator output, (2) initialize the filter to a proper initial state, if the
filter is being enabled or turned on for the new modulation scheme, and (3) reset the
filter to a proper final state, if the filter is being disabled or turned off. Each filter to be
turned on or off for the new modulation scheme may thus be used as an interpolation
filter to achieve a smooth transition from the waveform for the current modulation
scheme to the waveform for the new modulation scheme. The symbols for the new
modulation scheme may also be generated with a suitable phase offset (or initial phase)
to ensure phase continuity in the modulator output,
[0008]  An exemplary unified modulator for GMSK and 8PSK is described below.
Various aspects and embodiments of the invention are also described in further detail

below.



Vari ous aspects and enbodi nents of the invention are also described in
further detail below. 2 WO 2006/012136 PCT/ US2005/ 022039 BRI EF DESCRI PTI ON
OF THE DRAW NGS [ 0009] The features and nature of the present invention wll
beconme nore apparent fromthe detail ed description set forth bel ow when
taken in comwnatizss With the drawings in which |ike rBEEPENMEE2:HAr act ers

I dentify correspondingly throughout and wherein: [0010] FIG | shows a

bl ock diagramof a transmtting entity; [0011]] FIG 2 shows a bl ock diagram

of a GvBK nodul ator; | ;[giﬁf kwﬂ% ar gest pul se
shapi ng functions for @éﬁbﬁkﬁﬁéﬁiﬁ@gjg WS |Sagram of a GvBK
modul at or §o1oN TRHE fda¥Res dndrEABSE oML ?&smmeaamt WHIChécomS mdrd@gphlent! G 5
shows a bl oc d| agram of an 8PSK nodul a 0015] FI.G 6. shows a_ bl ock

di agr am of afromi ﬂiﬂe&tmmesmomﬁéh rﬁatlbbelorvowh@] t Bmﬂ’é‘l’t’é}%‘mawﬁpo‘ék
di f 0017
& 8 s hows dvia i Wi fid Bl GREERR 1B RopRaRRIgly MRGRAGR and L T 7]

synbol s and @aaemol s for a tran3|t|on from GWBK to 8PSK; [0019] FIG 10

shows phases_of the K and\ﬂgf%tj( for the tt nsition fromGWSK to
8PSK: and [ o949l F| EIG1hshols WY r a transition from

8PSK to GVBK 001HETAh=kEQ BewsRiootk @ a@&@fﬂﬁﬂ@ﬁxﬁ@dﬂm gxenpl ary" is used

herein to rrean serving as an exar& i nstance, or illustration.” Any

enbodi ment of00ddki gﬁI@e%@OM@@lDtﬁt@f iwoderges pulsp shapipg funatioppior BEESsarily to
be construed
desi gns. [00&@?3]?' tFE‘E ? gw?t%gﬁ?%{ glrggr scflyg%bégﬁre}? Eé?‘ﬁﬁ%ggésgg%h?g%%%r
vari ous CPM mgbstﬁﬁé shipgnghmctéond; f or various wi rel ess comunication systens.
For clarity, a s eC|f|c uni fi ed npdul a n support GWBK and 8PSK
For com any’ B, © FIGCH B pOTFk SAeramecin S0 BRniys

[0015] FIG. 6 shows a block diagram of a unified GMSK/SPSK meodulator;

[0016] FIG. 7 shows a block diagram of two filters for the two largest pulse shaping

functions;

[0017] FIG. 8 shows a frame and time slot structure for GSM;

[0018]  FIG. 9 shows symbols and controls for a transition from GMSK to 8PSK;
[0019]  FIG. 10 shows phases of the GMSK and 8PSK symbols for the transition
from GMSK to 8PSK; and

[0020]  FIG. 11 shows symbols and controls for a transition from 8PSK to GMSK.

DETAILED DESCRIPTION

[0021] The word “exemplary” is used herein to mean “serving as an example,
instance, or illustration.” Any embodiment or design described herein as “exemplary”
is not necessarily to be construed as preferred or advantageous over other embodiments
or designs.

[0022]  The unified modulator described herein may be used for various CPM and
PSK signals and for various wireless communication systems. For t:larity, a specific
unified modulator that can support GMSK and 8PSK for GSM and EGPRS,
respectively, is described below.

{0023]  FIG. 1 shows a block diagram of a transmitting entity 110, which may be a
base station or a wireless device in a GSM system. At transmitting entity 110, a
transmit (TX) data processor 112 receives, formats, codes, and interleaves data based on

one or more coding and interleaving schemes and provides a stream of input bits for a



[0023] FIG 1 shows a block diagramof a transmtting entity 110, which may
be a base station or a wireless device in a GSMsystem At transmtting
entity 110, a transmt (TX) data processor 112 receives, formats, codes,
and interl eaves data based on one or nore coding and interleaving schenes
and provides a streamof input bits for a 3 WO 2006/ 012136

PCTI US2005M82220892136ni f i ed GVBK/ 8PSK nodul at or 120. ModtffHVH B per f or s
GWBK or 8PSK nodul ation on the input bits, as described bel ow, and provides
a nodul ator output signal. A transmtter unit (TMIR) 122 further processes

the nmodul at ol REMSK/SER thQiulAGNeIRt evadilaei 020 reefeans \GNIBK) omadsKat ed
signal that is transmtted via an antenna 124. A controller 130 directs

operation at madgisten pﬂﬁh@; gyt ibitg, a5 describedehpin®s 406 Rroyides a gpesRlaiIsoWRYr age
for program S ﬁﬁgﬁ; a
bl ock di agr a% ? a G rmélﬂﬁz tor gg@h{;\ﬁec ?:eés}g ﬂéf[e%g%g%tgfg Y @ﬁﬁéﬁl at ed
signal (or sigemdrate aaadmzﬁb’qmg,n@})) nfodnlaml‘sdgnWthmmtralﬁtﬁtedrmdm atema 229, a

differenti al encod tecei ves..and perforns d ntial _enco on the
i nput bits {dYyEAFH° igérdbr\fi?tﬁlé’?er@%’éa% émgoe&t{?} fffmh%%en}?q %mlarﬁgl ndex
for symbol pegdvids st e%e ﬁmr&b@saﬂ&&mmmammm@ one input bit ag(n)
and is generat ed based on that i nput bit ag and a preceding input bit

ag(n -1). Th4002§1/nb<ﬁ‘l(?ra&ehw a{higr(knyl}igria@ ] asGlﬂaliamOﬂBla@he?Zﬁq whicht @nf or
{ag(n)}. For iC n e o g(n) is
assuned to b&ggé}g[%po ar va gglaaefi@e#tahgdrr S + S"o% G’}qul . .,1) %gﬁ@gb?kqﬁ +1}
and dg(n) a {GMSKﬂﬁ(}dula%omeﬂsy diffetentigd censoder 222 re@Ps ané qeifomss difigrentialt er s

t he code synbols_{dg(n)} . For GSI\% filter 224 has :[d ﬁdu t of, 0.3,
where B denottBeodingon te ampup iiigig AE N ¥ Rrpd qs,qog%pyrgms 8 Teghis @y mhol
period. For BT = 0.3, filter, 224 provi frequency, pul se g hav{ng a
duration of I@Q%rf@rxsm%?pbpi;wﬁo@ac%%émg@mdaé CP%?SI’@&E‘HOSBﬁélpé&%fBB}(”big( n),
where t is a varl able for continuous, tinme. Each code sy () is thus
sent over fou@p W@Pteﬁéﬁﬁeéﬁthat[‘m?@f “Aﬂ’)ﬁ%‘flécﬁ’%e@ing% ’ﬁt"e@ﬂa esi¥he
output of filter 224 and pr% des a  nodul ating,_ signal ng , Whi ch contains
a phase pul sévymbelraedpr dhdnisisdlpscqnsl 1 theshat rafg for {Ge)k- %r*fl’é‘Pll‘é%Ycﬁac ode
symbol dg(n) Because of the filtering and integration as defined by GSM
the modul at i ABPUS P Mgk eack pedesyind Blng (BY 1sassyrpt todyg agpipolay valyept e@‘é‘t’h
synbol period. The direction of the phase transition is, either clockw se or
counter- cl ockviirsd, b 4. @ gial "C]érPélfie‘fgl(ﬁﬁbﬁ ang AsGanssien fowises Blfert 224 val ues

of the code synbol s.
receives and filters the code symbols {d,(n)}. For GSM, filter 224 has a BT product of

V-!

0.3, where B denotes the —3 dB bandwidth of the filter and T denotes one symbol
period. For BT =0.3, filter 224 provides a frequency pulse g(¢) having a duration of

approximately four symbol periods for each code symbol d (), where ¢ is a variable
for continuous time. Each code symbol d,(») is thus sent over four symbol periods.

[0025]  An integrator 226 integrates the output of filter 224 and provides a

modulating signal m_(¢), which contains a phase pulse ¢(¢) for each frequency pulse
g(¢) and thus for each code symbol 4, (n). Because of the filtering and integration as
defined by GSM, the modulating signal m_(r) transitions by at most 90° or z/2 in

each symbol period. The direction of the phase transition is either clockwise or counter-
clockwise on a signal constellation and is determined by the values of the code symbols.

A phase modulator 228 receives the modulating signal m,(#) from integrator 226 and a

carrier signal from a local oscillator (LO) generator 230, modulates the carrier signal

with the modulating signal, and provides a GMSK signal, 5, (¢).
[0026]  The GMSK signal may be expressed in continuous time ¢ as follows:
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A phase nodul ator 228 receives the nodul ating signal ng (t) fromintegrator
226 and a carrier signal froma local oscillator (LO generator 230,

nodul ates the carver signal wth the nodul ating signal, and provides a GvBK
signal, sg (t). [0026] The GWSK signal may be expressed in continuous tine t
as fol | ows:WO 2000122806/ 012136 PCT/ US2005/ 022039 sg(t ) =8«PUSFIEHR03Y
dg(n)rp(t-nT)]) , for nT <t<(n+l)T, Eq(1l) | n=-mJl where p(t) is the phase
pul se/function determned by filter 224 and integrator 226; 80 is an
arbitrary phase value; a Xp {jX) = cos(x)y+ ] sin(x) . For sinplicity,
equation (1) shows @ Dagsb Bﬁ@@%ﬁﬁ@t@ldﬁ)ﬁ f @br 4P QK 1sr gnal , Ege1) t hat
the "at" termfor fhe anqullar freduency of ‘the carrier signal is onitted
from equation (1). Equation (1) indicates that the code synbols {dg(n)} are
enbedded in the phase of the GWSK signal. Equation (1) also indicates that
t he phase of v @(BKs theiphassipuise/fustian Adernmiye iiltepiléfmyllé%wt%@a@ synbol
dg(n) with a delayed version of the r&ase pul se p(t-nT) and sunm ng the
scal ed and del ayede pHESEDIppp Phasegfiedd code synbols. For sinplicity, the

parentheses "{ }" for.{a .and, {dg(n)} are omtted in the follow ng
descri ption. [Ooszpgﬂﬁi”g?igg%)e%%’ﬂ%?'at ed GWsK signal shown in equation (1)
may be represented as a superpaosition/sum of eight anplitude-nmdul at ed
signal s in diFeEpEwacity; egation (1)zghops |2 hagedandy repesserigtiondion fher Mg Knsignal, so

... +c7(n)0d7 FEw (N — n ; 0. ion
operation; c, nitg%e%\)gt ce}gné Eaer ?heFﬂ%%ﬁ géq%ﬁgfv\p,lﬁ%&f%r@%ig ; a{%g&gt?%n?&genot es
the input syrbedtisn{Dr Bqbstion-(1)ingichtsethattaptoig simbelk i{d](n§} e)embedipdai iben (2)
i ndi cates that a conpl ex, sanpled GWSK signal -S(n) may be expressed as a
sum of anpl i phabe-afolGMSKI sighgin aiquatidradl) absopihditatelethanthe| phibedofsthg IGNMSK s
generated by convol ving, a pul se shaping functjqn ¢, (n

cor r espondi n@lgpﬂdﬁgbtaigﬂ%mgﬂt@&hm eachypde; symel gg(ﬁi)a‘f(i@)%d\,,g(latﬂgd If‘féfgioBQfH’ér i ved
based on the pws%li)tulsgiqg(?—nf) and summing the scaled and delayed phase pulses for all code
symbols. For simplicity, the parentheses “{ }” for {a (n)} and {d (n)} are omitted in
the following description. '

[0027]  The phase-modulated GMSK signal shown in equation (1) may be
represented as a superposition/sum of eight amplitude-modulated signals in discrete

time 7, as follows:

5,0 = (M) By () 0y 1) O (1) = 3, () By () @)

i=0

where ® denotes a convolution operation;

¢;(n) denotes the i-th pulse shaping function; and

d;(n) denotes the input symbols for the i-th pulse shaping function ¢;(n).

Equation (2) indicates that a complex, sampled GMSK signal 5,(n) may be expressed

as a sum of amplitnde-modulated signals. Each amplitude-modulated signal is

generated by convolving a pulse shaping fiunction ¢,(n) with its corresponding input
symbols &,(n). The input symbols d;(#) may be derived based on the input bits
a (n), as described below.

[0028]  FIG. 3 shows plots of the two largest pulse shaping functions for GMSK.
The eight pulse shaping functions for GMSK are denoted as ¢,(n) for i=0, 1, ...7. Of



ag(n), as described below [0028] FIG 3 shows plots of the two | argest

pul se shapi ng functions for GWK. The ei ght pul se shaping functions for
GwvsK are denoted as ¢, (n) for i =0, 1, ... 7. O 11 WD 2006/012136

PCT/ US2005/ 022039 these ei ght pul se shaping functions, ca(n) is the |argest
or "dom narWOPedBa36shapi ng function and is nore than PERUSHEEE22DHr ger t han
t he ot her seven pul se shaping functions. The second | argest or "secondary"
pul se shaping function is cl1(n) , which is nore than 40 tirres Iarger t han

h i ni f.
Funct i on co A% FeleP I, oGk ar 10 e Fedt L il “BurS0RBLAD:
function cl ("Lﬂﬂ:?oc‘rpﬂﬂsls LS Yémﬂhesﬁﬁ:g![eﬂﬂéq th@?ﬂ?g%n bﬂlsg Elﬁ? I%Pﬁll[l&iggg] The

deconposition of a CPM si gn to anp e-no pul se

represent at i @he séchrd langesteorsisepndayy’ pulet shepiag famdon fsec, {fen evhathi 1emncmé thahe i nput
synbols for these pulse shaping functions are described by P., A Laurent in
a paper ent i fp dnes irgert thamthe tepisining shmelsoshaping, Bopéensof Thy @W&?ﬂtﬂ%‘lﬁe

"\I{Pglrjl!sgzlt?g?ls%gﬁéommmc |on§5ns\ﬁgp4)&%gf/§?%ag’l\%ﬁt%g @"Ho ré/'ﬁ%g PlnFEEEO]

To sinplify Elﬂl%,é&{ QK@"%ﬁa}l?fhr aplpehg§u%i\@ '19? may be appr oxi mat ed

using just t Ion Cco as follows:

s"g(n)=co(n) (@agp( N)Ihe dEétﬁé’ﬁosﬂiShQﬁ'% ¢t dam fmﬁthpmuaesemmha@u paisk AR ON

co(n) is nuch larger than the other seven pulse shapi ng}t3 unctions, the

appr oxi nat edrmmtgticglnme pyisg@hspm&ﬁlactr@asa@ﬁélm gengrstien ob e it syraiol 158 | deal
GVBK | 8
si gna s %ulsé’&‘ﬁ@ﬁgﬁmchpﬁr&fé ﬂeﬁﬁbéd%%(mmﬁ ?pg;{l SEfftltl ﬁg%mpg?’

provi de insu ent vari ous specl suc
exanpl e, (1) andatppredmats qlaseudtiS)f Phgime maseondetambg(Su)pe@nsinslg(df) and

2 iati I, f 1] A bett f
the QVBK o gAdm ikl HesgBesthBe’ LyEM MEEEnD e bene Gy ComtBhiearsnyphng
functions coCOM-33/10.Q1Fébruaryaggd.ol | ows:  sg(n)=co(n)(r)do(n)+cl(n) Odl( n)
Eq(4) The esti mat ed GVBK si gnal sg(n) is a better approximtion of the ideal

GVBK si gnal [®B0f n) Tarrmplify th@aﬁtmsméer\ﬂmﬂgwbe Gk pestlfmeabs anpsoxiingted good

g:;lgl ns. [ 003@111{; just%w éommanvyspuflse 8 a%?nkg ﬂn&gﬁa&gang, aSafOEVBK odul at or 420, whi ch

§g () =c,(n)®d,(n) . Eq(3)

Since the dominant pulse shaping function c,(#) is much larger than the other seven
pulse shaping fimctions, the approximated GMSK signal § () is a reasonably good
estimate of the ideal GMSK signal 5, (n). However, the use of just ¢,(7) to generate
$.(m) may‘provide insufficient margins for various GSM specifications such as, for
example, (1) root mean square (RMS) phase error between $,(n) and 5,(n), and (2)
vatiation in the envelope of §,(n).

[0031] A better approximation of the GMSK signal may be obtained by using the
two largest pulse shaping functions ¢,(n) and ¢ (n), as follows:

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

The estimated GMSK signal s, () 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_(n) in equation (4). Within GMSK modulator
6



generate the estimted GWSK signal s-(n) in equation (4). Wthin GVWK
nmodul ator 6 WD 20061012136 PCT/ US2005/ 022039 420, a pre-processor 430
receives the input bits ag(n) and generates GVWBK synbols do(n), which are
the input synbols for the dom nant pul se shaping function co(n). A filter
460 recei v 2MEORII6t ers the GVBK synbol s do(n) and pr oPCHESZPINREP out put
synbols xo(it) . Filter 460 has an inpul se response that is equal to the
dom nant pul se shaping function co(n). Filter 470 is thus also called the

"co" filter. 4003 _ . i i i d
gener at es VAR Sy rieBEge BRORETREL wd it BRE'aL B8 {oiEenBle QRUOR ABE Oy
| hapi ' : ' 470 r ece| i he, GVBK
Cymbol o o ( nylola “hicBhee e i pidnbait EF i AR EEBLE Snil Ahpk GOD28 Tas. an

i mpul se 1 espengeabddoeives %teﬁsﬁhté fdm\taﬁgcggﬁ)grsﬁz?(pg'@a Aﬁbaewauéruaﬁ]sﬁton c,

(n) . Filter 470 1s thus also ca sunmer 472 receives

and sums theghhhdieh @Yt Hkerst 13 S ithl ) 1 RrtAY HeleSadiifil
esti mat ed @/%&hgélgﬁ&@ysg‘kﬂ%r. H?gg%%m%lr & ﬁn die?fsefdeﬁﬁt?al e%g%di @Sies first

per f or ned onsﬁdg g{rfamiontﬂo@.q:@lédamoisqm%@icanémec&adﬁlt&yrrbolS_dg(n), as
shown in FIG 2. The input synbols d,(n) for each pulse shaping function

c,(n) may be [gi8B] ved hroprotdisorcambersaditdoths ifisif Mits DAIRY andpederiie® @MSK

transformation associated with that function, as described by Laurent.

There is a OBgnbdls ANE) NaRRhRAE: th@ﬁﬁﬁ@@yxﬁ@ﬂ@for&ﬂdsd&oﬂdhgybﬁl&a e@phgth@Rnshapi ng

function c,(n). The 1 nput synbols d,(n) nmay al so be derived directly from
the input big®)ad filteby7( ekeing andtfdtesscthe GMSK Eymbbls 4 (#)f ardeprdvidesciiitirng on
ag(n) to obtain dg(n) and (2? the transformation fromdg(n) to d, (n).
[ 0035] The GoBRuksyrbolssy, (. Miltérdl70hppanciorphilse response fhse isgandritathegeconddryl | ows:
do(n)=j~"+e,.,_, tl,a, g n) . Eq 65) Where | = and is an initial phase val ue
for the esti REFe& Gtignat (). Hilter 470ts Hius gleg sallegdsthe “cigrfilier. nAysuamagige from
GWBK burst t K. burst. Eguatjon i ndi.cat t hat e K. ol s
do(n) may beaégf?ﬁe}’f’&ﬂaﬁ PR 4 h@ertq(@qtﬁmgolmﬁf) 5‘@;‘? ﬁ)ef’gy"ﬂgﬁ%@é ly
| ar ger phase _anoun o cStarting wwth j'~"-' for the first 7 WO
2006/ 012136 ﬁ%ﬁéﬁ%@gsmssdnﬂput bit ag (1). The phase rotation for any
given input ?66341 S %‘or !Gngig, diffbrential BI:%(.‘?OH{I‘IZg is Ifi?s%%erfonned on the input bits a,(n)

to obtain the code symbols d,(n), as shown in FIG. 2. The input symbols d,(n) for

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 @, (n) by taking into account (1) the different encoding on a,(n) to obtain d ()
and (2) the transformation from d,(n) to d,(x).

[0035] The GMSK symbols d,(n) for the cy filter may be generated as follows:
do(m) = j" -0 .a (m) , Eq (5)

where j=+/-1 and Bit_gmse 18 20 initial phase value for the estimated GMSK signal.
The initial phase 6, ., 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 .;"9‘""-‘1”*‘"+1 for the first



phase waps around every 2;r. [00361 Wthin pre-processor 430, a rotator 434
rotates each successive input bit ag(n) by +90. If B;nit_g~k =0, then
rotator 434 rotates the first input bit ag(l) by +90 to obtain GVSBK synbol
do(1l), the second input bit ag(2) by +180 to obtain GVBK synbol dO(2), the
third i npuwdinbe/@g(38) by +270 to obtain GVSK synbol dOPGIUSHH2RGHrt h i nput
bit ag (4) by 0 to obtain GWSK synbol dO(4) , and so on. [00371 The GVBK
synbols d, (n) for the O filter may be generated as follows: d,(n)=

j(n+te, M _,tt,,-q.,bi(n) nd Eq(.6 b, (.n) = a..(n)x ED,a, (n: n-2) ,
Eq (7) \/\her’é‘%t,ct’“(?r)({)i' s%p?@e,{g%p%@a %é?ﬁ%qm?%rbl{lﬁ}e)’ gg%bﬁdglf é/)[é%l)mg‘géshapi ng
function ¢, (,n) . and i s _ap_exclusive-OR operation (or equivalently, a
nodul o- 2 addﬁgtla%% a.psﬁ%g%?(‘z%gfr\?e-d? of two bipolar values y and z may be
expressed asjpo3g] +1Wifhity pre-protdsgor-40] b rptaror . 43Eq0B)es a0k 38¢cesivehinput bit
pre-processor 440, a transformunit 442 receives the input bits (n) and
gener at es t ha, ) dyst¥Pndd Gy ghot §° pihe Fpfator 434 wfaieanthe fird Juamt ibéfnaﬁ%) by A
rotator 444 then rotates each successive transformed synbol b, (n) by +90.
If 8in;, g,,k90 to@btaith&MSK symbalr 404 thecteeandsinpwebit @) byr 2H&Y oPrAbRIR y nhol

b, (1) by O to obtain GWSK synmbol d, (1), the second transfornmed synbol b,
(2) by +90 t GMEK aymbabMAK2),ytie dhirdi inpppbit a (Neby H27eF tor ebiainEMEE sy#dsbl b, (3)
by +180 to obtain GWBK synbol d,(3), and so on. Fromequations (5) and (6),
t he rotati ondpB) alyé fourth anpmbbitiap(41 (by)0° iteobigo M8 dymbol 468 . a0d s én of b,
(it) to obtain d,(n). [0039] FIG 5 shows a bl ock diagram of an 8PSK

nmodul at or 42@03%hi cThe GMSK eyt & (anfBRASIK, filtgnmby bpganpratedias fiollow8PSK

nodul at or 422, a pre-processor 450 receives 8PSK input bits ap(k) and
generates 8PSK symbols dp(n), where k is an S WO 2006/012136

PCTI US2005/ 0220394, (iyv g% "F6F bbinperi od fomd8PSK. Wthin pre-procks&dr 450,
a Gray coding unit 452 receives the input bits a, (k) , perfornms G ay

codi ng on each set of three input bits, and provides a correspondi&? G ay
coded synbol b, ( nk(mhitgdH) Rey(h@ & (% aflie ranging from 0 througfl @) or
bp(n) a {0, 1, ..., 7). The synbol rate for bp(n) is thus equal to

one-third of the bit rate for a k). An 8PSK nmappi nit 454 receiyes the
Gray coded where b,(n) 1rs a transformed sg‘m%ol) for the secondary pglps)e& pllflg function c,(n);an}:ll

@ is an exclusive-OR operation (or equivalently, a modulo-2 addition).

The exclusive-OR of two bipolar values y and z may be expressed as:
+1 if y=
y®z={ TR Eq (8)

[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 5,(n) by +90°. If 8, .., =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 & (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,(7) is +90° ahead of
the rotation of b,(n) to obtain d,(n).

[0039]  FIG. S 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,(r), where £ is an

8



synbol s and maps each Gray coded synbol b, (n) to a correspondi ng nodul ati on
symbol m(n), as follows: nP(n) = e'2n6(n>ra Eq (9) Each nodulation symbol
m(n) is a conplex value for a point in a signal constellation wused for
8PSK. [0040] EGPRS uses a "rotated"” or "offset” 8PSK schene, which is sinply
cal l ed SPSK hves@irss A rotator 456 rotates each successPYEURGHI2H3P on synbol
m (n) by 3;r /8 to obtain the 8PSK synbol d p (n), as follows: j(n+OMa 8 >
dp(n):np(n)e B Eq(10) where B;nr Bp,k is an initial phase value for an

8PSK si gnal han fr P P UGS, on by
3,r/8 for ea ﬁl@lg @?ﬂa{ﬁa %h“g eﬁéokn%sé @aﬁl’lbdatlaérn Iﬂ‘iagt e{ g?\%el ope
of the 8PSK ?ebél@é'the yﬁl@hpmtsl & (g)eqjeﬂaﬂﬂmeglfagﬁ;oalhgoﬁ)@WseﬁﬂMﬁefeu@ut bilsand f or t he
8PSK signal. [0041] A pul se 'shaping filter receives and filters the 8PSK

symbol's d p {a)idkd Q%rr&p@m@ﬁgage@s@aecﬂﬁenm 5096 Whidthl ptayshaee vdhe: BRSHE si gnal .
Since GSM specifies the dom nant pul se shapl ng function co(n) as the pul se

shaping fil tg{,mf(pﬂmﬁggﬁlé,, of bl g{@,qo f7g TEYEmBbtteafoo b, @3 Ois i eghadao be used
as the pul se shaping filter? 8PSK. Filter 460 receives and filters the

8PSK synbol Soﬁ’e.thﬁabfaia%ltﬁa@\fbld@qk} Nan3PSK nsdppinglunita 54 Roceives HOGRhy fdded 6
shows a bl ock diagram of an entfodi nent of unified GVSK/ 8PSK nodul at or 120,

whi ch i rrpl emenfishld bd) nfaYPKadiP diidyak&Ted AdfhbbD F#nfﬁ tofa abflePoiling Mmstulativor 422

in FIG inTan effici ent rranner Wthin nodll ator 120, pre-processor 450
receives the %ﬁ\%%f 2}?}1 svsa, (k), performs processing for 8PSK as
described 9 0] ¢ 12136 PCT/ U82005/ 022039 above for FIG 5, and

provi des BPSK synbols d,(n) to a 0" input of a multiplexer (Mix) 458.

Pr e- processor 430 e_lyespnofhe GVBK i nput bits ag(n), performs pgpgFssing
for the dom nant pdlse shaping function co( n) as described above for FIG
4, and provides GWBK synbols do(n) to a 1' input of multiplexer 458.

Mul ti pl exer B2 RAILO For% {ilin aRIbnBI Ruitdigsiori t her
t he 8PSK Syﬂgﬂ%&@&ﬁ%&%@;ﬁﬂb&ﬁﬁz G%l\/sag%p nbol s doo(rn)lgglgl?he%fnl lter i n[())ut

synbol s dcO( pledfforsix filter 460. Filter 460 then filters the input synbols
dO(n) with the dom nant pul se shaping function
[0040] EGPRS uses a “rotated” or “offset” 8PSK scheme, which is simply called

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

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

. 3
J(n+by, Spsl-)'—

d,(ny=m,(n)-e A , Eq (10)

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

burst to 8PSK burst. The rotation by 32/8 for each 8PSK symbol results in a smaller
variation in the envelope of the 8PSK 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 ¢,(n) 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,(»} 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



co(n) and provides the filter output synmbols x0 (n) . 100431 Pre-processor
440 al so receives the GvsK input bits ag(n), perfornms processing for the
secondary pul se shaping function c,(n) as described above for FIG 4, and
provi des GvBK synbols d, (n) to a 0" input of a nultiplexer 468.

Mul ti pl exetwo %660121360 receives a zero value on a " 1' i npCI/USANEE/@20Q1_ Sel
control signal and provides either the GvBK synbols d, (n) or the zero
value as the filter input synbols d,, (n) for «cl filter 470. Filter 470

L i e T R i

out put si gna(M“%)of’?g? ,PW)%rWS%y%gre)@FWWtheé @P‘&ﬁ& 5 ¢ g’?))’ %ér{%g'ﬁ'%PSK

ToaUl at of - oUPBERSSEAaRe SBEIAHE L e BICLE pHaLe: Teata e e s,

F1 @7 shove IeaBUtTHANSRoPHLRs fuGLf sk 'ane AP 4t M Mt 4

oo oM 11t IS, 6500 L o il PR 0 GAIPI Y o

IZ ?:&éi;:&;ég B tt“gf%"%&%%%gg "5@14%@?‘?: ?lrfe\ﬁ“:‘ﬁ'%%%ﬁ% T ié"tsr.%; %H%ﬁ"‘@?-f gke]fegg 'm::“

i s SO A et e e
prefto i elay 't

t hrough 464d ¢ e i npu a nents 462a through 462d,
respectively i fh,. oIl el el enent
so20 - 10 vbWARE) o P ol B e e, P e P S
recei ve and o Yo d ) , : | )
coefficients F%#B?M?ﬁ@%ﬁéﬁﬁﬁg?%?ﬁe?%?g%@?%@%@??GQﬁng&%m?gaﬁﬁkpﬁﬁgﬁ}for

time offset Wi ifdlfoAd&YEMSK RRILRAZ (#) BUNMIBIpHGS & atkiblersr 4630 Multpletdie
outputs of nultipliers 464a’through 464e and provides the filter output

synbol s xo (@§8 alsh BRéHEs Szeroevatueense'd digiar andpuCt Sed hengroh gighalread ipprvidss ( n)
th nbol i ods, .t , filt i .l t j t 3-t
EPR Tl cor . itbarir GRSk ol Gfn) onthees s o G GeCpRBorets du) Bre o
rovided to the fifrst of t series coupl ed del a | e ts 472a and 472b.
Eacxl del ay eI"bﬁB?fHﬁ‘? é‘%&fé|4§§§h%@%%‘§ﬁffg’§§ﬁ9§1°ﬁ%éaBﬁe‘“ the secorndary pulse

shaping function ¢;(n) and provides the filter output symbols x,(n). Summer 472

sums the filter output symbols x,(n) and x,(#) and provides a modulator output signal
s,(n) , which may be either a GMSK signal s,(n) or an 8PSK signal s,(1) depending

on the CO_Sel and C1_Sel control signals. The modulator output signal s, (r) may be

used to phase modulate a carrier signal to generate the RF modulated signal (not shown
in FIG. 6).

[6044] FIG. 7 shows an embodiment of ¢ filter 460 and ¢; filter 470 using
polyphase finite impulse response (FIR) filters. Since the dominant pulse shaping
function ¢,(n) spans five symbol periods, the ¢p 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 eclements 462a through 4624,
respectively. A fifth multiplier 464e couples to the output of delay element 4624.
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synbol period. Delay elenents 472a and 472b provi de del ayed synbols d,, (n
-1) and dC, (n-2), respectively. Two nultipliers 474a and 474b couple to the
i nput of delay elenments 472a and 472b, respectively. A third nultiplier
474c couples to the output of delay elenment 472b. Multipliers 474a through
474c recei WO asforrdst i ply 1 nput synbols djn) through dPCT/RS2)SANZEN
coefficients g,(/) through g3(2), respectively. A sunmmer 476 receives and
suns the outputs of multipliers 474a through 474c and provides the filter

out put Sy”boi@m‘migx(ﬁg)%{a %g@éﬁgﬁlgéoc%ﬁv%i &dhﬁgrgipggﬁgay‘g 515 LRGP UhRGgs hapPi ng

functions cO be sa oversanpling=ratio

(CBR) of L. Wth S af witnoobficfbus (a7 fdhen D), BheORRN Ltk P30 BUADRL PET T O

is partitionetinto u t are given 1 ndices of

P =0 ... L tihe of3&MRittkn 3 9mibd] piRdl | A ShmbBoPfeb§iGés AAGuhsThd-outputs Bf t he

| ast tinme offset. The dom nant pul se shaping function co(n) is oversanpl ed
by a fact or muttipliets d6&bthedugh 364e and eidviidss dret fdtes pufput symbnls {fans five synbol

periods. The 5xL coefficients are for SxL taps of the co filter and may be
arranged i nt 10#5ket Sincoribe ssecondary pelsg ishaping Hanction | erén)ofspanst dreeSsmwl woul d

contain five coefficients for tine offset Ein the five_synbol periods. The
L sets of coBffads;tBecs litigrmp be iraplggentedwith ahigp &'IR jfjiter. M&Eﬂ@ﬁcl lteok- up

bl LUT 68., F h I i od. ., he,.L f. ffici i
R N SO T I I S

d mul tipli ' i i , : -4) . Th
o ot P et o 0 1t S 8 ) SR BPAD 8)  T

filter outputymsyorhediod Qielly élomenthar2atind @728 prdeide @blayalsyhdbolsp[(»ed) and 11 WO
20061012136 PCT/ US20051022039 [0047] For an OSR of L, there are effectively

3L taps for théne2) fredpeetiveli. nTwoamltipliers fRasnt 7 dle coyplbal thpdnjuwds deline
oversanpling of c, (n) yields 3xL coefficients for the 3xL taps. The 3xL
coef fi ci ent selamynthd72a andriAf@b, riespettivelst sA third multiplierP7do aowrilesi tn ghet dutpe of
coefficients for .ti fs Lt hre nmbol. perj ods. ., The L set.s of
coeffi ci ent sdﬂ%‘f)e%g&g? %l?'e ,u]tfp&mél?gﬁ%?%u,gﬁi4zxiref%&£m5#mglipydﬂplﬂﬁy[ﬁ1§?}f e 478.
For each syngolnpeairb@sh dr(nibPpe withSedcFhidénts | Gk RBhS gl (P | Relectivlf. abl e 478
may be cycl edﬂtb?l)rouglflg,lll sflgzrt?ﬁg W th thne g’g{@f or :gb(?) and mul t)it plied with
the filter | npuhersyThedesivels and Bpmt Hho ogipuld. of fnliiplidhs . 4744 NBroigth 14704 iasd

results for each tine offset P are accunulated to obtain the filter output
symbol s x, ( nProvides the Siter quiput symbels xdr) synbol peri od n.

[0046]  To obtain high resolution, the pulse shaping functions ¢,(») and ¢,(n) may

each be sampled by an oversampling ratio (OSR) of L, where L >1 (e.g., L=48). For
an OSR of L, each symbol period is partitioned into L equally spaced time offsets that
are given indices of £=0 ... L-1, where £=0 is the first time offset and £=L-1 is

the last time offset. The dominant pulse shaping function ¢,(#) is oversampled by a
factor of L to obtain 5xL coefficients since c,(n) spans five symbol periods. The 5xL

coefficients are for SxL taps of the ¢y filter and may be arranged into L sets, one set for
each of the L time offsets. Set ¢/ would contain five coefficients for time offset ¢ in the
five symbol periods. The L sets of coefficients may be stored, for example, in L rows of
a look-up table (LUT) 468. For each symbol period n, the L sets of coefficients in look-
up table 468 may be cycled through, starting with the set for £ =0, and multiplied with

the filter input symbols d ,(») through d,,(n—4). The multiplier results for each time
offset { are accumulated to obtain the filter output symbol x,(n) for that time offset of

symbol period n.
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[0048] The co and c, filters may be designed to take advantage of known
characteristics of the GWK and 8PSK synbol s and the pul se shaping
functions. The GQGWBK synbols can take on four possible conplex val ues of +1,
+j, -1, and -j because the GVWSK input bits are bipolar and because of the
rotati on bwgZo06/0ibBs 8PSK synbol s can take on 16 possi b/ 103¥al ues for
16 points equally spaced on a unit circle, as shown in FIG 10, because of
the rotation by 3,r/8 per synbol period. The nmultipliers for the co and cl

filters may i mpli fied _he of t 0 i r, of S 1Dl val ues
for the Gvixitaedl SPER %@&5& &L 3hier® i ¢ "'ﬁ{‘Yeg;F gﬁﬁ%p§%§?§1§ %eﬁlﬁfr%‘ﬁ&eér)réﬁ?)ed Wi th
pr e-conput ed - . 1FO ; idR 13 ich8 enment ed
DY SOt e PP FoiodETUESRRBBI A PLELRIE colmcS b e

mul tiplier ogfpl TAS 33D bAIREICHY 3MH!HE ardngedtlin Of sefDivRh sBaN comEiniiglthiep! i er
may be inplenmentéd with a single |0ok-up table that receives a set of
filter inputceffitieits farinpedsd dein the duab symebl poriedsut THeok seta#f cesfficigts

mul tipliers. [0049] The pul se shaping f.unction 0f-R) @an , Ny bi t
even symmetr &yg’/ﬁis%’ﬁed’ ﬁ‘ga‘?ﬁ?ﬂﬁﬁ’a‘fﬁt oY r°£§g?)‘ﬁ‘§%p ?agf'é L{’%e P?)f g?%f‘ Sﬁélp%l p(;%?lmelac h

pul se shapi ng, fyncietO6r dosfichitsn 66K -up {aBRUESGhayt beecychiparengh,fsprtitgdheith ef t
hal f of the pulse shaping function. As a result, the co and cj filters may
be sinplifi ethesetifor Leril, pndauitipbied with theddter inphegymbolseddnd dhrpughsd otred?) - [ 0050]
FIG 7 shows a specific enmbodi nent of the co and cl fi I{)ers u%hng FI R
filters. Thdhesulipdierresylis foppach timp offselol 3ee oqpmulaied e 0% the HEEHIPE y pes of

filter such as Jl%rﬁénﬁéo?r{%ﬁ%mgio@lfs%te%ggft%ﬁ%%(ﬁfn.reSponse (I'N"R) filters.

(0051] Modul 3’(%? € opera ree nodes: a GVBK node, an 8PSK

mode, and a YGoaRpi tiTee HPdRI ADsiwkalRdy $80daRAeT abeslkd avatideaf adowl/SK
signal s8(n) in the K node and t he 8PSK ;Ig;?nal sp(n) .in_ the 8PSK node.

Modul at or  1hanoterstey ofithe SMICTUEPRIO smbale and the zylse shaing meionspdihst es i n

the transiti t | £1.0ni - N a K node.
Tabl e 1 surmaN SRS el GRTS P RRIAEIER ot pEEI MR SRS s,
Tabl e 1 GVBKisierSBRSut e re bijhiahi Becabdeds thd Bptibn 89t 2. flesREK himasly 8- ary

see below co filter 460 ON ON ON
can take on 16 possible complex values for 16 points equally spaced on a unit circle, as

shown in FIG. 10, because of the rotation by 37/8 per symbol period. The multipliers
for the ¢y and ¢ filters may be simplified because of the limited number of possible
values for the GMSK and 8PSK symbols. The multipliers may also be implemented
with pre-computed look-up tables. For example, each multiplier may be implemented
with a look-up table that receives a filter input symbol and provides a multiplier output.
As another example, a set of more than one multiplier may be implemented with a
single look-up table that receives a set of filter input symbols and provides a combined
oufput for that set of multipliers.

{0049]  The pulse shaping functions cy(z) and c,(n) exhibit even symmetry, which
means that the response for the right half of each pulse shaping function is the mirror
image of the response for the left half of the pulse shaping function. As a result, the ¢
and ¢; filters may be simplified since only half of the coefficients need to be stored.
[0050]  FIG. 7 shows a specific embodiment of the ¢ and ¢, filters using FIR filters.
The cp and ¢; filters may also be implemented using other types of filter such as, for
example, infinite impulse response (IIR) filters.

[0051]  Modulator 120 may be operated in three modes: 2 GMSK mode, an §PSK
mode, and a transition mode. Modulator 120 generates the estimated GMSK signal
s,(n) in the GMSK mode and the 8PSK signal 5,(n) in the 8PSK mode. Modulator
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cl filter 470 ON OFF gradually OVOFF CO Sel 1 0 see below d. Sel 0 1 see
below [00521 As indicated in Table 1, the co filter is enabled for all
three nodes, while the <ci filter is only enabled for the GvBK nbde and the
transition node. In the GVWSK node, the cl filter is used to generate an
accur at e saiironmieisef the ideal GWBK signal. In the trec®Usicevi2esee, the ci
filter serves as an interpol ator between two waveforns for the two

m)dul ation schenes. [00531 For the GWBK node (with CO Sel =1 and Cl_Sel =

the inc stream from TX dat ' d as a
b| nary (or %q {*}ﬁnpglsaﬂ& PR sdﬁ&he E%]altllpa%-é %ﬁgﬁ%ﬁsﬁgﬁbé@g@gg n I<gnd
ct(n), as dgpes hhesPSIbmede.f Diblé1 Gumrharies thet doafigBRbif efodedulawrt 12000 Bel = 0
and C _Sel = 1), the incomng bit streamfrom TX data processor 112 is
consi dered B¥eCdnodsary (or 3-tuple) stream and undergoes the processing for
BPSK, as descri bed above for FIG 5. For the BPSK node, the cl filter is
provided with all zeros and is essentigdiéy disabled. For the transition
node, the cr filter is turned ON gradually during a transition fromBPSK to

GvBK and t yrmed OFF _gradpat ajtr Tr .1 Oy BRSK
G adual | y tlurning QW OF hl:_(%@(kl er ?@K@BE t B’FSAK‘B%HLMOH?? pet ween
t he GVBK and h%ﬁgk{atwgfapr s | Nbidasy moddil at org.@,q,t put gi gnageedolow) , sp that

undesi red gpeetral—artifapts—are—fot—gemerated—in—thgnodul-gtor—output

signal. [0 54] crilsr 480 shojs a f e and|time Mt structure PO GSM | The
tineline f Erﬁg?@]@m op Is dgﬁi ded inpto rrutEiFfrarresEga.ﬁm @N/Uﬁzr me

spans 120 n re—di-vi-si-gn—mdl —access)H franes,
which are llabel &b &8sl TDVA franmesl0 through 250 Each TDVA \ fcdlowi 5 ir t her
partitionedq Tt ors, wWpithare 13 20067 TZ136
PCTJUS2005/{02203¢ Sﬂfabel el as title siotd 0 thrdugh 7. JA +r588/C¥i onlin each
time slot is referred to as a "burst” in GSM Each burst includes two tail

peri oa (cP) TOFAL nomdBRedre i e & LR na RO & Bgrd Sl TR R0

shown i nsi de, gaéssbiiBsasblied Her the @SR ALbdel 48 1B RhnsitiohUaddel enftas GERKI S
described in a docunent 3GPP TS 05.01, which js publicly avail able. [0055]
For a voi cemogp,the ¢ ﬁ,{,ter§|@g@toc@{}?ré’ré/ag§th%e$wmthgllda§l§1\§%@l%ﬁle ime slot

the transition mode, the ¢, filter serves as an interpolator between two waveforms for

ey

the two modulation schemes.
[0053}]  For the GMSK mode (with CO_Sel = 1 and C1_Sel = 0), the incoming bit
stream from TX data processor 112 is considered as a binary (or 1-tuple) stream and

undergoes the processing for c,(n) and ¢,(n), as described above for FIG. 4. For the

8PSK mode (with CO_Sel = 0 and C1_Sel = 1), the incoming bit stream from TX data
processor 112 is considered as an 8-ary (or 3-tuple) stream and undergoes the
processing for 8PSK, as described above for FIG. 5. For the 8PSK mode, the ¢; filter is
provided with all zeros and is essentially disabled. For the transition mode, the ¢; filter
is turned ON gradually during a transition from 8PSK to GMSK and turned OFF
gradually during a transition from GMSK to 8PSK. Gradually turning ON/OFF the ¢;
filter ensures a smooth transition between the GMSK and 8PSK waveforms in the
modulator output signal s,(r), so that undesired spectral artifacts are not generated in
the modulator output signal.

[0054]  FIG. 8 shows a frame and time slot structure for GSM. The timeline for
transmission is divided into multiframes. Each multiframe spans 120 msec and includes
26 TDMA (time division multiple access) frames, which are labeled as TDMA frames 0
through 25. Each TDMA frame is further partitioned into 8 time slots, which are
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index for the duration of the call. User-specific data for the user is sent
inthe time slot assigned to that user and in TDVA franes used for traffic
data. For a packet data call, a wuser nay be assigned one slot index
(simlar to a voice call) or nmultiple slot indices (which is called a

mul ti - sl ot WO BH&0BI36ore bursts maybe transnitted for tRET/HEINFA23938t. A
multi-slot configuration may also allow for transm ssion of bursts of
different nodul ation schemes (GVBK and 8PSK) in adjacent tinme slots. [0056]
Modul at or 12 e
during the g%a B%rﬁrlnggq %%Q%ogﬁtﬁ Sgg{{%blﬁﬁr%%?l em?ﬂglo{g{t}grﬁgﬁggrt? gp :

span 8 synbBurgr2in GEN. fHach buHElDS]ud¢SSIWi) ta12b1t gIB)Hjelds, tandat fighds| zmaazmsgan 9

synbol periods for sl ot r.ans QN bet n. GVBK and
8>F/>SK agr upt F%ﬂuﬁ%ﬁﬁt&%‘b W@%@&?‘éctﬁﬁj “F%Er %ftbl?wltbbtﬁf Vif?ot(-%ce
di sconti nui t ¥achMeldR sna«dylu@&w aPdtitHReds. Srlﬁr!?dme &A(thhe smhktﬁftwfayortm jgause

undesired spectral effects. A sm)oth transition between GVBK and 8PSK, with

continuity i Aessdbead ie pdogumsnt 3GRB TE04- %h‘&@éhtﬁfpubh@}’ﬁ’&dlﬁplﬁt or output signal
b

and t1 111t o038, EEFp Rbick bhE Sefesl Bevilych s IS BBk O, bifle Wf, 9

phase val ue imdex fmmq:meatmnacfeba;@ﬂl f[iser—kﬁeaﬁnelutarfoﬂhhbasaromseatimethetmmmhbt(3)

radual |y turnin ter scri ped bel ow. 571. FIG 9
Thonn e sy hiands Ehetaberand it TPMA bt us8® o SR B BORRDPIEBRY b, on
8- synbol guaﬁ%rﬁl?dy'&dass1kﬁe@8neeﬁbpﬁiﬁé§i3(k§m11é 16 @t WidAd 1§ lop nﬁmﬁm@lsmt pglidegur GVBK
i nput bits ag“sn) of -1 followed by four 8PSK G ay coded synbol s bp(n) of 7 is

used for th lgeims@alrl)@ramaltl et).sQeswr mere ppsts may befsansmpted for the mar-evt. ar e
pr ocessed by pEl’Ellt BEP% &Oﬂ?‘%e}gqg‘g éﬂ)\?\; (J?'i)rvn ﬂ\![lltﬁmn%%%npp egé}lQ n) and

dl (n), respec el Yy, a escri ove for ay co ed synbol s
bjn) are promﬂﬂeﬁbrtnphma—(&hﬂﬁcmmm%adjmegmﬁealb'e, 8PSK synbols d,, (n), as

Gestr e SRR O g oy B 5 by BEE AR

[0058) The ORofelwtithé ghard bgand (GF)%f‘ﬁl'efeh&’BﬁaBﬁr@tm’i‘lﬁgguﬁrd'be@ibdh%gkﬁgi@ | ow at

the start of synbol period 5 in guard period (or si

period 5). meodsm%slm(lr% 3 §.eranpt Bansk oeespsn P Smbo@ﬁéoéirfgwlrd@d as
the 111 ter | BRuIq SYTBOL s 8liok@babulfy R ERPSE! S CRuyaal pert od

5 when the ) contro dp (n)
from pre-pr odieaﬁmctxﬁg&ha&leﬁMmuagdeﬂometdi@oﬁmﬂui@rm itiepntbdulator output signal

s,(n), which may then cause undesired spectral effects. A smooth transition between

GMSK and 8PSK, with continuity in both the amplitude and phase of the modulator
output signal s,(n), may be achieved by (1) providing suitable data patterns to the ¢y

and ¢; filters during the guard period, (2) using an appropriate initial phase value in the
pre-processor for the new modulation scheme, and (3) gradually tuning ON/OFF the ¢,

filter, as described below.

[0057] FIG. 9 shows the symbols and controls for a transition from GMSK to 8PSK
for an 8-symbol guard period. In an embodiment, a data pattern containing four GMSK
input bits a,(n) of -1 followed by four 8PSK Gray coded symbols b,(n) of 7 is used

for the guard period, as shown in FIG. 9. The input bits (i) are processed by pre-
processors 430 and 440 to generate GMSK symbols d,(n) and d,(n), respectively, as
described above for FIG. 4. The Gray coded symbols b,(n) are processed by pre-
processor 450 to generate 8PSK symbols d,(n), as described above for FIG. 5. The

data pattern for the ¢ filter may be given as a4y ,M={1-1,-1,-1,7,77,7}.
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synbols d,o(n) starting at GP synbol period 5 when the CO Sel control signal
Is at logic low 10059] The O _Sel control signal transitions fromlogic
lowto logic high at the start of GP synbol period 5. The GVBK synbol s

d, (n) frompre-processor 440 are provided as the filter input synbols
d,,(n) forwdhmoelizidsl ter prior to OP synbol period 5 wWRENWUEHES/@R03Sel
control signal is at logic low Zeros are provided as the filter input
synbols d,,(n) starting at GP synbol period 5 when the O _Sel control signal

is at logic,high. Jhe rQ [, . t ' nt ent .
Somh Fod ol TR PR YR e SRR DSl gt

I nput bits @fsymbolf geriod\seid thy ghird @efifdSiér Gnmly, (&Rl exinte} poodd Shf The GMSkbe used
for the guard period, or a,,,P(n):i-l, -1,.-1, -1, 7, 7, 7,% 7@. The
CO Sel cont rembelsghir) fpmanepiqcssser $3%:#e PEided 35 §iF Glts Dyl SYPRRE 4rd™h he

d _Sel | signal transiti ic.l | 0gi. <. hi :
of G synbol b drceder Pif R Sl Eie HEuT i Y, 59 oRBYCyd?l A 1eficl, Toa
[0061] Tabl e%j%smg{%%gwé an(f,a-&vm{aﬂag;rsdess;eﬁdsmar_efp'tdvﬁ@msmerﬁm idpae guard

period for rahsition. The filter input synbols d,o(n) are

provided to §}%§eboﬁ;' H?%er?t Gorihb lat &P syR61 AHA 5 WKEP kheP€O i3 corlthte sipBall ik lat er

operates on t cur | nput synbol and four prior Tnput synbols, as shown
in FIG 7. Theicfbkter input synbols d,,(n) are provided to the 3-tap cl
filter. For each synbol period, the cl filter o ere}t es ”-thgw‘%ﬁ”e”t I nput
synbol and t {0859 i ofhe Fpuie! sontiod pignal fransitiang e oilow ¢g fegicAughgj ihe start

b(h) used b CBenit S 37, [TRECMEK, Bnihiy WA o i Pritis0P R0 SV T0 5
in Table 2 ipdi | 4 f ibRiol G k$mtd
in Table lplgltvﬁ?(% Essﬂ]@_ﬁfltﬁffr?]igﬁkps?}eﬂcﬁggidﬁéﬁf f:RRe 8EMIRR Pribeio %@fﬁmﬁdl@%ﬂo@i a

precedi ng bu =11 burst is K an =7 if the

precedi ng bugsity ke GPSK) confiB] signal iat gt ¢ove Z8tbs aéd povidad asl tenilvn ispanbol
stored in the filter Tromthe preceding burst. Table 2 - GVBK-to-8PSK
Transition sBubal 206/ garieget CETYYISRDDSIWPhen therCl ekreate sigpnpk iarmt ¢l

Filter Content n.do(n) d o(n-1 o(n-2) do(n- do(.n-4) CO_Sel dc, (n)
ddi (n-1) ddi t%l%gka'f_@éqzequ%eglsegt‘%ﬂ%%fut%gfl g?tﬁcoé“e‘-“l 1ttt l1-1-1t0

[0060]  For a 9-symbol guard period, a data pattern containing four GMSK input bits
of —1 followed by five 8PSK Gray coded symbols of 7 may be used for the gnard
period, or a, ,(m)={-1, -, -1,-1,7,7,7,7, 7. The CO_Sel control signal
transitions from logic high to logic low and the C1_Sel control signal transitions from
logic low to logic high at the start of GP symbol period 5, which is the same as for the
8-symbol guard period.

[0061]  Table 2 shows the contents of the ¢y and ¢, filters during the guard period for
a GMSK-to-8PSK transition. The filter input symbols d_,(n) are provided to the 5-tap
¢ filter. For each symbol period, the ¢, filter operates on the current input symboel and
four prior input symbols, as shown in FIG. 7. The filter input symbols d_(n) are

provided to the 3-tap ¢ filter. For each symbol period, the ¢; filter operates on the
current input symbol and two prior input symbols, as also shown in FIG. 7. For
simplicity, Table 2 shows the input bits a,(n) and the Gray coded symbols b, (1) used

to generate the filter input symbols d_j(r) and d,(rn). A ‘t’ in Table 2 indicates a

known symbol for the second tail bit field of a preceding burst (t =1 if the preceding
burst is GMSK and t=7 if the preceding burst is 8PSK). An °x’ in Table 2 indicates
an unknown symbol stored in the filter from the preceding burst.

Table 2 — GMSK-to-8PSK Transition
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random | i ke

@3 tfigst PAlhtersithé & filk@ at =4 and appears at the filter output at n=6). The ¢
filter output is delayed by one symbol period relative to the ¢, filter input (e.g., the first
—1 enters the ¢ filter at » =4 and appears at the filter output at » =5).

[0062]  Asshown in Table 2, the first Gray coded symbol of 7 enters the ¢; filter and
the first zero enters the ¢; filter at GP symbol period n=5. The ¢ filter is completely
flushed out and filled with zeros at n =7 and may thus be turned OFF after that. The
GMSK waveform essentially ends at GP symbol period » =4, which is the last symbol
period in which the ¢ and ¢, filter contents are filled with only GMSK symbols. The
8PSK waveform starts at GP symbol period 1 =9, which is the first symbol period in
which the ¢, filter is filled with only 8PSK symbols and the ¢; filter is filled with zeros.
From GP symbol periods # =5 through »# =8, the modulator output signal is neither
pure GMSK nor pure 8PSK. The ¢; and ¢; filter outputs during these symbol periods
may be considered as interpolating between GMSK and 8PSK, with the ¢; filter
performing the interpolation based on the zero inputs.

[0063]

periods are selected to have certain desirable characteristics. First, these data patterns

The data patterns described above for the 8-symbol and 9-symbol guard

reduce variation in the envelope of the 8PSK waveform. GSM defines a time mask
(which is transmit power level versus time) for an 8PSK burst. This time mask requires
the 8PSK symbols in the first tail bit field (or the first three “guard” symbols) prior to
the useful part of an 8PSK burst to have an amplitude variation of 2.4 dB or less. Since
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precedi ng guard period may cause a |l arge envel ope variation that may fail
the time mask. The first three guard synbols of the 8PSK burst are derived
from Gay coded synbols of 7, and the |ast few synbols in the data pattern
are selected to be Gay coded synbols of 7 to nmatch those used for the
guard synb¥&2008A3K6synbol s dp(n) generated from a strBARUSNERMEY G ay
coded synbol s have a tone of 50.7812 kHz, which results from an 8PSK synbol
rate of 270.833 kHz and each 8PSK synbol being rotated at a rate of 3fr/8
radi ans per ! g fi : t I§ I - tione of
50. 7812 kiir. e et baSuaf BficRe iodRliob LBl o L om 18 SR e P e and
t hus meet s t precedingegumas kenielmiay eawneta fage GSklopé O@dationSbaiomdy faihthedana

atterns sati sf equi repent, for.the Lpt.ernal state of _the ul at or
gt the end o@aﬂcy(ﬁﬁ%’%/{l&ﬁ.g‘ﬁéﬁmboﬁ%%ﬂ%’?s&ﬁ&u@&fe ée OB, PLRY ¢ ﬁgcgrs t he
nmodul at or  angimitolsedf 7, Bl tha$dst Rt sybibolshe tHeldats pattératare §dletednd bt &8y cdded

required to have an internal state as if an input bit stream consisting of
al | -is havesypdwls pf dviodeatch tthosehesedndon gt sard iebelp.r sSYPSewymbdatd itk s in
the data patterns are thus selected to be -Is. GVSK synbol s d{eﬁ% ener at ed
from a streagineratedaem; mFeamyek ssmeaGey £ofeh symeholshave 2 figue ofig) &2 kel t s

froma GQvBK %ﬁt”b e FE)[@@F j .+ ot at ed
at a rate of @)Z{Ey?%sug%?;g% %ég ynt())iéﬁéperl 8'§.§§ 065 e%zlreﬁniﬁ?(asr)@ﬁiggtggﬁ atterns
havi ng cert arotateleatiarratielo€ et ratismsrpes §yind®! perind. dthe ¢y Fbledugbo ttas rddemblesr |,

ot her data pajter sq.be used far. fhe gquard periaod 00 The
initial phag# GOPgozﬁéﬁ'}zt &qﬁ§ﬁvqi?ﬂﬂ qﬁ@%’ﬁ%@#ﬁ@%@b}%&q#‘i llggééil‘gct ed to
provi de a snpgl et BRQIntd Bk rbdudRmentaB? GBI, GVBK waveformto the 8PSK
waveform For GP synbol periods n = 1 through n = 4, the input_bits ag(n)
are -1s, andl00pd n@gﬂgﬁéﬁtgpa‘(ﬁn‘l)s wiely adeS aequremgnt gt theghteme] state 88 ans
per synbol pgti i ] 1 i . nbol
Gy ot G Soepatulsibedt (ERHRLEL SRISE M B abicRRd LAl SR GYRSE piMRnSYT
dependi ng ontht meodulatdreand adfteb ititeslagtrigc efiha GGMEKi tairddj the inmodubedorci requived to

I ti-slot. aR | j od = 5 th h = f n 8- s ol
gﬂaritl ;e?i od ac‘%ran %ﬂf)%t&gsega&‘g@}ﬁﬁmm%?%% ’@F‘g 855‘&‘&%1%"@8?‘ EISHégPsynbol s
bp(n) are 7sg tﬁ@ﬁholamoﬁPﬁké ﬁryﬂfeﬁliﬁpuésﬁmt@é&dﬁu?ﬁ@%r@mu@se!&% t&ﬁeﬁﬁa /7 8\/\0

radi ans per synbol period in the sane counter-clockw se direction.
2006/ 012136 GWRKUSIIBEY G 2D Zenerfted 83in ditGamid ssthowput bids vasdsneodf 612 GVBK

synbol s do( nl)cHand .the 8PSK
z, which results from a GMSK symbol rate of 270.833 kHz and each GMSK symbol

being rotated at a rate of x/2 radians per symbol period.

{0065]  Exemplary data pattemns having certain desirable characteristics are

described above. However, other data patterns may also be used for the guard period.

[0066]  The initial phase 6, ,,, to use for the 8PSK symbols d,(n) is selected to
provide a smooth phase transition from the GMSK waveform to the 8PSK waveform.
For GP symbol periods #n=1 through »=4, the input bits a,(n) are —~ls, and the
GMSK symbols d,(n) are rotated at a rate of #/2 radians per symbol period in a
counter-clockwise direction. The last GMSK symbol d,{n) at GP symbol period 7 =4

may have a phase of 0°, 90°, 180° or 270°, depending on the number of bits preceding
this bit in the current multi-slot. For GP symbol periods 7 =5 through n =8 (for an §-
symbol guard period) or #=9 (for a 9-symbol guard period), the Gray coded symbols
b,(n) are 7s, and the 8PSK symbols 4 ,(n) are rotated at a rate of 37/8 radians per

symbo] period in the same counter-clockwise direction.
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synbol s dp(n). To ensure a snooth phase transition, the 8PSK synbols shoul d
follow the sane trend of rotation as the GWSK synbols. For the exanple
shown in FIG 10, the |ast GWSK synbol at GP synbol period n = 4 has a
phase of 270, or 3,c / 2. To continue the trend of rotation, the first 8PSK
synbol at OO EPMBBI3Gperiod n = 5 should have a phase oPCTHSNNBeREB/ 2+3, r/ 8.
If the synbol index nis set to O for the first 8PSK synbol, then a phase
of 15,r/8 may be obtained with ONSp,k = 5, as shown in equation (10). A

diff t d B, .0 K 4 ' j t ot
sgneegteﬂervsg'ﬁﬁan?gr ﬁzﬁfs;ﬂgr“g%r %@%sésy%&e_é%&%wg%%(@ns &c()v\ﬂ/{sé % g?ni tiOaI
h f the,fid.at K gabal ' = iaf t
gngisﬁgophasgss)&*t_{g% "ti’fl@?l gﬁ%&%?%gﬁyat _ﬁh@g%ﬁﬁg&?@gi%ogﬂﬁﬁfns houl d
be not ed t hage Bhilé troky 6f doBati@h 48 thel GMRR! éyﬁfbbﬁ?rﬁm&a&ﬁalc%%wﬁ iSFi babl e 3.

The initial phase Binit_Sp,k is used starting at GP synbol period n =5 and
remai ns contkdast GMBK lsyrhba an &Pt syfEvBKpdriod 3PSK tas angasessfi 290°, ofddzl /@ . STPhase of

| ast GVBK Ph ffi PSK Injti.al | = | at n =5
Bunt Sp, K 0 SR th upabobaonghe fi S Sabo SRS syshelpaiod roberoud G 11
shows the syplglSyagdo€ 98 faal S f003,2/8l 1 MGl bynib idRR /BRI 100 RYRe figt an

8-synbol guard period. In an enbodinent, a data pattern containing four

8PSK Gray co8RSK symtud) thedp (phjseaif 15z d imayvhecbbiainddosith @YSK,,ipuds shows img( n)
of-1 is used for the guard period, as shown in FIG 1I. This data pattern

i s selected bpateh (0). AdifSoer valualagbe ueedtibodg, dedtihebedbellindes rfipsetthe
GWBK-t 0-8PSK transition. The data pattern may be given as ago pg (n) = (7,
7, 7, 7, -1,sonig other valug Yor thefist ERSKSsymbobnt rol  signal transitions fromlogic

ap(n) _ar - pr 8068c " T, e, i BOHE5 RE SRCERRSERK 8Pt RC R MR er 15
WO 2006/ 012 1g4i0@GT+ 5$200FE@R24AdD e pRise®For iR 163 G eYmBElat O sPmbaReribdie GVBK

synbol s do(n) are provided as the filter input synbols d,o(n) starting at
GP synbol peridd B_shqq%b@o_tgﬂhat@im_ ¥, (1S Bivemia|units/increments of 37 /8 in Table 3.

The initial phase 6,

it

gz 18 used starting at GP symbol period #=5 and remains

constant until the next GMSK-t0-8PSK fransmission. .

Table 3
Phase of last GMSK | Phase of first 8PSK | Initial phase
symbol at n =4 symbol at n =5 Ot spst
0 3n/8 1
/2 7m/8 13
i 11w/8 9
3n/2 157/8 5

[0069] FIG. 11 shows the symbols and controls for a transition from 8PSK to
GMSK for an 8-symbol guard period. In an embodiment, a data pattern containing four
8PSK Gray coded symbols &,(n) of 7 followed by four GMSK input bits a,(n) of -1
is used for the guard period, as shown in FIG. 11. This data pattern is selected based on
reasons similar to those described above for the GMSK-to-8PSK transition. The data
pattern may be given as a,, ,,(n)={7, 7, 7, 7, -1, —1, -1, —1}. The CO_Sel control
signal transitions from logic low to logic high at the start of GP symbol period 5. The
8PSK symbols d,(n) are provided as the filter input symbols d_,(n) for the ¢, filter

18



transitions fromlogic high to logic low at the start of GP synbol period 7,
or two synbol periods later than the CO Sel transition for the reason
descri bed bel ow. Zeros are provided as the filter input synbols d,,(n) for
the c, filter prior to GP synbol period 7, and the GWSK synbols d, (n) are
provi ded asvatmsbiziiser i nput synbols d., (n) starting BCT/GRo8yovab peri od
7. [00701 For a 9-synbol guard period, a data pattern containing five 8PSK
Gray coded synbols of 7 followed by four GvBK input bits of -1 nay be used
The

E%r Stelhecgﬁﬂ g’lw ngfymlfoﬁ ggéﬁ(’)dt ?gar\’gﬁff 9%%%5’(“&"‘11%\%‘{"8 #%Bfoé"dﬁ&ﬁﬁ thg; ﬁlfeﬁe start

f b I I I
o oo Mool Bl kel (R et heP ] bolod b 0, G708 bhGOPRREET | 09, ©
for the 8- sy&%kuo%@fo% RYid tdN6gidab@R Patd aax@%ff@ sgahﬁm gerisy ek twed

9-synbol guard periods are selected to have the desirable characteristics
descri bed ab@mbolplmmlséater theh dre G1Se! wansttion fer uhaye@msdesmb@dslwdbwm@'bg Tabl e

4 sh th t d f
an"BPSK- t - CRERTERLSF [5G RBP L ) TblE & SHBWE b B t o

d Ga d b d t f I t
o Bl BB TERESS D AR .
Cont ent cl dd 1) d 2) d 3 d 4) CO Sel
dcln(ﬁ;] dgl (nE%nﬁg ‘(Ceﬁ%%ﬁggﬁ(m)l 7 ?(? t)x gogno )0 10(2 7)7 ?(? t)O 0 Oeo 1
377 7t t (WOJOP OFdr ad9-gyribol ghatd periddDaCiafa paterr containihg7iive OPEK GGrdy 6 -1
-l 777100 1 . 7-1.-1-1.7 7 13 00,.8:1-1:1-1.7 1-100
911-1-1 °‘ide% symbgls 0%7 6°%1°Y§d&bf%€é¢%gﬂ%‘gbﬁtﬁ?%§s§%g? B‘fécf%ﬂg °BHE92] As
shown in Tabpg;dh, otrhﬁ‘J (fn?t-{b"I"aTW npgt _pityafgl %‘ée@@ Seh“coﬁt?olféd;&a?r at @GP
symbol period n = a he Tirst 'binary input bit of-1"enters thé cl

filter at GDtrﬁﬂ/sEﬁUﬁls from logic low to logic high at the start of GP symbol period 5, and the
C1_Sel control signal transitions from logic high to logic low at the start of GP symbol
period 7, which is the same as for the 8-symbo} guard period. The data patterns for the
8-symbol and 9-symbol guard periods are selected to have the desirable characteristics
described above. However, other data patterns may also be used.
[0071}  Table 4 shows the contents of the ¢ and ¢y filters during the guard period for
an 8PSK-to-GMSK transition. For simplicity, Table 4 shows the input bits «,(r) and

Gray coded symbols b,(n) used to generate the filter input symbols d_,(n) and d,,(n).

Table 4 ~ 8PSK-to-GMSK Transition

GP ¢g Filter Content ¢ Filter Content

n | deo(n) deolr-1)|deo(n-2) |deo(n-3)|deo(n-4){CO_Seli | doi(n) 1der(n-1)|der(n-2)IC1_Sel
1 7 t 13 t X 0 0 0 0 1
2 7 7 t t t 0 0 0 0 1
3 7 7 7 t t 0 0 0 0 1
4 7 7 7 7 t 0 0 0 0 1
51 -1 7 7 7 7 1 0 0 0 1
61 -1 -1 7 7 7 1 0 0 0 1
71 ~1 -1 -1 7 7 1 -1 0 0 0
g8 | -1 -1 -1 -1 7 1 -1 -1 0 0
91 1 -1 -1 -1 -1 1 -1 -1 -1 0

19



period n = 7. The cl1 filter is enabled two synbol periods later than the co
filter because a transforned synbol b,(n) for the cl filter is obtained
based on the current input bit and two prior input bits, as shown in
equation (7). The cl filter is conpletely filled with -1 at n = 9. The 8PSK
wavef or m eys@poi/al2izs ends at GP synbol period n = 4, whPCHUSH05/022639] ast
synbol period in which the co filter is filled with only 8PSK synbol s and
the c1 filter is filled with zeros. The GWSK waveform starts at GP synbol
period n = 9 i C I t 1
filters ar e ?\Q rAStS ﬁ’f%& tﬁé’ﬂ%‘gtlfl% %]—Jﬂlgbk(r&;PV\,11 eﬁla%rs tﬂ%‘éoff%eggpﬁpz

t hrough n Symlidhpemmﬁm I=z§t, amd thutﬁmbumr)gnput bitof - memehethe @uiler msymbolpur e

GVBK. Th ) b
cons.deridczgé"r%‘ o ol e SR P At e el Porede 100F than Biecso Sitee ToRYusp
per form ng tQ%ahﬁsﬁ{ea%&bp@(m e} tﬁ@ep ?&‘qs oﬂtaine@baas%d &%J%&n&%ﬁm&' al

phase to use for th sel ected 'to provide

a snoot h traasd fwoqdiof inport ﬁlfﬁ;‘aﬁﬁ&ﬁn\ma@faﬁdﬁm@m oThé1q ﬁIMSié conpleadlp filted Withs may
be achieved b ensur| ng that the GQvsSK synbols foll ow the same trend of

rotation as at BpSK ?w@@éﬁ%wawm%@ﬂ@mdw%%ﬁﬁbqlm%& nep Keos
period n = 4408y BAME, ?Qﬂod) f:h 0 ¢ P?g&' hfePRAR Sﬁl SPEKYs tyﬁ-fb/oﬁ anififRf g vV may

be any integer value fromO t rough 0 ensure a snoo tran5|t|on t he
phase of t hefilter stﬁllqdamh eéroG\VBike SYMBK| wavatirm) statsdathI’ rsymbok pegiedsy ridol

period n =5 ter ned dding it..12 to hase 0of 1 he | ast
Bk synbol SR iSiRe G ey Pevndinopath B8 Atk fusRar: ey BLany SR i o
i nteger of ngymigls. TFkﬁmr@P'Bﬁhﬁtﬂ ﬁod%on £ Batirohifie n <) aBeHodilatbNButkiYEliEna)gbol s
are integer multiples of ,r/2 (which sinplifies the GVBK nodul ator desi gn)

and only a shgither awre/8RSKi umm puee Gwl%hab@c(r@dactuﬁmf gelputsgluging these ssamw)l TabI e

For ai 11or Bfiodk ity RE S FoperhBlipsd P sl il o MR Es Boiter i od n

4, The in &ﬁ@{nlmﬁt&aﬁﬁo&m&éﬁmﬁq tgrting at GP synbol period n =
5 and renmi ns constant until the next 8PSK-to-Q@GVBK transm ssion. Table 5

Phase of Phaf®78f | fAheimtialphased,Phas o ufe Bhthe EMIK spinbolald,of)amd d,(9sis 8PSK
first GwWK A af gmk [ast 8PSK first GWSK 19kl | _gnmsk synbol at synbol at
synbol at -syeltatdd o pryidaOe 200610 taadEPETMUSR0OBIN 2208%m to the GMSK

waveform. This may be achieved by ensuring that the GMSK symbols follow the same
trend of rotation as the 8PSK symbols. The last 8PSK symbol d,(n) at GP symbol

Ioro

period n =4 may have any one of 16 possible phases, or v-7/8, where v may be any
integer value from 0 through 15. To ensure a smooth transition, the phase of the first
pair of GMSK symbols d,(n) and d,(n) for GP symbol period n=5 may be
determined by (1) adding 7/2 to the phase of the last 8PSK symbol and (2) rounding
the resultant phase to the closest multiple integer of #/2. The rounding is so that the
phases of the GMSK symbols are integer multiples of #/2 (which simplifies the
GMSK. modulator design) and only a small disruption to the phase rotation occurs (if at
all). Table 5 shows the initial phase of the first GMSK symbol at GP symbol period
n=35 for different ending phases for the last 8PSK symbol at GP symbol period n=4.
The initial phase 8, ., is used starting at GP symbol period n=5 and remains

constant until the next §PSK-to-GMSK transmission.

Table 5

Phase of Phase of | Initial phase Phase of Phase of | Thitial phase
last 8PSK. | first GMSK | ¢ last 8PSK | first GMSK | d

tnit_ gmsk it _gmsk

symibol at symbol at - symbolat | symbol at
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n=4 n=5 n=4 n=50n/2 181/8 31/2 3 1/8 1/2 1 91/8 31/2 3 21/8 n/2 |

| on/ 8

31/2 3 3x/8 12 111/8 00 41/8 IT 2 121/8 0 0 51/8 n 2 131/8 0 0 6x18 n
2 141/8 0 0 71/8 31/2 3 151/8 1/2 1 [00741 The unified GQvBK/ 8PSK nodul at or
First a single nodul ator

descri bed herein can provide various
may be usewot2osuppert nul tiple nodul ation
This may sinplify the nodul at or design,

8PSK) .

advant ages.
schenes/ f orElES20#/032039 GVBK and
I nterface between the

t he

nodul at or and the TX data processor and so on. The unlfled m)dul ator

all ows for as"_i?zlu oot htransttronrb (

cl filter tp pért Lntérgnl i on het w , vavef-c _

Is especially d)eS| rilbl eﬁpr a rrul tii -sl oy cerfg guy & at |3m2| n Wni CB m xéd

nodul ati on ferwats—(hoth—aGvBKrand—BPSK] are—usediforburstg—se T

adj acent tifre st8ts. Fur twer mofe, Isincé|t h@mBvBK|synibts dp(n) 3 s a|subset
of the 8PSK[S n).,, t hej conpl exi hefco {jihteriis rginal l

i ncreased ( Y angp'Eci zuppn"r hot h 'élc %“/égch i’ﬁ%_m Eor %Ej_grl ty, Y
specific errbodlmts havegbeen|dese i bed| abowesfol a udified nddul ator for
GWBK and 8Ppk—&ther—terbodiments—of —the rrn—h-ed—m%ﬁm aror afe arso ossi bl e
based on the déisfé?rl ptli on Provi fled Hereinl | M’@'@ner al , uni fi ed %rodullat or
may be des 0 support any numper atifon sghenep, re gach
support ed % schéne VA h??a rr?a%gh a_PS Qr‘if‘c[g,__a__qu(%drat ure
anpl i tude HDdLH,@g [ on (QAM sc 1erre,2 or memt/her scheoe. uni fd ed

nodul at or atseo—tretude &) et \’J fr-tersTf Or Iy 11 mber—of ul se
shapi ng funét i ohes The né@mBer Jof filtels ah&“Bheilr i Ml se| responseq are
determ ned by tThe particular nodulation schenes being supported and/or the

pul se shapin
the co filt
above) and/ o
exanpl e,
above),

required b

the s
o7y bEsalie &Msrﬁ}é

nedsefieg, o

a csnhéma&bmts @fg. f(EMSKramd(SESﬁ) , Thihmag singifly the niddutagarslpsigm ithes ome

fst

ormrra

$Kgneduiado

orted rmdul ation

schenes.

For exanpl e,
r dpsuibegdipey £ proyLd ea‘@é‘&‘n‘ﬁ bed

é@lﬁﬁq&e@é%%\%\nhgﬁd Fﬁgu @%ﬁfﬁ%ﬁg e“?:oﬁﬁl escrl bed

other filt erigxtsez’face between the modulator and the TX data processor, and so on. The unified
modulator allows for easy and smooth transition between GMSK and 8PSK, by using

the ¢, filter to perform interpolation between the GMSK and 8PSK waveforms. This is

especially desirable for a multi-slot configuration in which mixed modulation formats
(both GMSK and 8PSK) are used for bursts sent in adjacent time slots. Furthermore,
since the GMSK symbols dy(n) is a subset of the 8PSK symbols d,(n), the complexity

of the ¢y filter is marginally increased (if at all) to support both GMSK and 8PSK.

[0075]

For clarity, specific embodiments have been described above for a unified

modulator for GMSK and 8PSK. Other embodiments of the unified modulator are also

possible based on the description provided herein. In general, a unified modulator may

be designed to support any number of modulation schemes, where each supported

modulation scheme may be a CPM scheme, a PSK scheme, a quadrature amplitude

modulation (QAM) scheme, or some other scheme. A unified modulator may also

include any number of filters for any number of pulse shaping functions. The number

of filters and their impulse responses are determined by the particular modulation

schemes being supported and/or the pulse shaping required by the supported modulation

schemes. For example, the ¢y filter may be used for the (rotated) 8PSK waveform (as

described above) and/or for other PSK waveforms of other PSK schemes. As another

example, the PSK waveform may be filtered with the ¢ filter (as described above), a

combination of filters (e.g., the ¢p and ¢, filters), or some other filter(s).
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21 WO 2006/ 012136 PCTI US2005/ 022039 [0076] The unified nodul ator descri bed
herein may be used for various wireless systens (e.g., a GSM system
supporting EGPRS). The unified nodul ator may al so be used at a base station
for data transm ssion on the forward link (or dowlink) as well as at a

W rel ess dav@ awefdicdata transm ssion on the reverse | i RRTUSZO0SEA2039K) .

[0077] The unified nodul ator nmay be inpl enented by various neans. For
exanple, the unified nodulator may be inplenmented in hardware, software, or
a conbinatio her - i.oital Ee | tat | ified
nodul at or (et.bg?é,] thgﬂé Blru c%g%é@?d%a%ﬁni%ﬁsﬁggglﬁn} Ir#agﬁ%gﬁ% Q ﬁ?%&ﬁ%ﬁleﬁgy be

i mpl ement ed syistehiisfe.gne GEM Rpstem segptirgaEGPRS)s fitei vnifiedi mbddatat maly also beli t S

(ASICs), digital sjgnal .processors (DSP5), digital.. sjgnal processjn

devi ces (Dsﬁﬁgﬁti‘){’%ﬁrsﬁﬂﬁ%&rélaﬁa BR _Ele(f%t‘ﬁél,ﬂﬂ‘f@gaamﬁﬂ@a?a’ gl e gate
arrays (FPGAg)y wiRlQS 88 for dAQ HkstlidsRinSon tHe GVasEREML (P LHIRILS. )

m croprocessors, other electronic units designed to performthe functions

descri bed h#P&7ln, &he vnibethiodidetoomay heredsmentagrbyarerignsmensh Hevkramgle,

i npl ement ati Qn, i Jil =q. fd S .

i npl enent ed @\netlﬁ'iﬂ;ﬁa#@%&léé:gggﬁﬁg;ﬂn?}ee%.n{eﬁalgquaf er sS,0 h&rglfaeﬁl})rstggc\ré g%%?nég%%ci tors,
i nductors, atheresfh divr.a [dEHAB hafdware impleieaatatton, nthé ameiddatmodulatot egynhé i ed
nodul at or may be i npl enent ed Lt h du] es (e,qg., procedures, finttions, and
So on) that HeFFURAURNCOACE P Gasih Thmty hEipRoSEE vaE ops & mastios may
be stored i NyRiRRIYR sWedild  oircIRY ugl i i cut ed
by a process%ﬂe. g.s?jeéél%unf?lﬁegﬁtgrmf%%. S‘)II'%%) @r#egf%gs)% Slrﬁs}? Eéﬁ%@@%s%%giﬂ%ﬁnt ed

wi thin the psigerespioressing esteviges a(DIRDs).herquraveeder logico@zofesTHRLDs)e Viiaddis

description of th  sclose pbodi ts_| rovid enabl e any person
ki1 ed § o Heenfepls® ReBs ST BRI erb R n o, B ot

modi fi cat i onmidreprédeesves, etiies dilevabhie vtk | dekigngderdpdrforapher Ridtione deftoived skil | ed
in the art, _and the q%%erjc ri r}ch:pl es defined herein ma%_be applied to

ot her enmbodi WEFRsONG tFRfiRationdiapeli (Fgr £R halesBatdypieiitplsmeatatipr th vrified

i nvention. Thd&ulathfI@. I8 Bilters) AYEBE {flethent@Pith WIS ERAitHP(RE dnlpfieRd to the
enbodi ment s sh.owiaq hgrg;_i n t_)utrsj S fo t?gmgccorded thegé\;m deét%ﬂelséﬁ’o%ﬁﬁcloﬁ’si st ent
wi th the prifgsisiorseeapasitbry indartofseandso@s).di scl osed herein. [0080] WHAT IS

CLAIMED | S: ﬁ)ﬁ?lﬁLAl %%‘ a software implementation, the unified modulator may be implemented

with modules (e.g., procedures, functions, and so on) that perform the functions

described herein. The software codes may be stored in a memory unit (e.g., memory
unit 132 in FIG. 1) and executed by a processor (e.g., controller 130). The memory unit
may be implemented within the processor or external to the processor.

[0079]  The previous description of the disclosed embodiments is provided to enable
any person skilled in the art to make or use the presemt invention. Various
modifications to these embodiments will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other embodiments without
departing from the spirit or scope of the invention. Thus, the present invention is not
intended to be limited to the embodiments shown herein but is to be accorded the widest

scope consistent with the principles and novel features disclosed herein.

{0080] WHAT IS CLAIMED IS:
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1. An apparatus conprising: a first filter operative to receive first
synbols for a first nodul ati on schene or second synbols for a second
nodul ati on schene, filter the first or second synbols, and provide a first
filter output; a second filter operative to receive and filter third synbols
for the first nodul ation schene and provide a second filter output; and a
sunmer operative to receive and sumthe first and second filter outputs and
provide a nodul ator output; whereiGlL.AMSsecond synbols are derived based on
an initial phase value selected froma transition | ookup table to provide a
snoot h phase for the nodul ator output when transitioning fromthe first
modul ati on Bchengn fpatdies @agERGgnodul ati on schenme. 2. The apparatus of claim
1, wherein the first npdul ation schene |is a ¢ontinuous %hase nodu| ati on
(CPM  schentlighlterogesdoidermriitat Yaipolsdpeatirst moguiahierseheme ot sokefl ng  (PSK)
schene Tg [ henme is
o Caus SIS 0P ARBRN ot EhBh e IS O kOB bRl TR R Seai et | on
schenefilter carpuB- ary phase shift keying (8PSK) schenme. 4. The apparatus of

claim2, wherein the CPM.schene.is ocj at.e ural it of pul se
Shap ng'  urbiSeBRLSABFBR e eceryreat Tt ik SHbblsor g sk Dot e

corr espoRgL R8d %@v%eas@é&l@ﬁltepwtﬁﬁ shpi ng function anong the plurality of
pul se shaping functions, and wherein the second filter has an inpul se
response coar $Lempcrrmbﬁnngmlacs‘eecmdc$umhg‘é§t angl sesendshhltgsiontputsiand promde aanong t he
plurali EY9 lt B%Ise shapi ng functions. 5. The apparatus of claiml and
operabf“é”l' ACLOYPY¥st node for the first nodulation scheme and in a second

node for theh&eiaRdscoBedyatboturs 6BRE basd of A iMiR@Phatesmhef sekbRl fom @nd
further operable in a third node durln% a transition between the first and

secondtriséigndeckyn tainrasevidya smpeth phpsgrian the medulaiosoRipyt Whgnelrasioping fi r st
and. < EOATL it AbS R SREREL HE sdBnd FEARMYG Lhit, and second sequences of
synbol s, respectively, §7ansition fromthe first modul ation scheme
to the second rmﬂtd@pammss)ﬁhlenm,l windeinttier frstmbddatiomcohand islatcentinueus eset to a

known st ate sed t he secon uence of
g PC[]) eme anddthe se ond modulation g/cheme isa ghase shift keying

phase modulation (CPM) sch
(PSK) scheme.
3. The apparatus of claim 1, wherein the first modulation scheme is a Gaussian

minimum shift keying (GMSK) scheme and the second modulation scheme is an 8-ary phase
shift keying (8PSK) scheme.

4, The apparatus of claim 2, wherein the CPM scheme is associated with a plurality
of pulse shaping functions, wherein the first filter has an impulse response corresponding to a
largest pulse shaping function among the plurality of pulse shaping functions, and wherein the
second filter has an impulse response corresponding to a second largest pulse shaping function
among the plurality of pulse shaping functions.

5. The apparatus of claim | and operable in a first mode for the first modulation
scheme and in a second mode for the second modulation scheme.

6. The apparatus of claim 5 and further operable in a third mode during a transition
between the first and second modulation schemes. ‘

7. The apparatus of claim 1, wherein the first and second filters are operative to
receive first and second sequences of symbols, respectively, during a transition from the first
modulation scheme to the second modulation scheme, and

wherein the second filter is reset to a known state based on the second sequence of

symbols.
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8. The apparatus of claim7, wherein the first and second sequences of
synbols are selected to reduce variation in an envel ope of the nodul at or
output. 9. The apparatus of claiml, wherein the first and second filters
are operative to receive the first and second sequences of synbol s,
respectively, during a transition fromthe second nodul ation schene to the
first nodul ati on schenme, and wherein the second filter starts froma known
state basedd-on tHhe apparaing ofelaine hckhessin derfiyef and sapnd Ferucaens Of armRolbarec| aim 1,

wher ef Quiia {1idike SYIRBA 3, A EnORhl ¥l hagefuoBuan i niTal | phase val ue

sel ecte roma transition e pr ovi a snmoot h phase for the
nodul at or  %ut pufhevdpparatus afislhini dnvitgeih thenirttwed Secad dilesdut apdraiveschene to
ation schenme. 11  The apparatus of claim.l1, furt

the first, HQF¥J A er
conpr i §F5Ye the Tirstand segord sqaggnces BF sygpnolsataeRestiy oy r BEWE RIS HER FORIE bits and

gener afRofdRodilhtiin SNHROloShE BFst mol@afidd stherhé |ah8 WheiS 86 EGDnR FBePliAELSSOr
operative to receive second input bits and generate the second synbols for

t he fi frem afkinbwastatealradechon thiesecopd eequenisad spmbeiper ati ve to receive the first
i nput bits d nerate the third  synmbols for . .the second, filter. .12  The
apparatus ofcla af?i?ra%sigf‘él?w E’h‘@hef%/lﬁg‘te %ﬁtﬁmf)[}'&ﬁe %H@&ﬂ?a?eg °4 a%'Hﬁ?lnuous
phase prgelatd lec(<dHMm & eRgdiBord Rakup @bid %S prov Rl admbbthprasdiov iRl hédelaér pul se
shapi ng functions, wherein the first pre-processor is operative to process

t he fipwputiwlisutirapsitieningfrom thesegesd medylaion sshempe tothe first modnlatipmerdenpe
plurality of, pul ' [ t ate the first synbols, and
wher ei n theflt'hi rﬁ%pa?)g%{rug%g@ggﬁ’i@Hﬁ%égg ﬁ\%ét 0 process the first input bits

for a secongfilsap@gsbcesqoubp&ratveapireu@iviednatinmin basmbgdnb@tahel figst s¥rybadé fopul se
shapingwfunctions to generate the third synbols. 13. The apparatus of claim
11, whB¥disi fi§6 second nodul ation scheme is a phase shift keying (PSK)

schere, and, Mgﬁ@ér@ptr&%s%?Bg&gﬂ\fértﬁ?&%f?@%éc%ﬂﬂ ilpat ORE rfatg'e}«@rafegh@gee s the
second input bits for the PSK schenme to generate the second synbols. 14.
The appantaiufer ok fobtdiler;hndwherein the first and second filters are finite

i mpul se response (FIR) filters. 15.. The aratus of clajm1,.wherein the
(1Tet “and soloR@ryProcepe Spebst i Ssbipt B8 1Y ruhbisRkeshilenhe il o' (oom) of
L, wheggndold or 8R skén@9Bfer 9r eater than one. 16. The apparatus of claim1,

wherein the first and second filters conprise a plurality of nultipliers
i mpl enent ed!3ai t hThecpranaps ohplaias | 1, wherein the first modulation scheme is a continuous

phase modulation (CPM) scheme that is associated with a plurality of pulse shaping functions,
wherein the first pre-processor is operative to process the first input bits for a largest pulse
shaping function among the plurality of pulse shaping functions to generate the first symbols,
and wherein the third pre-processor is operative to process the first input bits for a second largest
pulse shaping function among the plurality of pulse shaping functions to generate the third
symbols.

13.  The apparatus of claim 11, wherein the second modulation scheme is a phase shift
keying (PSK) scheme, and wherein the second pre-processor is operative to process the second
input bits for the PSK scheme to generate the second symbols.

14, The apparatus of claim 1, wherein the first and second filters are finite impulse
response (FIR) filters.

15.  The apparatus of claim |, wherein the first and second filters are oversampled by
an oversampling ratio (OSR) of L, where L is an integer greater than one.

16.  The apparatus of claim 1, wherein the first and second filters comprise a plurality
of multipliers implemented with look-up tables.

17.  The apparatus of claim 1 and operable in a wireless communication system.
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17. The apparatus of claim| and operable in a wirel ess communi cation
system 24 18. The apparatus of claim 17, wherein the wreless

comuni cation systemis a d obal Systemfor Mbile Comrunications (GSM
system supporting Enhanced General Packet Radio Service (EGPRS). 19. An
apparatus conprising: a plurality of filters for a plurality of pulse

shapi ng functions, each filter having an inpulse response corresponding to
one of the P uralhietapparpiup af elaing hapyheeein theotiredess commensation fstempbaral ity of

filter I i i of
ot IR AR SRR R G B UL A SR !
gener aRadlo 8etvived EGPRBErent set of one or nore filters selected from anong
t he pl uraliy of filters; a sumrer operative to sum outputs of enabled ones

of the plurklity bFPRFANEONNSNgenerate a modul ator output; and a plurality
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t he pl umpailsetrgspofisefdotresposdingwhemesdfrihe plarapityurfgluise whapfing funtteons, wherpinitiees a

first filter rative to receive first.s ol s for firs l ation
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secondssyBObfd Fhereled Wb rRAHEeacBindldtiBh kilRineNh aaRrated Weh aalfesémdetf rom a
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of nogati@ticpbutpethendes and to enable the set of one or nore filters for the
sel ected nodul ati on, schene. 21. A nmethod of generating a nodul ated ?i gnal ,
conpri si ng: 2 PR BY 9 fjePracessosy sAsH IPEC-PIgFesELTOPEE I VeriodEFAYs BRVINNS O second

synbol § .f : i LA i r output;
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table to provide a smooth phase for the modulator output when transitioning from the first

modulation scheme to the second modulation scheme.

20.  The apparatus of claim 19, further comprising:

a controller operative to select a modulation scheme from among the plurality of
modulation schemes and to enable the set of one or more filters for the selected modulation
scheme.

21. A method of generating a modulated signal, comprising:

filtering first symbols for a first modulation scheme or second symbols for a second
modulation scheme to generate a first filter output;

filtering third symbols for the first modulation scheme to generate a second filter output;
and

summing the first and second filter outputs to generate a modulator output, and wherein
the modulator output is used to generate the modulated signal;

wherein the second symbols are derived based on an initial phase value selected from a
transition lookup table to provide a smooth phase for the modulator output when transitioning

from the first modulation scheme to the second modulation scheme,
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transition | ookup table to provide a snooth phase for the nodul at or out put
when transitioning fromthe first nodul ati on schene to the second

nodul ati on scheme. 25 22. The nmethod of claim 21, wherein the first

nodul ati on schene is a continuous phase nodul ation (CPM schene and the
second nodul ati on schene is a phase shift keying (PSK) schenme. 23. The
nmet hod of claim 22, wherein the CPM schene is associated with a plurality

M . _
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ol al'm 22, 4t nevhectitbed it B 552k g Bk e ironned Fbp pifeTBek
schemeof I GRRGSAL RunklichsE AR MTHRL SompASing The method of claim 21, wher ein
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transition precaseieg firsiénpur bist foamrrgastrse shaping Airicten ewprgrés plurggy ofpulse
appar at,us. ¢ r.i sing; of filtering first synbols for a first

nmodul af}iaBng'g'% lﬂ%StS%EE%%%E@E ét&?m&bsoﬁ%g?dqa second nodul ation scheme to
generate a proteting kHetferkt iaputits fornmatsmdii@gest pliseshapingtihndtdnaywaghie for the

first nodul ati on schene to generate a second filter output; and nmeans for
sumi nBlufahisy ¢f pudse sharing Bwetienste pensratetie sirdsyimpboffener at e a nodul at or out put ,
wherein the d t im ®_ 5l nerat e the nodul at ed si gnal,
wher ei n thezdggcgtl% ]{s?i':/th d(;{)tg&%?{eﬁderl vg%&%%ge ‘on an initial phase val ue
sel ect ed frpmrasing saoad inponbiksofokthe PSEicherhotopgeamiattahasesmdsymipiase for the

nodul at or oyt put,_when trapsitioning .fromthe first nodul ati schenme to the
second modutst | oHeerEabT Jaim Thartiisin st tnd Srond ERURMSE OFGHEPES A e f r st

modul agjaeg §W§ﬁﬁnéc§d@in§%ﬁfﬂn§‘iﬁ8ﬁ'Setw@@rﬂﬁl@ RAHY dcoRMmoiIMios &heEs. and the
second nodul ation schene is a phase shift keying (PSK) schene. 28. The

appar at us o26.cl ahwapprratwhengirisinghe CPM scherme is associated with a plurality
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second modulation scheme to generate a first filter output,
means for filtering third symbols for the first modulation scheme to generate a second
filter output; and
means for summing the first and second filter outputs to generate a modulator output,
wherein the modulator output is used to generate the modulated signal,
wherein the second symbols are derived based on an initial phase value selected from a
transition lookup table to provide a smooth phase for the modulator output when transitioning
from the first modulation scheme to the second modulation scheme.
27. The apparatus of claim 26, wherein the first modulation scheme is a continuous
phase modulation (CPM) scheme and the second modulation scheme is a phase shift keying
(PSK) scheme.
28.  The apparatus of claim 27, wherein the CPM scheme is associated with a plurality
of pulse shaping functions, the apparatus further comprising:
means for processing first input bits for a largest pulse shaping function among the
plurality 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.

29.  The apparatus of claim 27, further comprising:
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plurality of pulse shaping functions to generate the first synbols; and
nmeans for processing the first input bits for a second |argest pul se shaping
function anong the plurality of pulse shaping functions to generate the
third synbols. 29. The apparatus of claim 27, further conprising: 26 means
for processing second input bits for the PSK schene to generate the second
synbol s. 30. The apparatus of claim 26, wherein first and second sequences
of synbol s means (grprecessing sasand inpricitsdor tha §SK schemstotgeneratgdhamespnd he fir st
and Seé%ﬁ% nodul ati on schenes. 31. The apparatus of claim 19, wherein the
first SyWbol's are derived based on an initial phase val ue sel ected froma
transition 3(okufhetapbhratuk of play Leleviramiiat Bnddrased fequercheof syatbulsakor out put
when transitioning fromthe second nodul ati on, schene to the first nodul ation
schenefilteyed andhqumppaddiging @ teangifion batwegihide &rsh 2bdheecpng BEdelpligibickente deri ved
based on_amj.ni tidlapoRRES Br il eo.56He -ﬁﬁféﬁrgtgg}n%oisra?@@emwBaée.@%_ap table to
e tor the no t ut when t

provi de a snooth ph ulator out ransitioning fromthe
secondiniidiphat ivelne sgéeakfrom atttaasifibn tokuptibleat porvidechemmth Bikse Tdréheappar at us
of claim,26, wherein the first s ols are ri.ved based on an ini.tial
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phase §{@emthe nodul ator output when transitioning fromthe second
nodul ation schene to the first nodulation schene. 34. A cor‘g)uter-readabl e
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schenmeo@puSAeANAnSHOHOE Sroml thE setoseaRBfatidichahé ths Che LRGeS demee a first
filter output; instructions for filtering third synbols for the first

nodul ati on 3thenBreappyains ohelain 26.cdiestn theifirstaymals sir deryad bassd eP @Bt i ons for
summ ng.,: & LI r output,
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wher ei motlletos ectpumidvisntisnkisioning fider the egtohdsedulatiorastheme td the fiph aselulatibnie
selected froma transition |ookup table to provide a snooth phase for the
modul abd¥™Gut put when transitioning fromthe first nodul ati on schene to the

second modutqt i of c§mPRERrcadable medium having a computer program, which when executed

by at least one processor, operates to generate a modulated signal, the computer program
comprising:

instructions for filtering first symbols for a first modulation scheme or second symbols
for a second modulation scheme to generate a first filter output;

instructions for filtering third symbols for the first modulation scheme to generate a
second filter output; and

instructions for summing the first and second filter outputs to generate a modulator
output, and wherein the modulator output is used to generate the modulated signal;

wherein the second symbols are derived based on an initial phase value selected from a
transition lookup table to provide a smooth phase for the modulator output when transitioning
from the first modulation scheme to the second modulation scheme.

35. At least one processor configured to perform a method of generating a modulated
signal, the method comprising:

filtering first symbols for a first modulation scheme or second symbols for a second
modulation scheme to generate a first filter output;

filtering third symbols for the first modulation scheme to generate a second filter output;

and
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35. At | east one processor configured to performa nmethod of generating a
nodul ated signal, the nmethod conprising: filtering first synbols for a
first nodul ati on schene or second synbols for a second nodulation schene to
generate a first filter output; filtering third synbols for the first

nodul ati on schene to generate a second filter output; and 27 summng the
first and second filter outputs to generate a nodul at or output, and wherein

t he nodul at B¥mmige pist fipandseepnd diligepapys & ganerafprampdylagr gwtgwaand WhERIBi n t he
secondys |§qﬁﬁh§r%5$ug qk&ygégﬁégg ﬂpmg&ﬂ&géﬁg I phase val ue selected froma
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nodul ati on, s me. 28 . _—
transmon(iogl‘(up tab%e to provide a smooth phase for the modulator output when transitioning

from the first modulation scheme to the second modulation scheme.
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