10

15

20

25

30

35

W0 easssaBver s,

TRANSCEI VER FRONT END FOR SOFTWARE RADI O SYSTEMS Fi el d
of the invention: The field of the invention is radio
and in particular the front endPGHBIY2NE/000026
used in transceivers for software radi o systens . An
exanpl e of an application of the present invention is
a front end for a wrel ess comruni cati on system
t r a2l SCE T VER CRRIONT rEND fFOR S OFIIWARE CRAD T eSYSTEMS
popularity of nobile wreless comuni cati ons has
resulted in the devel opnent and use of many new and
Fdefifiepénthei delvest ioammuni cati on speci ficati ons,
techni ques and standards. Exanples of some current
standards are: tine division nultiple access (TDVA), _
ThedEigild Siforthml dnyertirit ek YTBMWR) trapeeRoysREr and in
pr.E:QgU:ﬁmQ!' g:_tm_é S !mﬂm: %ha: %éﬁﬁén{ﬁ%g@“@h orttrﬁﬁ@eaakrers
requenc ivision. multiple access : e
£0%r i RRETWWFET esS r?lmrﬁgsart‘?’%‘?\' st and%‘?ds%ﬁg‘ﬁ’lzg of an
appitikchatieaus Hpeiat ppaseht mihvepkéon rie essfront end for
conmuni cation_sess| [ LN i -leqmmi cations,
298] gecgrsrﬁuﬁf)caﬁng%sa&gfénanégﬁégeg:g%%&%lt al” ‘payl oad.
The many di fferent communi cati on standards operating
pabxdiblaaetE Bl Qf/atyenci es and bandwi dths
typrcally require transceiver architecture to be
devel oped specifically for different comruni cation
Tﬁbanﬂa{adiaﬂ:bys eﬂChnébl:BIﬁmwﬂH‘élalﬁe didrrefreindations has
ar re architecture.. There are devel g n t
TEGUSTESC o pﬁkéep SIS P e df RSt elgs%af%\;\lzlfléﬁy %Y and
dafclereatt ur e wiigrelews ent camhuidicartd omi r el specdyfdcafdons,
using Ssofiwar e+ LadL g Wher s di @ f I QUARNCIQS ~
e drh‘?acaﬁéﬁgéﬁgaj'fj ed"%%?%%ﬁ% S e\l rent
sgpadgadsonarke shiBehaf ks BON SO eiRLe adiqress (TDMA),

code division multiple access (CpMa) , orthogonal

frequency division multiplexing (OFDM) and orthogonal
frequency division multiple access (OFDMA). The various
wireless communication standards enable simultaneous
operation of multiple wireless communication sessions
involving voice communications, data communications or

any type of digital payload.

The many different communication standards operating at
different radio frequencies and bandwidths typically
require transceiver architecture to be developed
specifically for different communication standards.
Thus each system will use different hardware

architecture.

There are developments to try to overcome the problem of
dedicated hardware architecture for current and £future
wireless systems by wusing software radio, where the
radio frequencies and bandwidths can be modified through
software changes on the same hardware. Software radio

systems aim to process waveforms as sampled digital
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systems aimto process waveforms as sanpl ed
digital signals using software as nmuch as possi bl e,

WO 2008@8348han requiring speci al i sed anal ogue harPCiudKY2007/000026

for each processing function. Wth inprovenents in
processor capacity, functiofds that are traditionally
perfornmed by hardware can be inplenented in software .
s@dinbarnt Mﬂgévag@ftmtf@f hEphebntat i possilbléj seather than
araneterize Lgita unciion uc iqitalesignal
REATIRY | [ pRecidniBec o srafeudy” huffadsde %\ 5d, 0" aen
palolcewsdingnalfsnicdiong a hWith caimprovenenfiendyp processor

J%ﬂ@gﬂqg;(¥hé?%qoﬁ erfbl t@eber comverdeh iyt gebasehand vy
srgnal's ‘for digital signal processing for the various
handaleass cagnigiiamlienentech ity fef t39d¢ -as TDMVA, CDVA,
OFDKIor OFDVA. All the above wi rel ess comruni cation
t echni ques maxi m ze trangp ssion aver the air thro .
CRFEEDE ur e SREGWREEI on, T3HET e t vid"R ?ﬂﬁﬂﬁ%&ﬁ?ﬂﬁchaﬁ#@ﬁ%se
p%&‘?ﬁfeﬁ:te&d.zlé}d ad99i phasewhitfitorar espebviededdightphasd gnal
an uadr.at.ure channel s a I S I
BT VT et BUETRRE e | DianabeirstaPe Tk aljow
sigferle fhatimg arhbshi sskohent fneguencyr dqaasaitthge over
dlvanaee of i Chapaldd halo L WaLUHRT Sl SR edkor
signal s or data can be transm tted sequentially and
Higrdl sishTtaheREPFLITERI si hgFe ﬁPSheWaFFgﬁﬁgnEVIeless
afnglcdvs dmkitkghadyarisageuthe fer imooiaGi t gpMA, OFDM  or
oscill ated signal through cosine oscillation which can
ase separated perfectly and naturally by 90
through sine oscillation as illustrated in FIGI. The

AHH?Hﬂ&QmQQ?%gEQEQQIEQSbEBﬁﬂga@ga@E%Bt@edﬁﬂ%@ﬂ@éxﬂéiﬁhize

Systemis convert a signal in the Radio Frequency .
tRmsTHS 8 iaTe refeel atlke FréguEREPUORFIURRITR t e M IG 4 on
it d ocdder PRsshdssi shopahndeleCklyarated by a 90° phase

shift are provided, in-phase and quadrature channels (IQ
channels) . Signals or data transmitted over the two IQ
channels are combined before further transmission at
higher frequency. The advantage of IQ channels is that
two different sampled signals or data can be transmitted
sequentially and almost simultaneously over single
higher frequency channel by taking advantage the
periodicity of oscillated signal through cosine
oscillation which can be phase separated perfectly and
naturally by 90° through sine oscillation as illustrated
in FIG.1.

The most common method in broadband digital
communication system is to convert a signal in the Radio
Frequency (RF) or Intermediate Frequency (IF) in a
channel from and to the baseband signal directly,
illustrated in FIG.1l, where the signal center of
frequency is at 0 Hz allowing efficient digital signal
processing algorithms to be applied for signal

correction and recovery before proceeding to higher
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illustrated in FIG I, where the signal center of
frequency is at O Hz allowng efficient digital signal

wW@e@sasssng al gorithns to be applied for signaPCT/MY2007/000026

correction and recovery before proceeding to
hi gherl ayer of conmunicatiof | evel. The anal ogue
transmtter circuit in FIGI| converts the signal from
1&@%&3&5@ ﬁﬁnﬂﬁﬁﬁheégiéﬁqme%)l.i n Bhageaaliofiak ittransmitter
reaches the i.red transm ssion_fregue at
ST tlﬁnrﬁg[g%al 9°‘?mf?1’é§? nv reses%)%ré%gt :}?r(?ml sbgggband to
HigyHear naceduendeinnakagee neddilvert cireaches 10hehatesired
SANEELS R aﬁgeé{i{aﬁ’cgnaall% shar ting, S10m bhe hhequencyrhe
received at the antenha I'n stages until 1t reaches
itrtve rises aipeh tiomel ¢ ceer BoEMed EAHI 5h6e 28RlOgve recelver
dimharentatinns speeefis kP LhG Gvadhighune Mra@ting from
produce offsets and errors jn the frequengy m. xers 2 .
e EPEBIRPEh e et Yot B sthe afBteBnarsy é\‘i/‘aﬁ&a&es until
itthesR P AR ke sdamnmonl y i nfl uenced by high
circuit tenperature, thermal noise, and inplenentation
flaws from design and materials used. The offsets and
Ienprearfe qieiersat edirdf r omnElegrexer simmhitthe dewpillemgrdrasions
sgjefcq.cgicth oqLﬁH:t ug rggﬁg‘éorﬂ?iﬁgg, mulRied skgeets and
romin-phase ) "and quadrature (Q “signal paths as
SHFOMF | rLTEqUER? onfIegeeneYie PEAEALHI t 2ni RBA odtlpu@ngl | the

c%ﬂi@{l‘éﬁbxgs fﬁraﬁﬁelﬁ ecerye Bkuapleyt pllest3 caii’t%honents are
uat 1.on or the ,recejyer m.xer ,output 14, er e_,xx

R e rea 18 | by gh, PSRy il asafeS] Fima
Hoipai,h, end s ihplénemsatiogai rflawor producededygnhe and
n'xa'gjeq:fca%.% 'EE? SM Loyl XEE £ ERsT S 16 £ E6EL VBN LW From
produced by e inperfect receive mxer, <pt _Is the

theansiraroseid | bheopsphhbaterssaffpesdised plity of the

déimlrrlfé%ft En'b@lhﬁi@tfed??%iéﬁﬁpgs ﬂgﬂ% f RinSphlA@er €CeLyYe and
q;}zagqa}fgp%ﬁog_( ) asselg%alS eptatq{so g(s:eshoxml rE.pnerfi:gggtJr.oegellvefor

the transmit mixer output 8, Equation 2 for the receive

mixer output 13 and Equation 3 for the receiver mixer
output 14. Where x; is the signal for the I-path, x, is
the signal for Q-path, & is the transmit gain error
produced by the imperfect transmit mixer, ez is the
receive gain error produced by the imperfect receive
mixer, ¢r is the transmit oscillation phase offset
produced by imperfect transmit oscillators and ¢z is the
receive oscillation phase offset produced by imperfect

receive oscillators.

Yy = (l+er)xr cos ¢r +(1l-&)xgosingr (1)
Y:s = (l+eg)xr coser +(1l-eg)xpsinegg (2)
Y4 = (l4+eg)xpcoser + (l-eg)xrsingg (3)
The imperfection of analogue circuitry produces

imperfection of quadrate modulation which, in turn,
results in radio frequency signal degradation such as

amplitude, phase and frequency offsets to the signal.
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WQ 20080388y R + {1-

Y8 =(.l+et )x ccos yt + {1- e )x @xn ft (D Y13 =
(I eR)x x cos YR+ {l- eR)x @&n fR(2) Y14 ={ + eR
eR ) Xj Sxrupn (3) The i nperf eRCT/BKY2047/000026
anal ogue circuitry produces inperfection of quadrate
modul ation which, in turn, results in radio frequency
si gnal degradation such as anplitude, phase and

XTQQ‘ESBCYaﬁEf&@b&oh?H mositgﬂ@ ﬁraﬁgl@ith ard aaplrmt ment
| S 0 1 ratur ul,atl on
HTaRIEE R ERURCAPS: e R oRel SidatRe iers,
d;ignetan‘soa:daéme oangesfinet oatctidéAaitiionn giegrifiealt fattemsgtion
d. i t.al
AfUAEPE! 21988800 SRS L0 SAPHECAELALD! 18] samone
ﬁh%q@mt@% ﬂ@mhﬁs ghckrequévicytt dllié@él@alﬁd Setme\ﬁ @ the
SRS a§rbl;h€ﬁ&&é§eckfd% FhEth frelicritys h@&"sb%.sE}SB.h‘aa'and

digital front -end rad IO%%P errentatlon currently used

TiFR o MR TR al2T oS apidt | T ofrs. YIRS (RS a
sk T s@igiodlt onﬂaaéﬁgueaqaad r:.afplfémdﬂ'r)éﬂfmm adudently
el i mnated throu digital, ] enen l on as

‘H?‘glsjtrf at EYG- ‘1“h‘g° ot a?Pﬁ’a#:‘%aa?ﬂp??%g

met hod. | nplenentation of this nmethod provides the

%ﬁ%} f%&&éaénérggfse Qd EaQ£gidﬂ@#ﬁ?ﬂgzqdégkaéqy% mixers

transmt quadrature m xer ment s

Ry the mAningted | orhrougl digiktal gmmle%%f@twa%r as

22 e ied | ¢al eentd ohs 0881 ldi 1@hﬂpﬁﬁ»sbﬁﬁﬂ1n method
enerates cosl ne_and .sl ne wave ormdigita

BRI CRAAS 29F FHLE ARSI SeBs LY gﬂegm sigital
it gt -sdnd t aradiinal cigniel exmsnvterttiesn ( DAR)e 283 el | Staoaresmit

#ﬁaéggi&u(*ht &l“58 5mﬂ¢ Rngd %ﬁg&eét £h|m1é¥téétl°q 21

ecel ver quadrature m Xer
arl migleroat Adaigelasostkklaton c$|2g| rzl BYBerigedr gatrol

déé%ﬁﬂéﬁbrttﬁtéﬁCEhagrgéﬁEQbEEEtHB%lH%e%ﬁa'Blﬂé waveform
anal o%ue to-digital ,converter DC 38. In FIG 2 the
e 1of Z'T"\Péﬁ

and| %gﬂéglf—a grgeEar3 AL hitecture uses

single digital-to-analogue converter (DAC) 28 which is
one of the architecture’s main advantages. The digital
receiver quadrature mixer 29 implements digital
multiplication 30 as mixer and digital oscillator 31.
Likewise, the receiver architecture uses single

analogue-to-digital converter (ADC) 38.

In FIG.2 the number of analogue-to-digital converters
(ADC) and digital-to-analogue converter (DAC) can be
reduced to single ADC and DAC but with higher design
specification and tolerance requirements due to the high
frequency digital sampling rate. The implementation of
digital IF sampling module can be very costly due to the
complexity of numerical controlled oscillator (NCO)
which generates digital cosine and sine oscillation and
operates -at sampling frequency of multiple times of IF
signal frequency. In addition, two stage filters have to
be implemented i.e. one is for pulse shaping to smooth

digital signals into a mnatural analogue signal
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(ADC) and digital -to -anal ogue converter (DAC) can be
reduced to single ADC and DAC but wi th higher design
W@ p®8isi4eati on and tol erance requirenments due RPOI/MY2007/000026

hi gh frequency digital sanpling rate. The
i npl enent ation of digital |IF sanpling nodul e can be
very costly due to the conplexity -of nunerica

r@ﬁ@b&@hkaﬁlgﬁC@dﬁM(Nada«aﬂoWHﬁﬁ*E@Enﬁh@tEﬁtérgblator ox

cosi ne and osci |l | at d t
SFPIRREREy SR (PRI ATos B ISSCTONE [TRRioed FACe
raéﬂebtdnelymo gShegetdi thiss chapd ekd tige anthllehent edst the

uppliof 181 5P L0" RURIR RN LOrRIROL " Il Bystens is

0 a natural "ana ue signal represent tl on
ohdym f emsilbhet for f@mplhreenm'éxfpnl &or bapedattiatiqnypr and

\ggtegg inenaase onpdectSase sauBhiBe Al pASREsiEVeL Y for

eto |s conplexity and high cost the use of

Pa‘PgFLfi&Flgfrdﬁ?eQJe"F%ll f ofoubt ERAr o Fl oSefivaRs i srafty in

tkeashbhe oo ubiR-emert atkedons .base stations and
access points. The costs involved are prohibitive for

providing digital font -end for software radio in
Suematryalo forheubaventdonst at i ons. Summary of the

i nvention: According to aspects of the present

invention there is provided a digital front end
Accenddagv dro sgspeatforfa e t RaPEeRrhdiinveptian there is

pTOTREed NY: daglitANSME+dF BRAUlerackedd Bfet 0 sYistlelal for a
i nterpol ate,, up-convert and conbi ne baseband digital
sPﬁﬁW§§@ Fﬁﬁlghﬁyﬁﬁﬁa?QPQPElFQPgChanneIs to forma

di gi t al |atem&a&m&h&tkmeqmmﬂu&élF%ddﬁ}sdgnab fdigitally
1GORNBILQL ! QAN [ad @ 50bebEAGSHELSTLAN: 5n-

recei’'ve Ul'e adapt ed Lo Separ at e, onver {
ransgedeCl)matrd agradeatadedi (@l) t ghapmell® siqy nE@TRmnpodigital

113@%%}%@1&1@&'5134 qlerfiid fohaﬁpelﬁ)gn\ﬁﬁer&f‘ tBRversion to

transmtter and recei'ver es use a
analogue IF IQ signal for transmission; and

a receiver module adapted to separate, down-
convert and decimate a received digital IF IQ signal
into baseband digital I and Q channels,
wherein the transmitter and receiver modules use a
common fixed sampling and IF conversion rate £, where f;
is a quadruple of the bandwidth of the baseband signal,
such that the architecture can be applied in a software
radio system for a wireless communication application
having any baseband bandwith by selecting the £fixed
sampling rate based on the baseband bandwidth.

Preferably the sampling rate fs = 4BW where BW is the
bandwidth of the baseband signal, such that the centre
frequency £ir of the intermediate frequency signal IF is
Ep=BW. The advantage of embodiments of the present
invention is the same system can be applied in
communication systems having different bandwidth
requirements by varying the sampling £frequency in

accordance with the system bandwidth.
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common fixed sanpling and | F conversion rate fs, where
fs is a quadruple of the bandw dth of the baseband

W@ r@aas348such that the architecture can be appPCEMY2007800026

software radio systemfor a wireless comruni cation
application having any baselfand bandwi th by sel ecting
the fixed sanpling rate based on the baseband

TandahdbhciBhef £1 801 wxhagsanpbi g tehasteivedBWIEERT @ he
BWis the bandw dth of the baseband signal, such that

CEMTER requency fIF of the internediate frequency
si gnathd F invehti=BW albe agvenidge od edmiblredroadssing
t esent invention is t t can be
e g N s e
bandwmhduaiemui rensmesswytearyi ngdehe s&ipfl npdapted  to
Jifguancy khedeeandaace WldudNersyshem bapdvhd! hallthana
nvention also extends to a transceiver with the above

QG

[

Eherittarh Hie BhRasit (Bh ardodprevabuezsea (9) gfRergedEeds fPrm

dretdhed tafl aisebiwelks atadi 8reyaeaayCONPF) Sing: signal for

Producing a transmtier rmg I (310}3 d tec{_ﬁ;o oL

SRRYRAAGR | 57 PBOFAELOTH TRokPePEIRRG i) R smissions

dmseband digital in-phase (1) and quadrature (Q

chan t rma diigital,in | at qu F)
.rbe.l.losvlcﬁrIgo m, g: ge‘i@er tm%r c!—:l ?B%é?l Qg.g{ééﬁ%}i to

| Q sifgnal” Tor° convefsion to an anal ogue _ I
femangtasnfewnononyadtprand dieginatecd veecabdahe digital

1% rpdaRiRa 18R Alan d WGV e tardNd) decdivd Bs A
received digital IF I%t%lgnal into baseband di_gital

. : .
oRfFabidanhBes, t R mt t B rERRe YoEr MadPiSsceVVER 2

doidreSEtdd SameDimg &hdelrsaopvepgiend reEecanyewlsenn £,
rate fs where fs is_a quadrupl.e. of the bandw dth -of_.

et LIBHARELS! il By SBTBHERRY o (75 cH L anprng omal
hyat ediasadmgn tiie baSetrehd dsapdviingt h.rate based on the

baseband bandwidth.
Brief description of the drawings:

An embodiment, incorporating all aspects of the
invention, will now be described by way of example only

with reference to the accompanying drawings in which

Figure 1. is an example of a typical analogue front end
architecture for a software radio transmitter

and receiver.

Figure 2. is an example of a known digital front end
architecture for a software radio transmitter

and receiver.
Figure 3. illustrates an embodiment of the digital
front  end system for a software radio

transmitter of the present invention.

Figure 4. is an embodiment of a digital £front end
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Brief description of the draw ngs: An enbodi nment,
i ncorporating all aspects of the invention, wll now

wheoodasasd bed by way of exanple only wth ref ePEndE20@/000026

t he acconpanying drawings in which Figure 1 . is an
exanpl e of a typical analogde front end architecture

for a software radio transmtter and receiver. Figure

2 . is an exz@pkaieter kpewemdagicbaldihgomio @il embodiment
architecture f a software radig transmtter and

recei ver. FPﬁugg%p?eiSF\ﬁ?IsllPXfegglgﬁ'enbodi nment of the
digital front end systemfor a software radio
ransmtter . t rese [ Qv | O B aurgsds, &S
e T T R T
accor di ng t endn tersrsdiitdier ofystrm priklknsappldng giesults
Figure 5 . iihl USId Ry UMRNGNT 51 DhstNer 81 0Ebal ehc@ntup-
end transmitter systemwith sanpling results in
frequency d6RBVETtEFuSURgEd@TFor each upconverter
function. Figure 6 . is an enbodi nent of a digital

front end receiver system according to,.an enpodi nent
F39%9fe Or eséfit Pﬁveﬁ%ﬁ8ﬁ.lmﬁl ur%Jf7ga. RREhNG: tgflsronq: end
conponent s akceleeth giytsslenf reebreidgr ¢oeciarcrempestigant of

with sampling.results, ?nﬁ,reglgliggqy domain illustrated
for each downconverter function. Figure 8. illustrates
an exanple of conplex digital mxing . Figure 9 . is

Rl e qfi1the rsxiens di¥stBe didtalightal fromt

[ing/ mxin f an I men f_th n
>anm g/ endgfécéivé¥ﬂ¥§sgghtwfthts§m 5?38 &esults in

i nventi on.
frequency domain illustrated for each down-
converter functicn.

Figure 8. illustrates an example of complex digital
mixing.

Figure 9. is an example of the system used for the

digital IF sampling/mixing of an embodiment

of the present invention.

Figure 10. illustrates the raise root cosine filter

response.

Figure 11. illustrates the effect of interpolation

without low-pass filtering.

Figure 12. illustrates the effect of low pass filtering

on interpolation.
Detailed description:
The digital front end transceiver system of the present

invention enables a common architecture to be used for

communication systems using software radio by using a
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Figure 10. illustrates the raise root cosine filter
response. Figure 11. illustrates the effect of
WO paosnpsaBat i on wit hout | ow pass filtering. Fi geeBEMN2007/000026
illustrates the effect of I ow pass filtering on
interpol ation. Detailed deséription: The digital front
end transcei ver system of the present invention
cml@heSfﬂxéammmﬂmg t pater eah® himteserbdiorte frequency
conmuni,cation,s |n sof k b S
CRRYRTSTOR xBRt §¥1 |ng %and{-‘ P grrnl@geg tndStl8eiver
f&roelﬂ;uermyctfon\zen@bnantatere‘ssae/cnﬁmeluzhe ml'eamntfeer dad a
r. front ent.s S : re fs
&)‘SLadrdc'glch ;ﬂgtnhe bgﬁdv@\)ntfdtt %% %233 asesg\gr%lgdl
Si gnal An enbodi nent of the transceiver systemis

23D OWRPbA: fEAYr €08 tﬁrehetQ"agﬂsE@'lvfe&onkygﬁemSyﬁé erBl'ﬁﬂ&L in
conprises a transmtter nodule 310 an

st 320. ThRe dtPANREH £fEOPtmsthtt eS%i‘be‘Eo{%‘gﬁi gglprises a

tdﬂa@is&rﬂlttterxartﬁm%];er sbasebdnc | péeepobat modd earak®@n The
con rtin [ internediate fy.e cy

fcoroggiln 310, RERFAN T ALY qripbnaceer

hauelbmh@l alritgrrpallat:gran‘hﬂ ogwe canver-erorrtime digital

g.et%?m\%%fﬁ dul@ﬁei}%%&gﬁpr(f@s @a@wr/ﬁmafrtsag The

1gita sanpl e and a dec| mator 49.
treaemidit e duredekd afad |ﬁ%|s&de IRe1HE8 ogie €3 gltal to

aQiéi'tdgaie C%%:@&éﬂe:%%iz ng T ot el Geplf mbBAule 320

system can be i enent e or use 't ati bl.e

CoMTSAGSS  nds (REPABEIEL BAE o A FLE B (iiog AATEGRd R ies

4raeal a:sdsd ahatelviaiet @b édi mertlse orfactaliwetrr ansbele/ecan also
en . CAt ‘ﬁépq.pé [ t t ed

CI rcwet %Aﬁ%%cl%ﬁefl el ?Qgr (:Fg%?ia I'e gé{ e&“&ﬁdpa)?ﬁ{zla:PGA)

, Where the ADC and DAC functionality are provided

EriREnRed be adk t isQReenCORANMY Simplemented for use

with compatible ADCs or DACs, thus the ADC or DAC can be

omitted in some realised hardware embodiments of the
transceiver front end, such as an application specific
integrated circuit (ASIC) or field programmable gate
array (FPGA), where the ADC and DAC functionality are

provided implemented in additional components.

The transmitter module 310 performs the functions of
digitally up-converting the baseband I and Q channels to
the intermediate frequency, mixing the up-converted I
and Q channels to form a digital IF IQ signal. The
digital transmitter baseband interpolator 42 includes
for each of the I and Q channels: a digital sampler 45
and a low-pass filter (LPF) 44. The digital sampler 45
samples the symbols for transmission, having a Ilow
symbol rate equal to the baseband bandwidth BW, at a
higher sampling rate (£;). The low sampling rate is
equal to the baseband bandwidth (BW) and in the
preferred embodiment the higher sampling frequency (£;)
is equal to four times the baseband bandwidth (BW), thus
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W 2008hss348Nt er medi at e frequency,

The transmtter nodul e 310 perforns the functions of
digitally up-converting the baseband I and Q channel s
m xi ng the up PCT/MY2007/000026
-converted I and Q channels to forma digital IF 1Q
signal. The digital transm fter baseband interpol ator
42 includes for each of the | and Q channels: a

fdLggial S@HE' lovpadyl @il eerpagseH)i | t4Qr ﬁé:PFdrnﬂél plllse-

di gi.t al | er 455 | es the_syppol s f

SERAR saeh, 1R GARP syRbol CPat 0 SGHIERLEY « fempled
siamahand bandvvl dth BW at a higher sanpling rate (f s)

. The low sanpling rate is equal to the baseband

bandwi dth (BW and in the preferred enbodi nent the
Thieghetisidmll i nintexmediate (f fx¢aneneyuasamplesdmiseges 39
c%l?rﬁe t%%j 44”%9&&4 BWle Itré}iﬁsQ"l@MénKQfs' QWi RgS Two

erforns ul sesh api ng
sigme mrsidtiens of %heneu Gi ala’r%fis%nﬁPJé‘SréFéFréV copfgolled

d:isi.%%tlatdrnt gw@)dl ate afzmeqmw sagprter {]Im'd(\e:ltdé9a digital
conpl nes an ts t . a aanne usi n

T A i S Yo, Enction ARG TeRALR cxeiyetdy 1F.
mmwtdmim O$QI |l iggtrerl (:NOO)hé,ﬂ aodventerd 3d ap analogue

ovj al ' p on toithe
I%t g%lqa %eqﬁ%%é%h?%sioﬁge %?gi %igp&%%lsl é:tr?a alnsalogue
qchewnic@m/e(m&d t3d-2an anal ogue |1 Q signal for
transm ssion by digital to anal ogue converter (DAC)
312. The d| ital up- conversion te ue e yed by
THfbodidhgitelor Rs SHREETEPhveltS %’ﬁ‘ﬁiﬂ"@s @”@ﬁrﬁyﬁ&) by
eﬁrﬁiﬁdﬂmﬂsat &f f The t prgwennydmtvenite drasebaryd s graimmon
an i |ntermed| te frequency (LE) he, DAG. 332 em,_
Salm(? I GhetHtes gf' t i s§ gg %E i ntgh%requeé%&y, §)_‘;§=E =°
arhe iptefrwedddtenbbuegeencyt h(e'fl@anpl i Adpef r%Gen%J}/z i sﬁYStem
1YYk th tos Q%S%dsm@d%ﬁbﬁan Mu&%&thg In

centre requency of the IF signal , S equal to0
q er%llbodlment, thegsampllng frequ %ncy is four

tlmes the baseband bandwidth, £,=4BW, and the centre
frequency of the IF signal, £f;r, is equal to the baseband
bandwidth, fIF=BW.

Using the common sampling frequency, £s, as described
above enables the up-converting digital intermediate
frequency sampler/mixer 39 to be implemented wusing a
multiplier-less architecture, which uses simple sign
modifiers 40a and 40b to change the sign property of the
signal into positive, zero and negative in a periodic
manner. The sign is generated by a simple NCO that only

generates 1ls,-1s and Os in a periodic cycle.

The operation of the digital up-converter will now be
explained in more detail with reference to figures 4 and
5. The baseband signal 65 input to the up-converter 400
is sampled at a sampling frequency, £, which is 4 times
BW, the samples 66 are then interpolated and pulse
shaped 68 using the LPF 61. The digital mixer 55 and
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bandw dt h, flIF=BW Using the common sanpling
frequency, fs, as described above enables the up

WO ewamexsd ng digital internmedi ate frequency . PCT/MY2007/000026

sanpler/ m xer 39 to be inplenented using a
multiplier-less architectur# which uses sinple sign
nodi fiers 40a and 40b to change the sign property of

tiree mcgngé bpteapEShli g, whdlch ang QGGané‘ée fin a The NCO
§er|0|c manner. The ,sign_is gener ted ?) IeI\IO(%
atgeé’t‘ﬁrf%enp‘ﬁré?dlléz Mg afd oS d;y) ues Lfor
edha.athion opiessé i @8 of ,t fep i gisatb upd— mrert erhei |[four
owbeexlalndln redetall repce t
SRR ot tih P EREL Ml B EELE] 8R°8. | Ser, £or.
'Ilm-scoem@bl@ ube ldsgsaﬁrﬂwl od xgir & adppl mngtﬁpéqsenéyss as
5 lreg 6 then h
|t?1tler¥$p% ated alél gﬁ??@%ﬁggg %gglfsfongqi ﬁéeﬁiPFEG:an ?ﬁ’lc
anly realus xet ssqaha?ﬁetﬂcela@aapéfaaiﬂee atofRenRrgRted. 2

ordlifederd multe NGRie gRyFer & esopeki o%c tbsule_s NCO
-1 and val ues for §§C|Ilat|o§ phas
&s T e

, 180 .
IERETREF I B2 BET it nt* tﬁ884 i n@%d requires
fiided fpldioit ymcﬂfti;sl:maandn.l F. Ta’hiﬁgeaablaaSagbeodt’l dirttalger
r.to b r- t
TR S capFaltpr fieF ] fefihitud | hIYO Anel Blos | ehe
hegglianss % bgRipnalkey Albueony s ase garete Ahﬁora-nﬁq#tn@g%lrate
fPdddddldye idehidfe fi-iRndy . L esubks NCO generating

val'ues other than O 1 and -1 and requires
fi xed- poi nt nultlpllcatlon Taki ng advant age of

THY gy §aﬁekhﬂesrrplat_»ifab'tciotsy:ma@lmioweaﬂal issi des ahd os

s he_baseband si e_u onverted where the
"i‘ht%??‘r‘é‘dgat‘e fa"g}fuenaﬁ"‘ Qtre ?%q%eﬁ%lo? Pty L& ouT
th@@ sgerer bhes pearifoddc dvmiduentdyon Bfing, thes nmid:l@shlmty
r n gti i 0
ST B ok i
b R i inss o‘Fh‘F olaﬁsel?md operariAghs AABI) n§or eEFvEFc e
IFNpbRRAFLAEH falls outside the baseband 76 illustrated

in FIG.6. When the sampled baseband digital signal 54
is digitally mixed with digital oscillation 56 in the
digital IF sampler 53 in FIG.4, the baseband signal is
up-converted to the IF (£ = BW) 75 to 76 illustrated in
FIG.5 by the mixing process.

The spectrum behavior of the digital up-conversion is
illustrated in figure 5. The baseband signal 65 is
sampled at four times the baseband sampling rate or
bandwidth to enable the signal to be mixed digitally in
the digital IF sampling stage. The baseband signal 65
is interpolated to four times its bandwidth 66 through
the wup-sample and interpolation filter 68. The
interpolated signal 75 is digitally mixed by the digital
mixer components 53 producing up-converted signal
sequences for the I-path and the Q-path 76. The
spectrum image produced by the mixer at £; - £ir, near

sampling rate £f;, is filtered by an analogue LPF after
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to four tinmes the baseband bandwi dth (4BW to ensure
the I'F bandwidth falls outside the baseband 76

When t he sanpl ed baseRerdIyY2007/000026
digital signal 54 is digitally mxed with digital
oscillation 56 in the digitdl IF sanpler 53 in FIG 4
, the baseband signal is up-converted to the IF (fIF =

B tad 0596 kbl usthat-ed tHeFI £pebtbymt NEndg&i N7 before
ocess._The spectrum behav f the i tal

R, S AP ARGk At R KSR sty o

baseband signal 65 is sanpl ed at four times the

aseband.sanpl.i at r e | e
R narordvee MRl 30k PRl Shlehfs A PpkbBivea 1o
cﬁam:ialng fatcarge th‘éheIE‘aSEQanbﬂ'lel gime$el$5n<ﬂs |$ﬂm1p®¢%ﬁ edche

dél%d tiﬁeﬁhhhﬁe?argjiv&rfglh BB & hrgug mégﬁeé@l@@nﬂ Qnd O

Interpolation tilter 68. The interpolated signal
c;csnn@q;}fgsft alpp@ nfgedmpyetherti dital HRSPECtddifokentld Q

i QAU iRGhaARr .CONV ARt edpei gpad S@&W@ﬁe§ fehe t heceived

Ao SR s tgmyL t0, paiglfa 5 TR ARGy of
tfhéte&:wtlcbyuan anal afgetaPF abheeh:lséoﬁAC:.&? turirldremde to
1SRG UBIIRIG AR ROl O Rl Ul LBGhAAT PEGRSST DO [firse

e ana ogue recel ver
:drdrmmﬂatret S fmuleel@efi véEFLD dirangel Sﬁf—‘@mit hientgrmediate

#henhasgpandgrgepar at eehtehe d&&ea&wéﬁﬁt@nnehg%enal IF
Into the respective, |l and nponent s, deci mat es

SRR rERct | (8 Il%‘ﬁ:bluéfﬁhaﬁﬂel nggnglo aﬁﬁi A0 5ign
@&{wﬂ@ré he9eecmwe¢oanabegwfatgag| @nﬁi togatdl it adown-

n.al pert he _anal 9 digital
%Qu i 15%2d an atar aﬁ’%&ao - c%ﬂvé“e thacond
m@medxm afi'eqsencm éFﬁed:loatae basepmmdysigRb)-to The I

éﬁﬁo@dchghﬁgﬂgdggéagﬂéﬂ“@ﬁ@ﬂ b shEB%dd@ME decimated
converti I F sanpl er/'m xer_ 78 i ncludes an NCO

o 8hE ¢ %% and samplers 52 of the decimator 49 to
provide baseband symbols of bandwidth BW for further

processing.

The digital front-end transmitter architecture in FIG.4
has fixed digital clock frequency £.x for digital
processing equal to 4BW from baseband to DAC. Likewise
the digital front-end receiver architecture in FIG 6

uses a digital clock frequency equal to 4BW.

Embodiment of the invention take advantage of a property
of digital IF sampling where the IF signal before the
ADC has a centre frequency £irp; where £isy = £ + BW = 4BW
+ BW = 5BW. When the IF signal is sampled at £, = 4BW,
the IF signal naturally down-converts to a mnew IF
precisely at BW. As illustrated in figure 7, when the
signal from ADC 81 is digitally mixed with digital
oscillation in the digital IF sampler 78 im FIG.6, the
IF signal 81 is down-converted 95 to 96 by the mixing

process.
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converters 79a 79b for separating and digitally
downconverting the I and Q channel synbols fromthe

WG ewsnsB4snt er nedi ate frequency | F2 to a basebaPdI/MY2007/000026

signal. The | and Q channels are then each pul se

shaped and deci mated by the!2PFs 51 and sanplers 52 of
the decimator 49 to provi de baseband synbol s of
'mmﬂcbpmttn:ﬁﬂvlbeha{rﬂothebfpu:heeﬁﬂlgﬁg:alThbvﬂi-g:ldIﬂ}ersn.on is

r nspd tter arch ct.yr I i xe
1&131{1%51 C % ﬂ Ilgfgncé1 fc#k o;[y'dlgé?%‘aﬁ g? Acb‘l e Ore q:he
Miftialusd anbnebadeﬁandanelmcba_nimm tfhéter (BPF)

iqit f ;e e c ur n G it
egicgl gifac% allrégtl%i:ek fr%h que cé/@%rqlﬁrgl rﬁl%aegZéBW&éinboIgd nec%t of nt
R HRENEron AR CIPPantEREIRPTY alprépert y Bhedifdirss IF

d ifyrsaiPd 2 NBawhies eat Eénl:EeSlfQ‘EglueE% rf?_F B\r}v%%wh%%sw +
< & o

nt f wh
i WncReCHER LR o[ S P ESHIFEd R FET- ABWeY nedrEre
Stegnaananat fial |wheboswnE 6 0AVBW] 3whenatheWAbEh mlfgmaselam is
Ll ure n_t ign
Fnptla g = SRR e\ e e g v MRt new
foszi F| @V onthe tdecendi & $igmahplo&r 3'78 |Snml§1(§d by the
dhipildr Alianal 88 i So dQUpaceverhed 99 tcﬂa%@xekiy iB€o the

m Xi ng process . The specCtrum behavi our of the gl tal
W%e?s@&ﬁl i3 FPrRSPeRted anf f fyhERey d%qqnvert
tHegnad gy D bebos €bhha ADgnarmst ha®ihigl enethdy ol of £,
ba ass hilter PE ve any spectrum

|ng€vépaﬁl B conﬁéﬁs ueng&P’te o%%a?‘d%ﬁ?sgaped 101
amde flesriona tiion Al He ddmesttd Fs«mxg]rmltlﬂéz stegnal from £, =
GRNES fth%qm?ax{alnm&@sﬁsn&' BonalS gEnBWA & @?{ng%i' lMote

down- converted to new a new centre requency

e fargthem mﬂ@hﬁ%&ﬂ%%@eggw&nar@pa%r@m ed at
a sanpling rate fs / where fs 4BW At new f F2 = BW

I t he . . .
Atnhea ggr?@zggcla Fo%' %%ael systl:esmsggp t%de blyresent invention is

that it avoids complex signal multiplication. An
example of common complex digital mixing used in
commercial systems 1is illustrated in figure 8. The
illustrated common complex digital mixer has a fixed-
point multiplier 808 and digital cosine/sine generator
804. The f; must be in great multiples of BW to represent
perfect oscillation. A Coordinate Rotation Digital
Computer (CORDIC) algorithm is used to implement digital
cosine and sine oscillation. This algorithm can be
complex to process and produce slow throughput due to
the number of cycles for the algorithm to rotate within
angular unit circle before converging to desired
oscillation value. Discrete signal sample result of the

digital mixer is illustrated 805.

An example of a digital mixer, implemented as combined
sign-modifier and NCO, suitable for wuse in the
architecture of the present invention is illustrated in

figure 9. The embodiment illustrated in figure 9



10

15

20

25

30

35

sanpler/ m xer 78 to separate the 1Q channel into the
respective | and Q conponents and further down-

W@0v8a8148¢ he signals to baseband signal s havi NBCEMY2007/000026

bandwi dth of fs = 4BWwhich is subsequently digitally
pul se-shaped 101 and deci nation 101 is done to sanple
the signal fromfs = 4BWto the original baseband

iﬁpmewradtb atie sgageal mdtfjjﬁfifem fma}g Im:;}o basehgnd ?bg:hﬁbé 4
.Sl gha gessing. An .adyantage of the syst, of the, .
1BpEEe PR RGBRERGE | S¥hat | PikvorqYREsyl &3 o gRReTating
frabtiepkycdis on. 4BNW. exdamul mimdm cofmtfowondiexrdigi tsamples
LXI N nrer.c) te i-S i rated in _.
afb gy FHCEEbPeaSHE TR POUIHET Mhd" sine
omFxélakagna digié@ddivhts A t3 praximgogpeadtaveit 4l minimum
p6EELAGES Ry 98NFS OF 3804hinkifind S Bt DBEe | NaflfCahaximum
nmul tipl es of BWto represent perfect oscillation. .
negefFdvRatE KSR on DGt A19brhARge (TeRRRrE)sm uses 2's
cahgdemnthm issi.gise:dnﬁié)rémdzﬁﬁeﬂtodiggat aly Qmwl réret @nd1$0 Nand
0S¢l tl.on. Thi,g al gorithm can be conplex to process
15%31%?%8&%%0& v%/it'hroughput due to the nunber of
cycles for the algorithmto rotate within angular unit

ThE' Qiiq%ibceilo'rfFCQQ}ﬁ &%agmmﬁﬁgsiar&g 8§§1L£i‘t 1O MALY Gt or
screte signal sahple result”of the drgital mxer Is
apd| ysdeRAF V5. MpAudganplid of bathi gidigltAlxer front  end

trERkANRRERd 239 GAHERAG SdO-wDEd f+ 881 @NFubEOa11 operate
suyi t abl gﬁfor use i.n _the architegture of the present

UshBEnt L8R | §3PFI uSEFAPES | AAFPPgIRE 9 TreENEDEHbodTiENt NCO
gehkttateat egerfiebtguoescdlhptbarntsft hes si grisrodirdd elos  in

£204 JNeQ &h%it.%%ra wHdP! & & dQputs gl 11 BJV—B%% apde2 DL
counter W th operati ng efrequency Ts =% A°m Al rum

off ther Rfiwiedie fameduencyre Pegndr ethe o medriaddinity of
ok, GoR %e&%iﬁd‘%é_iﬁﬁ%ﬂ:ﬂﬂé@%@rﬂéﬁ akdY be€fifed to 4
maxl mum, positive, a mninmum positlive Oor zero, .a

i APRAAEAERaL (§8Whnd Ao HiAe  the IF bandwidth falls

outside the baseband.

The digital transmitter and receiver system
advantageously employs a single low pass £filter to
perform both the interpolation and pulse shaping
functions for the transmitter and the decimation and

pulse shaping functions in the receiver.

In the preferred embodiment the low pass filter 44 51,
for interpolation and pulse shaping and decimation and
pulse shaping respectively, is a low pass finite impulse
response (FIR) filter. A root raised cosine filter is
recommended for the low pass finite impulse response
(FIR) filter. Root raised cosine filters provide

excellent low-pass Nyquist filter response effects.

An example of a raised cosine filter frequency response
is illustrated in figure 10. The raised cosine filter

provides excellent pulse shaping filtering as the
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and digital interpolator and deci mator nodul es in both

digital front end transnittét and receiver software

radi o must all operate using the sane defined sanpling

frieRfiieaitsy . réBpoNEe gfnernt esomenf eperoset! | pdioed ofcosine

tj\}; -1s,and_Cs itn .perié)dhc narge(éi v.\@endit‘pedé)éciilﬁégt it Nee
HRE i 551 BYPTETHRES ATt Re ﬁerl% i & frequ:'éncy. 'nd

pamswliiel i ctt yisof £Iour (cohetapb) atiimgesanphesgband; it

: sfirnq&uegjﬁy & agrgge itﬁed%c;%'.ar?? X c@&@gwi QJ, h z(e{}t?ézté g%\égh the

ensure the IF bandw dth talls outside the
trvasditgionalragimmni anéritndsr eespventsydeerphe pass-band.

PHANRGSUS  th&EeMPb DY So 5 SERGES: | 8W RASS il dedponse.
ﬁr%orm both the interpolation and,%g se shapi ng .

t PBREST Fr2 i FRATTAFIR t B8 ARd HIR*HeAd&EFont Yhd Ehis
rdise dafiag et inpslse tleporeei BEr thlen ndithal raised

referr enbodi nent_the, 1o ass filter 44 51 or__.
R 5 Foh B0 e habeRBtinh duci Mo oRoghy raised
qudisee shidpiewy Egepbtonvély,is scentalwegdswithnitgelf, the
N I (Fl R.fLiht e ot hsed j
R, FEBRONSE LTR ol PEo) S aeTbRIE] Fospdiise of
FeiFmReHsinserfi 3t rai sed cosine filters

provi de excellent | ow pass Nyquist filter response

effects. I rai sed cosine filter
freqﬁﬂw%ﬂg%@%e%trat ed in fige 10. The
rai sed cosiBel X i (ketP¥roliddes excel I ent pul se shaping

filtering as thefrequency response jH (f ) | of a

perfect raised cosine filiter_ ps$ypyymetric at 0 Hz and
i s divided Wﬂ(@ﬁW)ﬁMis f1 at
(constant) in the pass-band;4ﬂ'-fL sinks in a graceful
cosi ngH&uye-to zera through the (5)

T (=481 T)?)

This makes root-raised cosine filter an ideal filter for
both digital front-end transceiver LPFs of the same

system.

Figure 11 illustrates the effect of the interpolation
sampling without low-pass filtering. The effect of the
sample rate change produces harmonics of equal strength
at multiples of original sampling rate. Figure 12
illustrates the importance of LPF for interpolation
process. The root-raised cosine filter response removes
the multiple baseband spectrum images from between 0 and
£s. The number of filter taps can be fixed to a value
that gives excellent frequency response approximating a
Nygquist filter response. The LPF also pulse shapes the
digital signal for analogue transmission over higher

sampling frequencies.
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transition region; and it is zero outside the

pass-band. b determnes the roll -off factor of the

Thi s makes rai sed-cosi ne as BCI/M3267/000026

filter for this architecture. The inpul se response of

the normal raised cosine fillter is shown in Equation 4
When root raised cosine filter Equation 5, is

Eéf%\&%lmé@ﬂ:s/v:tbfitsehé, tﬂt%sidmul semeapga&e i predide an
to .the inmuls sponse _of nor raise osi.ne .
S EHERETh SPRARES Poot AT sed CUSTHES {1 | BEFLARY dedipdio
ifrig tletterftert ot .h  diliet adarfipbing emdter amsdeipkicitRFscafh be
ft'h ed 2B S¥§h?m tfljngyrebfllﬂal lthﬁtd{t@)lt eanhhetﬁ%.f exﬁ.ml?ér of
tlhelnterpoalon sanpling wthou ow pass filtering.
FiHe eof fompaf et seampl ke r Bizedhbagehpr symbey of taps to
glla;épnlee&éafle%walfﬂdm$ e SPIdIP| oo HiRY  the

sanmpling rate. Figure 12 illustrates the’inportance of
iidelf Ay Ity ot iSO F PRI, The root-rai sed cosine

filter response renoves the nultiple baseband spectrum

i mages_from bet 0. and fs. The nuwober .of filter .
Atnapgggﬁﬂgﬁgef&%gggs ?Vﬁe&} tha eﬁ#%/grsl elxscef:*’%ntsamPllng
ffreemesnyy £6spand ethppmoxibest 198 éilyqnigpeﬁﬁﬁpéepts for
P PENPEer d heaPhpél éQsPﬂrS%dr%lﬁ%Q%% tmr&lag_,t abrekgRel to

or anal ogue transm ssion ove i gher sanpli ng

FHdquaRAES IFhbRRrfarismahe pf&¥entS¥3mRAR1 ofhe  same
d%}éét_\énd_ec@lﬁ efla‘elt Cltu%@'d p_kiﬁkf ogm Ilfu_Q:ErcS@f :M@l tctef: nebadband
radi_o 1 npl enent ati on. e s I hg rat,e I cji .
WihPlReT | SETPEBLFGRLOR: fRP HTCHETRI FAEING PRe SRR
tife fédnipXimpeffeéquentycandbeiliired coe fiffieirutbgrarcimeters
AP0 M55 SXGEldENL [dedpency response

approxi mat’i ng e 1deal “Nyqui'st filter response. An
advant age of the present invention is the sanpling

THi0ueRe%1Es. &NY e nuihetaef Hdddwdndoelld caefical IF
Jégbling modules architecture ¢to be fixed for any
wireless broadband application allowing true software
defined radio for any implementation type through
programmable hardware or software application. In other
words, embodiment of the invention enable many different
wireless applications implemented using the same digital
Ffront end transceiver software radio system with
programmable capability. The architecture can be
readily realised in FPGASs or digital signal
microprocessors with only minor parameter modifications

in RF front-end design of the system.

Embodiments of the present invention offer efficient and
low complexity implementation for a digital font end for
a software radio system. Embodiments of the invention
are suitable for |use in software defined radio
implementations for broadband digital wireless
communication system as the architecture provides fixed
multiplicity of sampling rates from baseband to the

intermediate frequency (IF).



the filters can be easily adjusted through software to
suit specific applications. For exanple, the sane
W@ yBasa48an be used for a narrow band or br oadPErNLY2007/000026
Wi rel ess comruni cation application sinply by adjusting
the sanpling frequency and filélter coefficient
paraneters for the software radi o system This enables
ﬁig tlﬂt@ dbm%iﬂb baﬁﬁmndbﬂﬂfcidﬂ& gi«:}z@a I Ensarmlei Ngreceding
ul,e c | ure,to be, fixe Qr_.an
RRRIRH L OBE S EHY oHESPREhTh EROEREoTRERS HOR, iAapEext
reagliiarefso ro'a]myrwimé edeet &l caxpgnegss t hangghger og;r amﬁﬂaary
S PP,
A of Cph e VRN OB SE VAR buch e
“Wiam rdsze sfpploxt at“icomp rilgpingfent &d ugedg ihe ammdnclusive

s%zggé al jfront nd JIanscei afe SYANRSd adl0 S eMrated
th programabl e capabi’lity. The architecture can be

ﬂQ§£ﬂq%ﬁ i 3% FA PPE%%“@? Bhgi PaESSPGRalCT addition of
A OCEFeSMuread t hianl yvaknetuspar aibb@iments of  the
Jrodi fi,cations in RF front -end design of the system

ts of the present invention offer efficient
and | ow conplexity inplenmentation for a digital font
end for a software radi o system Enbodi nents of the
invention are suitable for use in software defined
radi o i npl enentations for broadband digital wreless
comuni cati on systemas the architecture provides
fixed multiplicity of sanpling rates from baseband to
the internediate frequency (IF) .In the clains which
follow and in the precedi ng description of the
i nvention, except where the context requires otherw se
due to express | anguage or necessary inplication, the
word "conprise" or variations such as "conprises" or
"“conprising” is used in an inclusive sense, i.e. to
speci fy the presence of the stated
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features but not to preclude the presence or addition
of further features in various enbodi nents of the

wWo posnsi4en. Clainms : 1 . A digital front end trBCHE¥B2065/000026

system (300) for a software radio system conprising: a
transmtter nmodul e (310) adHpted to digitally

i nterpol ate, up- convert and conbi ne baseband digital
cilaipbase (1) and quadrature (Q channels to forma
digital internediate frequency (IF) 1Q signal for
conversion to an anal ogue IF 1Q signal for

t riansii stigzh;alartﬂrcmt e@@dverramgli%e}‘ 3gyotemadapPedfoy a

3?8?[ 2%&?%& gna nt@é}‘g ﬁ@fﬁ% diqi :Zlceil v:ﬂd Q.

channel s, a\/\ﬁ(‘?ﬁéﬁﬁli:ﬁért raduket HL0hnadpptedvep Rbghradly

use alqmwbiae%ed S%anbbmemd | En@ ON\RIT@ iGfe I abaskBand
where fs isS a quadru

e of the_bandw dth of e
basebé@i‘tﬁ’s‘?%alm EBEEet Hdt t#Rds ﬁ?ﬁg’ﬁa&é‘l’feoezg)ppfzpé‘&nels
in a steern kaddigsysl eimtermadiktel es:zaquency (IF) IQ
communjcation_.a pllcatl hayi.n d
by sel Tt njg f?}P Txed g%\?r%l |¥‘ng%r ate %Possitgﬁaon tﬁg %’tglﬁal
basebaiwr Barahviissien;: sndligital front end
transcei vgr J?é/ééﬁgniasmehﬁﬂ@d% igp | g.'dﬁb%e\ﬂhetf@' ergﬁate,

sanpling rate fs = 4 where BWis the bandw, dth
the bASRIRPRYYHalane decimatet hereeriveds Péaaéﬁ&y IF IQ

f ::FBs\l;sitgheal Nizef Jrast Sdiearid eXpeeyl SI gined ¢ Fehisndels,
[

cl ai mitpeie fh o PAarl e TheotP ahaneiTer foaures uee 2
(310) comprn sésxeda shmplialg t apdsiR t eonpaseband rate £,
inte”%ﬂég@rfs is a quadruple of the bandwidth of the
baseband signal, such that the system can be
applied in a software radio system for a wireless
communication application having any baseband
bandwith by selecting the fixed sampling rate

based on the baseband bandwidth.

2. A digital front end transceiver system as claimed
in claim 1 wherein the sampling rate £fs = 4BW
where BW is the bandwidth of the baseband signal,
such that the centre frequency £; of the

intermediate frequency signal IF is f;;=BW.

3. A digital front end transceiver system as claimed
in claim 2 wherein the transmitter module (310)
comprises:

a digital transmitter baseband interpolator
(42) having for each of the I and Q channels a
digital sampler (45) adapted to sample the digital
signals for transmission, and a low pass £filter
(LPF) (44) for interpolating and pulse shaping the
sampled digital signals; and

a digital up-converting intermediate frequency
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(42) having for each of the | and Q channels a digital
sanpl er (45) adapted to sanple the digital signals for

W@ e@ndsa48%i on, and a | ow pass filter (LPF) (44pCT/8KY2007/000026

|nterpolat|ng and pul se shapi ng the sanpl ed digital
signals; and a digital up-cdhverting internediate
frequencysanpler /m xer (39) having a nunerically

contr Obhﬁﬁléﬁslmﬁ.kakOI’(BQNC@)avﬁ.ﬂé) a, ﬂum:ﬁlcgﬂlqomtﬁ'rttm]ﬂed

(40a, 40b ( 4 or combi nin

upconv%??%ﬁg ESrth §%1d1glﬁ 5l nannVSFtFﬁel(4oa’
and Q ¢bhhnedsd 4a. nﬁ:mn@ t(@n40r ofibrendornbinsngi vard up-
SyStenb@ﬁv%k@iﬂgdfbntﬁga&g]%hﬂh%ﬁﬁﬁ@ 1h% %ﬁ%f&“for the T

m xer/ Sanple orns up- conversion fro seband to

t he |n§Eﬁn§thﬁénﬁiéquency by applying a periodic sign
changi ng sequence of 0,1,0,-1 representing phases o f

0, 90, 180 and_270 of a sjnusoidal, function at a

saftpl | Agtgisads FepERD ELERSEPLTRE FYShemoas claimed
channefs wetihia 96 ph@&&e&@pammE(Nuﬂyﬂtam>qmmxéfWBamp1er

| ed | f d
Syt onP 8B ar AP mod R PR el EOR ¢ REAE 1) Land

t wo S|gntenmednaeesf@éQaendﬁbPYaﬁ@nlprmﬂaﬂyﬁrMﬂﬂk@)Slgn
two foUﬁ?%ggyﬁ @Qdﬂéﬁd@“ﬁﬁ 61980,113ke§&@s%n%1aé phases

counter wherel n the sign chan e nechani sm dses

27s coffl 8renf0si ghsPhvardi 8 0pePfoPn@&qﬁf9%¢%¥nﬁ#ﬂ%ﬁl°n
(110) awdaoreumpitiddercd Jdﬂ)fs_zﬁaw tﬁodéSbhabff k@Rt T and
end transcei ver system as

conpri 9i FG3RP&AG "t & aﬂgL i %S‘Eggﬁgﬁgp ?BAQH‘J(.'@TZ’S:LDQ

for conuer sampglelesdiggalal IF | Q signal to an anal ogue
IF 1Qsignal for transm ssion.

5. A digital front end transceiver system as claimed
in claim 3 wherein the NCO (41) and two sign
converters (40a, 40b) are implemented using two
four input multiplexers (108, 113) and a 2 bit
counter (114) wherein the sign change mechanism
uses 2’'s complement sign inversion performed by an
inverter (110) and one bit adder (111).

6. A digital front end transceiver system as claimed
in e¢laim 3 further comprising a digital to
analogue converter (DAC) (312) for converting the
digital IF IQ signal to an analogue IF IQ signal

for transmission.

7. A digital front end transceiver system as claimed
in claim 3 wherein the LPF (44) 1is a root-raised
cosine low-pass filter, adapted to perform both

interpolation and pulse-shaping operations.

8. A digital front end transceiver system as claimed
in claim 7 wherein the impulse response of the LPF
(44) is defined by:
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W@ o®Bnss4BowW pass filter,

7 . Adigital front end transceiver systemas cl ai ned
in claim3 wherein the LPF (44) is a root-raised
adapted to perform bok¢I/MY2007/000026
i nterpol ati on and pul se- shaping operations. 8 . A
digital front end transcei v systemas clained in
claim?7 wherein the inpul se response of the LPF (44)
is defined by:where b deterrri nes the roll off factor
of the filter response. ﬁ}n% |¢)9,}/ yront end
t ranscei ver systcms((hﬁﬁdiztaﬁfr)é 2 wherein the
receiver nodul e conprises: a domﬁ_convertl ng digital
l'y controlled

| F sanpl ep,
_oscillator r?L (48) maff1tww: 73 converters (47a,

47b) for separ atl ng and down- converting from an
internmedi ate frequency to a baseband the a digital 1Q
si gnalwheatei Yeddéterminedsgitled troldnabbfuefzonwer tef the

and separal.l %%ﬂb%ssé gnal into the respective I and Q

si gnal™"comnponen and a deci mator (49) having, for
each of the | and Qsignals, a |low pass filter (51)

fog, pyl S&léi‘@é’i ngréﬂg @%‘a‘ r@ctéﬂ&é%xa SPIRLELT 252N aimed
for down- Q channel signals to
reducel® tFe1a§r“gr?al gftfa‘?ﬁi’v& o‘i*he t’”c?‘t?f‘a‘fe’bfmct S FIRTees:
di gi t al basabaﬁdcoﬁeeralﬁggd&ghtfauomb' eaﬁptl.éa‘vfﬁt&&ie‘rer(‘lﬂ
systerptas clainmed in_cl mherenth

oo TR GO BeRe LB d8N ogetatator
conver @& (490m aadeltawed $iogn heonmerkredi atdd &.r edfiehcfor

by ap ' rio si gn n nce
0,1, O@ %%ptfieﬂsb:ntl %ﬁ% asecgtl';‘bl;il Qbﬁge,ﬁ?ﬂﬂg and@%c%(1i[)1 of an

a si nuisHiertedi@a i reatency dl ‘T’-n@a?@?%néf thg-apgigital

IQ signal received £from a digital to analogue
converter and separating the signal into the
respeétive I and Q signal components; and

a decimator (49) having, for each of the I and
Q signals, a low pass filter (51) for pulse
shaping and decimating and a sampler (52) for
down-sampling the I and Q channel signals to
reduce the signal bandwidth to that of the a
desired digital baseband.

10. A digital front end transceiver system as claimed
in claim 9 wherein the down-converting digital
mixer/sampler (46) performs down-conversion from
baseband to the intermediate frequency by applying
a periodic sign changing sequence of 0,1,0,-1
representing phases of 0°, 90°, 180° and 270° of a
sinusoidal function at a sampling rate of £f,=4BW
and sampling with a 90° phase separation to

separate the I and Q signal components.

11. A digital £front end transceiver system as claimed

in c¢laim 9 wherein the NCO 48 and two sign
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and sanpling wwth a 90 phase separation to separate
the I and Q signal conponents . 11. A digital front

wepestisEsscei ver systemas clained in claim9 REM2007/000026

the NCO 48 and two signconverters (47a, 47b) are

i npl enented using two four fhput nultiplexers (108)

(113) and a 2 bit counter (114) wherein the sign
changecméﬁﬂéﬁm Ui, 2 4Sb0:0rqlfe§rrﬁmpleingalmtieﬁveusing1 two
per f or ped an |nv 1er 110 bj dd 1 1

. A dlge‘t“é Jt?%n%%%l v 18§§st fr%%s %Flgl rr]aled2 bit
claim @oﬁuteher(lddﬁpr whemgian theal sggo tohanget alecbanlsm

conver{lgéf ( Q\ ) céfﬂég%mgg{:agggﬁeEhkr@gséoﬁeibee'r\f%c}meds by an

anal ogue rgit | 'F 1Q signal
A di gi %%Veﬂ@ﬁtlé dardapRechieradge¥etdhs clained in
claim 12 wherein the ADC (322) is adapted to naturally

d t | |
12 RnOEPREaRal e FFH g K- LBy A clained

frequebay elaimF19 = furthd&w dcﬂnzﬁr:&ﬁﬁtg‘ld amt esmddqatee to

frequegey, | E2 ?VA@&@?,@G”@D@”%E Cyegf fégfv?rg’lv}{g a

by usinga Sanpling ra for e anal ogue

di gi t akecehvedspoalogne. IR diQisianal ore andigital IF IQ
transceiygrysystemas clainmed in claim9 wherein the

LPF (51)7is a root-raised cosine |ow pass filter (LPF)
adapted to perform both deci mator and pul se-shapi ng
opgsathonsgital /fzdirgﬂ tetld f £ pahs €V é £ aegeeémeassmaeimed

as cl aered n cI wherei.n t e res f
the LPF (§f‘)a:'1ms %‘SE oL %-va’]e gﬁ% g@#@?m nesgg peed’ to
rol | ohéthasldy detheothetrer a espoateed 6 anAldpgiet adignal
front ﬁgglggags‘iek\é%r ﬁ)ﬁ%ﬁ»ﬁ@h@ét{;' Q'z%%_%eh‘& 'ClTQi'1m‘ilaxr1ng a
i npl enment ed”as enpl oying one or nore
centre frequency of £i;5; = £; + BW, to a second
intermediate frequency IF2 having a centre
frequency of fi;» = BW by using a sampling rate of

£, for the analogue to digital conversion.

14. A digital front end transceiver system as claimed
in claim 9 wherein the LPF (51) is a root-raised
cosine low-pass filter (LPF) adapted to perform

both decimator and pulse-shaping operations.

15. A digital front end transceiver system as claimed
in claim 14 wherein the impulse response of the
LPF (51) is defined by:

sin((l— )= /T)
{
4
T (-4t /T)?)

cos((A+ Bzt /T)+

h(t) =48

where [ determines the roll off factor of the

filter response.
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a field programmabl e gate array (FPG) , integrated
circuit, or as a set o f conputer readable

WO p@B118838¢ ons executed by a processor devi ce. BGT/MA2007/000026

si gnal processing nethod of a software radi o system

conprising: Producing a trafsmtter nodul e (310)

adapted to digitally interpolate up -convert and

corbi e dbgtbabd faogitt @&ind repdhrase(t9r asysyemdrat wlaimed

(Q channels.to,for jgitkal .inke Late frequ

() 15 orbti °F ofrE Budb bl hg BELERENG Boly Y GREE of

si gnalafbield apzavssmwablandapeovidiplig (FPCAdei Vi@tegrated

modul &, {3200+ adagted 10 sgpaate, gownezoppivert Fuhdable

decimate a received digital IF 1Q signal Tnto baseband

di gi t alnFtEpetiPRPaRHeretephnt? N PAesSEPand®YLE®r and

recei ver nodules with a common fixed sanpling and I F

conversion rate fs, where fs is a,quadruple of the .

e Bt 1 Foh e PEREBARAGTS BRTHOBy Tl Bor FRECYRES Tadio

fi xed spopémngomptiesbaged on t he baseband bandw dt h.
Producing a transmitter module (310) adapted to

digitally interpolate, wup-convert and combine
baseband digital in-phase (I) and quadrature (Q)
channels to form a digital intermediate frequency
(IF) IQ signal for conversion to an analogue IF IQ
signal for transmission; and

providing a receiver module (320) adapted to
separate, down-convert and decimate a received
digital IF IQ signal into baseband digital I and Q
channels,
operating the transmitter and receiver modules
with a common fixed sampling and IF conversion
rate £f,, where f; is a quadruple of the bandwidth
of the baseband signal by selecting the fixed

sampling rate based on the baseband bandwidth.



