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another proximate wireless communication unit, unless the transmitted spectral
content is sufficiently suppressed so as not to effect the reception of the adjacent
operator. Interference mitigation is required but is not always practical.

[0006] Figure 1A shows an ideal output spectrﬁm generated by multiple wireless
communication units operating in adjacent bands. Figure 1B shows a realistic scenario
output spectrum of multiple wireless communication units operating in adjacent bands.
In the ideal output spectrum of Figure 1A, there is no spectral energy leaking into the
adjacent bands. In the realistic output spectrum of Figure 1B, spectral energy leaks

into the adjacent bands due to the non-linearities in the transmitter of the wireless

communication units, mostly due to a power amplifier (PA) therein. These non-
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Interference levels, such as feed for
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[0009] A method and apparatus for reducing channel interference between
proximate wireless communication units and eliminating the above-mentioned

undesirable characteristics of power amplifiers is desired.

[0010] SUMMARY

[0011] The present invention is related to apparatus for reducing adjacent
channel interference between proximate wireless communication units. Each wireless
communication unit includes a digital baseband circuit and an analog baseband circuit.
The digital baseband circuit includes at least one group delay compensation equalizer

and at least one finite-impulse response (FIR) filter. The analog baseband circuit
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Wi rel ess comuni cation unit of Figure 2.

invention; and

[0017] Figure 3 shows an example of a group delay compensation equalizer used

in the wireless communication unit of Figure 2.

[0018] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
[0019] Although the features and elements of the present invention are described
in the preferred embodiments in particular combinations, each feature or element can
be used alone (without the other features and elements of the preferred embodiments)
or in various combinations with or without other features and elements of the present
invention.

[0020] The present invention is applicable to any type of conventional wireless
communication system including systems using time division duplex (TDD), frequency
division duplex (FDD), code division multiple access (CDMA), CDMA 2000, time
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present invention W rel’ess conmmuni cation unit

compeﬁ@é)tlmm chudbigers AbAAMRDBLIB] Ghitevimpulse iraspingedHIR) dilters 215A
and 215B, digital to analog (D/A) converters 220A and 220B, a radio (transmitter
section) 225, an RF PA 230, a high quality ("Q") narrowband cavity filter 235 and an
antenna 240. The modem 205 contains the baseband processing used to generate
digital baseband chips or symbols in the wireless communication unit 200. The group
delay compensation equalizers 210A, 210B correct the very large group delay
variations caused by the high Q narrowband cavity filter 235. This will allow
compliance to UMTS TDD based wireless communication units with regard to co-
location or same geography specifications.

[0024] Both of the equalizers 210A and 210B may be configured as a FIR filter.
Alternatively, both of the equalizers 210A and 210B may be configured as an infinite
impulse response (IIR) filter implementation.

[0025] Both of the equalizers 210A and 210B and the FIR filters 215A and 215B

A~



real or "Re") and quadrature (Q or imaginary or "Int)
si gnal conponents, group delay conpensation
weoquwallvwes s 210A and 210B, finite-inpul se respPtiBES2005/009499
(FIR) filters 215A and 215B, digital to analog (D A)
converters 220A and 220B, a radio (transmtter
) section)_ 225, an RE PA 230, a high qualitngjQ')
includpdeppap dedax dinesy ThetBIR Meravdoashaps thachipy gengreded by the

i.ns the baseband prqcessin d.t.0
moderf SR PR 3P PS5 BwaRe onr bt SO IR e, The D/A
conveMbFLloRTBrE BN A 1aQBbakid Eig%@@ intb'h 8halE bkdband signal, which
(o ensation equalizers 210A, 210B correct the very

0
the ratlir 425 theumodkilages ondo isataroies. caused by the high Q
narrowphand.cgvity filter 235. This.wll all.o .
1002610 1Ll BB RrRR 5AEEE Wiket ek WA e 1506R Transmitter
Which%‘é&r??i%tbggE&QﬁHFlgg%&%%‘lizﬁﬂﬁﬁ%%\eB&se‘iﬁlﬁﬁ 06h 3PBWe transmitter

speciftications. Both of the equalizers 210A and
and a RidiBQmeyrrdwbandcagity édtea235d ikl tRefRIF pertion of the transmitter. These
Alternpatively, both of the equalizerg 210A and 210B
compoRgPtHE ey prevideshigh adineent @ar}r}fﬁd% agesyepden (ACLR) and

i lt.et Ll t.at L on: . Bat L. . ;
atternd Bl R L NED1 8 A0SR el acont and
alternd S hane] VG RAES,dj031H01H 184e]d. US2005/ 009499 i ncl ude
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delay characteristic which is the inverse of the group delay characteristic of the high Q
narrowband cavity filter 235. This results in a semi-flat group delay response across
the band of interest, thus allowing for the use of the high Q narrowband cavity filter
235 to achieve high adjacent channel leakage rejection.

[0028] Table 1 below provides some examples of mixing various types of basic
class A linear PAs, linearized PAs that use either feed forward, feed back, or pre-
distortion type linearization techniques, and high Q narrowband cavity filters together.
Table 1 describes the adjacent channel leakage rejection requirements throughout the
transmitter path. The input ACLR occurs at the input of the D/A converters 220A and
220B. Columns five (Lin PA ACLR Impr) and six (Filter ACLR Impr) describe the
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Case | Input D/A Transmitter PA Lin PA Filter Total
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Table 1. Power Amplifier and High Q Narrowband Cavity Filter Configurations

[0029]

Case I of Table 1 shows the ACLR improvement with using only a

linearized power amplifier.

[0030]

Case IT of Table 1 shows that by using a four section high Q narrowband

cavity filter, the same ACLR can be achieved while relaxing the requirements of the

transmitter path before the PA stage and the input ACLR into the D/A converters,
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1 ACLR Conv ACLR ACLR ACLR Inpr ACLR Inpr ACLR SNR
-70 dBc -80 dBc -75 dBC -45 dBc 20 dB 0 dB -63 dBc PA
wowdok/1diegecti on cavity filter Case Input D/ A (@EI/US2005/009499
Transmitter PALin PAFilter Total jj ACLR SNR ACLR
ACLR ACLR Inmpr ACLR Inmpr ACLR -60 dBc -80 dBc -50 dBc
1 - 45 dBrt:) 0, dl? 21,dB -65 dBﬁ PA with 8 section cavity
while ppinges begicsIpsiyaPayex 2FPRHERTt ter PA Lin PA Filter

pTotal oddel Vi R AGy : o i
00T 00 A5 RN o i
narrowR&2d dBeity lfiltesisivsed. PA Wi th 4 section cavity filter

Case Input DA Transmitter PA Lin PA Filter Tqotal 1V i
[0032]acLR Empes ALY Rt R ol mblengdy aﬂtﬂng LA gnligyrations using a

oo, 10 58,1055 55y 0 B RhatRigh sl s e

respecBivBlylr ansm tter PA Lin PA Filter Total V ACLR Conv
ACLR ACLR ACLR | npr ACLR | r ACLR SNR -70 dBc -80 )
[0033ldBc - Figume 3 shogic apoewBnps B haw1thiBgrowpbilelay. compensation

cona A S QB R b B e 2
oL 0 1 9 ) L £y s gt
by a phstahigy affcoafficiactsi mn bhi .gh bQ sweatr tvdtathe combined group delay of the
equalizers 210 and the narrowband cavity filter 235 exhibit minimal residual group
delay variation, (i.e., ripple). The target response used in generating the coefficients of
the equalizers 210 is the inverse of the group delay variation of the narrowband cavity
filter 235. There are several ways to generate the coefficients based on the target
response, which extend beyond the scope of the present invention.

[0034] In one embodiment, the group delay compensation filter 210A and the FIR
filter 215A may be combined into a first single unit, and the group delay compensation
filter 210B and the FIR filter 215B may be combined into a second single unit. Thus,
the coefficients of the equalizers 210 are convolved with the FIR filters 215 in each
respective combination to produce a large number of coefficients that carry out the
functions of both the equalizers 210 and filters 215.

[0035] In another embodiment, a corrected or linearized RF PA is used instead of
a standard RF Power Amplifier. This embodiment of the present invention will obtain
increased performance. In the some scenarios, a commercially purchased corrected
power amplifier can produce an improvement of 25 to 30 dB for adjacent channel power
emissions over a non-corrected amplifier of the same size. Using the apparatus in this
invention instead of a commercially purchased corrected amplifier, 60 to 80 dB of
improvement is possible for less than the cost of the corrected amplifier approach. This

gain in performance can be achieved without incurring additional distortion that large
-
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a standard RF Power Anplifier. This enbodi nent of the
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undestgBld FGHE OO OB dar heD ey oa b BAAETwi t hout

the other features and el errents of the preferred
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oﬁ‘:)r: qilg\ﬁ}'eq'esss commumca oﬁeur(lel “of A e'r81nn l‘éﬂe group delay
compensation equalizer substantially reduces the group delay variation caused by the
high Q narrowband cavity filter by convolving with an inverse of the group delay
characteristic of the high Q narrowband cavity filter, resulting in a more desirable

group delay response across the passband.

4, The wireless communication unit of claim 2 wherein the passband is 5
MHz.

5. The wireless communication unit of claim 1 further comprising at least
one digital-to-analog (D/A) converter that connects the digital baseband circuit to the

analog baseband circuit.



(a) a digital baseband circuit conprising at |east one
group del ay conpensation equalizer and at | east one
wo povstiersrsrpul se response (FIR) filter; and (b)P@nus2005/009499
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exh .bited the 0 appl i fi dthe sati Qn
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conmmuni cation unit [aim1 i n"the rro
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vi.des hi gh adjacent channel | eakage
na”“%%%%@?&ﬂgyﬁﬁ‘%djacent channel s and creates a |arge
group delay variation over a desired passband. 3. The
Wi rel ess comunication unit of claim?2 wherein the

Gt oup Tie! aireless epemsahicatiofqudt bﬂ@énﬁtlbﬁh@fﬁlhfthb)power amplifier
reduces the group delay variation caused by the high

is a clagsry lineap e amplfier. ter by convol ving with an
i nverse of the group delay characteristic of the high
Q narrowband cavity filter, resulting in a nore
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4. The wirel ess conmuni cation unit of claim2 wh

is a lineheized potwendirnplifer Nkt uses fabd fariwaale feddwmumi madigortion type
claim1 further conprising at |east one

f

hnea”&PbPP3P018q§ﬁﬁ1og (D/A) converter that connects the

di gital baseband circuit to the anal og baseband

circuit. -9 WO 2005/101675 PCT/ US2005/ 009499 6. The

@i rel 84 edretusd ecahimonivationofundt aifnelhimhdr &flerehie the wireless

grou delag npensati on equali zer includes a tapped

conun%@Wﬁ 10R{UE Mk@%ﬁ?%é Yoy plurality of coefficients

such that the output of the group del ay conpensati on

equalizer is substantially equivalent to the inverse

00. t hg@her eufelded ayniathdaitn GetdfdclaYmt Ne wherein the wireless

communication unit is a wireless transmit/receive unit (WTRU).

11.  The wireless communication unit of claim 1 wherein the deficiencies of the
power amplifier compensated for by the narrowband filter include distortion and radio

frequency (RF) power spill over.

12. An integrated circuit (IC) comprising:

(a) a digital baseband circuit comprising at least one group delay compensation
equalizer and at least one finite-impulse response (FIR) filter; and

(b) an analog baseband circuit comprising a radio, a power amplifier and a

narrowband filter, wherein the narrowband filter compensates for deficiencies
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narrowband cavity filter. 7. The wrel ess
communi cation unit of claim1l wherein the power
wa@epbsitbices s a class A linear power anplifi ePCT/BS20051€09499
Wi rel ess comruni cation unit of claiml wherein the
power anplifier is a linearized power anplifier that
exhlblt@issbyf the povewmmmplifer wad kther cpm@énsabom Blier yenpensates for
ari zatjon tec 9, The w

undesteafyfR G Rel BT HAR L LeR Borfie THRPEPATARDLGH 1 ol ess

conmuni cation unit is a base station. 10. The wi rel ess

communi cation unit of claim1 wherein the wrel ess

dgnmulheal@ ofi claiit 12 sviaersin ¢he smrtovaband filteacisi v highhgtiality (Q)

WIR) . I t t of cl 1
narroN BRAG FAVIR ST 1 Br S dor MR A dptsdt BB Kekage rejection in
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12. An i ntegrated circuit (1C conprising: (a) a
digital baseband circuit conprising at |east one group
rfaelpm 12 gubeteiethgngroap fHelast compensation equalizer

st A S RRRTRR i 500, L marowband
cav1ty¥ﬂ¥dr”d‘ (%E’IV@MII? witRahawband Jrithé %f@uﬁ‘ﬂ@lra@f' dha&‘Q@terlstlc of the high
narrowband filtTer conpensates for deficiéncies -10 WD

Q nar2e0EntDEsity PIier,us20lhngd 94 98orealdsitable grayp dakmypeaponse across

h ag@Ii{i er, and the conpensation filter conpensates for
the pag ‘rabl e characteristics exhibited by the

narrowband filter. 13. The IC of claim 12 wherein the
narrowband filter is a high quality (Q narrowband
davi t e 1Q of claiinclB piheveitethdpapzbadids S hannel

| eakage rejection in adjacent channels and creates a
| arge group delay vari ation over a desired passband.

4% Ttﬁlell% &f clg 1@f&§th\@%oﬁlpr111st1g§ al SR ogg ld?éﬁtal to-analog (D/A)

conpensati on equal
converter that connects the digital baseband circuit to the analog baseband circuit.

17. The IC of claim 12 wherein the group delay compensation equalizer
includes a tapped delay line weighted by a plurality of coefficients such that the output
of the group delay compensation equalizer is substantially equivalent to the inverse of

the group delay variation created by the narrowband cavity filter.

18.  The IC of claim 12 wherein the power amplifier is a class A linear power

amplifier.

19. The IC of claim 12 wherein the power amplifier is a linearized power
amplifier that uses feed forward, feed back or predistortion type linearization

techniques.
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substantially reduces the group delay variation caused

by the high Q narrowband cavity filter by convol vi ng
wowdak/1exs75 nver se of the group del ay charact er i BET/TSmD5/009499

the high Q narrowband cavity filter, resulting in a

nore desirable group delay response across the

passband. 15. The I C of claim 13 wherein the passband

ISy 5 .+A16,. The f clajm .further rising at
Dot THAGRE R LEvhesPur il s Subiisee & 4 hage Station.
connects the digital baseband circuit to the anal og
baseband circuit. 17. The IC of claim 12 wherein the

Gloup Thel dY odnpleriant12rwheredhi dee IGcisudempidedppgd a wireless

delay line . by a plurality of coefficients
tran$§ﬁ@%%%ﬁﬁﬂﬂpﬁgvéﬁ§§ﬁh of the group del ay conpensation

equal i zer is substantially equivalent to the inverse

of the group delay variation created by the
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wher ej he power anplifier is a class A linear power
compeggateads ﬁ%é y the nargewpangddiltaringiude diglortion anskrasindrequency (RF)

ifier is alinearized power anplifier that uses
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i nearization techniques. -11 WO 2005/101675

PCT/ US2005/ 009499 20. The I C of claim 12 wherein the

ICis conprised by a base station. 21. The I C of claim

12 wherein the I1Cis conprised by a wirel ess

transmt/receive unit (WIRU). 22. The IC of claim 12

wherein the deficiencies of the power anplifier

conpensated for by the narrowband filter include

distortion and radio frequency (RF) power spill over.
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