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_ METHOD AND APPARATUS FOR .
'_ TRANSMULTIPLEXER A MULTI-CHANNEL
B INFORMATION SIGNAL o

: "Fi-.eld' ,o_f._ 'th.'e. ' I'Filve'nﬁOn.-'f- '

The present mventlon relates to multl-channel dlgltal

- transceivers, and more partlcularly, 10 a filtered fast Founer f k .
I transmultrplexer and a method of transmultrplexmg a multl-channel i
g 'commumcauon s1gna1 ina multl-channel dlgrtal transcelver o

' 'Background'_of, the' ,' Invention :

" There : are numerous advantages to. 1mplement1ng aradio -
commumcatlon system using d1g1ta1 techniques. Notably, there is -

| enhanced system capacrty, reduced noise, and reduced hardware and. o

- associated power. consumptron There has been proposed several |

20
25

| 'dlgltal radio commumcatlon systems. For example, there is shown -
- and descnbed inU.S. Patent No. 5,396,489 several embodiments of
' radro commumcatlon systems 1mplement1ng drgrtal techmques .

" In multr-channel transceivers, it is known to-use

-'transmultrplexers to recover mdlvrdual ‘commupnication channels
from a multr-channel communication s1gna1 Such a- :
_ transmultrplexmg device is shown in FIG. 1 embodied in a d1g1ta1 .

_ 'recelver 100. As shown, multi-channel radio frequency (RF) signals -~ o
are received at antenna 102, band pass filtered 104, down converter - :

106, IF f11tered 108, down converted to baseband 110,. flltered 112 :

- and dlgltlzed 114 ‘The digitize multi-channel signals are then_
‘communicated to a transmu]tlplexer 116 which includes and o
interpolating po]yphase filter stage 118 and a fast Fourier transform N

(FFI‘) stage 120. The output of transmultlplexer 116 are N

~ .communications channels separated from the d1g1t1zed multr-channe] Lo

slgnal One w1ll readlly apprecrate that operated in reverse, the
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. structure shown in FIG 1 operates to process N channels for |
S transrmss1on asa multl-channel RF s1gna1 from anantenna..

Transmultlplexers however generally are not capable of

- producing hlgh sample rate outputs and operate best when the 1nput o
‘and output sample rates are different by a ‘factor’ equal to the number

- .. of channels. Also, transmultlplexers do not prowde opportunmes 1003
. utilize- spec1a1 filter structures. They are limited as to not being able’

: _25.- |

- 30

: .'ofFIG 3;

| to take advantage of symmetry, and generally can not be made -
~ without multipliers. In addition, typical transmultlplexers requirea . -

B ._ 10 large number of filter taps, 10 times or more as many as the number o

of channels, and therefore a large amount of memory. Hence, -

'.transmultlplexers are performance llmlted and computatlonally and
_-memory inefficient.. -

o Therefore there is a need for a h1gh performance efﬁc1ent

| transmultiplexing device and method for use with digital
. - transceivers. Such a devxce and method are prov1ded by’ the present

invention, and one of ordmary skill in the art will readily

" appreciated the many advantages and features of the present

~ invention from the followmg detalled descnptlon and accompanymo '. o
.20 - | - : - S

drawmgs
. ‘Brief 'Descripﬁon of the DraWings' S

FIG 1 isa block dlagram of a pnor art multl-channel d1g1ta1
receiver; = 3 | )

FIG 2] 1s a block dlagram ofa multl-channel transcelver in

.-_accordance w1th a preferred embodiment of the present mventlon

. FIG. 3 isa block dlagram of a preferred 1mp1ementatlon of a
flltered fast Fourier transform (FFFT) for use w1th the transcelver

| of FIG. 2;

FIG. 4 i 1s a 31gna1 dlagram 111ustrat1n° the operatlon of the FFFT
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FIG 5 is a block dragram of a preferred fllter structure for use - |

. in accordance with the present invention; -

‘FIG. 6 is a block dragram of an alternate preferred

o rmplementauon of a fllter structure for use in accordance with the "
. present mventlon -

 FIG. 7 is chart 1llustratmg the computatlonal performance of an
FFFT in accordance wrth a preferred embodlment of the present "

" invention.

10

15

90

| -__D,'e'tai'led' Description of a',Preferred 'E_mbodinnem_ o

Wlth reference toFIG. 1 a multl-channel drgltal transcerver 200 L

' 1s coupled to a commumcauon network 250. It will be apprecrated

that transceiver 200 may be. advantageously utilized i in nearly any

,'.'multl-channel communication system such as cellular radrotelephone'. '
-communication systems, cable television (CATV) telephony systems, .
- and the like. Transcelver 200 includes in a receive path a receive .~
. antenna 202 an RF bandpass filter 204, an RF—to-mterrnedrate o
_frequency (IF) mixer 206 an IF bandpass filter 208, an IF-to-
. baseband mixer 210, an antl alias filter 212, an analog-to-dlgltal |
converter (ADC) 214, and a. frltered fast Fourier transmultlplexer .
* (FFFT) 216. In a transmit path transceiver 200 includes an inverse

FFFT 218, a digital-to-analog converter (ADC) 220, anti alias filter

222, a baseband-to-IF mixer 224, IF bandpass filter 226, an IF-to-
25

RF filter 228, an RF bandpass filter and ampllﬁer 230 and transmrt '_

‘antenna 232.

In operatlon in receive. mode, multl-channel communrcatlon -

L slgnals are received at antenna 202 and processed along the receive -

© 30

path to FFFT, 216 which ‘operates-to downconvert the channels -

. contained within the multr-channel communication s1gna1 to produce '_ :
~‘ablock: of N.communication channels which are then coupled.to -

o communication system 250. Similarly in transmit, a block of N

'-commumcatlon channels -are communlcated from commumcauon
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system 250 to inverse FFFT 218 whrch operates to upconvert the
-- 1nd1v1dua1 communication channels into a- multi-channel
' communication signal which is then processed along the transmit .
path and u1t1mate1y radiated from transmit antenna 230.

With reference to FIG. 3, a preferred 1mplementat10n of FFFT "

_216 is shown it bemg understood that a similar structure, although

reverse of FFFT 216 bemg the preferred 1mplementatlon of inverse
* FFFT 218. FFFT 216 structure resembles the decimation in time -

10
15

20

' Cooley-Tukey FFT structure modlfled however to include fllters B
on each branch. As shown in FIG. 3; FFFT 216 1ncludes a
- commutator 302 Wthh commutates an mput multr-channel o
' communication signal to a first filter stage 304 hav1ng a plurahty of

filters 306 - 312 and via delay element 303 to a second fllter stage

-'314 having a plurahty of filters 316 - 322. In a preferred :

_ 1mplementat10n filters 306 - 312 and 316 - 322 are substantla]ly the |

_ - same, however, it should be understood that the filters may be of
different types or coeffic1ents The outputs from filter stages 304
and 314 are. Cross summed in summ.tng stages 324 and 334 each

~ having summers 326 - 332 and 336 - 342, respectively. While

- indicated as a summing operation, a “-” provided before the

' summatlon sign is intended to indicate a subtratlon The outputs- of -

summers 336 - 342 of summing stage 334 are further scaled by a

. time varymg coefficient. In the preferred embodxment the outputs o

25

 where Wis =

of summers 336 342 are scaled by:

'w#(-n.*_ ¢

—J2k

' -k is the mstant sample, n is . and [ 1s

“ At the outputs of summing stages 324 and 334 are commutators o

344 and 346. Commutator 344 commutates the outputs of summing

: : stages 324 to'a third filter stage 348 having filters 350 and 352 and .
~ viaa delay element 345 to a fourth filter stage 354 havmo filters 356 o
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and 358 Slmllarly, commutator 246 commutates the scaled outputs

- -of summing stage 334 to filter stages 360 and via a delay element "

347 to filter stage 366 havmg filters 362 364 and 368, 370, -
g 'respectlvely The outputs of filter stages 348 and 354 are Cross

summed in summing stages 372 and 378 ‘having summers 374, 376

and 380 and 382, Tespectively. Likewise, the outputs of filter stages o
o '360 and 366 are crossed summed in summing stages 384 and. 390 S
| hav1ng summers 386, 388 and 392, 394 respectively. The outputs of o

summing stages. 378 and 390 are further scaled by a time varymc R
coefficient. - : .

- Atthe outputs of summmg stages 372 378 384 and 390 are o

R commutators 396, 398, 400 and 402. Commutators 396, 398, 400 |
~ and 402 operate similar to those prev10usly descnbed to commutate |

* . the outputs of summing stages 372, 378, 384 and 390 to filters 404,

15

408, 412 and 416 and via delay elements 397, 399, 401, and 403 to -
filters 406, 410, 414, 418, respectlvely The outputs of filters 404 - .
418 are then crossed summed by summers 420 - 434, and the outputs - - - |

| of summers 422, 426, 430 and 434 are scaled by a value (- l)k

20 |

The operat1on of FFFT 216 is best understood w1th reference to SR

FIGs. 3 and 4 and by considering it as a series of comb filters wrth |

"mixers at each input. The multi-channel input signal 450 comes in-

.. from the left side of the page (FIG. 3) where it is separated into two o

~ paths 452 and 454. Path 452 is passed d1rectly through the f1lters o
- (i.e. filter stage 304) while path 454 is filtered (i. e filter stage 314) '

25 and mixed such that the spectrum is moved by one channel. The ~

filters eliminate every other channel on each path 452 and 454 -

- leavmg four unattenuated signals on each path. Next, the paths 452

~ and 454 are broken into four paths. 456 - 462 which are similarly -
filtered or flltered and mixed leaving the four paths. 456 ‘462 with

two channels per branch Finally, paths 456 - 462 are broken into

” .'elght paths 464 - 478 which are again filtered or filtered and mlxed IR

o as appropriate. This leaves the eight paths 464 478 with one

- channel per path. Hence a multi-channel signal containing erght' |

o channels is separated mto etght s1gnals w1th one channel per slonal
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o 'all of wh1ch are at the mput sample rate and w1th the des1red channe]'- N o

" at baseband.

“The mixing, i.e., scalmg with the time varymg coeffrcrent is-

.- shown advantageously following the summlng However, one wﬂl
__.readlly apprec1ate that the mixing may be performed prior to - _
| summlng or prior to filtermg, as the case may be, w1thout departmo

= from the fair scope of the present invention. -

10

_ Wlth reference now to FIG. 5, a preferred filter structure 500 o o
for use with the FFFT is shown. Filter 500 is preferably a comb

filter structure mcludmg a plurallty of low pass filters 502 - 508

._ which attenuate half of the input spectrum replicated N times, where i

N is half the number of channels. Filters 502 - 508 form a branch

~'which commutator 510, 512 dlstnbutes ‘every Nth sample to. Thls o

.. means that each filter mput is decrmated by N. ' An equrvalent

| structure is one where the filter is upsampled by Nina s1ngle branch": -_ o

W1th a filter hav1ng spectrum consrstmg of N relicas, i. e., comb

teeth, of the desired response. - Filter 500 is useful because of the :
'_-sharp rolloffs: created w1thout mcreasmg filter order:-

.. With reference to FIG. 6, preferred filter structure 500 is
illustrated adapted to a portion of FFFT 216, with analogous R

| elements to filter structure 500 and FFFT 216 being indicated with a. L
-prrme ( ). The input commutator 510’ 1ncludes a mixer 602 which

R mixes the 1nput multi-channel srgnal witha complex sinusoid havmg _

by

- a frequency of Fs/(2N), N being the number of branches ‘As

| 25 described above; each branch contains an 1nput sample decimated by

N, the samples assoc1ated w1th each branch are therefore multlphed

=1~ l)jk ’

| e e

:' where 1is the branch index and k i is the instant sample ThlS means
‘that each branch is multiplied by a constant t1mes +/- 1. ‘In'the. |

- preferred embodiment, the multlpllcatlon ie., multrpllers_ 604 - -

610, is moved to the filter output as described. This advantageously



‘wogreee18 - .. .. - PCT/US6/M0825

__allows for the use of a srngle comb filter for both the mrxed and

o _unmlxed branches.

FIG. 7 1llustrates an 1mprovement factor ie. the reductlon in
computatlon for the FFFT of the present invention over the typlcal

transmultiplexer. Moreover, FFFT 216 has a considerable memory '-

SN | advantage. The filters of FFFT 216 may advantageously be -~

1o

~ hardwired ehmlnatmg storage of filter coefficients. In contrast, a

typical transmultiplexer will require ‘the storage of CM’o filter taps, |

where C is the number of channels and M’o is the computatron cost, ‘- "

in shift - adds per output sample, of the leftmost, i.e., most complex :

filter. A 1024 channel transmultlplexer w1th eleven taps per | branch )

S wrll therefore require about 11 Kwords of- memory

15

As one of ordinary Sklll the art will apprecrated from the -

-'foregorng drscussron the present invention provrdes a |
' computatlonally and memory efficient apparatus and method for use -
in multi-channel transceivers through a unique filtered fast Fourier -
o transmultrplexer structure ‘Many additional features and advantages
. and the fair scope of the present invention is readlly dlscemed from .

_ ) the foregomg drscussron and the subtended clarms
0. : .
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| -'f..What_isclairnedis:'_

1. A method of transmultlplexmg a multl channel

mformatlon signal at a first sample rate-into a plurahty of selected

- _'communlcatlon channels at the ﬁrst sample rate, ‘the method

_ -.'1_0

e

L filters;
15

- _comprising the steps of

o (a)' ; commutatmg the mformatlon S1gnal to. a flI'St plurallty

| .'.-of filters and commutating a delayed sample of the. mformatlon e
signal to a second plurality of filters, each filter of the first plurahty o

of filters correspondmg w1th a filter of the. second plurahty of

(b) summmg an output of each filter of the first plurallty of .

-'f'fllters with an output from the correspondlng filter of the second |
. plurahty of filters to form a flrst plurality of summed outputs; '

| ) sumrmng a scaled output of each of the second plurahty x
of filters with an output of the correspondmg filter of the first
' ._plurahty of filters to form a second plurahty of summed outputs

(d) = scaling each output of the second p]urahty of summed

B | 'outputs by a time. varylng value, .

30-

(e) commutatmg the first plurallty of summed outputs to .

. form afirst output signal at the first sample rate; and
s
- outputs to form_ a second output s;gnal at the first_,sample rate. -

(f)  commutating the scaled second plurallty of summed

" 2. The method of c1a1m 1 wherem the step of scahng each .~ -

of the second plurahty of summed outputs by a time varying value - o
“comprises scaling each of the second plurallty of summed outputs by .

a comp]ex exponent1a1
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3. The method of.claim 2 wherem in n the step of
R commutatmg the first output signal to a first plurality of filtlers .- '_
comprises commutating the first output signal to-a third plurality of
- filters and the step of commutatmg a delayed sample of the first = -
5. ‘output signal to a ‘second plurallty of filters comprises commutatlng
a delayed sample of the f1rst output s1gna1 to a fourth plurahty of o -
' '-fllters ' o . SRS

Y X The method of cla1m 1 wherem the step of summmg a
10 -scaled output of each of the second plurahty of filters with an output
. of the correspondmg filter of the first plurahty of filters to form a
_ second plurality of summed outputs comprises subtractlng an output
- of each of the second plurahty of filters from an output of the '
_ B correspondmg ﬁlter of the flrst plurahty of filters :
5. An apparatus for transmult1plex1ng a multl-channel
- mformatlon signal at a first sample rate into a plurahty of selected
._commumcatlon channels at the first sample rate comprtsmg '

D (a) - means for commutatmg the lnformatlon s1gnal toa ftrst
20 plurahty of filters and commutating a delayed sample of the
| information signal to a second plurality of filters, each filter of the
- -first plurality of filters correspondlng w1th a filter of the second
. 'plurallty of filters; : - '

R (b) means for smnrmng an output of each filter of the first

- 25 plurahty of filters with and output from the correspondmg filter of o
-~ the second plurahty of ﬁlters to form a f1rst plurallty of summed

- outputs; ' 8 :

- (o) means for summmg a scaled output of each of the : _
o second plurality of filters with an output of the’ correspondmo filter -

30 of the fxrst plurahty of fllters to form a second plurallty of summed, |
R outputs, T - 3
' (d) rneans for scaling each o'utput of th'e second plurah_ty;of L
summed outputs bya tlme varymg value - — -

" This Sheet Has Been RT'
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o (el).  means for commutatmg the first plurallty of summed
] .' 'outputs to form a first output s1gnal at the first sample rate; and

o (f). means for commutatlng the scaled second plurallty of
. summed outputs to form a second output s1gnal at the flrst sample
5 rate. - o |

- 6".- The apparatus of clalm 5 wherem the first plurallty of '_ s
. .ﬁlters compnses a plurallty of substantlally 1dentlcal filters -

o7 The apparatus of clalm 5 whereln in the means for |
) -'commutatmg the first output signal to a first plurallty of filters is L

- operable for commutatmg the first output signal to a third plurahty o
- of filters and the means for commutating a delayed sample of the -

L | first output s1gnal to a second plurality of filters is operable for -
o 15 ;commutatmg a delayed sample of the first output s1gnal toa fourth
B , plurahty of fllters . : S

| 8. The apparatus of claim 5 whereln in the means for o
| -'commutatmg the second output signal to a first plurallty of fllters is -
20 operable for commutating the second output s1gna1 to a third - §
o .'f'plurality of filters and the means for commutatlng a delayed sample '
of the second output s1gnal to. a second plurahty of filters is operable" o
. for commutatmg a delayed sample of the second output swnal to a- '
. . fourth plurallty of filters L .
25 | o
~° 9. The apparatus ¢ of clalm 5 wherem the means for -
' summmg a scaled output of each of the second ‘Pplurality of filters
with an output of the corresponding filter of the first plurallty of
filters to form a second plurality of summed outputs is operable for. .
30 subtractlng an output of each of the second plurality of filters from '
o an output of the corresponding filter of the ﬁrst plurahty of f11ters

| 10 A ﬁltered fast Fourler transmultlplexer compnsmo ._ EE
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- a commutator hav1ng an mput and a flrst output and a second S
.__--output wherein the first output selectively couples a sample ofa .
~ multi-channel mformatlon signal to inputs of a first plurality of - .
~ filters, and the second output selectlvely couples a delayed sample of o

the multl-channel mformatlon signal to mputs of a second plurallty

of filters;. the first and second plurahty of ﬁlters each havmg an
output ‘ _,

a first plurahty of combmers each coupled to an output of

- one the first plurality of filters and to an output of a correspondmg
filter of the: second plurality of fllters, each of the f1rst plurallty of .
- comblners having an output; : :

‘a'second plurality of comblners each coupled to an output of o |

one of the second plurality of filters and to'an output of the:

o -_correspondmg filter of the. first plurality of- filters, each Of the N

s

_-second plurallty of combmers havmg an output

i a plurallty of scalers each havmg an input coupled to an 0utput S
- of one of the second plurallty of combiners and an output | -

a second commutator for commutatmg the outputs. of the. fn'stj o

. plurallty of filters toa first output s1gnal at the. sample rate; and - o
20 -~ a third commutator for commutatmg the outputs the plurahty o
- of scalers toa second output s1gna1 at the sample rate o '



