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FIELD OF THE INVENTION
The present invention relates generally to radio communication
20  systems, and more particularly, to increasing the capacity and/or
coverage area of existing cominunication systems. In one application,
the present invention relates to a t_ime/ﬁ:équency duplexing technique to
~ achieve extended radio transceiver ﬁequency_ band coverage in adjacent
frequency bands.
25 . - . .
BACKGROUND AND SUMMARY OF THE INVENTION
The rapid growth of radio communication systems such as
cellular radio has compelled designers to search for ways in which
system capacity can be increased without reducing communication
30 quality. One way in which increased capacity can be provided is by
. increasing the efficiency in which the available cellular spectrum' is .
_used, e.g;; by changing from analog to digital communication
‘ SUBSTITUTE SHEET (RULE 26)
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PCT/ US97/ 1 ; B ﬁﬁlilﬂl ques.-
ln North %‘{?A‘é"a"”t hi s change was i rrpl enent ed by transcfl oning from-
t he anal og "AWS" systemto a digital system"D AMPS" “whi ch was
standardi zed as 1S-54B and |ater as |1S-336. Q her * technol ogi cal

| nprovenents, such as the inplenentation of Time 5 Division Miltiple
Access instead of Frequency Divi si on Multiple Access, have al so

increased systqgy Lﬁﬁ?@fgec"ﬁln ?Fixﬂgl at &a,ttﬁ'i@ chang wgp_lhﬁmeﬁtédmyof nor e

spectrally efficren “the need nor e- capaci-ty -i n-

cel lul ar commurtianaitioning fronethe ambig Mubﬁ)&' ybmmtoadxgxtabnys;cm“u.o

can be i ﬁ’i‘%é&%ﬂ?@%ﬁ hovisrendratoed s B A e Sseiper %' T
FCC ori gi nal 1y st @g}ggxwto%ﬁe@) ol LSRGk of $RRe 845 M

(uplink) and 870- ar service in ?he 15 United
- States. In 15987vaﬁsﬂén RMgltiple Ac6dse Qnﬁea@dﬂFqu@Bﬁéy DiWkiontMuktisle
frequency bl ock to increase capacity. O course, this solution is |limted

si nce the usabIécqesadwn@}swpsmasmymmuqapa@tsanEV@stﬂnthg _
comuni cati on systens_ot.her .t han cel | Lr ort s of :
t he usabl e sped ﬁx{lﬁﬂ’ tioff of mote specty: %-}’de‘f@%ﬁq‘%gﬂ%&&f %\{ﬁ% Ens are
al | ocated freqyg acity i 848k éoxﬁmun?&l@f cfdr‘ﬁﬁhh&k@o g 851-869
(downl i nk), whi cﬁ&y g ity cont fu-guous W t ﬁsg' se of cel I&?ar band as
shown in Fig. kontern. contrast to cellular radio systems, LMR systens
are transm ssion 25 trunked systenms commonly used to provide radio
communi cat i§n service bet vveen i ndi vidual radio units of a par t i cul ar

or gani zati on. For Anotﬁ g &f\e&gﬁaﬁt&?gé ?ﬁz@lﬁ\ﬁ%&*@g of LMR

(comonly referred, |c ser Systeirs) to

communi cat e bet fn can be aﬁirézssbde@tcs pfvikleadiitoRdichectndh. ok ek8mple,
headquarters. gﬁterrs have 30 h| stori cal lé been_inpl enented” as
(=

i ndependent  si t’ibgF eriginglly albpamd\IWQbIOCks of «wngwédr epB2E-84bea and

serviced by on a |ons . Cel |Lul Hr
systens on theei\gi'{r%e(ru Mﬁ%%gﬁ%ghw cﬁ‘iir“'k)) fo tﬂ

PCT/ US97/ 15274 {Jnited States. In 1987, the FCC allocated an add1t10na¥5 I\A.Hztog';%@ﬁr aphi cal
area divided into many smaller " each of wni

frequency block to mcrease capaclty Of course, thls solutlon is limited

since the usable frequency spectrum is finite and existing
communication systems other than cellular already occupy portions of
the usable spectrum. '
20 _
Land Mobile Radio (LMR) systems are allocated frequency
blocks, i.e., 806-824 MHz (uplink) and 851-869 (downlink), which are
_ contiguous with those of the cellular band as shown in Fig. 1. Iﬁ
contrast to cellular radio systems, LMR systems are transmission
25 trunked systems commonly used to provide radio communication
service between individual radio units of a particular organization. For
éxample, police departments use a version bf LMR (comrﬁoﬁly referred
to as public service trunl_ced (PST) systems) to cdmmunicaté between
patrol cars and a dispatcher at police headquarters. LMR systems hévc_e
~ 30 - historically been implemented as independent sites covering a relatively.
large geographic area and serviced by one (or a few) transmitting base
stations. ‘Cellular systems on the other hand cover an even wider
SUBSTITUTE SHEET (RULE 25)



serviced by its own transmtting bhase station. Mre recently, LM

mul tisite-swovsmad8have been dével oped~and inplement ed t o-exRERUSITIS274 - -
geogr aphi cal coverage as well in the LMR arena. At each LMR site, an 5
LMR operator is allocated a portion of the LMR spectrum wi thin which a
fixed frequency pair is typically selected for use as a control channel '
while all of the other frequencies are used for traffic. . In
1994, the FCC announced that the frequency spectrunms 10 allaqcated for LMR
cel lular; and pegogsiphicalareaidividad inte mapytsspaller “celly’mach ofdhigh e uniformy

regul at ed. An operat@k. can therefore now = .o use.frequengi ithi-n the -
combi ned  bandwi %?ﬁ%%ﬂ%gﬂémﬁ e%;mf ﬁ%%a:s?_stauonc@gﬁe ggc )Ll‘ié\d#er I
[regul atory - changaRisifedfysRaie Heeﬁ%vwgige&-aﬁhliﬁwlememg& MRegpafd rumto be

|l i censed on a wi de-area basis rather th a site-by- 1 site basis, LMR
frequenci es nmaygeogrephicalxevefage asavélbimathe LMR arenau diteach &MR sitecanft t he

LMR frequenc rum for, cellular . C |cations is . referred to
herei n as. * dowribWiti eRORM is Allpe gjportion o?Wspecﬁalmwmwbsc |
systens that ar Ral| s Al ar : o | | enges
ot Trrst e AGfRETRRELEMG B It GBlcaMyVelctfed BYTNERE  SRE! Baflll |

operating in thehilealled tht ottes fitquendids fezused for eeAwmel Wi dths, whereas -

cel lul ar system operating in accordance with | S-54B have 30 KHz
channel widths. One solution to this problemis provided in the

above-referenced U. ent ication, Seri.al .No. 25 08/ 622,311,
ol T e~ bonaband i T84 Mie BER ArkRinGld ok iR s Qieicy spectriga,

conventi onag C | ' 0 bsurd; ' L a
manner whi cir? pt%l%teégz%?g‘%%%k{l&é va tgsg)g%; E%Fe-s‘%%@%‘???gedi for
every six ori gi({®&dS)yweplddiehirafhrnly régidateliR A aperatar, cahitherefions v KHz
DBC channels are specified. In this way, complete conpatibility with 30
cel lul ar systent® @qy_epc;gs MGthin ghe eembingdhandeddthda) any) desirgd anammer. -

ISDBC/::Sr; lngS’?/ : IlZZ?ZCL %Wﬁgd with oth\é\orqu%%r’sg 8hanges, for example thoie which allow AS

can.be seen in JEMR specttungtebe ticei¥ed oh £ wiliE-aftabaBR nalRp thdifa site-by-naxi mum
cellular transmt frequency (849 MHz) and the m ni num LMR recei ve

frequency (¥51 sWabasisThiMRdrequencics mayegwdemsedforealludar  with the 20
MHz maxi mum trapsoit/m nimu ecel.v uenc ap .5 or nal used in
DAMPS cel | ul ar %’%%W ica HES-ZU‘%/H%?E%&@@M%%%QS&W £ oulat |

communications is referred to herein as “downbanded cellular (DBC).”

=)

D

To implement DBC systems that are compatible with cellular |
- 20 systems, several challenges must first be addressed. For example, | _
-conventional LMR systems operafing in the United States have 25 Khz |
ch_annel widths, whereas cellular system .operating in accordance with _
IS-54B have 30 KHz channel widths. One solution to this problem is
provided in the above-referenced U.S. Patent application Serial No.

25 08/622,311, entitled “Downband Cellular Systems and Methods” where
the conventional channelization of the LMR spectrum is redefined in a
manner which provides' significant advantages. More specifically, for
every six originally specified, 25 KHz LMR channels, five new 30 KHz
DBC channels are specified. In this way, complete compatibility w1th

30  cellular systems, e.g., allowing roaming between cellular and DBC
systems, is achieved. | |
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spaci ng is satisfactory given the ceranic duplexing filters used in |
celtular- %g‘?.%’ ‘maintain isolation between the transm t pe@niofs274
recei ved si However, current filter materials technology (ceramc
dupl exers included) are unabl e to permt construction of a single LMR |0
"pl us" ceI lular ceram c duplexer filterg4that provides the ideal inband
"flatness" and out-of-band rejection for such a narrow 2 MHz gap shown

in Fig. 1. Accordingly, it is an object of the present
i nvention to prow deﬁs@caﬂﬁe s@BiPi'anig”g fhefPRUNE 8L MHZ Badbétiide theicr eased
'frequency ‘band © - coverage 1nto what has traditiona I’y -been separate

“Tadi o communi cananmumcellular@qnsxnli}ﬁ'ﬁpmnsy@@l\&k)andthemmmuma further -
obj ect. of the esent | nvention t such 0 dupl exi ng, ar.r angemnent
usi ng transcei EROGTr e%%&é&ﬁ@é}ﬁmﬁ {rﬁzzléequenc g&p&oﬂ
conventi onal | ) . | band,

Y Gt 50 Rrz Ind iR EaiSinitininiRpf e eregﬁggty g

e.g., a cellular

present i nvent i miimiatiyused sDARPS exdhdarihonesp Thie@0 m{zeﬁe?mﬁy@ﬂ- band

radi o transceiver. . It is a further object o e present
~invention to rmapacmguarsetlsfa@mry glventhencermndélﬁ epingitiltexsiused e xpensi vel y

and w t hout | ncr co nents._ o size of :
conmponents. ‘flu rgdlos%on}_gl "P%%We%ﬁ’ﬁ{ %“-W@Sﬁ?f‘i%n is to adapt
E Eg ldgpllgé' ”9 recexve& 'si(%fdlst 'Howbveé, efirbht flter MflefialteSihdlogy (d@ahid! e with

PCT/ US97/ 15274 duplexers included) are unable to permit construction of 2 smgle LMR -
specification for ge ar hone nd t mt addi banded"
conmuni cat i ¥ns | é‘r?h }'?6 ge’@é(ﬁﬁ’@ﬁﬁ?ﬁ?&‘ﬁﬂ es1t:he 1aza1 mganvw The
present invent "‘%@u?ésg’“ hxdc‘?ﬁu@ofﬁ @ra@é&[b}%&‘éﬁéh Q%“ ; ﬁﬁ?Hz éag shB@vBab' ity

to transceive inforpation over second
in Fig. 1.

. N
Accordingly, it is an object of the present invention to provide a
15 duplexing arrangement which permits increased frequency band
coverage into what has traditionally been separate radio communication

frequency bands.

It is a further object of the present invention to provide such a
20 - duplexing arrangement using transceiver hardware already present in the
' radio cenventionally coxiﬁgured to transceive in just one frequency

band, e.g., a cellular radio.

It is a further object of the present invention to use only a single

25 duplexer in an extended-band radio transceiver.

It is a further object of the present invention to manufacture such
an extended band radio inexpensively and without i mcreasmg the
number of components or the size of components.
30 .
A further object of this invention is to adapt the duplexing T
circuitry of a.cellular radio which is compatiblé with the IS-136 -
: SUBSTITUTE SHEET (RULE 26) .



of frequencies.. Each set of frequencies includes a transmt frequency
band "and a Rysioyss2f requency band. One exanple of. the first PERASSTLIT
sets of frequencies are the transm ssion/reception allocation for |and
mobi | e cel lul ar radios. The radio transceiver includes a transmtter, |10
recei ver, and antenna. Duplexing circuitbfy is connected between the
antenna and the transmtter and receiver. Dependi ng upon the node of
operation of the radio transceiver for comrunications either in the first

or in the secondpseificafiof farpetutirgshonesiand e permnis agdisionabtdawabapdedous| y

configuring the antenna, .dup)exer, circuitg recei ver,, and transmtter: - - -
15 - ' | n one SSPURBRICAHO %%Pé%ffdﬁ%%ﬁeﬁ?e%ﬁé’%d&ent i nvention, = - -

~only a single duplexer is enployed that permts the radio to transceive .. . __ .

over both the first and second sets of frequencies. Switches connect the

one dupl exer to the aHepresentiintétionphiovidesd fadid transcedver hevingrtiie
transmitter. To operate in the first 'set of transmt/receiygr frequency
20 bands, tle sapebilisy tatranseeive informeation overdirgtandseseng &4 ant enna

4
ransm /1 ocel valt FRaeaEicey Toeh det Of peausheissBetgrL S pafis iy .

dupl exer in con i g_f&e%tﬁéq&nfrl_gg,gﬁ&ed e of tHeeiSt ahd sédvhd

receive path. , the presént invention therefore
may be used to agtpéf frequencies are did trhmsmissidhfeteptioncallogation ffgr kandnscei ves
over formally desiginat ed . fﬁ"l | ul,ar transm.t and receive, frequency
bands to transcanQbile gellylagradios. They PWF%Y@?EW&?S?WQC%M recei ve

frequency bands ' 0 LD SHM , ecei ve
frequency barids fﬁg%éﬂg’ﬁ@“&e“n%D‘m‘%ﬁ“%ﬁ% ?Qwuﬁnr“%é%% exe‘rﬁ{I eIrl ul ar
frequency transndmigiridndihe transmitter AT RREIVRRS Dependifigtupdnabe urudel oft hr ough

the duplexer. LMR frequency = WD 98/09382 L. . e
PCT/ US97/ 15274 operation of the radio transceiver for communications gither in the first -

transm ssi ons may .be, routed thr h the dupl.exer, whil . ceptions
are routed throéﬂnﬁhgsg%n%d%g?ﬁ%quenme& sWite % ﬁfecR{B"@?éﬁg’F gaﬂﬂ%{l cation
to tinme slot bas € ahteAfa, d@ieﬁéﬁ'gﬁn}r,q«eseiveﬂ Rivé tnshenEr. The

control of the swmtches™int ext ended Trequency bands is
acconpl i shedisusi ng a Ioore pleferreshestample embpsiiment efithepresent inventions| ot

alignment timng. Wen trapsceiving i the.cellular freguency bands,
the ‘switches ar eorbly-é’tﬁl&&llel PLer 1§ %"Pﬁﬁ’eﬂl\ﬁatfl’mtséii?@fg%ao 4 ﬁgqlv‘%/he | -
swi't ches are set oo g ﬁ%taﬂﬁ'ﬁ&&ﬂﬂesew fedtencies. Switches connect the

‘one duplexer to the antenna of the radio and to the receiver and

transmitter. To operate in the first set of transmit/receiver frequency
20 bands,. the switches are set to connect the duplexer between the antenna
and both the transmitter and receiver. To transceive in the other set of |
 transmit/receiver frequency bands, the switches are set to bypass the
duplexer in connecting the antenna and the receiver at least in the
~ receive path.
25 - )
Thus, the present invéntion therefore may be used to adapt a
~ cellular fadio that origi_rially transéciv_es over formally designated
 cellular transmit and receive frequency bands to transceive in land
- mobile radio (LMR) transmit and receive frequency bands contiguous )
30  with the cellular transmit and receive frequency bands using only a
single cellular duplexer. Cellular frequency transmissionsand ~  ~ -
recepﬁons are routed as usual through the duplexer. LMR frequency
TR ' SUBSTITUTE SHEET (RULE 26)



10 transmtting, the antenna is connected to the transmtter through the
dupl exer d ransmit time slot. During the transmit- tycqﬁ,sgi,,ggm,the
swi t ches e#@ggl veﬁty i solate the antenna and the receiver. During a

receive time slot, the antenna is connected to the receiver bypassing the

one duplexer. 15 In a prefgrred embodi ment, the switches are
I npl enment ed usi ng gallium arsenic (CGaAs) field effect transistors
(FETs) having | ow insertion | oss and rapid swtching speed. These
swi tches nai nt Qid&xshh@slons may%%hfeﬁ%d@h&ﬁbﬁupkx&?%!ﬂ@Lm' ation that
woul d ot herw se pr ovi ded by ‘a second dupt exer i nctuded speci fi cal Iy
for the extenda&ctptmmeancyoutedthrobghmesw1tches - ~Thus, "t he present”

i nvention provides radi os with geographic. - . coverage as.well as

I nproved system access in crowled areas (due to 25 the additional channel s

provided in the ext e@ﬂ@% iaﬁgﬂoggﬁghmm% @g\otbased ARfmuBRakiBnoNe

enbodi nent wi t hout a secon exer handl e cal | s
in the eXtersderyfsfmgerg;yTDMA&SysﬂmisemﬂonmﬂIoftthms}mtches intthanscei ver
circuitry like that_i.n conventional cellular radio telephones can be

adapted for ext@werded freqnenny pandnis assemplished nsing a coptrol signgd 98/ 09382
PCT/ US97/ 15274

BRI EF DESCRI PTI &50erted paseq on fimeslot alignment “m%ggge’éﬁéz%‘teh‘gflgé‘bj ects of
the present i nv#gldenlad FretBllcyands, the sviRges biCsBiGi RICHREU IR s of the

i nvention will now be describ conjunction™wth the follow ng
drawi ngs in whi exttendedebands cthe switcheSarernetrdyndrsicalyerWhen tickeradéd snent s:

Fig. 1 is a graph show ng the configuo ra t an | and
b 1 & 1 ad 6 o RRsBRRe e Faguenis, gaRdsd i L Geaten CUBBER fbe |
frequency rangeg

of downbanded celmle%é} durlngatransn%xtth'-:ﬂggﬁot Zmﬁﬂg | ﬁgrﬂﬁttﬁﬁ’é Jot Nfe CONCeEpt.

ens .used nat1on W t éxi sting
cel lular syst enswitches effectively 1solai€lthe adtenfia antithdrdceirelr. Duaisigg of a single

“cell" showing a radio
receive time slot, the antenna is connected to the receiver bypassmg the
one duplexer. N
15 |
In a preferred embodiment, the switches are implemented using
gallium arsenic (GaAs) field effect transistors (FETs) having low
insertion loss and rapid switching speed. These switches maintain the
required transmit-to-receive isolation that would otherwise be provided
20 by asecond duplexer included specifically for the extehded frequency

band.

Thus, the present invention provides radios with geographic

coverage as well as improved system access in crowded areas (dueto

25 the additional channels provided in the extehded frequency bands), and
does so in one embodiment without adding a costly, second duplexer to
handle calls in the extended ﬁ-eQuency bands. Moreover, existing
transceiver circuitry like that in conventional cellular radio telephones
can be adapted for extended ﬁ'equency band communications.

30
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15 base station assigned to a single cell and nmultiple nobile/portable

radi os; - 'WO98/09382 Fig. 4 is a functionm bl ock diragram ®CTASSUSRT - = - .
originally constructed to operate using one set of frequencies

adapted to conduct 20 conmunications in an additional, extended set of
frequencies in accordance with a ¥irst exanple enbodl ment of the

present invention; Figs. 5-8 are function bl ock di agrans of

a nobi l e radio- tel ephone configured.to cormunl cate over a first set

of transmit and receive BRIEF, RESCRIRE NI HOEDRAWINGDe over a second

set of adjacent tra | “fr = uencizes ‘i-n-geeordance -with a.. ...
second, preferred e;f‘}x%%gndoﬂ'xer%f&e $ tPl Trpevenﬁpg f?ﬁ/entlon -
Fig: 9 is a fl epelifitlexainpls @mbbiineits aF HRnPeR S MR nSwobd 0 .
control nethod of the dupl exer by the radio contrg}ﬂ?er% depgeﬁﬁr%gdé% the .
nmode. of operat p@muaﬂtlonewﬂhﬂlecfdlnvmgdrainRgmmM&MHhleeﬁemde preferred
enbodi nent of the resel%rtofﬁéeeilon WO 98/ 09382

PCT/ USO7/ 15974 MUmerals 7e emerits: 8

Figs. 10(A)-10(D) are timng diagrans show ng one exanple t echni que
for generating switch control signals for switching the RF : Swi tches
n accordance with Fig pisesgabhishewiig g dontigfiold finsihitland recdival | gnirent
signal l'ing gen ted | n TDMA type cellul ar systens; Fi g.
11A i s a sche %@bﬂgrm@ndmllumrﬁﬂqaem andsdhn thi 886 to 900 MHzrmay be
used in accordggﬁﬁ%#%};%nghe present invention; and 10 Fig. 11B
is a table ill r n Kar acteri stics of theRFsvmtch : shown in

Fig. 11A o

Figs. 2A and 2B illustrate the concept of 5ownbanded cellular -
systems used in combination with existing cellular systems;
Fig. 3 is ahigh level drawing of a single “cell” showing a radio N
15 base station assigned to a single cell and multiple mobile/portable
radios; '

Fig. 4 is a function block diagram of a radio originally -
' constructed to operate using one set of frequencies adapted to conduct
20  communications in an additional, extended set of frequencies in

- accordance with a first example embodiment of the present invention;

Figs. 5-8 ere function block diagrams of a mobile radio telephone
configured to communicate over a first set of transmit and receive
25 frequencies adapted to transceive over a second set of adjacent transmit
and receive frequencles in accordance w1th a second, preferred example
- embodlment of the, present mventlon, |

. Fig.9isa ﬂowchart diagram illustrating one example svrritching )
30 - control method of the duplexer by the radio controller depending on the
- mode of operation of the radio in accordance with the second, preferred -~ .
embodiment of the present invention; . |
.-+ - . SUBSTITUTE SHEET (RULE 26)



DETAI LED DESCRI PTI ON OF THE | NVENTI ON, 15, . In the foll ow ng
- "'d'e'§"é"r'i‘ﬁi‘.if"b'@;,a;{""EUF"pOS'é's" “of "explanati on and not | POTAIBSTNIOLVA
specific details are set forth, such as particular circuits, circuit
conponents, techniques, etc. .in order to provide a thorough
under st andi ng of the present invention.8However, it wll be apparent to
one skilled in the art that the present invention may be practiced in other
20 -enbodinents that depart fromthe specific details. In other instances,
detail ed desecriptions of well known nethods, devices, and circuits, are
omtted so as not tq obscuré the description of the present inyention with
unnecessary detail . Figs. 10£4)-10(D) are timing diagrams m@vmmi%@mﬂt? ref erence

B EI R e

modi f.ied in or defitdhes ih ACereance Wﬁ}lll’tlle?reseﬁtliﬁi'éhtﬁﬂﬁs‘iﬂlglﬁnﬁmoﬂ—m frequency

bands. Those skilled in the art wll o course appreciate that this
i s only an. exargligamempsignallingrgemerated in TDIMA typgeellplacsysiemsnvent i on may be
applied to any communi cati on system where there are reasonably
proxi mate or- conti guous frequency bands to provi de extended

coverage and/ or - ext gt pPRGL b kel dndiiean B OF 67 'k Ale RE swikHABARR382

PCT/ US97/ 15274 _ _ syst ens. :
~ Moreover, - whi | emggbbuked irrastolddice veikls the! presu iiveenftiong asdicy bands are
contiguous, the present invention may al so be applied to cover
adj acent frequency bands that are not necessarily contiguous.

Downbanded cel | ul ar S i nclou ot.h st and: al ane C oD .Systens which
utilize the''LMmR specﬁ%uirfgsr\%a&%&/ﬁg‘&%@hﬂg% cter;g%cs 85&1‘?%?5&’[‘?%n servi ces

as well as coopgbw eFigPplAcations of DBC “systens and cel lul ar
systens. Fig. 2A i]lustrates one such cooperative application of DBC
systens where a DBC systemis positioned adjacent to a cellular
system The DBC systemis illustrated as having a plurality 10 of cells
each of which are supported by a nobile switching center (MsC) 10

typically used in exi sb%%' ﬁb%;gdﬁﬁéﬁ%ﬁm .CFNTK)N " the

cel lular system has a ch Mss
12, 14, andisl6.- EacHinghe foléewingadescsiption, fosporposesofexplamdtiopnandarotoval )
I ncl udes one or,_npre statignary .radi o base stations (not shown),6 15
connected to a lirayg@em,isvémﬁsd }S. are sektorth; sych ?Samc‘éﬁatj REPWILS, GITCHH
receiving r adi ogh A, bHlquiRRkb SARELAR okl PlhoRbidl n the cell. I
~ understanding of the present invention. However, it will be apparent to
one skilled in the art that the present invention may be practiced in other
20 embodiments that depart from the specific details. In other instances,

detailed descriptions of well known methods, devices, and circuits, are

omitted so as not to obscure the description of the present invention with

unnecessary detail.

25 . Throughout this description, reference is often made to one
example application of the present invention to downbanded cellular
applications where a cellular radio is modified in order to transceive in
both cellular and LMR frequency bands. Those skilled in the art will of
course aﬁprcciate that this is only an example application and that the_

30  present invention may be applied to any communication system where
there are reasonably proximate or contiguous frequency bands to
provide extended coverage and/or extra capacity to the communications

| . - SUBSTITUTE SHEET (RULE 26)



this exanple configuration, the DBC system provides additional
geogr aphi-¢ wowsnssse whi ch ™ woul'd al’l ow,” for “exanpl e, the opePETUSIH2H
cellular systemto provide greater geographic service to its 20

mobi | e/ portabl e radi o subscribers should they "roanf into a cell in the
DBC system Anot her coope?at Ive exanple is ilkustrated in
Fig. 2B where each of the larger circles and ovals represents a

.cel lular system and each of 25 the l1e L.tcles w,thi.n | lular system
20 represents. aSpsiemsydylergover, whrtlerm@ﬁ%xw&ﬁ FnSmieceivy Nhere DBC
SyStems af 6 coi RELaent W Lh . a cellilares e £ 0

suppl enent the @@&%P‘é\?%@gﬁ?’sﬂm Bré‘s%h%:g%g] éﬁ;?%ﬁ{asmgwgﬁgﬁﬂ?g&%?g&r

st ul t-aneous '_C.a'|a|dj‘acent fréQuency band¥#fidt akdR6EnceasmRily coptitueat i ons of DBC
systens described at. a ‘ cell” level, sonme general details _of radio
base stations and  Downbarsdedaepular systemsdnckude beth sfasd-glenePBG ded to

round out this-discussipn ye 09382 T _
PCT/ US97/ 152%4 Systems Wﬁmh utilize ﬂ\{&?\%ﬁ spectrum and prowdclq_r)lhanced but wi t hout

providing an un SRRk QetRhcerf ' Agﬁg #ePplication®BEPBE t he
present inventi oq"(r?l). c)ré'%gl?gé%’gcseg ass?gc%lﬁ%éng& n a'W’é'géﬁprmbi | e/ portable radio
‘stations may be sypruiswaid ceilhlarsiys@nss BigadAiilnbtyates one sheh saoperativponent's
as conventional cellular base stations and_5_nobil e/ port

J Ul able radio
stations, wth appbeaticeebDBG systemg wheppe DBC sysiem $Rasitionsd %{l%%ent

necessary radio fre C ' ' . ware) - v
to operate i n ftljr'g ﬁ%@#&é{%yﬂwg%&&ﬁadpﬁ%ﬁg g%{\ﬁéﬁ}l%ﬂwgﬁﬁ {rtgl ating

to more specisf i GiRiRicheh Bf whlcH'ReSuppsited by = mobikE bwitolidghraterst at i on

i npl enentations are directed to co-pending,” 10 comonly assigned, U S
Pat ent appl i cat (@SS dDaypibelly 0swdiiexdging cellulanmadia ssestema Similedy, Si gnal
Processing, " fil

d Cct ob 27, 1992, to.P. ~ Dent d B. d, :
whi ch di scl osur F§gﬁﬂl(?6|5§%g§tt¥’é arélpgﬁw%fcclls F‘éﬂpé\r@actg'at%ﬁé'(,s : may
Tee e ol ! | N bOAL o
a' so be | 1mp enegf;q‘ﬂ Qngﬁﬁpfﬁégﬁgggﬁgﬁaﬂﬁqgl c IiI}C( whn a8 athedd bt &tlova)El AV TIA

| S-54B and | S-1 the di sc are al so Incorporated

herein by ref er eingkides one or more statiobagy radic basecstatiors (aobslwin)li agr am of a
cell that nmay be used in a . downbanded cell.ul ar _radi o, conmuni cation
system The thel |copdestedite a respective MSC for transmitting radio signals to, an

receiving radio signals from, mobile/portable radios within the cell. In
‘this example configuration, the DBC system provides additional
' "geographic coverage which would allow, for example,-th_e operator of a
cellular system to provide greater geographic service to its
20 mobile/portable radio subscribers should they “roam” into a cell in the
DBC system. '

Another cooperative example is illustrated in Fig. 2B where each
of the larger circles and ovals represents a cellular system and each of
25 the smaller "circ'leS w1thm cellular system 20 feprésents a DBC system.
This example illustrates a case where DBC systems are coincident with
a cellular system and can be used to supplement the cellular system'’s

capacity,'i.e., handle more simultaneous calls.

30 ~ With these example applications of DBC systems described ata
cell level, some general details of radio base stations and
mobile/portable radio stations are provided to round out this discussion,

' . SUBSTITUTE SHEET (RULE 26) -



an exanpl e radi o base station 32 and plural nobile/portable (MP) 20

transcei \/_egi%%%ggd} the cell 30. The radio base station 32 ippghiseffas dat'._z;a-

pr ocessi ng which is connected to the nobile switching center

(MSC) which in turn is connected to the public sw tched tel ephone

network (PSTN) and possibly other netwogks (not shown). 25 The -
radi o base station 32 for cell 30 includes a plurality of voice

channel s handl ed by correspondi ng voi ce channel transceivers (36b...

36n) control | echpyvithtsut $aéAdHPOAL R Bs9ARy hmdhnt OF G6tail the might o base:

"~ station 32 includes a control channel transceiver 36a which may be -~ --- -

capabl e of handitisegrerthe preseahinventionn DRC radiahase statinas aathtr ol “channel 30~
transceiver 36a is.,also controlled by the data_processin nit 34. In..
general , the coROPFPERARESRAI0 SRS ey begPiianated P uistanely .

| nformati on ovepe thGeCoOMddRent R YR Vetiodal GelERE badethttbhsdndce! | Wi th

- WD 98/ 09382

PCT/ US97/ 15374 mobile/portable radio stations, with a few exceptions, e.g.}J DBC _
nobi | es/ portables_ 38 tuned to that control channel ;unl ess .conducting an

active call vi ®£qyipment ingludes neeessarygadio kequansy (RF)semaundcation \oi ce

h | t | h I traffi . ' . ' __—
and data | nf or MRS A rOEWHER) o mseite SR EVR MRABSTMARETTY e s
idle node, it |AgdtidaaPifornttioh fefatihd ¥ b Npeelficdaaess $andsidvadie

over head control information and listen for pages. Exanple techniques
for locating a mslileend bate statiomirhplenentationsiave directed te cadpending,

For Locati nf a BFEPOLY tsianes: Uahdipten apalistion Spaote AN L0a! 10
System ' enttled M APRKEIBHS bocddB 2 I DRSPS T oRydi PEC

channel s may e Speci maxr m ze” conpat Wi th “eXi'sti ng

cel lul ar syst erBent and B. Ekelund,anhich disdlesure is incofporaed herelby ney be sel ected
based upon the 1?? known_har noni cs of _frequency synthesi zinpg oscgillators _
typi cal |y used Ieference. BB systememayplsnbe saplemeantediin apgprdapse Withat or s can

7 . . . . . . . . »N.
par (1 cul arl y. vaPfabEss SpERified ff BHANTINSS - SIS WBRFSAE BleSiincl et Bf

mul tiple frgquenkich@edko incorpofatéd herlaPBY réfefdnceper ating in nore than one
of the LMR, cellular, and the 20 PCS frequency bands_.

Fig. 3 represents a block diagram of a cell that may be used in a
downbanded cellular radio communication system. The cell 30 shows
an example radio base station 32 and plural mobile/portable (M/P)
20 - transceivers 38 in the cell 30. - The radio base station ’32 includes a data
processing unit 34 which is connected to the mobile switching center
~ (MSC) which in turn is connected to the .public switched telephone
| network (PSTN) and possibly other networks (not shown). -

25 . _The radio base station 32 for cell 30 includes a pluralify of voice
channels handled by corresponding voice channel transceivers (36b ...
36n) controlled by the data processing unit 34. Also, the radio base
station 32 includes a control channel transceiver 36a Which may be
capable of handling more than one control channel. The control channel

30  transceiver 36a is also controlled by the data processing unit 34. In
general, the control channel transceiver 36a transceiver controls

- information over the control channel of the base station or.cell with
~ SUBSTITUTE SHEET (RULE 26) -~ -



As mentioned above, one of the nobst significant hardware chal | enges of
provi di ng -3wQ@e8/M%882ar transceiver with ability to hand over PCT/USY¥DEL74 Oam.- - — —.
seanl essly and conpatibly - between land nobile radio 25 (LMR) and . . :
cellular frequency bands relates to filtering, and in parti cul ar,

duplex filtering. For purposes of this bbkscription, a duplexer.  is a

filter that functions as a two channel nultiplexer using a transmt-

receive switch so fhat one antenna may be used for both reception and

transm ssion. NoPbilgyperntehlps3$ junedrierthat contol ghanrel (knlesmponditctingrant he 30
Tobi 16 1 adi o r s TR ook BEHEValeS o ot HefndtanisprveRS. Vorce rmyerials,

e.g., present : ol ¥ A / :
&g, pres SHEE@#%{%&%%:%& hdtf\%f gxz%tg%@gzr&ranﬂ@lk SwHieh BV voice

PCT/ US97/ 15274 and data information. When a mobile/portable radio 38 firdentessrhib t aneous
I n band fl at nes.aJ and .out . of band rejectign for both cellular ' and

LMR transmi £ ardl620864 lecaiss addpnesian DBC aentrolehannel tocasquingr y |
i sol ation betweg L anel recei | Eig, 4
:islougt Irgtn esegm§%%%%%ﬁggﬁ§iéﬁ%?%g&8rPP%?‘FS?%’f%?le tecﬁxﬁqueshar dware

configuration vor idvaping\s OB evtitei) ¢hanid] a6 865crited i tidSbove- from one
- set of transmt/receive ﬁ)s(/rX) frequencies to two sets of tx/rx :

frequenci es, e.1gcorported 8.5 patentapplication entified b4 MethatilandrApparatus .
transcei ver 38 4.pgl S_asingl nt.eqna 48, copnected t he radio's | O
recei ver and trfggg‘l%égf aPﬁEﬁ@ @%‘ﬁé?lafﬁhwe H}%g}@@hﬁﬁ‘dﬁédmarmpl exi ng
circuitry 4@ irgjsudg® an RF switch 46 connected to a first duplexer 42

for duplexing afirst set of transmt/receive freguencies (such as the land -

nmobi | e radi o band of frequencies) and a second dupl exer for duplexing a
second set of transnjt/receive frequencies (such as the cellul ar 15

frequency band). The\Qvantageously; thegenter fnquenciesifor PBSH channetomayed

whioh 15 rout oq Sy CREed D kB bRl MR S g el systsi o (he
recei ve frequerRor elxanglé,dhe térfer freqientls Ay bt Scleand Hk%é&ugiﬁiéttﬁé 58 which

passes the rec e frequency band Corresponding to the sec set. RF 20

i v
switch 60 déu pﬁ@g“mmrm@f frequency syntbesizingoscillaterssypivatiywsed in
converter and g§j 1§ SSQr circuitry 62 I ch ner at s aseband
out put  si gnal Egg@% F gr‘ﬁ’g‘geél?rg? él}at[tﬁe Eﬁtpg gscilla %\R%‘?,ge ggea m D%é)
The transm ttelequijthetfies nfinfhBR¥quiPAERTIMs. s WHARBYRHYValfle
when the DBC equipment can transmit over multiple frequency bands, -

e.g., capable of operating in more than one of the LMR, cellular, and the
20 PCS frequency bands.

As mentioned above, one of the most significant hardware
challenges of providing a cellular transceiver with ability to hand over
~ and roam -- sgamlessly and compatibly — between land mobile rédio
25 (LMR) and cellular frequency bands relates to filtering, and in
particular, duplex filtering. For purposes of this description, a duplexer
is a filter that functions as a two channel multiplexer using a transmit-
receive switch so that one antenna may be used for ch_th reception and
transmission. More particularly, there is only a 2 MHz gap bétween the -
30 maximum cellular transmit frequency of 849 MHz and the minimum
land mobil: radio receive frequency of 851 MHz. Existing filter
- - materials, e.g., present ceramic duplex filters, are not able to ﬁrovide
| ~ SUBSTITUTE SHEET (RULE 26)



for processing a signal to be transmtted and\ converting it to an RF |, 25
si gnal .” TheyEbesusghial 10 e transmitted s received by RF sgrnusenfarand -
appropriately routed to a band pass filter 70 for the transmt band of
frequencies the first set of frequencies, and to band pass filter 72 for

the - transmt frequency band forj2he second set of frequencies. The
filtered outputs are passed via RF switch 74 to RF power anplifier
76. The 30 power anplifier output may be directly routed to the

dupl exi ng simutahesus inybahd. fldtsss\eaid, ot of band rejectior? Soriwgh bellulpt i onal 'y
provided to " " " buffer the power anplifier 76 and Protect 't from

Tef | ect ed ant énand LMR transmg/apgzgeeive frequency bands as ‘well as the necessary

PCT/-USQ7/ 15274 - - 13 ... waves
anterna as wel | sa@nﬁpmge%trg?%’ltgndﬁ%éﬂeP?’deésdance. RF switch 80
routes the anplified RF signal to both one of the first and . second
dupl exers 42 and 44 which pass signals in their respective transm t
frequency bands to aﬁignnﬁustﬂatémone exampiesnobibe/poralis radio toansceiNen 6.

Control signals for contr Ilng t he down , conve rocessor 60
and si gnal proclkas W%ﬁo é??‘éiw @H@‘W%&@e encygg}ﬁr,agﬂer 64

whi ch may i ncl I _ digital
signal pr ocesstﬁ'&ng%&%J %gﬂl’eg%)wggg% %gg&%% setQB@Igg%% r ol
signals for Conﬁ'é@héncﬁ& blge IBHEulhﬂhﬁeov%agéMoﬁﬂe/p@@tabﬁa&adﬂ and 80
as well as the transceiver and duplexer circuitry articular, t he
‘controller genetrammn@mﬁanchugesmalmtm%pp@ﬂ?—fé@ﬁh o e radigral s f or

activating or deactivating th r | er.. and, f olLi.ng the 15
owi tch stat & of TeFEIvED ALY GBS RAT S 1{ ndiched i Fig: ga?‘ﬂ“é&mg
appropriate timj ?&éﬁgrﬁdﬁuﬂegﬁﬁlﬁ swﬁ:ch 46 connected f@aﬁ'&ﬁ&ﬁiﬁ?ﬁ@(e&'qzt he node

of operation of 38 -elther first set of tx/rx frequencies
or in the seconforskiplefing a/first set off transmitareceioe fmqueMI%(smeh asthe land 80 are
set by controller i rst 42 or the

ei t her, the e
second dupl exer MBI em&oﬁq&%ﬁﬁ&é@@m&%&ggeﬁq@ 4‘*5’137‘3? foﬁ(ﬁg{lqﬂﬂgf change

only when the t in the Tirst
set of tx/rx fr%%gﬁgkggf?%@%secon gﬁ{rﬁ:‘i%s (fsuih EPffeTell ?&équenm es (or
vi ce versa) 15 25frequency band). Theeeddiodd signals ftdm RF switth 68 arpteupedodi ment

I n accordance with
to amplifier 52 (which is preferably a low noise amplifier), the output of

which is routed by RF switch 54 to band pass filter 56 which passes the

‘receive frequency band for the first set and to band pass filter 58 which
passes the receive frequency band corresponding to the second set. RF
20  switch 60 couples the outputs from the received filters to down
converter and signal processor circuitry 62 whicﬁ generates a baseband
- output signal used, for example, to drive a speaker, etc.
The transmitter includes a signal processor and up-converter 66
for processing a signal to be transmitted and conirerting ittoan RF-
25 signal. The RF signal to be transmitted is received by RF switch 68 and
appropriately routed to a band pass filter 70 for the transmit band of
: freq'uéncies the first set of ﬁ'equehcies, and to band pass filter 72 for the
transmit frequency band for the second set of ﬁ-cquencies. The filtered
- outputs are passed via RF switch 74 to RF power amplifier 76. The
30 power amplifier output may be directly routed to the duplexing
circuitry 40. However, a.dii'culator 78 may be optionally provided to
* buffer the power anipliﬁﬁ 76 and protect it from reflected antenna
SUBSTITUTE SHEET (RULE 26) . . -



Fig. 4, the interface between the antenna and the transmitter/receiver

pat hs "i ncl-Ugedsh#ssz dupl exi ng har dware fromtwo radi os i n oNPCTASINLS274
Assum ng suitable software changes to control the switching and 30 -
transcei ver hardware to tune to frequencies in both first and set bands,
the radio has the ability to roam seam d8sly and conpatibly into two

WD 98/ 09382 _

PCT/ US97/ 15274 . 14 di fferent
f r equency - bandswauehaztsnnd as welllasipxovided: stabld, fined imopedagico. RE . frequency
bands. 7 o Unf or tunat el.y, (the extended, band .radi.o i n .,accordance
with the 5 fif¥itchiBsapies e"%ﬂhﬁ&égﬁ%aﬁ%q&m&&eﬁg stendquenci es at
| ncreased cost  scloh duBEkePOUT bk S whitH S SeRaR if oRAF hspbhetvd v costly
conponents and are also quite large, occupying a consi derabl e anount

of "real est at etranemitrfretjuency bamds to dvexirtss 8 fortrdnsmissidrchiat RE vari ous
radi o transceiver_and signal processing hardware is nmounted. |ncreased 10
cost is obvi.i)usﬁ‘}'ltﬁh]&ési rable. Increased size is also undesirable since a
very inportant factor in portable phones is small size. The other

drawback of an additional “dupl exer is that it contributes a 1.0-1.5 dB
oss n the transm t Coatrdl §aai f8r SomtrlliAR thoaswhitohberttdsghyte path. Both
of these | osses degrade output power and Sensitivity, and Therefore 15
reduce the eff eptacessorférand signal prgeessbr/up eonvatier .66 are provided by A second,
preferred enbodi nent.. of the., present .ipvent] whi ch : Qver cones the

di sadvant ages MQWQIW%WEFBMH}M*W@ ¥ progranmyaed microgregessor

prosont i nviht droPRigipl Benalplodfhbfc PARRIG 84RO Ovicl Rt tgaL ' ¢

repl aced vith hytol siéo foraueoingline RF swintiel £6, 515 54, 60, 68,y Ly 82.
r

Advant ageously, the: hybrid tinme/frequency_ division duplexing circuitry
q L :

82 incl udes onl §ab3@ agyyslkasthe traaseriven andhduplexer circuitryr Frepastictlatg in t he

exanple in Fig. to. dupl exer 44. Even w thout 25 | exer ,42, “the hybrid

E i me/ f requency: ﬁ]i%\goétrg:":]peﬁ BRHagien Stvlvgﬁc'ﬁgéiﬁ elu}c@p%\ger amPg%ﬁ? ?‘?n%pﬂl r ad ibo .
ranscei vi ng cafpiictivhiin®%£8edtbivati 3 : y bands

by dynam cally switchi nggRF eswi tchegﬂiGbgﬁ?%sggep fogecggﬁdé@??igft her

bel ow. 15  switch state of various ones of the RF switches in accordance with

appropriate timing control signals.

- In fes’pdn’s’e.t_o the mode of operation of radio 38 - either in the
first set of tx/rx frequencies or in the second set of tx/rx frequencies,
20  switches 46, 50, and 80 are set by controller 64 to engage either the first
| duplexer 42 or the second duplexer 44. The switches are quasi-static in
that they change only when the transceiver 38 hands over from
opei'ation in the first set of tx/rx frequencies to the second set of tx/rx
frequencies (or vice versa).
Esséntially, in this first example embodiment in accordance with
: F 1g 4, the interface betwe_eh the antenna and the transmitter/receiver
paths includes the duplexing hardware froni two radios in one radio.
Assumihg suitable software changes to control the switching and _
30  transceiver hardware to tune to frequencies in both first and set bands,
the radio has the ability to roam seamlessly and compatibly into two

. . SUBSTITUTE SHEET (RULE 26)



30 Much of the circuitry in transceiver 38 is the same as that

al ready . v'vogﬁ‘g,?ﬁ' bed above in conjunction with Fig. 4 (Wﬂ&‘ﬁggﬁs&? t he

ref erence nunerals referring to |ike el enment's throughout

description of Figs. 5-8 - WD 98/09382.

PCT/ US97/ 15274 14 15

focuses on the operation of the hybrid tine/frequency divisiodn

dupl exing.circuitry 82. In general, the controller 64 controls the state of

RF switches 46 diffdréol fieanescy baidsisich a9 SHeddIRMa anidfd lotilteradio -

transceiver 38. If the radi 0 is.being operated to transceive over the. . ..5... ..
second set of tireguency bendsi ve frequencies; the controller 64 sets the RF-- -
- switches 46 and 50 to a relatively static state which connects antenna 48

to both the receiver and transnmitter via dupltexer 44. In thi-s node of

operation, dupl exer . ' L Of o ' i ng
transmt and recei vyéfﬁgﬁga@’?g???’gﬁ?gﬂdyg‘ﬁ %@%@%&@ﬁen@%ﬁ%]m ng 10
~appropri at esi sdirst émbodintett achievesthis éxtended banl offréiehelds at

‘When ithe radio.is operating to transceive_over the first set of tx/rx-
frequenci es, RANGRAsadROSt sEzea and Powsr lossp Sluplexers grecparticwlarlyrcostly |

i tohes dopendelionehf ol dtr AR5 dHitedAfEe, FRCvARE R copsinerabls opnt’ °F - T°
transcei ved si wfaféalB@&wmﬂrhﬁgéekeﬁ%aé@s%?gn&gg%&fgﬁﬁffﬁﬁg sui tched

transmtter. Wen the radio™38 is transmtti
to connect ant gadia trsceivehandisighabgrocessingrhariware isanowaed nincreagdal s ar e

. dth h dupl 44 ' 46 th h ant .48. Th 20
ranom t 1Pt eFoRs ottt Shdesiablen InFirascll Sa0ih Hae saamirabls gnce as a | ow
pass filter, tqe@@gaﬁm%miﬂﬁmgbﬁané g ”E{E}Tlége-g&“) t _.and 'sepond |

frequency bands. rnative Tor recerve S g s 46

and 50 are opedswbadkyofamadditibeal depldxer bythatit cdupilnnes a 44-vistdBt he
' led directly to the receiver.

signal received on the antenna 48 being cou

25 053 In thy yansni petianche 22508 Ol domsringhe seceie pet Bofnal pat i
as _ ‘con 0l 64 when,the.radi o transceiver 38 is
transcei vi ng to?ﬂ&és@igél%%gggalﬁg O{’lﬁ{é’t ?§8’858“§ 8?“%{’%%‘?9;{3‘_’[3 § frequency
bands. 1f nadi eediftcithe effecive bptrafing tahgelofithé Fafib) Y a cellular radio, the
dupl exer 44 coul d-correspond to a cellular duplexer designed to

duplex transmt/receive frequencies in - the cellular. band. In that
i nst ance, the secongL set ans :

f t i t{receive
Secony pre%exrccﬂem‘:ogimen\{ of the present invention which
overcomes the disadvantages with the first embodiment is now

described in conjunction with Figs. 5-8. In the second preferred

b

20 embodiment of the present invention, the frequency division duplexer 40
. has been replaced with hybrid time/frequency division duplexing
circuitry 82. Advantageously, the hybrici time/frequency division
~ duplexing circuitry 82 includes only one duplexer (rather than two)

corresponding in the example in Fig. 5 to duplexer 44. Even without

25 duplexer 42, the hybrid time/frequency division duplexing circuitry 82
still provides radio transceiving capability over both the first and second
frequency bands by dynamically switching RF switches 46 and 50 as
described ftirth_er below.

30 - Much of the circuitry in transceiver 38 is the same as that already
| described above in conjunction with Fig. 4 (with like reference numerals
referring to like elements throughout). Thus, the description of Figs. 5-8
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frequenci es woul d correspond to the cellular frequency band. For
cel lul ar band conmmuni cations, controller 64 would set switches 46 and

50 as shown in Fig. 6 to rel atively statlScal ly (in time) connect

antenna 48 to duplexer 44 via a full duplex connection with the 5
transmitter output signal being directly coupled to the duplexer 44, and
the signals recéanses ontbmomaon@th:gbm@mmﬁfmumw@mmM4 t hr ough

he. swi toh conf PYRERIRFFGRIN far i1 ecpsrel fssonralisths sonPif et B cxing -

.Circuitry 82 angpé‘gﬁéﬁesg%tl R tihm%qonthe dpel 5 ?,ddlgq,flﬂ]gs ) when. radl 0. .

transceiver 38 I's operat requency bands

cor respondi ng i traasceiverAf. fdhetradiafs bmgmpbratedto translebﬁetovarxhé requency
bands whi.ch are contjguous with the cellular, tx/rx 1é\g}ree?; nc band
Fig. 7 in padti sesond sehefransmitiareive eguencies.dhe sontreller

2 9T Lhat t nesBARAS A 5030 MicHieey bt fdh R Llheff aptonne 4**“2? anal
by switches 46 gnHofCthe to&iver ﬁiﬂ@ﬂismﬁtefﬁhedﬁtﬂ&(érMJ a thishbde of  receive
band, Fig. 8 shows that the switches are toggl'ed dynamcally in . time

by control |l er 6épemtiohgduplpxes 4@0pemtdsuasrasconven§1mgiupiqxeeswtchm&and 20
route signals fromantenna 48 dire 0 the rece| The
oper at i onal nmod&aBMEt AR eP?‘XF@@“E% mrf&‘?aﬁée%t“ Wh’tl?lgmnta‘mngoperator
via a switch{bu v[%ltw Bens | 38 may

aut omat i cal {]9 chgﬁ[bg oper a{élﬁg nodes usllﬁﬁg otr%é‘éeliglg ersdet ected 25

si gnal strengt h/qual ity signals or control signals fromradi o base -
stations, e.g., hand-gver |ike, sjignals, Fig. 9 shows a

flowchart illustrati Mjhemthegadio isionstatingto wansceive oven e st 8¢t QfdKiEr med .by

oot ches 54 60 TERERGIER, R SuRBRERLS BRa 3D are Bretlid §Y oA, 5, the "
switch control @yhamid 1ﬁttuhésﬁi?ﬂh§o£)&%honalmodecﬂuﬂéﬁhhgbﬁ'éuﬂﬁ'8@3 50.

Accordingly, the controller enters a dupl exer
15  switches depending on both the ttme and the frequency to connect

fransceived sigﬁals between the antenna 48 and the receiver and
transmitter. When the radio 38 is transmitting, RF switch 46 is switched
to connect antenna 48 to the duplexer 44 so that the transmit signals are
passed through duplexer 44 and switch 46 through antenna 48. The

20 transmit filter in duplexer 44 has a wide enough passband, e.g., as a low
pass ﬁlter; to pass transmit ﬁ:equenciés for both the first and second
fréquency bands. Alternatively, for received signals, switches 46
and 50 are operated by controller 64 to bypass duplexér 44 with the

_signal received on the antenna 48 being coupled directly to the receiver.
25 '

" Fig. 6 shows the switch configuration and signal path as
controlled by controller 64 when the radio transceiver 38 is transceiving
- signals in the second set.of transmit and frequency-bands. Ifradio 38 is
30 initially or primarily a cellular radio, the duplexer 44 could correspond
to a cellular duplexer designed to dupléx transmit/receive frequencies in
the cellular band. In that instance, the second set of transmit/receive |
. SUBSTITUTE SHEET (RULE 26)
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17 swi t chi'nmg T outi-ne—-100 and proceeds to-deci-si on-bl gzl 102 T

det er ni ne” WOIBMRE cyrrent node of operation of the radio ?é‘#isgéllst\fg“r 35

If the radio is operating in the cellular band (one exanple only), the .
controll er decides (bl ock 104) the kype of cellular system Since nost -
digital cellular 5 radios operate in erther analog or digital nbdes to
acconmodat e ~communi cations on ol der anal og cellular systens and newer

~digital Cehjf?d%iéé’?hﬁ%iégp{?@ﬁt&% é&l%[arsﬁ‘%ﬁbﬂ/ pafidakgg. the

controller 64 se S es-so that ¢ nt cati-ons are routed -
t hrough 't he si ngdlular bandighthexaicadiénasdntroiier 64 esould detswipehestdéon in a - :
. frequency. division 10 nultiple access (FDVA) node (bJock 106). If the. ..

system type is and 50 asghgwndn Fig.i6ie relasivelnsiaticalls (B Hmedronaskt r ol | er 64

he RF i tch Iy L | | | h h th
i ngl e dupl exer aBiFtn 48 to dupledh i viA A THOPBREoREFEINRL e 0 7 7ST0,
nul tiple acc Sstrﬁﬁga ﬁil er (olt_x%t@??ﬁelbéﬁgdirecﬂy cggghed'tb th@@upRiteP44 sar@oer at i ng

in aland nobile radio qguency (in this non-limting
exanpl ), the cthetsighdle redbivetoomantenna 4§ being routed by deplexenddthupugh

mul tiplexing by toggling the RF swtches for transmt and receive tine
sl ots (bl ock 11@W3tgﬂ§0it§ theradiq FRFHVEIn the art, time 20 division mul tiple
access (TDWVA) systens nultiplex nultipl-e channel s onto a single
frequency, with each channel corresponding to a tine slot. The tinme

slots are grouped i nFged 7oA ilMistrhteahe bwitch onfgnrationd{Thybrid exanpl e
two or three tine slot type channels. Slot alignnent and

synchr oni zatl ontisyfrequencyadivision duplexing eirpuitry 82 and signabpathe éshoya |
bi | e/ t abl e, | fixed b tati - L ' tail i
the 1654 and | & oa Bolif Bimolihes o Malbindre TR ciRaitt ibthefiefa 6y '
he b it . >! , ot
€ base siall Oeﬁdnpﬁf)g‘)?gg&%dy%dﬂdgQoﬁe@m’?zﬁ?ﬁi'ﬁi‘éxﬁﬁﬂleﬁi;@hcﬁﬁ@@fﬁ i@l zation

may be readily y contro 0 coordinaté "t he dupl exer
swi t chi ng oper aliMRsxim feeqnenciabamdsawvhichtane conidguenis with the ¢cellnlantiiixe 30
the timng control signals heing.used, to perfaorm dupl exer.sw tching are
bei ng descri bed ﬁieﬂuﬂ_ﬁ‘%’ g%s&% g@?ﬁ’é‘ﬁ”fﬂ?égﬂ?’@itg]? BWEtﬁialcPPﬁWa;‘é’Eégs
system the,pr e3atmiilY §BhAI% o he Fankihitid: Witk st sveiieh agnment

WD 98/ 09382
PCT/ USQ7/ 15274 Note in Fig, 7 that the receive path is isolated from the transmitted

signal by switches 46 and 50. When a signal is received in the first
receive band, Fig. 8 shows that the switches are toggled dynamically in
- time by controller 64 to the opposite positions to bypass duplexer 44 and

20  route signals from antenna 48 directly to the receiver.

The operational mode of radio trzixisceiver 38 may be set by the
operator via a switch/button. Alternatively, the radio transceiver 38 may
automatically change operational modes using for example detected

25 - signal strength/quality signals or control signals from radio base

stéxﬁons, e.g., hand-ov_er lik'e signals.

Fig. 9 shows a flowchart illustrating the general outline of
operation performed by controlier 64 to control the operation of
30 switches 46 and 50, Although switches 54, 60, and 74 are also
' controlled by controller 64, the switch control primarily at issue is that
of switches 46 and 50. Accordingly; the controller enters a duplexer
SUBSTITUTE SHEET (RULE 26) - -~ -



18 - .and may be applied to other types of communications systens
i ncl udi ng - wo 9808382l 0og systens as 1'0ng as” an appropriate ti RCRYSIVISHM

inforns the controll er when to nake the appropriate controls of

swi tches 46 and-50. -5 One existing timng signal in the IS 136
is that provided by the control l ed764 to power anplifier 76, in
particul ar the power anplifier _ drain voltage. Fig. 10(A) illustrates
a typical full rate TDVA frane whi ch includes six tinme slots

(TS1- TS6) . Thesswiirking reutine 40@ and proceeds. toydewision bloel 102 tp Aetermine recei ve

(RX) tine siot during which theTadio 10 recslves Lnfopenti .
transm ssion .ocg}ﬁ%l‘)r&at %o@q%ﬁ%qﬁrgg?q-gﬁgﬁﬁém Hgnsc.g\{eg?ggaf&#g}a% ¥h the
Tadi o transmtsgi - 881 i : Q Salv) sh&ul ar
al | ocation of re g@%@%ﬁ?ﬂﬁ%ﬁ t tl'%gs ot gEEMyP’I%gtc?g?ggﬁﬁélﬂ%]n Fig.
10(B) in accor débioek W0¢hthelype 6f tellHear system. Sinclomest digjtall dellular 1995.
Tinme slots 1, 3, 4, and 6 are_reserved fgr. receé)tion, and tjnme slots 15 2

and 5 are reSer Fadi03 gperatein-githes apalogor<higital meodesdo accomny in Fig.

(br oupht o t no g SRPRE ikt bhibe SERpar Y7 Rati Dok BT

transistors on) celthivr Systems. If e cellolas s¥stemiis analdps tHedtdittaller GA%ets

controller 64 also controls the duplexer switches to switch themto 20
appropri at e recéieRFavdichesse that communicatons are rapisddhraughdhe single| ot as

indicated in Fig. 10(D .Ih t tim ' | f
the radio base SPRIERGHA and comraepees radif ShRtate T n Femienky SRR ol ( age

to the power,anpliifi ' e B ks i ng
transmt ti rlr% S o%lébglﬁzé%%@gugi%{;&r g‘?g?lggw _“%étgrp&e%% conserve
battery power) . digitad, timesldtibased sgstgmathenzontiodler 64 setsthel RFyswitcitestbl er 64

to control the swtching ,state of RE sw tches é’gt . and 50. During LMR
transmit tine sFE rapsmitandrercive signads threughithesingle duplexgr dd spdxer 44,

ettings of s pomes BB herith itk MBRR ARG fras (TIMK)

swi tches are seipdde.their opposite settings to bypass the dupl exer %4,
WD 98/ 09382
PCT/ US97/ 152574 '

19
hon t1 e oot ted- oysLEWE Tadidispper Rt 7 gns s apisy LR dreqenry A
that is necessapynd findRisHR-ARAiAS Exhmfie) Fhe QantBlIEFG4 EGmiecEe hybhign the
- ftime/frequency multiplexing by toggling the RF switches for transmit '
and receive time slots '(Block 110). As is well known in the art, time
20 division multiple access (TDMA) systems multiplex multiple channels

of

onto a sirigle frequency, with each channel corresponding to a time slot.
The ﬁme slots are grouped into frames,-.with each frame carrying for
example two or three time slot type chanhels. Slot alignment and
synchronization between transmit and receive time slots between
25 mobile/portable radios and fixed base stations are specified in detail in
the IS-54 and IS-136 standards. Timing signals which are generated by
the baéé station for controlling slot alignment and slot synchronization
may be readily employed by controller 64 to coordinate the duplexer
switching operations in accordance with the present invention. While
30 the timing control signals being used to perform duplexer switching are
being described in the context of the time division muitiple access
system, the present invention is ﬁot limited to a time slot environmént
|  SUBSTITUTE SHEET (RULE 25)



transceiver is transmtting or.receiving in a particular frequency band so
5 that theyhbyseakt ches may be set to their appropriate st aicqmpsomiszrs -
I'n a preferred enbodi nrent of the present invention, the RF sSwi t ches
may be gallium arsenide (GaAs) field effect transistor (FET) '

m crowave nmonolithic integrated circuitsg(MMCs). Fig. 11A shows an |0
exanpl e galliumarsenic FET switch 150 commercially avail able for

exanple from Al pha Industries, Inc. An input termnal (I/P), a drain

vol tage input tardmagbe(gplid o othestypeswfitopiradnicatibiesystempinctiidin

of. FETs. 152 and 154. Control  voltages V[err] and V2 applied through bias - o
resistors to thaid aéstm_agﬁ@gl@zanaapprma dirgingsignalanfomns ke 15 out puts = -

OP[err] and O | se switch. 150 i.s .a single- e S
Si gl et b ow vt SHEEH Satle e SPhponiale Ronfll of W eReA fd 0ns rer
-switch 150 include | ow I nsertion |loss, very fast sw tching speed, and
sinple control. 20 Specifically, each GaAs FET 150 has an insertion |oss
(ig the orders of - . On?_exisﬂﬂg;hﬁdtgmgrﬁlkmmf]ﬂ&h@ﬁ?ﬁ?ﬁwoai@fmgﬂhe or der ?)}‘
- nanosecon ese advan es_coupl e e switch. s very sma
size and high wqamﬁw %8 Pewes Amiphitiey 761 Irepartis argmcag@na;n%ﬂ@rrm | ed
using control sji OMf: 6O R AAGI ' ' .radi o 25
transcei ver's tdrrg%élﬁgeé?égvgﬁ%@dgﬁg%één%wg%ﬁngg%v@%Eggg%%t r ol

signal may be twhich ihcludes Six timeskis (TSKTSE).0Mhuse sikainte floRsarkol t age
applied to the power_anplifier 76 which is a high or zero voltage |evel

when t he transcEsngeally eonfigured asia geceive Rx)Aime sias|dutigg whick theradio t he
ti | ot epds.__Fi ' in._sinple chart t th 2t i onshi p 30
bet meent helt sgeRtives PR (o \eistbistipt Bitne BhH Saniydf (150 Beaor 1 b

| . H *, . - .0 .. - .
0SS 17y 1P r2 ovi SI@delii’m gWhich'tb 2865 tlatdnifidnforthation (rio Y‘é}gﬁ%ﬁ eturs). Thus

the present i nV@ne paricular ablocaticteefireckive and transmibttitnedlots s illustratedanpl e
enbodi nents. In_gene .the pr.esent.|nventi advant ageous]

increases the capgaéi {@33%38?&9% , rié-%f?@pm&ﬁﬂ@tqd;ﬂag 17, o
commni cat i ons [mpst erinky sIBO 30U PE afé/ARER fr R h%%ﬁtﬁhéﬁg)é radio .
that can communiCate over adjateht oOF Contrguous Trequency ands

wi t hout havisng 2 andi§ ers résetvedtfontrhgsmiteion. CTterefore, digdllgstrated ihe
exanpl e of contl_i_ u%l LNR and cel lul ar frequencies, only m nor
| 12. EC), the transmitter power amplifier drain voltage is turned “on”

(brought to the appropriate voltage level to turn the power amplifier
transistors on) only during time slots 2 and 5. Accordingly, the
controller 64 also controls the duplexer switches to switch them to
'20 - appropriate receive and transmit states for the appropriate time slot as
) indicated in Fig, 10(D).

| Thus, a master timing signal from the radio base station is used to _
-apply an appropriate drain voltage to the power amplifier 76 to turn the

25  power amplifier on during transmit time slots and “off” during receive
time slots (to conserve battery power). This same timing signal may be
used by controller 64 to control the switching state of RF switches 46
and 5 0. During LMR transmit time slots, the transmitter path connected
to duplexer 44, and the receiver is isolated/disabled by the appropriate

30 switch séttings of switches 46 'and 50. For LMR receive time slots, the
switches are set to their opposite settings to bypass the duplexer 44.



nmodi fi catdi ons t'o the hardware and .software of a cellular radio are
necessary WO 9382de that radio with the ability to comunPEIUSIYLISITS | O
LMR frequency bands as well. The second enbodinent of the present
invention is preferred because of its lower cost and snaller size as a
result of using only one dupl exer. By éﬁ%lvely switching the.two RF
swi tches, the need for one duplexer for each set of adjacent frequency

bands is elim nated. é)slgg two switches in the LMR path maintains 15
transnit-to-receive 9KeA qséhepasanbd@@mwwadﬂxb@empbpdrtoaﬂmm

T S AR R o e

‘content. to accehitdbhecéssmsis anééﬁtd iripédr dication ﬂo%@b@ﬁ&oll&tﬁhéﬁﬁké ation.

performance of the NM C switches is sufficiently high so that both 20
transmt and r daBScRIvVeR Ettmnsmaiiﬁmgmr\rmwm@mraqnmcnlaaﬁeqma)tbanm

The above d scr enbpdi nents ,are intended to be =
illustrativ %%j‘ %egg’é‘&%m ﬁ%?etttﬁéﬁelFéEPmpélﬁﬁlga fof the present
i nventi on. Although t he foregoing exenplary enbodi nents have been 25

described in terns of base and nobile stations, the present invention can

be applied to any rédla(preﬁnwdramlmdxm&nsaﬁﬂ&rpreﬁm iventiohSthesREel | i tes
a in comuni cation with DBC renot e

could transnmit and, recei t
devi ces, incl udWi§ E%WX&]%‘&#W@ISM%(ﬁ%sbﬁ@ﬂtﬁfecﬁggnslSMt(EETét C.

in terms of EQmmn. e Rp R ibirloa hedBE (PRTCST " PER iometin ™Y

i nvention ij§ alkgambld FE3e ﬂﬂn& imz,r 'e.g., in

a dual - nbpde DBC ang c%?llgglﬁlaérr@%rgﬁd rm%)v lrﬁﬂ())ne r@ MP%E for WO

98/ 09382 xamgiﬁmmmﬁndustnes Inc An input terminal (I/P) adrain = 21

the nobile stati ncan dto perate in the A-side ceIIuIar
St

band and a portP gﬂrﬂﬁ&’lﬁ? @H%qugogh%ﬁqn@monaka

advant age of b%fFEI%bﬂSQ 15 eaﬁéérmtag | V5 ARES Al p ow

DBC network operator to offer a nationw ers 5

interested in mﬂotsaodhegnﬂesbﬁFEmenlfwmw;ﬁﬂﬁ are referred
to commonl y assi application Serial No. 08/425,051.
entitled " |tPB %‘Egﬂﬁbbh ésssn@p,m@éwgshtlﬁensasmgl«@nh,er Raith
filed on April g'le-ﬂlﬁgéfsﬁx d| scl osure of which is incorporated herein
by reference. res I nvention is capable of many variations
10 in detailed inplenmentati on ‘that can be derived fromthe description
contai ned herein by a person skilled in the art. All such vari ations and
The advantages of us1ng the GaAs FET switch 150 include low - '

~ insertion loss, very fast switching speed, and simple control.
- 20 Specifically, each GaAs FET 150 has an insertion loss on the order of
0.5 dB, at_xd MMIC switching speeds are on the order of 10
nanoseconds. These advantages coupled.with the switch’s very small

size and high linearity make for an excellent switch easily controlled
using control signals from controller 64 synchronized with the radio

25  transceiver’s transmit/receive mode. As mentioned above, the control
signal may be taken from the transmit-synchronous drain bias voltage
applied to the power amplifier 76 which is a high or zero \.Ioltage level
when the transceiver tra_nsmits and low or zero voltage level when the

_ time slot ends. Fig. 10B shows in simple chart format the relauonshlp

30  between the isolation of outputs O/P1 and O/P5 as well as insertion loss |

provxded by FET switches 152 and 154.

L SUB.STITUTE-:.SHEET (RULE 26)



modi fi cations are considered to be wi thin the scope and splrlt .of the
present invention_as defined by t'he f ot F'owimg—clai-nms:
REPL ACENENTYC5f883p2 POLUSHI N
1. A radio transceiver having the capability to transcelve i nformation
over first and second sets of frequenci in first and second operational
nodes, respectively, each set of frequéhcies including a transmt frequency
band and a receive frequency band, conprising: a transmtter;

a receiver; tr'ansmmﬁs?ﬂeﬁgfég@htmventéonhfs ?éeﬂ%e?cgy{ﬂ ﬁf‘tﬁé coffRegFabl e to

t he ant enna, recerv crrcurtry; -and -

a control | er wekahpléabodintenta dirdgéreral) Befireeht iifvdntionfddvaitagpousdy onal -
node, .control-s the swi tching. ci-rcuitry.to connect the duplexer to the

antenna, transimnaereases thecapasityiandcoveragead asmghé&t/pOﬁaUetm@ﬁscel ved using
t he dupl exer and when the radjo eratin n.the s rational
node, controls CPH@W?%?HSﬁS@b 8 Q‘g@é{’@&’{‘ meﬁﬁé}gﬂﬁgﬁ?o t he -
transmttergth t@m#ﬂ?ﬂtﬁ cafd GV t he

dupl exer. rré)dighlaé e rgﬁg tr a%gg%%l@g{@fﬁdqgﬁhoﬁygﬁﬁﬁﬁ@el n transm-t

frequency band@aﬂdswuﬂheufhmnngsaathﬁysaddindnakhmMaresm&m conti guous

and recei ve frequengy pands
example ot contiguous LMR and cellular frequencies, only minor

modifications to the hardware and software of a cellular radio are
necessary to provide that radio with the ability to communicate over

10 LMR frequency bands as well. The second embodiment of the present
invention is preferréd because of its lower cost and smaller size as a "
result of using only one duplexer. By actively switching the two RF
switches, the need for one duplexer for each set of adjacent freqﬁency .
bands is eliminated. Using two switches in the LMR path maintains

15 transmit-to-reéeive isolation, and because both the cellular and LMR
transmit signals pass through the cellular duplexer, transmit iow pass
ﬁltermg service for both frequency band reduces harmonic spurious

| content to acceptable levels. Addmonally, third order intermodulation

performance of the MMIC switches is sufficiently high so that both

20 transmit and receive distortion-driven requirements are maintained.

- The above-described exemplary émbodiments are intended to be
illustrative in all respects, rather than restrictive, of the present
- invention. Although the foregoing exemplary embodiments have been
25 described in terms of base and mobile stations, the pfesent invention can
be applied to any radio communication system. For example, satellites
could transmit and receive data in communication with DBC remote
devices, including portable units, personal digital assistants, etc.
Moreover, although the présent invention has been described
30 primarily in terms of communicating within the LMR spectrum, the
present invention is also intended to be used in muitiple hyperbands,
e.g., in a dual-mode DBC and-cellular band mobile phone. For example, '
| ' SUBSTITUTE SHEET.(RULE 26) |



for the first and second sets of frequenC|es are contiguous. 3.
The radiq. %yer “inTelairm 2y whereirnT the first recei veedrresyngsery band

i's 851-869 , the first -transm’_t- ‘band is 806-824 Mz, the second Teceive
frequency band is 869-894 MHz, and the second transmt frequency band is
824- 849 MHz. 21 _ . 23 4.

The radio transceiver of in claiml1l, wherein the second transmt frequency
band is separated fromthe first receive frequency band by 2 MHz or. | ess.

5.  The radio fhe mbbilenstationtss e Et&mamed ed operateinf thelAdsitdef cathular |
transi stors and are control I'ed i t e fITSt ‘gperational node i'n accordance

with tinmng i nfbﬁndam % potioneefybadilviB bandynkhis DRC mebie station hasthe ti ng and |

“recei ving.- radl transge:
transceive inf o %? tt°é’ﬁ8 8&&@8@%&?’?‘@3@@?& agé%% First
and second oper Igﬁ,o{g_? s@in f&wlm
including a tr a%?n??éﬁdgg%?é at6 an ﬂé’ﬁ%ﬁ’ornggiglﬁeg fr egq)uoency band,
conprising: 5 interested ih asests of multiple hyperband capalde sgstems are referredn
ant enna, a dupl exer; t chi ng SCI raiuﬁtro%‘{ 5r §el ectively
connecting the @fAMROAIY assignedddSe rﬁﬁ@m apphcatlon erial No. 03/425,0 |
- entitled “Multiple Hyperband Mobile and Base Stations” to Krister Raith
filed on April 19, 1995, the disclosure of which is incorporated herein
by reference. Thus the present invention is capable of many variations
10 in detailed implementation that can be derived from the description
contained herein by a person skilled in the art. ‘All such variations and
modifications are considered to be within the scope and spirit of the

present invention as defined By the following claims.

. SUBSTITUTE SHEET (RULE 26) -



transmtter, and recaweﬁept}maeenke laced a controller which, V\,hen the radio
Istransmtting |nthe the second frequency b f|r_st
and second WRSPAMBHnal w m mtlvely, sets the svmtchileulgnw{jcwtry'to
route the transnitted or ron to the antenna through the one dupl exer,
wherein the controller sets the swtchi 29 circuitry to route received

I nformation fromthe antenna to the recéfver through the one-dupl exer in

t he second operati onal 24

node,- and sets t\ﬁﬁa %\nciaqﬂ#ﬂqsm rcultry to bypass t he dupl exer when routing
the 'réecei ved i nforna romthe antenna to the receiver in the first :

operational node.” 1, A radio trénseiveehavingatie phpatslity watdnsteiver adi o t hat
tr-anscei ves over cell uI ar.-transmt and recelive frequency. bands to

transceive i n cdénfosmptioniongr fizst andsecons seémoﬁfrqqmpmsnarﬁmﬁ andsegopdcei ve
frequency bands contJ us Wt ar. Lr ans and.rece requency
bands usi ng onl Oga&n&&és%fespec{“’& ’ﬁﬂg’r?ﬁtr‘? E?Fégs’élrcb‘“ﬁﬂgnﬂect ed to -
the one dupI xer gtn?{'ﬁ' VO 48 bl bhRpeRidd-er and
recei ver of - he ra e} e‘ﬁ}ﬁngﬁﬁﬂgaég?'t{ﬁgéri co rlexglﬁ,n m o séetti ng the
switches to connect titeardimitterser between the antenna and the transmtter
and receiver when the radio is transcei.ving in the ce ll I“ |
bands, setti r@g}'ef’ﬁge%vm tches to connect the duplll“ m" Imnlﬂmle
ant enna and t he tran%ﬂ‘aﬁﬁ&fnay\hen the radio is transmtting ih the LMR |
frequency bands, and > setting the switches to bypass the duplexer
in connecting the anfd%@lb?m?g\&réth&yrdﬁﬁﬁbét@ﬂw\/ﬂﬁfhﬂt&md;ﬁéhmﬂt&rrm&l ving in

the LMR frequency bands.
10  receiver;

~ switch circuitry for selectively connectmg thé duplexing c1rcu1try
to the antenna, transrmtter, and receiver m first and second
configurations; and
| a controller which, when the radio is operating in the first
15 operational mode, controls the switching circuitry to connect the
- duplexing circuitry to the antenna, transmitter, and receiver in" the first
_conﬁguratlon, and when the radio is operating in the second operational
mode, controls the sw1tch1ng circuitry to connect the duplexing circuitry
to the antenna, transmitter, and receiver in the second confi guration.
. 2.  The radio in claim 1, wherein the duplexing circuitry
includes: o -
a first duplexer sw1tchab1y connected between the antenna and
the transrmtter and receiver by the controller when the radio is in the
25  first operational mode, and - .
- asecond duplexer switchably connected between the antenna and
the transnﬁtter and receiver by the controller when the radidis in the

second operational mode.

0 3. The radio in claim 2, wherein the second set of frequencies
' correspbnds to cellular radio transmit and receive frequency bands with

the second duplexer being designed to duplex cellular radjo.

: it- P
{ THIS SHEET HAS BEEN
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8. The.nethod in c Ha celhe, one dupl exer is a cellular radio
‘dupl exer .- wo 9809382 9. , m ~operating a radi o tranBCHUSENSAME .
transceive informatio nd second sets of frequencies in first
and second operational nodes, respectively, each set of frequencies
including a transnit frequency band an@3a receive frequency band, said

radi o transceiver including a transmtter, a receiver, an antenna, and only
one dupl exer connected to the antenna, transmitter, and receiver,

“conpri si ng t hereseiyssfreguencies, and ¢he) firsti setoaf fregnenbies spmespongdsdd adand of t he
radi o transceiver,;, 4 ; g b) .. in,the, fixst operational node, - = -
connecting t henmeetﬁé%o-mﬁéa@ﬁt%q(m@}t ﬁ?%FEcﬁerté?quegﬁx%ﬁgg%Wa%rtggn a o
~first confi gur gldQihmibigh | |t ' : ' |
transcei ved us;ﬁ%ég&.qwe on?eg{%: eié}%dﬁgrffgﬁléiiﬁ«flﬁ?&oﬁfnm%lhe sec

oper ational nofiequerdiesiti vel y connecting the antenna to t '
t hrough the duplexer and to the receiver bypassing the on m‘"ﬁ,@mmﬁh”m
accordance §ith a control signal. - ~10. The method# neccC g

wherein the radi o tr,ansgei ver. opetrates in accgrdance.wth a.tine division
mul tiple access (TD@A)_ ﬁ%‘ﬁpéﬁfﬁt "sﬁs‘tj’g‘_?rgmﬁl&‘ﬁmﬁégﬂﬁéﬁﬁwgarr_yi ng plural
tinme slots per jidiades o one ldxefBthe le8htrblest Mﬂ%ﬁ{@svﬁ@dlﬁgg E&Bﬁ'i'n@g to a :

separate channel, the thod further conprising the step of”
gener ati ng t hetemute néceiveiinformaatioh frometheiamtenmiado thd regpeiventhrobghng si gnal

CransmitLer WA GAF SHELeRORANe SO GRPHILnaL AR B8 AELOEGRe ond (he
ocaive 1 1 spafing drbiy [EBRARIOUBTRREL L bTo RISy QUBENGEA 0 02 0 |

during the trafdoimationfrom tie aritbnL @ the ceeciveriatthe fisticperativmabna and the
receiver is di sa%l ed. :
mode.

5. The radio transceiver in claim 4, wherein when the radio is ?
15 transmitting in the first and in the second frequency bands in the first
and second operational bands, respectively, the controller sets the
“switching circuitry to route the transmitted information to the antenna
 through the one duplexer. |

20 6. The radio transceiver in claim 1, wherein transmit frequéncy
‘bands for the first and second sets of frequencies are contiguous and |
receive frequency bands for the first and second sets of frequencies are

contiguous.

~25 -~ , 7. Theradio transceiver in claim 6, where_ih the first receive
frequency band is 851-869 MHz, the first transmit band is 806-824
MHz,ihe second receive frequency band is 869-894 MHz, and the
second transmit frequency band is 824-849 MEz.

30. 8. Theradio transceiver of in claim 1, wherein the second
transmit frequency band is separated from the first receive frequency

band by 2MHz or less. © . |THIS SHEET HAS BEEN |-
L *SUBSTITUTE SHEET (RULE 26) REPLAGED
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12. Acellular radi ahﬁsmmgeegk?ﬁ,,gg;bng the capability to transceive
i

i nf or mat | ORy@ysRjoagze! | Yl
first and second oper H
including a transmt f

nd a receive frequency band,

conpri si ng: atransmtter, 24 a receiver; an _
ant enna,; only one dupl exer connected to the antenna, transmtter,
and receiver, . 26

switch circuitry for selectively connecting the duplexer to the antenna,

il e radio sets of fregue LS N c A
adt o W 74 T
respectively, each set o r%’é%enm es

transmtter, and receivér in first and second different-coenfi-gurations;-and. ...

a controller which, Sashedbenadiodtansceivenineslaini Agwheraihéheshitchiag operati onal- -

node, controls the.switchjng ecircuitry.to connect,.the duplexer to the
antenna, transift gymgﬁﬂieﬁgfgﬁ chﬂt\{‘és’lnig &PolgosinglfathEpWoTilghes
transmtted angusieait bakns iSi : lexer, and
when the radio i s operat Pﬁgg?ﬁdltaﬁ%‘%‘ﬁ%%@%%{)%ﬁ%%&ﬂé@&@%ﬁﬁ?@la?ét he
SWi t chi ng cbr csecond switchmswennedtithe antehax end the febeiventetiraduplépsm tter,
and receiver in the,second, configuration where but received'signals are

routed from t h&SSPRFU _é{:ﬂfliﬂfbe Belonesational medethe first nd seegaidexer 5
_Wherein transni ’ﬁﬂeﬂ&ﬂ?ﬁ%@% it %&sg{]% hrtgf\%rxlbg'ggss?ﬁjé){h%x Jplé}?er? he ant enh

in both the first and secon Nt Of1S

' 10. The radio in claim 9, wherein the switches are field effect
10 transistors and are controlled in the first operational mode in accordance
with ti_ming information corresponding to when the radio is transmittirig
- and receiving..
11. A method of adapting a cellular radio that transceives o\}er N
15 cellular transmit and receive frequency bands to transceive in |
corresponding land mobile radio (LMR) transmit and receive frequency
bands contiguous with the cellular transmit and receive ﬁ'e_qﬁency bands

using only one duplexer. =~

20 12. The method in claim 11, wherein the one duplexer is a

cellular radio duplexer.

- 13. The method in claim 11, wherein switches are connected td
the one duplexer to an antenna of the radio and to the transmitter and
- 25  receiver of the radio, the method further comprising: - .
setting the switches to connect the duplexer between the antenna
and the transmitter and receiver Wheh the fatiio is ﬁ'anéceiving in the
cellular frequency bands, and | |
setting the switches to bypass the duplexer in connecting the
30 antenna and the receiver when the radio is transceiving in the LMR
frequency bands. |

I s sveer e [ 57T 5 22
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13, A cellular radiThisShenEeTawRehayi Ny t he capability to transceive
i nf or mat i. oxycpesw3szel | F,I &Hm ﬂﬂ rmbl T"e"radiosets of  freqaramseyeR74 n
re

first and second oper respectively, each set of frequencies
including a transmt and a receive frequency band,

conpri si ng: atransmtter; a receiver; . an
ant enna,; onl y.one dupl exer connect ed to the antenna transmtter,
and receiver; swtch circuitry for selectively connecting the

dupl exer to t he ant d#naAme&rmhof@maﬁng\aradwdrmceWﬁrmmscal’vd second

di fferent configurati,ons; :
REPLACENVENT SHiEtermation over tntrst and second sets of freque ncxesmﬁrst an@eecond ca

control |l er whi %Eﬁ 24354 ﬁ#?ﬁ%qg%%gﬁfgp%%a{ k&%ﬂﬁﬁc{:ﬁmﬁ?hﬂ &hodper ational

node, controls e svm 0-connéct” the dupl exeP to the

antenna, transnianbmit fréquencebandandiareseive fﬁaqhmoy band,aaidradider e
transmtted and received signals are routed rough the one, dupl exer, and

when t he: r adi ot:ra@scme@xamp gwattmsmtcropé@%mvman antme-a, ashenly|one he

switching circ conne upl exer the asmtter,
and recei ver :# [ﬁ%‘ 89%%%%9{“8@3‘? %(r gt gﬁ"ggd’ %ﬁﬁﬂlg are
routed fromt h%@fs}%@@ﬁf‘ to the receiver bypaSS| ng the one dupl exer,

wherein the switc Ircuitry includes GaAs FET sw tches. 14. A

cellular radio tr ans{a)ad@techxtglthe@drmommdd oﬁﬂnetrmdmrtsamceatrm i nformati on
over cellular and | e radi Q sets f frequenc e flrst and second
operational nodes, 25%5@”@@ éb‘@? gperatiepa §B? 6‘&}8’@#‘@

transmt f rlﬁqueéﬂféﬁnga&gnﬁﬂﬂte? dfelfRc¥fvet 1FS ﬁ&%nﬁ%ﬂpauo%%ﬂéﬂe%&%s

in the ﬁrst set of frequencies are transceived using the one duplexer; and

(c) in the second operatlonal mode, selectively connecting the
antenna to the transmitter through the duplexer and to the receiver
bypassih‘g the one duplexer in aocofdance with a control signal.

15 , .

15. The method in claim 14, wherein the radio transceiver
operates in accordance with a time division multiple access (TDMA)

. communications system each frequency Carryirig'plural time slots per’
frame with each time slot in the frame corresponding to a separate
20 channel, the method further coniprising the step of:

generatmg the control s1gnal based on a time slot alignment
timing s1gna1 such that in the second operatlonal mode, the antenna is
connected to the transmitter through the duplexer during a transmit time
slot and the antenna is connected to the receiver bypassing the one

25 duplexer duringa receive time slot.

16. The method according to claim 15, wherein during the

transmit time slot, the connection between the antenna and the receiver

 is disabled. . = |
0 B AR O ||||I\I i
- 17. A cellular radio transceiver having the capabxlxty to
- transceive information over cellular and land mobile radio sets of | o
| SUBSTITUTE SHEET (RULE26)  ['7yiig™SHEET HAS BEEN ' |
REPLACED -




transm tter; ... . ThlSSh&’eEMIBéQﬂ'Reﬂlaced . an ant enna; onI ) one

dupI exer com}ogtzto ransmitter, and recei vep
switch circuitry for s necti ng t he dupl exer to %’gswﬁfﬂﬁna )
inTirs

transmitter, and receiver nd second different configurations; and
a controller which, when the radio is opggating in-the cellular operational .
npde, controls the switching circuitry to connect the duplexér to the
antenna, transmtter, and receiver in a first configuration where

transmtted and fraiplenmeslnsﬁmahd s@é@d@p&rﬁﬁoﬁdlrlﬁm % eQRRIfURlh%ef - and
S ‘T he

-when t-he radio. |?‘ perating in the LMR operational rmd con

swi t ching circui® rﬁ;'P‘lan%-Gﬁﬁé‘élﬂ lnﬁafmnstm&ﬁ‘ﬁqnmayt’aandmndmpei\deansm tter,

‘and recei ver nf i uratlon where but received
REPLACENENT SHEI':%Jﬁ%eﬁ&?BMd Coprising — 28 signals

are routed fromthe At ARBALES the receiver bypass he one du | exer,
wherein the cellular radio inéludes a digital time ’m m m,
operation wi fh the caemecgivelr switching the swtchi @

accordance with receive and transmt time slot control si gna i ng

15. For a cellular AB&¥FDPRanscei ver, incl udi ng a transmtter, a.receiver,

a0 antenna; and 2 UBhE6sc SAABEE GBS AILAINS, BRI EE 2" o

of nodifying theecegddryl ar rad| o transceiver to additi onal |y transce| ve in

‘land nobile radio (LMR) frequencies, conprising:
switch circuitry for selectlveiy connecting the duplexer to the

10  antenna, transmitter, and recelver m first and second different
" configurations; and

a controller which, when the radio is operating in the cellular
operational mode, controls the switching circuitry to connect the
duplexer to the antenna, transmitter, and receiver in a first conﬁguratio;l'

15 whe;e transmitted and received signals are routed through the one
duplexer, and when the radio is operating in the LMR operational mode,
'_ qontrols the switching ciréuitry to connect the duplexer to the antenna,
transmitter, and receiver in the second configuration where but received

signals are routed from the antenna to the receiver bypassing the one
20 duplexer. - '

18. The cellular radio transceiver in claim 17, wherein
transmitted signals are routed through the duplexer to the antenna in
~ both the first and second configurations.
25 |
19, The cellular radio transceiver in claim 17, wherein the
switch circuitry includes GaAs FET switches.

| ~ 20. The cellular radio transceiver in claim 17; wherein the
30. cellular radio includes a dlgltal time slotted mode of operation with th.e
controller switching the switching circuitry in accordance with receive
| and transmit time slot control s1gnallmg - THIS SHEET HAS BEEN
' SUBSTITUTE SHEET (RULE 26) - | . . REPLACED




‘adding switch ci rcwtffbls B4 connecting the dupl exer to the
ant enna, trﬁas;msgﬁr ﬁ first and second di f f BRCEUS97/15274
configurations; ations in the cellular frequencies,
operating the SwWi t chi ng CI rcuitry to connect the duplexer to the antenna,
transmtter, and receiver in the first 2bnfiguration where transnmtted and -
recei ved S|gnals are routed through the dupl exer; and for
~comuni cations in the LMR frequencies, operating the switching circuitry to

~connect the duplexer to the antenna, transm’tter and receiver in the
~second configuration received. signal s, are r ed fromthe antenna to -
the receiver bypasm%@hféfg%ﬁil"iq{ ﬁﬁ'%&?’g‘%ﬂgﬁgﬁpﬁmwrs?gnal s are -
‘routed through Jeeavgy%%ﬁén&a?aﬁa"sdwi&apeoﬁﬁe&@d&fh'eeaniexfnat and second

configurations.
AMENDED SHEET transmltter, and receiver, for transceiving information over cellular

5 frequencies, a method of modifying the cellular radio transceiver to
. additionally transceive in land thobile radio (LMR) frequencies,
comprising: |
adding sthch c1rcu1try for selectlvely connecting the duplexer to
the antenna, transnutter, and receiver in first and second different
10 confi gurations; , .
for communications in the cellular ﬁ'equencles, operatmg the -
sthchmg circuitry to connect the duplexer to the antenna, transmitter,
and receiver in the first configuration where transmitted and received
signals are routed through the duplexer; and >
15 for communications in the LMR frequencies, operating the
switching circuitry to connect the duplexer to the antenna, transmitter,
and receiver in the se_cond conﬁg_uration where received signals are

' ~ routed from the antenna to the receiver bypassing the one duplexer.

20 - 22 The cellular radio transcelver in claim 21, wherein
transmltted signals are routed through the duplexer to the antenna in
both the first and second conﬁguratlons
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