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MULTIPLE CONTROL SLOT TDM/FDM COMMUNICATION SYSTEM

This invention relates generally to radio frequency
communication systems.

Background Art

Radio frequency (RF) communication systems that make use
of frequency division multiplexing (FDM) are known. In such
systems, commonly known as trunked communication systems,
communication channels are assigned for use from time to time to
subscribers as needed. To facilitate the channel assignment
mechanism, such systems generally provide either a dedicated
control channel that supports the channel assignment signalling, or
the control channel function is distributed amongst the voice
channels; for example, by providing the control channel information
subaudibly simultaneously with voice traffic.

RF systems that rmake use of time division multiplexing (TDM)
are also known. in these systems, a communication frequency (or
pair of frequencies) is-divided by time into frames and slots, and
subscribers are assigned a slot to support their communication
needs. '
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mechani sm such systens generally provide either a dedicated control

channel that supports the channel assignnent signalling, or t he
control channel function is distributed anmongst the voice 25 channels; for
exanpl e, by providing the control channel infornmation subaudi bl y

si mul taneously with voice traffic. RF systens that make use of
time division nultiplexing (TDN% are al so known. In these systens, a

communi cation frequency (or pair of frequencies) is divided by tine
into frames and sl ot €ombide@FDMAIRNMIsysteras are alssskipvee & shieii t o support
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10  configured TDM or FDM/TDM radio can support full duplex
communications without full duplex RF capabilities, channel access
time, channel monitoring capabilities and other features in such
systems are often degraded.

A need exists for a communication system that will

15 economically support needed and desirable features and bptions
while simultaneously offering high quality communications and
operability.

mm f the Invention
20
These needs and others are substantially met through
provision of the time division multiplexed, multiple frequency
communication system disclosed herein. This system supportsa
plurality of TDM frames on at least some of its multiple frequencies,
25 wherein each TDM frame includes a plurality of time slots. Some of
these time slots are used to substantially support voice and data
message communications, and two or more of these time slots are
control information slots that are used to substéntialiy support control
information, such as channel assignment signalling. Depending
30  upon the application, the control information slots may be on the
same communication frequency, or on different frequencies. If on



time,* channel nonitoring capabilities and other features in such

systens are often degraded. A need exists for a comuni cation
systemthat will 15 economcally support needed and desirable features and
options whi | e sinul taneously offering high quality conmunications and
operability. Summary of the Invention 20 These needs and
others are substantially met through provi sion of the tine division
mul ti pl exed, nmultiple frequencg comuni cati on system di scl osed herein.

This system su [ . ' JDM fran n | egst _some of its
rru: f [ p?/e frequgﬁ%rée@,@ezqﬁlen\%egf ('tai’iq %Egé%ﬂp%l%DMPSLS{JW%?rha@t?r%ﬁglrh? ality of
time slots. Softefrom one gRethertp mseventtcorteation add prefetsly ane inat iry support

voi ce and dat agdjacentBm@adistsCOMMuNi cations, and two or nore of these tinme
slots are control information slots that are used to substantially
support control In pRe sMRAGIeNt.drequencycarth sist agsigngientaforsvaieal | i ng.
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with at least one of the control information slots, thereby assuring that
all communication units ‘can gain access to at least one of the control
slots at all times. Further, the system can be made particularly

10  sensitive to such assignments, such that signalling information
intended for a particular communication unit can be transmitted
during a control slot that the communication unit is known to be
monitoring, and not-during the remaining control slots.

In another embodiment, the slot assignment process can be

15 made dynamically responsive to loading and/or the communication
needs of a particular communication unit. In particular, the system
can monitor one or more predetermined parameters that represent
loading for the communication system, and assign a number of time
slots to a requesting communication unit or modify the siot duration

20 as commensurate with the monitored parameter. For example,
higher voice quality may generally be attained by assigning two time
slots for communication, as versus one, thus allowing transmission of
greater speech coding information. During times of light
communication traffic, two time slots may be assigned to a requesting

25 unit without degrading the grade of service offered to other
subscribers. In the alternative, during times of heavy traffic, it may be
appropriate to provide a requesting unit with only.one slot to support
its voice communication traffic, thereby providing acceptable audio
quality to the requesting unit while still retaining a capability of

30 servicing other units as well.



different frequencies, the control slots nust still be in different time
skots fromone another to prevent contention and preferably are not in

adj acent tinme slots. I n one enbodi nent, frequency and sl ot
assignnments for voice 5 and/or data comuni cations are assigned in a way
t hat assures that the assignnents for a particular comrunication unit
do not contend with at | east one of the control information slots,

t her eby assuring that - all epmmuni cati on units can gain access to at

| east one of th times. Further, the system can
be nade parti cuPB i f lj’ Dl h assignnments, such that
signalling information i ntended for a particular conmunication unit
can be transmtted gfdms"‘a%g@térﬁlbééw&ab .the comunication unit
is known to be rmlt no- urin e’ remi ning control slots.

rin
I n anot her embodi mentig- t%@o@lp%ﬁeﬁ% mgfﬁﬂbgéﬁ'@“@&@f Berepsatermde

dynani cal | y sesponsi g tDcobplisBs DBRICRdiadrant BBPADA ¥ iP8ubscriber Needs of a
particul ar communi.cation unit. In particular, the system can nonitor

one or more pred®erm ned paraneters that represent | oadi ng for the

comuni cation syst emFignticeswprigesa timie diagfrat depicting a tedoodisarineltwo

- requesting co 't%gé{ on unit or nodify the slot duration 20 as
conmensurat e wi I tRa i t or ed parameter. For exanpl e, hi gher voi ce

qual ity may general | Figped gomprises aiimisg idiagram depictingreutbound sl ot s f or

comuni cat i 9§, %?foyrﬁéﬁéﬁ uPQQ:onttl‘b‘l’%Ioﬁl | ow ng transm ssion of greater
n

speech coding i t1on. Dur] ng ti nes of onmuni cati on

traffic, two tinme sl BrEQMNISLSA HEthddﬁgiag'eqﬁB'ﬁ"i‘Q@‘%m%m t without
degradi ng the grmdﬁngﬁoﬁ,@hva ggnmf;tgbed to ot her subscribers. In the
alternative, during td eavy raffi appropriate to
provide a requesting #ugrrre? Cﬁm'sgﬁl% ig}iag gf@ra%g@iﬁ%@ single ﬁg s voice
comuni cati on t rsithplex, carhewsitgatiprvi di ng accept abl e audi o quality to
the requesting unit whlg cShigseld fikhhg GidbraAPaBhibing aXlnupiger Vi o N9
comrhunication;
Fig. 9 comprises a timing diagram depicting an alternate full
duplex communication; and ,
Fig. 10 comprises a timing diagram depicting a full duplex
20 communication being conducted simultaneously with receptlon of yet
another signal.

Best M For Carryin The Invention

25 Referring to Fig. 1, a system implementing the invention can
be seen as generally depicted by the numeral 100. The system
(100) includes generally a central controller (101) that controls the
allocation of communication channels (frequencies and time slots) to
promote organized communication between various communication

30 units. The central controller (101) connects via appropriate
interconnections, in a known manner, to a plurality of repeaters



4 ¢ Brief Description of the Draw ngs Fig. 1 provides a
system bl ock di agram Fig. 2 conprises a block diagram
depiction of a repeater; 5 Fig. 3 conprises a block diagram
depiction of a subscriber unit; - Fig. 4 conprises a timng
di agram depicting a two channel /two sl ot system Fig. 5
conprises a timng diagram depi cting outbound 10 information in a control
sl ot ; Fig. 6 conprises a timng diagram depicting inbound

i nformation on a control slot;?® Fig. 7 conprises a timng

di agram depi ct é102),&h§5é_lbbm§bﬁé repeatesi(mﬁ)eflzslr égm?}sﬂbﬁéhbdﬁ'reql@ncy ~ Fig.
2 comprisee & o MelBeod e PRBing Fedh 1 boB BB e SR 2Ll o
communi cat i on; centebller (101) control5ithe operatimmpof thesrepeaters (§02) agd am depi cti ng
ki v Lo e L AL A
5 include a microprocessor and associated digital circuitry, in which
case the controlling actions of the central controlier (101) may take
the form of data packets transferred over an interconnecting network
(108).
The system also includes a reference timing generator (103)
10 and one or more auxiliary interface units (107). The timing generator
(103), which may include a high stability reference oscillator,
provides various clock signals, including but not limited to the TDM
frame clock, slot clock, and data bit clock, to the central controlier
(101) and the repeaters (102) to maintain time synchronization
15 throughout the system'so that symbols, slots and frames on all
frequencies coincide in time. The auxiliary interfaces (107) provide
means to interconnect the system (100) with non-RF communication
units, such as telephone lines and dispatch consoles.
The system also includes a plurality of TDM/FDM capable
. 20 communication units (104). (As used herein, "communication unit" is
intended to refer to any of a variety of radio platforms, including but -
not limited to mobile radios, portable radios, and fixed location
radios, including both one-way and two-way devices.)
Referring to Fig. 2, the repeater (102) will now be described.
25 The repeater (102) includes a receive and a transmit section (201
and 202). The receiver section (201) includes an RF receiver (203)
that receives signals via an appropriate antenna structure (204) and
that provides at its output a baseband signal. The latter signal is
passed to both a voice recovery block (205) and a data recovery
30 block (206). The voice recovery block processes the received
baseband signal to recover the voice information signal (207). This .



Best Mbde For Carrying Qut The Invention 25 Referring to Fig. 1, a

system i npl enenting the invention can be seen as generally depicted
by the nuneral 100. The system (100) includes generally a central
controller (101) that controls the al | ocati on of conmmuni cation
channel s (frequencies and tine slots) to pronot e organi zed

communi cati on between various conmmunication 30 wunits. The central
controller (101) connects via agbropriate i nterconnections, in a

known manner, eg?h PGl tepteséntr eBRRL Qfo’éessed version of the original audio
e

S 102 f ! d :
(or freéuenZ:y pélgrna'dg}b%%&fﬂﬁg)lée |§ﬁéldgop8rc¥c@ O{n(gﬁ{%n 9%28‘6'5% ed frequency
control | er (101commoniylcwnéc cofpemaing appfication filedefprilr2e, (1583) araacﬁld

rovi des control o] i ncl ude
Iron Ccroprocessor hﬁgn'gggghal;@édﬁg?%s‘f% arncﬁ?ﬁ@r&ﬁ%&)ﬂ@mﬁ %ﬂ@ré@%ncgﬁse t he
control | ing %ct Depending ne tbematlane @fdmerr@peater(lr_lte:[c)onmgctloamtwork the form

of data packet s (6eyyheaydied réutie 'Bldd?égoszfﬂﬁ@ﬁfdcﬂﬂié"é go (106).
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The system al so i ncl u rence ti erator 10 and one or

more auxiliary eRcederddecedarite refasmat ﬂ’lﬁé‘*‘i‘#"(ﬁ%ﬁo'@@rﬁéﬁfﬁ'd? 7). Inthe
case of the atorementioned audio processing, this coding function

could be accomplished with a digital signal processor, for example
10 the Motorola DSP56000.
The data recovery block operates in a known manner to
~ recover any data information (such as, for instance, control slot
information) included in the received signal, thus providing the
received data signal (208). The recovered voice signal (207) and
15 data signal (208) are passed to a repeater network interface (209),
which communicates these to the central controller (101) or other
repeaters (102) as is appropriate via the repeater interconnection
network (106). So configured, the repeater (102) receives TDM RF
signals and properly processes them to recover both voice and data
20 information that may be present in the communication.
The transmitter section (202) also includes a network interface
(210) that receives voice signals (211) and data signals (212). The
voice signals (211) comprise received voice signals (207) from the .
repeater’s receiver section (201) or from the receiver sections (201)
25 of other repeaters (102) in the system. The data signals (212)
include control channel information trom the central controlier (101).
The voice signal (211) and data signal (212) are processed by a
transmitter controller (213) to provide an appropriately coded and
slot and frame synchronized signal at its output. As in the receiver
30 section (201), the transmitter controller (213) may include a DSP to
reformat the voice signal (211) as appropriate for various receiving



(103),” which may include a high stability reference oscillator,

préovi des various clock signals, including but not limted to the TDM
frame clock, slot clock, and data bit clock, to the central controller
-(101) and the repeaters (102) to maintain tine synchronization 15

t hroughout the system so that synbols, slots and franes on al
frequencies coincide in tinme. The auxiliary interfaces (107) provide
means to interconnect the systeﬁl(loo) Wi th non-RF comuni cati on

uni Es, SiJch as {:&?ﬁﬂjmmidri cﬁk;ﬂ@ arnﬁi? 6’¥ tcﬁhhé@ﬂéﬁ@rﬁfﬁézrocontroller (2_13)ti§he .
system al so i ncl udes rali of . ca e ..CO ication units
({04). (As usedP@esed ﬁ',rgué}bﬁrﬁf?ﬁ#’t[%tf\“@ﬁ ﬁﬂ\ﬂ‘o qrﬁﬂp tra“ﬁ"ﬂf‘@ﬁ%tﬂéatr efer to
an;l;_ ?f a \éari et praﬁerw?nfboeﬁeﬁmers?gnali togbrodideda lsignal that may bei i ftedI tg_

nmobi I'e radi os, , radi os, includin
bot h one-way angB{"\t@?'vé\a/%}{'ggd\j/ﬂggeéjsﬁ?% Lh)%%qe&?&%*@?e(rzﬁmﬁ) ?%uﬁ—% g. 2, the ’
repeater (1) uansmiasipbef thesprocessed sgynalies degiedt er (102) includes a
receive and a transmTRef&fA 'etngé.gig,]a TDM/F@t hmat&%%ble' J&?ﬁnfuﬁﬁf’a‘tipﬁrurﬁtec" ' on

(201) includes an RF recel eceives signals via an

appropri ate ant etifdl véll ecdescribego 4y he ggmmunicatian upitdiPdliickidestan out put a
baseband si gnal RFTigndcliver (301 PHiRit cobiples to Rappfbpriatd ahfenhaV(@0RF1d ecovery

o ocesses the r HBBSUeNd fecene/BE HaRRIS: dhth tagscabvn/ib KRR ©
i nformati on @i gredeivst Baseddmd signal which is digitized by an analog to digital
converter (303). The output of the A/D converter is passed to a
microprocessor (304), such as, for example, the Motorola MC68000.
The baseband signal is also passed to a sync and data recovery
block (305) which processes the signal to establish frame and bit
15 synchronization with the transmitting repeater (102). The
communication unit aiso includes a clock generator (306) which
provides timing signals as appropriate to support the TOM nature of
the communications. ,
The microprocessor (304) processes the received signal and
20 passes the audio information to a DSP coder (307), such as, for
example, the Motorola DSP56000, which provides a
coding/decoding function used in this embodiment to properly
encode (or decode) the audio information in a particular form.
(Again, additional information regarding this form of encoding and
25 decoding can be found in a commonly owned co-pending
application filed April 29, 1988 and having Serial No. 187,685.) in
an alternate embodiment, the DSP (307) could also perform the
functions provided by the microprocessor (304) and the sync and
data recovery block (305), resulting in a reduction of hardware
30 complexity. The coder/decoder (307) couples through a filter and
coder (308) to an appropriate speaker {309) and microphone (310)



6 " signal mght represent sone processed version of the original audio
sifgnal . (An exanple of this audio processing can be found in a :

comonl y owned co-pending application filed April 29, 1988 and havi ng
Serial No. 187,685, incorporated herein by this reference.) 5 Dependi ng
on the nature of the repeater interconnection network (106) the voice
recovery block (205) nmay includeg8an audio encoder/ decoder to reformat

t he received voice signal .(207)...] . r ti oned
audi o processi ngto ?'?ﬂ"g '%%?d}(%‘g 4’9%?\'@)&"?&'0" tocgﬁﬁ’gn@%regg%%@i %ﬁ with a
digital signal patoessiginatingrawdiariplosmationttade\piocessed BSEI6ITNitted.

The data recovery blo il mﬁfég] r I any data
i nformati on (such as, ﬁbgggﬁaﬁbﬁ?gﬁo?é&n?@gﬁ S otg ;');::{s%eldﬁoonr'tég%ﬁj(()n i ncl uded
in the received §nde the MisroRrecesRaid3onrk where additionabinterapation gnal (208) .
The recover eds VopgSropkiaRfto (ROTDMAStUte Bf tHR LT Hidtidra08)ackie®. PRgSEd L0 a

LT et vo! ettt S5 v codel Bsaarany o Sincdonsrofa | ot
via the repeat er pasdett inoa digyitizethiorm to thet digital toldifalog Convertédr (Buri¢d, the
Fecover both vo SHEAHPHATINS /A sanyBil T R ISHED FlieaP L SREREY (a1 °
communi cation. filter (312) to thmBFttramme’i\te_re(a()i):w_l’liahrprpaeﬂy padeessesdhades a
I onel & (215{0 *5fignal to R SRS BRIy auk i ot
signal s (207) frantanna device (303 ofgassestransrpission efdbeiRsacessed signat r om t he
recei ver sectionggs(dddirkd25 of other repeaters (102) in the system The
data sianals (22) | Beferng 18 Higr b isa aRe b T i Hlon T e
(212) are proces&&MMAYM operating eavisommeat. Whilercartain liG#{ed) appliqationsde an
ot put.  hs. 1101 neonsEBesivey S BB (R RIS RINER R fh 1 o
(213) may i ncl uddescritigpPthheomore general case wherein at least two frequencies are
' available for the central (101) to assign for communication purposes,
and where each of the frequencies are subdivided into frames and
slots. In this particular embodiment, two channels A and B are |
20 depicted, each having frames (401) of 240 milliseconds with four
slots (402) per frame (each slot being 60 milliseconds). While in the
preferred embodiment described, each time slot is of uniform size,
non-uniform slot sizes could be used where appropriate. Each frame
window supports two control slots (403 and 404). In one '
25 embodiment, both control slots (403 and 404) may be on the same
frequency. For example, channel A may support a control slot in slot
1 (403) and slot 3 (404) of each of its frames (401). In another
embodiment, the control slots are on different frequencies. For
example, channel A could support a control slot in slot 1 and channel
30 B could support a control slot in slot 3. In yet another embodiment,
the two control slots would be distributed specifically to occur in non-



reformat the voice signal (211) as appropriate for various receiving

4 comuni cation units. The output of the transmtter controller (213)
i's passed through a splatter filter (214) to an RF transmtter (215)

t hat properly processes the signal to provide a signal that nay be
appropriately radiated from an antenna device (216) to cause 5

transm ssion of the processed §ignal as desired. Referring to
Fig. 3, a TDM FDM capabl e communi cation unit, 104 11| be descri bed.
The conmmuni cat AHACEM; §‘°K$1‘Gk1|?'"i eagh, M Hame windgw: %&%@W@M @b1) that
coupl FS t_CI)_hantmtéﬁnh@hﬁa@ﬂﬁ%lﬂnﬂmeﬂﬁgﬂh domunicativanmit musthwaitesei ve RF
signal s. e anscei ver (. rovi des, .a fecelve b I gnal
which is digi dransm Prige H%P&Sap Cavﬁ?'t'afoj"%afwﬁc?ﬂéﬁ%‘%ﬁ%@??ﬁgme out put
of thle Al D confoer skt systepashewntin Fig. 4, the maximuno tiswestvat 688tem such as, for
exanple, t l. : . : i le ] assed to a
sync and d§ a“@é@@éﬁff%ﬁ%%g@@@@? l%??ﬁ%ﬁ&o@é@%%g 't ﬂjeééi&gﬁ(gl to
establ i sh fransiotmwers edigsent thisiimeiweild be 12Q msege Regardigssi9ing repeat er
(102). The  hoRQRBWYAR 'sfﬁis‘é‘??tgpgg)ﬁfbdébcéh‘l?g@ the AvailkbREBRAMIAE, (306)

whi ch provides timng sl gna appr.opr e to support the TDM nature
of the cohfwayemthesgswill gways be at legﬂe‘ ‘E‘P'BER'(%‘@§B§F egdd SAMR ocesses
the recei ved siyiiddwand

10 A control slot supports communications control information.

Fig. 5 depicts the outbound signalling information (i.e., information
sent by the central (101) to the communication units (104)) that may
be provided in a control slot for this particular embodiment. In the 60
milliseconds provided for the slot, 5.75 milliseconds are used to

15 provide 69 symbols that represent a dotting pattern (501) (which
provide a transmit-to-receive transition period) followed by 1.33
milliseconds for 16 symbols that constitute a frame sync word (502)
as well understood in the art. Up to 7 outbound signalling words
(OSWs) (503) can be provided, with each OSW (503) comprising 84

20 symbols (7 ms). Finally, 3.92 milliseconds (504) are reserved at the
conclusion of the slot.

The 84 symbols comprising each OSW represent 31 data bits
that are error encoded up to the 84 symbol limit. The 31 data bits
themselves include 16 bits for a communication unit 1D, 1 bit for call’

25 type, 10 bits for frequency assignment, and 4 bits that represent the
assigned slot number. For example, 1 OSW could constitute a
talk/request grant to a particular communication unit by identifying
that communication unit by its 1D, and identifying the assigned
frequency and slot.

30 With reference to Fig. 6, inbound signalling words (ISWs) are
also provided by the communication units (104 and 105) to the



20 passes the audio information to a DSP coder (307), such as, for
exanpl e, the Mdtorola DSP56000, which provides a codi ng/ decodi ng
function used in this enbodi nent to properly encode (or decode) the
audio information in a particular form (Agai n, additional information
regarding this form of encoding and 25 decoding can be found in a comonly
owned co- pendi ng application filed April 29, 1988 and havi ng Seri al
No. 187,685.) In an alterngte enbodinent the DSP (307) could al so
performthe functions PFOVIded by m croprocessor (304) and the
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digitized formto conver e out put of

the D/ A convert@Ub(iB’ldsd !fﬁogﬂa§%@°tsm593bh5@°§rﬂ@t3!@r(60 ) includesed 5€312) to
the RF transcei Rillise38ad 68sFhbBI 0BG pdiePs §662)5(t6 Mflow any transient

10 effects known to occur in the transition from receive-to-transmit to
settle) followed by 1.33 milliseconds of 16 symbol frame sync word
information (603). 6.5 milliseconds are then allocated to allow 78
symbols of ISW information. These 78 symbols include 21 data bits
that are error encoded up to the 78 symbols. The 21 data bits

15 include 16 bits for the communication unit ID and 5 bits to indicate
call type request. |

So configured, a communication unit (104 or 105) can request
frequency and slot assignments via the two control slots provided in
each frame (401). Further, the central (101) can assign a requesting

20 unitan appfopriate frequency and slot assignment, via the two
control slots provided in each frame (401). In an alternate
embodiment, the control slots, via particular ISWs and OSWs, could
also be used to transfer data packets between communications units
(104).

25 Pursuant to one embodiment, when making frequency and
slot assignments, the central (101) makes the assignment in a way
that will assure that the assigned communication unit (104} will still
be able to communicate on at least one of the control slots. For
example, with respect to Fig. 4, a requesting unit could be assigned

30 to transmit on slot 1 of channel B and to receive on slot 2 of channel
A. This would allow the assigned communication unit (104) to



10 signal to provide a signal that may be appropriately radiated fromthe

antenna device (302) to cause transm ssion of the processed signal as
desi red. Referring to Fig. 4, the above described system
functions in an FDM TDM operating environnment. Wile certain [imted
applications 1 5 could effectively use a single channel, the remaining

di scussion w || descri be the nore.general case wherein at |east two
frequencies are avai | abl eqjor the central (101) to assign for

conmuni cati on pur poses, each .of the

subdi vi ded i nt coRinygto amﬂor°°"§$Gf‘£°"naﬁ'°f'ﬁﬂé%&?ﬂi@ﬁ%ﬁ%%g{wgm , two
channel s A andgEcsies 2Re tiiirpiimieesiot sfashaninel Andnfthisiveay, (fpdytacf 240

mlliseconds w t b 60
mlliseconds). Y/&F %ﬂ"?”gf&h%%ﬂg é\(@ Fgé%%@%ﬁexé)ﬁ?&@@éﬁl begI ngach tinme
slot is of unitnessagese can be pravidechivtbrasssrancesiozals TOMIl d be used where
202 In o 2EommaEtion unitd (FORK rEGRERiasTof WREBESUEN 204) may be on the
sane f r egoBWBYNICation spit04) arauaently ﬁﬁgag%ﬂbf:@m&‘%ﬁﬁ"ms slot in
sl ot 1 (Wotﬁ@?‘o@hﬁﬁuﬁcéﬁ&ﬂhn% ofdeh of its frames (401) | n anot her

enbodi nent, the control slots ar on di

exanpl e, channel A dB@ngtherRmMbedi g‘%nt‘é’%lceﬁ%lc 1°ﬁ9§PH@€'f%q&°a%’£hne| 30
B coul d suppor finfarmatibh mhteaueﬂ fomthel edmmunicativaturinqt 04) provimusiyrent

the two copfrol, &l ol t8MbE PEnd'2 " dMY 178 cSRES! dib @bl kh8wRTE e ' N NON-

monitored by the communication unit (104). In yet another
embodiment, communication units (104) may be of differing types
with differing constraints as to how quickly a change in mode
(receiving or transmitting) or a change in frequency could be

15 accommodated. In a typical communication system, each unit (104)
can be identified by a unique ID code. The time limit described
above can be associated with the unit ID in a database maintained
by the central (101). Accordingly, the central (101) would assign
units so as to guarantee sufficient time to switch from participating in

.20 the assigned voice communication to monitoring the available

control slot. In yet another embodiment, certain communication units
(104), such as portable units, can benefit from a reduced duty cycle
of receiver operation by reducing the current drain on the battery
within the unit. To facilitate this benefit, the central (101) would direct

25 control information intended for some or ali of such battery operated
units only to a particular system control siot, allowing these units to
monitor only one control slot and thus save battery power.

Other important benefits are available through provision of the

two control slots as well. For example, with reference to Fig. 7, it may

30 be necessary or appropriate (for instance, due to heavy
communication traffic conditions) to assign only a single time siot



9 * adjacent slots within each TDM franme wi ndow. This configuration
reduces the maximumtine that a comunication unit nust wait to

transmt or receive systemcontrol information. For instance, for the
four slot systemshown in Fig. 4, the maxinumtinme that system 5 control

information is unavailable is 60 nsec, whereas if the control slots
were adjacent, this tinme wuld be 120 nsec. Regardl ess of how t he
control slots are apportioned arﬁ?ng t he avail abl e channel s, however,
there will al waygobptead oreacie covamumicatin shits & 04pto sapdort teaie wi ndow.

10 A trol | ot .. . ' ] [ ti .
Flg. 5 depict s GEVBHTGOHRE STk oRt b i RyRtd R alleR T o
sent by the centcomhmbizaliondrarheccumngi blevedheless.tis tisGyplernhevenrdy

pe providec 11 angallidieddite litle yag%;@réw&ﬁ&gwﬁg%a'mﬂg ol h1e,_60

ml1liseconds provi I secon re use

provi de 69 S)‘inbcﬁl@tst(m?),raéé?%‘ééhﬁ ramasping RNyl slot Q3 ean stilkheh

provide a trans %bn&@reaqwébm édtﬁﬁﬁjﬁld:@dbrpﬁﬁlts)dégé:@'léééV&QhBM trandfit
mlliseconds for 16 s nstjtute a frame sync, wor 02) as

wel | under st ood ci”rfepﬁéeasft?mSUp q;e rgutf BRRMUNIGRLPD | {:}tﬂﬁ'r'één(a ( OSV$)
(503) can be pr opecdived motié lwished téfeé rapBihecransmittingycddnihicatiorbonhis, (7

o the sror) ' the Moot SRRA8EHrABHAaROR Il Rh<Bly AR Saugrrpy SRR, 13, "
data bits 10 viaan EBW o ther awailabde d¢onrot slot (@334awbighiibe deintrat (10Mhe 31
data bits %Qﬁ%%ly\f%ﬁ%a%g it& fidse Leﬁt @orﬁFHi‘E‘Hﬁ' g e@ngwm ID, 1

bit for call 25 req uenc assi t hat
represent the caus&el@gutganﬁn%|naﬁd%9ﬁmum%ﬁ*°fbséa' geaqe @W@BUDQI

fggrs]t:wlt ﬁga and ?@blééifn%@@ﬁﬁng?irﬁfﬁe H@s@nﬁﬂ!d:%l@ﬂgm ?mmfa?ﬂ.ﬁﬂ unit:] by
I Cca entli In e
assi gned fP"@éﬂ?éﬁé?&arﬂﬂggl%?tussdn%'s wgyvq{qg:ep/@f Pfice to F|>/g g6

i nbound si gnd | i cgmmunitationSYi) can effectively interrupt a received message and
begin transmitting to the previously transmitting party, and thereby
achieve a simulated full duplex communication capability. While this
capability is attainable with a single control slot, the provision of two
control slots significantly improves system flexibility by allowing

20 . assignment of the communication to any slot (402) in the frame (401).

(In the above discussion, the central controlier (101) is seen to

determine assignment strategies based on observed traffic
conditions within the communications system. The traffic conditions
could be monitored in several ways, two of which will be described

25 here for illustrative purposes. The amount of time that a
communication unit {104) must wait before sufficient resources are
available to assign its request is related directly to traffic load. As
load increases, the average wait time experienced by
communication units increases. Thus the average wait time over

30 some appropriate time interval becomes a measure of traffic load. It
is also known that traffic on many communication systems vary



al so provided by the comunication units (104 and 105) to the .

10 central (101) via the control slots. (If the channel that supports
t he control slot actually conprises paired frequencies (one for
transmtting and one for receiving) as often occurs in trunked

comuni cations, then | SW and OSW can be supported in a side- 5 by-side
manner. |If the channel conprises a single frequency only, then I SWand
OSW servi ce nust be staggered %3 prevent contention.) For |SW, the 60

m || i seconds Ofeqi i ad @hilybasisarCommunicatiodisystias cahahds deds| of s (601).
Each subslot (601) i'n Iuaes a 5.6 méil second 68 sy gl thlng
pattern (602) 'tST?(gW’ Ry dai.Raitem ot i %‘PP@C’P?Y &ﬁ%\&!ﬁ Bg 8%2’?}# % "t he
tr ﬁnISISte Icggd; r gamgved\pat}em?;mmaﬁic load can begwedictgd baseédoedinby ol. 33
m Ili seconds a&@}'t %@%gggpgﬁ%tf%ggfa%gqged apb%s@{r%{gfyg)ogf ( IGg\:;)\)/ °-5
i nformati or6 These O counsm|with refetanselo Rigit& itiraf§ic conditiongtorpterer r or
Comunycof b SRBAREBIBYRE 2 e daisiaon dnd o2 don pashads aigimii Tor (e
So confi gur ed, h2Q5MOMA CRMTMICAIQN Wl't?zlt%?uml)th@ém@'&ﬁ%‘gﬂ‘d f requency
aZS sl ot assi grsEING néeds! ferbbp afiewingiulidupiex Bomviitdations in a hadfch frane
(401). Further , ol GEUnitt.el Hrdais Akt iR SHy Bah&HHEH reBBive ata
10 single moment in time). Again, as noted above, the two time slots
(801 and 802) assigned to support voice activities will be assigned
by the central (101) in a way designed to ensure that at least one of
the control slots (in this case, the control siot occupying siot 3 of
channel A (803)) will remain uncontended by the voice channel
15 assignment.
With reference to Fig. 9, an alternative way of supporting such
a full duplex communication would be to assign 1 time siot for voice
activity (901) on channel B and a second time slot (802) to support
voice activity on channel A. Again these assignments ensure that at
20 least one of the control slots (in this case, slot 3 of channel A (903))
remains available to all of the communication units engaged in that
particular assignment. Those skilled in the art will appreciate that
multiple slot assignments can be used to. facilitate other desirable
features, such as, but not limited to, improved audio quality
25 communications by permitting the use of speech coding algorithms
requiring a higher information rate.
In another embodiment, the duration of the time slots would be
altered in response to traffic conditions. For example, a standard
four-slot system might increase slot duration by one-third to 80
30 milliseconds during light traffic periods. The resulting three-siot
system would provide improved audio quality communications.



20 unit an appropriate frequency and sl ot assignment, via the two
control slots provided in each frane (401). In an alternate

enbodi ment, the control slots, via particular |SW and OSW, could
al so be used to transfer data packets between comunications units

(104). 25 Pur suant to one enbodi nent, when nmaking frequency and
sl ot assignnents, the central (101) nmakes the assignnment in a way
that will assure that the assighéd communication unit (104) will still

be able to co .. sl ot

exanple, wt h ectg?%gmc m@%gﬁgés d ﬂge %‘%%L&&'ﬁp&%@d ggm gned 30 to
transnit on sl ote ced 1@”&&1@5@ full systefocapagityve on sl ot 2 of channel

A This would allow phith Assple %WF%WM&%H tlh'l@'ébt(sj(q)ﬂ? 1092t hat

continue to ITDI’II'[OI’ control infor tion. in control

occupi es the thfPYdie@ssigpedde sURRAACA full mp.lewoscq,mmm oars

system cont rpl  gaseriberd above Samhoﬂé oermbﬂaemrmmﬂﬁnmbamn units ages, can
be provided with l?]a egnce 104) '

regardl ess of wh® ﬁ%‘ﬂ"ga to 'Eﬁﬂﬁﬁr\? i’&f'? ﬁﬂ‘euﬁpfss 1@%843 raaﬁ éo Jarrent !y

engaged i n commthereby achi®eving a formiof aonéerencercommanicationswhere twoot .
I'n another emboghieRhndudts 1iIFAHHRY dohtrhlinfedttbA, #hii& SheHThbR other
units monitor both sides of the communication. Further, a third slot
10  (1003) could be assigned to one of the communication units to allow
substantially simultaneous reception (or transmission) of a data
message that may be displayed on an appropriate display
mechanism in the radio. Alternatively, the third slot (1003) could be
assigned to one of the communication units to allow substantially
15 simultaneous reception of another voice message that could be
stored in memory for future playback. Again, even while supporting
these multiple features, at least one control slot (1004) remains
available to all of the communications units.



i nforhation intended t he comunication unit (104) previously 10
:assigned to slots 1 and 2 to only the control slot (404) known to be

inoni t or “ml‘mlmmﬂmcatl on unit (104). In yet another enbodi nment ,
om*runla ) may be of differing types with differing

constrai nt st ast t & hdw § qui ckly a change in node (receiving or
transmtting) or a change in frequency could be 15 accommpdated. In a

typi cal conmuni cation system each unit (104) can be identified by a
uni que 1D code. The tinme |i rrih descri bed above can be associated wth'
the unit IDin a database nmai ?ai ned by the central (101).

Accordi ngly, tCQlaimgntral (101) woul d assign units so as to guarantee
sufficient time to switch fromparticipating in 20 the assigned voice
communi cation to m)nl toring the avail able contro] slot. In yet

anot her enbodi nent ,1.ce/ diMeceivisidnc AALBiPlexed scommun i’g‘ 2N such as

bperation by tom tenciidwiriguomrmihieatorls! sotgen two or oarece ver
unit. To fAaci IQQ‘HFB"'ﬁﬁﬁgoﬂeHB\‘tﬁt on e %‘Hﬂf‘?‘é{?"’%ﬁ%gﬂ%ﬁﬁ‘a‘ dYVPg{F“E

CO”E rol : nf?r rwdosl;t;steherslgsbdm aECpIBrairtyabil ’I;dIMsfralméthrergaldper a: edt :
units only to arti [ e units to
noni tor only o‘?%'ﬁ &%{ 8@ %ﬁi{ﬁq tﬁﬂi sa?/'%"? il o kg TORR

Q her i npor t anfratnesefincludese aapdisralitye of hﬂmﬁgﬁlfpﬁsovwgieéﬂmofatt irast t Wo
control slots ggmpelds. shgf ?”Eidiss%bgtdrﬁfaﬂfye%ﬁﬁ @aﬁd 7, it may 30

be necessary of app ro Flate tance 0? 8 l nﬁunl cation
traffic cdfdi t¢Qm§f)U'ﬂ|6aH§§§gﬁ”€nP§/ gast rﬂj’loe B'{e %lots in eac

TDM frame on said communication channel each
substantially support independent communication control
information, such that a communication unit need only
receive one of the at least two of said time slots per TDM
15 frame in order to receive communication control
information relevant to that communication unit.
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12 =+ (701) to 2 or nore comruni cation units (104) to support their
conmmuni eat+en—Thirs woul'd, of course, prevent a full duplex

conmuni c; ng. Nevertheless, in this system even if

the assij. m iﬂwnﬁﬁ‘“mm at (701) contends with one of the control 5
slots (7 L eaststhe remai ning control slot (703) can still be
moni t ored by both communication units, regardless of their transmt or
receive status. Therefore, if a %om'runi cation unit that is in a

recei ve node wi shes to int errupt1 the transmtting conmunication unit,

t he receive node corrmJnThanlmmdmsiOn\mmltipten(admmmaMCaﬁmesystpm ef gnal 10
via an | SWon t vai | t t (101)
then rel ays vi a%z%ﬁkglvﬂme% CS% teﬁi m&l)dcie%g% p"Y‘\g |t9rbl{ﬁ:!ﬁ§n§|8f§ 3 will
cause the transriuppatdd re'ufﬁMy\pi:I M frames Oﬂ@tM@meawsw@tqhagnels and

to begin recei Vvigy whetdi® eﬁéﬁ 'cﬂ%%‘i&#[ﬂ\h @ﬁanﬁ(-?@#&:ldo\@ﬁad Siuiélﬁ y f tinié

previous talk node status. his wa 5° conmmuni cati on
unit can efféch%ﬁwa‘ﬁf%ﬁ‘laﬂlﬂﬁasé ﬁo&%%f/ﬁ é&séHBStam'a”)bé’gPW
transmtting to stalwc@mmmuéﬁoné and iddst Mo uirsaid timedsistaasidieyantially achi eve
a sinulated full ﬁlex cormunlcatlo Clgﬁlltj)’lﬂté VWile this

capability is at 3P %?%“W“PFF%'%% éod 100 ot . the provi sion of two

control slots significantly inproves system fl exi b||ity by all owi ng 20

assignment of the CO@“?h&?%hﬂﬂuh@aﬁpxcng% g?a} léavlvgwgﬁel s%ﬂ?affé%g

(I'n the above di scussion
det er mi ne ad§i griveref said imsyslots M@(ﬂlb@tﬁfﬁ@%ﬂ@m'ﬂ caffmenication condi ti ons

wi thin the Comﬁﬁrﬁr@irﬁﬂﬁnéﬂéﬁ are smﬁohééfﬁy'me%ﬁ’é Eb/iMsunication coul d be
nonitored in several \1\@ two of wi I'l be described 25 here for.
illustrative pur%@é\!&e The anmount of time that a commruni cati on unit
(104) must wait before sufficient resources are avail abl e to assign

1o reduest 1o relat of ShEeHubRaoR'sfor Biaifi wnerei il Rfases

the average wait tine e
15 two of said time slots that substantlally support communication

control information are each supported by different communication
channels.

5. The communications system of claim 4 wherein said at
20 least two of said time slots that substantially support communication
control information are non-overlapping in time.

6. The comrﬁunication system of claim 2 wherein said at least
two of said time slots that substantially support communication
25  control information are non-adjacent in time.
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communi cation units increases. Thus the average wait tinme over 30 sone
appr op lummmmm E,‘i\al becones a neasure of traffic load. It is

al so k:m - ' Oon many conmuni cation systens vary _

13 *r e§ul hrl'f/ on a daily basis. Conmunication systens can thus be
nonitored and a daily pattern of traffic |load may result. Based on this :
observed pattern, the traffic | oad can be predicted based on tine of

day, and assignment strategies hbdified appropriately.) 5 O course,

with reference to Fig. % P } e -Q;oh(?r exi genci es
permt, 2 tinme slot sﬁ'( gnglgilodé Qg%hgnalﬁnﬁg%l#a%&a?\%gitl ab emore' to 2 or nore
communi cat i on (FARAUNicatigppnits tnhaitime divisian multiplexed commpnicatigBeds,

t hereby al | owi ngystethlorfid RloemaaiBaRIBh GhianABEthal sappaitd a pluraligst TRMRE uni t
(i.e., aradio thaé can_onl. tt["ﬁn?mt {)r receive at a 10 single nonment in
P E¢RH Ot

time). Again, ajgarﬂ MBBYRY R®Otine slots (801 and 802)
assi gned tob5support voiA)enairtaining, és each lof saidaEBMfraches on shig t he central

(101) in a way i ot cont r ol
Siots (in this SHiimeRfadcR Rael sBhethred il 8PS, Ynespin aBELOTLEN' o
(803)) will rerenenoctisaidiioadietsiy maiotainedto substastially Suppesti gnnent
with reference dnficaliondbatheRn'Glid Yo ¥Péfe SHRRRITCABrYAR: and 2
full duplex communi catign woul d be to assign 1 time slot tor volce
B) maintaining at least two of said time slots in each of said
10 TDM frames to substantially support communication control

information.
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activi'ty (901) on channel B and a second time slot (902) to support

voi ce activity on channel A Again these assignnents ensure that at 20

| east one of the control slots (in this case, slot.3 of channel A (903))
remai ns available to all of the conmunication units engaged in that
particul ar assignment. Those skilled in the art will appreciate that

mul tiple slot assignnents can be used to facilitate other desirable
features, such as, but not limted to, inproved audio quality 25

conmmuni cations by pernmitting the use of speech coding al gorithns
requiring a higher information rase. I n anot her enbodi nent,

trariic condi (1 ondOL HETE RN TROLSEOT MFOMT ORI TERESTRIR, o1

i ncrease slot duration by one-third to 80 30 m | liseconds during |ight

traffic periods. The resulting three-slot system woul d provide

i nproved audi o quality conmuni cations.

14 When heavy traffic conditions occur, the slot duration could be
reduced to restore full system capacity. Wth respect to Fig.
10, two of the time slots (1001 and 1002) coul d be assigned to support
a full duplex voice communication as 5 described above, and one or nore
ot her comuni cat iAbstragt oktheiDisclosure coul d be assigned to receive in both

time slots (1001 and 1002),

A communication system that provides TDM and FOM
10 communications between communication units. At least two control
slots are provided in each TDM frame window to provide
communication control information such as channel assignment
information.

15 FIG. 4 accompanies this abstract.



thereby achieving a formof conference comuni cati ons where two units
conduct a full duplex comrunication, while one or nore other units
nonitor both sides of the communication. Further, a third slot 10 (1003)
coul d be assigned to one of the conmunication units to allow .
substantially sinultaneous reception (or transm ssion) of a data

message that may be displayed on an appropgi ate display mechani smin
the radio. Alternatively, the third slot (1003) could be assigned to
one of the comunication units to alloyw,substantiallyy, 15 sinultaneous
reception of anoyﬁ@? voi ce nesside :
future pl ay ] eve ' Se— e—+eahur es,
at | east ore il (ﬁégl Sig—{ ' [
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communi cati on channel each substantially support independent
comuni cation control information, such that a conmmuni cation unit need
only receive one of the at least two of said tine slots per TDM{franme
in order to receive comunication control 15 information relevant to that
conmuni cation unit. 2. Atime division multiplexed, nmnultiple
channel communi cation system for allow ng comruni cati ons between
two or nore communication wunits, wherein said system 20 supports a
plurality of TDMframes on at |east somg of 4said mul ti ple channels, and
wherein each of said TDM franes includes a plurality of tinme slots,
wherein at | east sone of said time slots substantially support said
comuni cati ons and at least two of said tine slots each substantially
support 25 independent comunication control inforgmtion, such that a
comuni cation unit need only receive one of the at feast two of sai d
time slots per TDM frame in order to receive aupunpration
control information relevant to that conmuni cat i omwunt. 30
3. The communi cation system of ckaim 2 wherein said | east two of
said time slots that substanti all y.?support commg@i gat i control
i nformati on are support by the saNe conmuni cato nnel . 35
4. The conmuni cati on tem of clafm ==l east two of
said tine slots that substantially s nil €84 &nj control
information are each s orted by spimect fon channel s.
4] 223

40
N S

MICROPROCESSOR

M
7311
[SYNC AND DATA
RECOVERY

32p/p

SPLATTER
FILTER

TIMING
GENERATOR

TRANSCEIVER

302

306




- 16 = 5. The communi cations system of claim4 wherein said
at least two of said tine slots that substantially support

comuni cation control information are non-overlapping i n tinme.
5 6. The conmuni cati on system of claim2 wherein said at
| east two of said tine slots that substantially support ‘comuni cati on
control information are non-adjacent in tine. 10 7. A net hod of
comuni cati ng between two or nore 8ofmuuni cation units in a tine
di vi si on mul tipl exed - commupggati on systemon a commmpat i on
channel that /sup jsts a plydz'mty V] 4IL)|VITI’ %3 0
of : 15 ( vy s
communi cation ch (€S IZeast thr C
one of said tine
conmuni cati ons etween slaid two or
and 20 60B)M i ning at least two of sajd tine slots in each
of said TDM f rames‘fot each substanti ﬂy support i ndependent
communi cati on control _iZn mation commuint cation
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unit need only receive one of the at |least two of said tinme slots 25 per
TDM franme in order to receive communication control I nformati on

rel evant to that communication unit. 8. Inatime division
mul ti pl exed comunication system wherein at least two tinme slots
per TDMfranme are 30 system control tine slots that are used to
substantially - - fsupport comrunication control information, a nethod
o f assigning, to at |east one comunication unit, a plurality of
time slots, conprising the steps of: 35 (A |dent|fy|ng sai d
systemcontrol tinme slots; and 4 /4 (B) assigning said plurality of
tinme slots to said sbzleast one & ni cation unit such that at | east
one of said syst en{ contr 'r1 a4 ts does not_contend wi
assi gnnent. [/ %%
9. The neth/ formation
specifically 777 el . - ation unit
is transmtted to sa'd at | east one _comuni cation unit during said

system controfltfimg{${pt 5 that does net contend with su¢h asg) gnment.
H 2 3 4 1 2
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10.. The met hod of claim9 wherein said comunication control Poges-7 29
information that is specifically intended for at |east said at | east
one comuni cation umt Tstransmitted to said at 10 |east one

communi cat i ng said system control - time slot that
does not coﬁmmmmmnmﬂnmsm gnrrent - 15 - 11. In a time division

pl exed €ontrury cat1 on = stemwherein a plurality of tine slots are
prOV| ded for each 15 TDMframe and wherein at | east sone of said tine
sl ots can be assi gned to facilitat©l@RBuni cations between

conmuni cati on units, a nethod of assigning said tinme slots conprising

the  steps of: 420 (@wémﬂ' tRbt e?(bd' eéﬁrhnﬂ.i}ﬁc héﬁet@kjﬂ‘é’rﬁd
par anet er t hat " reEresen tTve, .at I'e ar adi r
said system for alowm ) rﬁgmﬁypffbaqq{bs nuﬁb%ﬂwqﬂon sait¥ %t rrg) sl %8"8
said each 5 cobBwniinication unitareasuaacemmunicasion ﬁbﬁﬂﬂ@he&’ eiesaid: 25
and é@maS%@pchs sagd pluratity ty off (TDM sframeso an | exid one

ohi o predat or m @ﬁ{h%'% heinel,  and Wherditt eé%“f% Salc TN frani0er o1 0
Hf‘eclgpﬁﬁ heesin; r?tgi?%lsolpr%%@ BeOfi ned

channel . includes
paraneter is tlsaid itimeofslotsy. smﬂfstantlally suppmrt said commomicatiens and
substantiajdy atSidBstt 2WRPUS Ysaid time slots in each TDM frame on said
communication channel each substantially support independent
communication control information, such that a communication
unit need only receive one of the at least two of said time slots
per TDM frame in order to receive communication control
15 information relevant to that communication unit.

2. A time division multiplexed, multiple channel
communication system for allowing communications between
two or more communication units, wherein said system

20 supports a plurality of TDM frames on at least some of said
multiple channels, and wherein each of said TDM frames
includes a plurality - of time slots, wherein at least some of
said time slots substantially support said communications and
at least two of said time slots each substantially support

25 independent communication control information, such that a
communication unit need only receive one of the at least two of
said time slots per TDM frame in order to receive
communication control information relevant to that
communication unit.

30

3. The communication system of claim 2 wherein said
at least two of said time slots that substantially support
communication control information are supported by the same
communication channel.

35

4. The communication system of claim 2 wherein said
at least two of said time slots that substantially support
communication control information are each supported by
different communication channels.
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transmtting and receiving voice information, transmtting or

18 -

sai d
0

recei vi ta or a second voice information, and transmtting or
recei vi nﬁmommm cations systemcontrol data, in a si ngl e 40 subscri ber
unit, "t s of -
(A) in a mgmmﬂﬂmDMtlrre sl ot , t-rhﬁsmttlng sai d Voi ce
i nformation §n'a PDVEfornat when there IS voice information to
transmt; 5 (B) in a second assigned TDM.tine, sl ot receivin
voice information i B.a Thker communieationsesystemy of «@aim 4; wherein issid:
][glcf' Ve, at Ieas(tC)thé1 )@ftbardd thmel gslots ngtu substantiatlye suppart10
oW ng: t; [ Ve iRRt en
there is &gﬁmy art!anﬁsméé rnr é@gﬁ?ﬁgb@al ?rgat@)'?-r? a 'Ié Iﬁg "

there is data EN®eceive: 15

(ii) transmtting said second

VOi ce !nforﬁmtlon in a TDM _ f_ormat V\,hen there is voice to transm t
receiving said 6$3C0WeVébﬁﬁnunfdmm Igykt'em aofTeMifror 2awhelein sadde

vVoi ce’
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at least two of said time slots that substantially support
communication control information are non-adjacent in time.

7. A method of communicating between two or more
communication units in a time division multiplexed
communication system on a communication channel that
supports a plurality of TDM frames, comprising the steps of:

(A) maintaining, in each of said TDM frames on said
communication channel, at least three time slots, wherein at
least one of said time slots is maintained to substantially
support communications between said two or more
communication units; and '

(B) maintaining at least two of said time slots in each of
said TDM frames to each substantially support independent
communication control information, such that a communication
unit need only receive one of the at least two of said time slots
per TDM frame in order to receive communication control
information relevant to that communication unit.

8. In a time division multiplexed communication
system wherein at least two time slots per TDM frame are
system control time slots that are used to substantially
support communication control information, a method of
assigning, to at least one communication unit, a plurality of
time slots, comprising the steps of:

(A) identifying said system control time slots; and
(B) assigning said plurality of time slots to said at least

one communication unit such that at least one of said system
control time slots does not contend with such assignment.
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to recWD) and in a fourth assigned TDMtinme sl ot,

transmt communi cations system control data in a TDM format when
there i "H!IM” JMmystem control data to transmt, and recei vi ng
conmuni cat | trol data in a TDMformat 25 when there is
conmmuni cat i ons systesm c¢ontrol data to rect¥ve. 15. The met hod of
claim14 wherein in said fourth assigned TDMtine slot, data is
transmtted in a system control data format when there is data_to

transnit and data i9.rec@heednethod nof gjainem&omheareiniatcomsmunicalieon
there is data ggnfgeinformation speclﬂéalltn mténd@d dfori sitoleast! toait eadd

a T Tenst Inpsto R APLIPERRAYA QF“"‘*. Is fteyioried, o cpaid 3 1pat, 2"

that is used tengu@@munmtspn s'dBﬁso c%ysf GFT% EBH&%I tife
informatiog athuett Uoésohobrcnntdndgm:thnﬁachnassuumemﬁ cations bet ween
at least three communication units, conprising the steps of:

(A) assigning a firgh copuinie Ahb8"of ikim VbAWPAKInS & Communication

control information that is specifically intended for at least
said at least one communication unit is transmitted to said at

10 least one communication unit only during said system control
time slot that does not contend with such assignment.

11. In a time division multiplexed communication

system wherein a plurality of time slots are provided for each

15 TDM frame, and wherein at least some of said time slots can be

assigned to facilitate communications between communication

units, a method of assigning said time slots comprising the
steps of: '

20 (A) monitoring at least one predetermined parameter that
is representative, at least in part, of loading for said system;

(B) regulating the number of said time slots in said each
TDM frame as commensurate with said monitored parameter;
25 and : '

(C) assigning said plurality of time slots to at least one
of said communication units.

30 12. The method of claim 11 wherein said predetermined
parameter is the average wait time for access to a channel.

13. The method of claim 11 wherein said predetermined
parameter is the time of day.
35
14. A method of substantially simultaneously
transmitting and receiving voice information, transmitting or
“receiving data or a second voice information, and transmitting
or receiving communications system control data, in a smgle

40 subscriber_unit, ggmpnsmg the steps of:
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pontrc_ﬂ tinme slot—a+++st— tine slot for transmtting

i nformation and a s 11 slot for receiving information; 5

(B) assi gnlr‘mlm(uﬂﬂjmﬁm nication wunit, via said system control
time slot, IFSARAS me slot f or transmtting information
and said first time slot for receiving - 18information; and 10 (O
assigning at |east another communication unit, via sai d system contr ol
tinme slot, said first and second time slots far receiving informtion;
such that said firs{Ahia 8efdtitd assignegmiM dimeoslelni transpittingusal

dupl ex comuni ggideoninferfhation siai daaT@Meformatunwheni othesei t iscavoieeei ve

sai d dupl ex 15; lcatlo i 17. In a single subscriber
unit, a net h!)n(!%?fﬁa{mﬁ T“j’sug’sﬁ"aan‘ftm |y simultaneously transmtting and
receiving voice i nformation, receiving another voice nessage, and
receiving B comu(B)dni ansecgndeassigned olDMntimeaucslainsreeeiiing siS@ddt he
Z;?SS of : o Voice _ir‘fﬁ)rma”timflrnstatTﬂf!?M! @{mb@t.MeasstlteTed jBIr wedoe to
_ - C S .control instructions, transmtting a 25
first voice m&gﬁéﬁ)&? o/ 'teeda'Y%) in a second TDM tine slot as assigned
pursuant to said comuni cations system control instructions,
receiving a ~ s¢Chnih vai dhindes ssgignadi JIDMetionel vélote onessagethe
rendered 3G aT'HIIB'vﬁhg: (O in a third TDM time slot,
recei ving said . .

(i) transmitting said data in a TDM format when there is
data to transmit and receiving said data in a TDM format when
there is data to receive, '

15 _

(ii) transmitting said second voice information in a TDM
format when there is voice to transmit and receiving said
second voice information in a TDM format when there is voice
to receive; '

20

(D) and in a fourth assigned TDM time slot, transmitting
communications system control data in a TDM format when
there is communications system control data to transmit, and
receiving communications system control data in a TDM format

25 when there is communications system control data to receive.

15. The method of claim 14 wherein in said fourth
assigned TDM time slot, data is transmitted in a system control
data format when there is data to transmit and data is received

30 in a system control data format when there is data to receive.

16. In a time division multiplexed communication
system wherein at least one time slot per TDM frame on at
least one communication channel is a system control time slot

35 that is used to substantially support communications control
information, a method of providing conference communications
between at least three communication units, comprising the
steps of: '
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coruni ¢ation system control instructions; and 35 (D) in a fourth

TDM t i rre pursuant to sai d conmmuni cati ons system
contr ol I |V|ng a third voi ce nessage, which third
48 ce massagec 'S stored kn nmeno n_c|1|9not rendered currently audi bl e.

(A) assigning a first communication unit, via said system
control time slot, a first time slot for transmitting
information and a second time slot for receiving information;

5 (B) assigning a second communication unit, via said
system control time slot, said second time slot for
transmitting information and said first time slot for receiving
information; and

10 (C) assigning at least another communication unit, via
said system control time slot, said first and second time slots
for receiving information; such that said first and second
communication units can conduct a duplex communication, and
said another communication unit can receive said duplex

15 communication.

17. In a single subscriber ‘unit, a method of
substantially simultaneously transmitting and receiving voice
information, receiving another voice message, and receiving

20 communications system control instructions, comprising the
steps of:

(A) in afirst TDMtime slot as assigned pursuant to said
communications system control instructions, transmitting a
25 first voice message; '

(B) in a second TDM time slot as assigned pursuant to said
communications system control instructions, receiving a
second voice message, which second voice  message is rendered

30 audible;

(C) in a third TDM time slot, receiving said
communication system control instructions; and

35 "~ (D) in a fourth TDM time slot as assigned pursuant to said
communications system control instructions, receiving a third
voice message, which third voice message is stored in memory
and not rendered currently audible.
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