2221819 5 SUBAUDI BLE CELLULAR SI GNALLI NG PROTOCOL 10 Field of the Invention
The present. invention relates generally to cellular radio-frequency (RF)
comuni cati on systens, and, nore 15 particularly, to signalling protocols
in such systens. Description of the Prior Art 20y« .qg tional

cel lul ar-type radi ot el ephone RF conmuni cati ons 54946%4 2¥| y signalling
protocols which tend to interfere with system comuni cation. Typically such
. cellular systens inplenment their signalling protocol using supervisory
audi o tone (SAT), signalling tone (ST) 25 and 10K bit per second (RBPS)
burst ed Manchester data nessages. SAT, ST and bursted Manchestér data

~ messages are used for executing such system protocols as radiotel ephone

al erts, radiotel ephone call rel eases, handoffs, flashes for bursts of

di gital communication and 30 power |evel change nessages. An exanpl e of
the use of SAT involves the desirability to distinguish cellular

comuni catidn in one 35 - 2 - CEOC4AC8H cell from such
comuni cation in an adjacent cell. SAT, represented by a predeterm ned set

of tones, is nodul ated epka] b&ﬁ ob & ng&s XLE& aﬁTﬁﬁbi site and the
subscri ber unit (radioPeEepHeﬁe#é——EELeEE%GF—PE&4ﬁJﬁiéié#44»4m—the

subscriber unit detects the presence of an

10 : .
Field of the Invention

The present invention relﬁtes generally to cellular
- radio-frequency (RF) communication systems, and, more
15 particularly, to signalling protocols in such systems.

Description of the Prior Art

20 Conventional cellular-type radiotelephone RF
communications systems employ signalling protocols which
tend to interfere with system communication. Typically
such cellular systems implement their signalling protoccl
using supervisory audio tone (SAT), signalling tone (ST)

25 and 10K bit per second (BPS) bursted Manchester data
messages.  SAT, ST and bursted Manchester data messages
are used for executing such system protocols as
radiotelephone alerts, radiotelephone call releases,
handoffs, flashes for bursts of digital communication and

30 power level change messages. . -

An example of the use of SAT involves the
desirability to distinguish cellular communication in ore

W
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I ncorrect SAT, the voice path is interrupted because that is an indication

that the transceiver has been seized by a cochannel signal. If this
seizure lasts longer than a predeternmned tinme interval, the call will be
term nated. 10 An exanpl e of the use of ST involves an alert fromthe

subscriber unit to the call site. Wien a call to the subscri bey curs, a
command is sent fromthe cell site instructi g t he subscri ber Gﬁr r%q
activate its audible ring function. The subscriber unit responds to this 15

command by {ransgiy (456 FulR Léincllaion ]vxgtaﬁ #8y Qéing g1gondsjeon is

detected. There are rotoco and/or ST. »

will suffice tc}'?ﬂ#ﬁ?ﬁf‘%‘f‘la‘?y tﬂ)tPF LA ‘Sﬂda?%tt9§| E@FF?: i Bl daduiaged
using a predet esmidethéeto Die 26hi €S by SbotoyRet Belli §brenanaf tfmée voi ce

frequency band T t an tted at 5970 ,» 6000
FE.?uandy6030I%#ié%ﬁﬁQ{}E§KQES{¥%§§3¥$f§ﬁﬁ§?‘ Si& Eﬁ?ﬁftﬁhﬁt%?y this
conventlonaP:NQﬂtiIormﬁnncluhstriﬁbrsunhe detectsfthet présenvecoftfashe

h | bandwi df -a-
r 11 ciency. - For IEOrEAe YAL" NG Mo LW R S o, TREQUFLRERE e Bause oras
significant adjktean ndigationithatribectransceivier hastbeen seizpdctyal
property of Manghesdiintlel asigwALe Ntpterls Dgaldtipd YHstE 18hgePeESAN

esg are
of Syst em pr ob/RFAKRTA e o {me ASESFYEH fsﬁf?sﬁfﬂféﬁfgeéiéiémi‘miéﬁe
tones are uskd for Xxesxdnple sof htisey stsen 36 $Toineolvessan! eLast pessof fs
and the like, apPOSlndlffiler unit to the cell site. When a call to the ‘=
subscriber occurs, a command is sent from the cell site
instructing the subscriber unit to activate its audible
ring function. The subscriber unit responds to this
15 command by transmitting ST to the cell site until an
off~-hook condition is detected.
There are a number of such protocols employing SAT
and/or ST. It will suffice to mention that both SAT and
ST are typically implemented using a predetermined set o?
20 tones just above the high end of the voice fregquency
band. E.g., in many systems SAT is transmitted at 5970
Hz., 6000 Hz., and 6030 Hz., while ST is transmitted at
10K Hz.
Unfortunately, this conventional signalling protocol ~
25 is the cause of interference if the channel bandwidth is
significantly reduced. for improved spectral efficiency.
For example, the harmonics of the SAT and ST tones cause
significant adjacent channel interference. Also, due to
the wide spectral property of Manchester data, voice must
3C be muted while data messages are transmitted in such
systems.
Additionally, these tones can cause a number of
system problems due to their susceptibility to falsae.
Because these tones are used for executing such system
35 protocols as alerts, handoffs and the like, amongst other



- 3 - CECO408H probl ens, the fal sing of these tones has been
known to disconnect radiotel ephone handoff candi dates and inadvertantly
initiate rel eases of radiotel ephone calls. For these reasons, a signalling
protocol for a 5 cellular comunication systemis needed which overcones
t he foregoing deficiencies. Objects of the lanwention 10 It is @&pcQgect of
the present invention to provide a signalling protocol for a cellular
comuni cati on system whi ch overcones the above-nenti oned shortcom ngs, and,
nere speci fi cabrpblenschtheofadeing ofbihedisel Eonegndas bpehd kowroea for
such a system n lel n I e of the
1352y, raui 1@ R SRl Falilaatls

present I nvention 1 nc e pr OV and

di sconnect si gAsRrAVeFtansiycdnd rG@G#@Gﬁe°¢h§&ﬂ$§ﬁ?hﬁﬂhﬁﬂﬁuﬁ§lls

defi enci es. 20 Bri ?BrDeaersbptrleaeoafs tlae s%%\erm%ng&«otladoa FH agram of a
cellular co gg lLon systenrrn& tmo cell ‘sites thelr respective
25 equi prment’, RdRRg SPBMIRL B é§§h@ ﬁ@@hﬁloﬁeﬁiﬁf VRrERRaR

illustrating onaeaspeagodhqtHﬁfibgnabﬁaug pr ot ocol , accordlng to the
present invention. 30 Detailed Description of the Preferred Enbodi ment The
arrangenment disclosed in this specification is directed to signalling
control in a radio frequency (RF) cellular radiotel ephone conmuni cati on.

systens, and, QEQQC%é g@r&hgu&gggétigg novel signalling control
inplenenta&%on phone comuni cati on systens.

It is an object of the present invention to provide a
signalling protocel for a cellular communication system
which overcomes the above-mentioned shortcomings, and,
more specifically, which provides a subaudible signalling

15 protocol for such a system in a non-interferring manner.

Additional objects of the present invention include
providing subaudible alert, hand-off and disconnect
signalling protocols which overcome the above mentioned
defiencies. '

20
Brief Description of the Drawings

Fig. 1 is a diagram of a cellular communication
system including two cell sites and their respective
25 equipment,laccordinq to the present invention.
Fig. 2 is a diagram illustrating one aspect of the
signalling protocol, according to the present invention.

30 petailed Description of the Preferred Embodiment

The arrangement disclosed in this specification is
directed to signalling control in a radio frequency (RF)
cellular radiotelephone communication systems, and, more

35 particularly, to novel signalling control implementation
for a cellular radiotelephone communication systems.



CEOO408H -4- Fig. 1 illustrates such a cellular system The systemin Fig.
1 includes cell site equipnent 115 and 119 for two 5 geographic radio
frequency (RF) coverage areas (cells) 110 and 112, respectively. For cel
110, the cell site equipnent 115 includes a set of base tranGEe04@e8d 114
and a base site (1) controller 116. For cell 112, the cell site equi pnent
119 includes a set of base transceivers 118 and a base site 10 (2)
controller 120 with substantially identical circuitry as the cell site
equi prent 115. Overall control of the cell site equipnent 115 and 119 is
provi ded by algi.gmatilpnsceasiemg suraiht alZ:leldfu]zarcesyaj:leazr sVvithie hs yostrene ailrd er ™

122 The sui pgh.Coni el 2819 305 edilehitits olild Ay $UI LN

network 123 contro I|n the ca operati1on between a public
swi t ched % el 99ﬁgﬁéphef:mma@1@|°§mﬂumYan@ﬁ)h@%na%q taX QRf| fﬁms)lllslﬁhnd

119. A set ofnguhse, ceégp@@iwv@tllyon EFMceaanviard, ert&xel?&zlalr 6sithe| aggletbridht
the cellular i tch contr I%% 122 for |nterfam:ﬁi# ystemito the
POTN 151 For15ehBrARdas: 8 196 t0 0D bSR, GTATAEAL ke dih SR 1B Hade e thce
may be nade um)"GehtubaaeV0ua6.an@d&ﬂaeﬂ%umkﬁxﬂuﬂﬂun&ﬂr%ﬁitﬁﬂequiﬁmnhtet
al., US. pa t . 5 I | f V,
cel | ul ar ?TE éggtl}l ? % %géf erfgr?ce té}f‘% ?é{soi}%a(i-%i" 5%50@%1@
4,268, 721,20 L|(21)I @oat:reulegotlﬁoofvuttﬁ)e samr@nylsllpatmrstm@l R Gghry 2% he
sane aSS|gneghgngeuch&Q@r@q?qﬂmyﬂy Ny, reference. According to the

re

present invention bgrg oneiol of the cell site equipment 115 and 119
is provided by a signal processing unit 121 of a cellular
switch controller 122. The switch controller 122 also

15 includes a digital switching network 123 for controlling
the call switching operation between a public switched
telephone network (PSTN) 131 and the cell site equipment
115 and 119. A set of pulse code modulation (PCM)
converters 125 are included in the cellular switch

20 controller 122 for interfacing the system to the PSTN
131. For general details of a conventional cellular
system, reference may be made to “Cellular Voice and Data
Radiotelephone System”, Labedz et. al., U.S. patent no.
4,654,867. For further details of a conventional

25 cellular switch controller, reference may be made to U.S.
Pat. No. 4,268,722, Little et al. Both of the above U.S.
patents are assigned to the same assignee and
incorporated herein by reference.

According to the present invention in its preferred

30 embodiment, such a system is modified according to the
following voice channel signalling methodology utilizing
sub~audible data transmission. The signalling system
preferably utilizes a combination of 100 BPS Manchester
data and 200 BPS restricted NRZ data transmission. The

35 subaudible signalling is transmitted continuously along
with the speech, thereby nct requiring audio muting for



30 enbodi nent, such a systemis nodified according to the follow ng voice
channel signalling nethodol ogy utilizing sub-audible data transm ssion. The
signaliing systempreferably utilizes a conbination of 100 BPS Manchester
data and 200 BPS restricted NRZ data transm _ssion. The 35 subaudi bl e
signalling is transnitted continuously aldh@ With the speech, SHERF not
requiring audio nmuting for : CEOO0408H transm tting

- 5 -

data nessage byrsts as_i,s _currently reguir ' ] sit .
In addition, b rlaf‘?ﬁlmé%@rmgnéatt%etmgﬁfa d bggsﬁé;r% fﬁ%ﬁ%‘o@%%‘gﬁéﬁ y
i r_a subaudi bl énpprevdicuslyckncdmeystemse 5 In @sidittiate®y on, the need

for such si gnalbisienedtingt AN she aHe B e fifa Lt/ Gufried dmIency band i's
el i mi nat ed, ané he spectral efficiency. of the systen1|sjégprove . Before a

detail ed di scuSdBdFadiyt HE i@ FUREUALEIS BEALAFALy ASSARADE §H&FT%I 1 owi ng
def i ni ti ons 5sepregentednventidnCkiieonetd deguanch [§igrialll iuparatiesor y

Vector (DSV): a,fixed.l engt ot r I ncludi 1., shift of
any fixed 15 Iéﬁ&vﬁ ?’g'lgli\/\gl’% °?n(§’\9% g’ic’tiag{L %%ns rf%ée%quie%nce (DSS) :
plurality of celtimimated)Swund therispectralhafsiciencyeafhifihe Eyater alfove
defined DSV anq §%v6§jg. 2 illustrates a plurality of continuous DSVs 410
conprising a single S 420. 20 Addi ti onal | n alternate cyclic -
shift of the DSVs pefare %M‘é&%\?&sﬂﬁ’%é r’ﬁ'{% rfﬁ\?& T se a
DSS 440 whiloh ijs Preasenteds theS #Qowing definitions set out necessary
background language.

Digital Supervisory Vector (DSV): a fixed length
digital word, including any cyclic shift of any fixed
15 1length digital word; and Digital Supervisory Sequence
(DSS): a plurality of continuous DSVs.
In Fig. 2, there is an example of the above
defined DSV and DSS. Fig. 2 illustrates a plurality
of continuous DSVs 410 comprising a single DSS 420.
20 Additionally, an alternate cyclic shift of the DSVs
410 is shown as DSVs 430, wherein the DSVs 430
conpriée a DSS 440 which is the same as DSS 420.

Cross Distance: the Hamming distance from any one DSV
~ 25 or a cyclic shift thereof to a different DSV or a cyclic
shift thereof; and
Auto Distance: the Hamming distance between a DSV
pattern and any cyclic shift thereof.
The description of the present invention will be
30 outlined in three parts, covering:
1. DSV preferred properties:
2.  Data message format; and
3. Cellular system protocols utilizing the above
formats in subaudible form.
35 '



Cross Distance: the Hanmm ng di stance fromany one DSV 25 or a cyclic shift
thereof to a different DSV or a cyclic shift thereof; and Auto Di stance:

t he Hanm ng di stance between a DSV pattern and any cyclic shift thereof.
The description of the present invention will be 30 outlined in three
parts, covering: 1. DSV preferred properti®s® 2. Data message FBff#P8Hand
3. Cellular systen1protoco|s utilizing the above formats in subaudible

form 35 - égg DSV Preferred Properties; DSS
preferably consi stmg a&s ssion of one of seven DSV
patterns or their 5 Ioglcal |nverses (each DSV and its logical inverse hd

(e.g., |'s conpl enesds gy Scéfisiies| JENEhbYcoht PRG0GS! | Site) having
t he follomnng ni ne operty 1: A DSV consists of 24 NR2 bits

ro tles
transmitted at PHD {éﬁg){ﬁ?s°5e?nfe?¥] OVeRDPE\Patterns GRskReiEd at 200
BPS to provife kogiedIninverdes oiadmcnsveandeﬂtsanabeealOihhereeceevgr for

di scussed bel ovt ¥ 172 eRaAPE ol QuBils "to 8D LAMHELEy ToF ArecaeTl
effective. It isiter tmwmq reha Sfohlewing nine dpropertiesa 100 BPS dat a
stream and then M & npdulﬁtgs‘yoc@ﬁgyggg bPe2400rzBESegdata with the
necessary lCNVféé; smitted at zoo ngrkgitgngir nﬁbd). The DSV is

10 transmitted at 200 BPS to provide a maximum number of
uncorrelated samples to the receiver for better noise
immunity. Although a number of restrictions are ~
necessary as discussed below, this transmission scheme is
extremely efficient and effective. It is worth noting

15 that one could also use a 100 BPS data stream and then
Manchester modulate to provide the 200 "BPS" data with
the necessary low frequency spectrum restrictions.
However, transmitting at 200 BPS NRZ is preferred. With
some restrictions this scheme allows many non-Manchester

20 patterns to be used, which provides a substantial
increase in information transfer. That is, a greater
number of DSVs are allowed from which to select, which
translates into a DSV set with greater auto and cross
distances.

25 Property 2: All cyclic shifts of each DSV can be
detected. This allows the receiver to start detection
of DSS during any phase of a DSV starting at any point of
a DSS, thereby improving both DSS acquisition time and
receive sensitivity. Thus, a unique and distinct DSS can

30 be detected after any 24 bits the DSS are received
without ever having to wait for a particular phase
(cyclic shift) of a DSV to begin. This imposes a
preferred restriction that there be a minimum "auto
distance" between all cyclic shifts of a DSV. 1In a

35 preferred embodiment, the current criteria for 24 sample




However, transmtting at 200 BPS NRZ is preferred. with sone restrictions
this schene all ows many non- Manchester 20 patterns to be used, which
provides a substantial increase in information transfer. That is, a greater
nunber of DSVs are allowed fromwhich to select, which translates into a
DSV set with greater auto and cross distamcéds.- 25 Proper tgedscait |
cyclic shifts of each DSV can be det ect ed. This allows the receiver to
start detection of DSS during any phase of a DSV starting at any point of a
DSS, thereby i A#AYENEESHILH ADJINATNR Ut LA LSLARCA @ L doei Thes ISS tdods y.

Thas, a uni quenardndied! taCbeDShought36Hasial aerdds2Ust wiPas24 did %(st he
DSS are receivgg g&gg Ht %¥§r havigg to qahé for a particul ar phase (cyclic
shift) of a DSVP glﬁ. | §8YST58; VRiSh.FaN, b8 CRETATES SN QYAT @56t e
be a m ni num " aengthi ofabdss.bet ween all cyclic shifts of a DSV. In a 35
preferred egbodi NnEBLopbleyCYLI € i wa ,hQr a A
CE00408H sequenges'?ggagnxnénun?gﬁ?é g?é?aﬁégoo%%6§ $ﬁb§B§§ §858 %ot need
to be thought 8isk3ngespetweepsylioPsys smplayed,cend betweeni theequence
whi ch can be opelL2b@ingnda¥a’ mesxakesst Ack’ (Ackhowled emeﬁﬁ:gl?egﬁnk 3:  There
nmust al so be a n1nLnuE1crgsagd|stggce b tmeea al | DSVg,ean yed, and
between the fofPBHrAGEAGVLefgenaptl . ARR VQIR,8¥PEhyendsarionaksync)
(non-acknow edgettarhs aasddwinddagachessagat teansTwes) spbseguentiyed in
data messag !428ehEbeas UPERILAR! hbodl rUILURREY proBekRia’iRpE4GLEES o
preferred enbodl nent,
o . the criteria for a 24 bit DSV is a minimum cross distance
g of 6.
Inverted DSVs are used to signal only on the reverse
voice channel (RVC), i.e., communications from the
15 radiotelephone to the cell site. Thus, the detection of
the inverted DSV is not required in the radiotelephone.
Property 4: All cyclic shifts of each DSV and its
inverse preferably have a minimum Hamming distance from
all 100 BPS random Manchester data words sampled at 200
20 samples per second. This distance is hereinafter
referred to as the minimum random Manchester distance.
This distance is preferably maintained for either phase
of the Manchester data. This criteria greatly improves
the falsing protection against the Manchester data
25 messages of a co-channel interferer. Without this
requirement, data message falsing would be more
prevalent, because the falsing protection is based upon
the number of bits of the interfering Manchester data
word (12) instead of the number of uncorrelated samples
30 (24). This criteria therefore allows for the use of
shorter DSVs, with much improved data falsing protection.
Property 5: The DSV shculd not have more than two
consecutive ones or zeroes in order to minimize low
frequency content. .

35



the criteria for a 24 bit DSV is a mninumcross distance of 6. Inverted
to signal only on the reverse voi ce channel (RVQC), i.e.
fromthe 15 radiotel ephone to the cell site. Thus, the
he inverted DSV is not requi +#e8 +n the radi otel epgonessy

| cyclic shifts of each DSV and its inverse preferably have a

DSVs are used
comruni cati ons
detection of t
Property 4: Al

m ni mum Hamm ng di stance from al

100 BPS random Manchester data words

sanpl ed at 200 20 Exopertypét sdnokntegrationi ofamcBSVssharsiingf feom
referred to as ghe inﬂanym:_rﬁmd@&%ﬂsbfehebcdbihaacsnomusndbst apce is

preferably mai
criteria great

dat a rressagesf
protection iS

This criteria
I nproved dat a

ntai ned for either phase_of
afy

13P$AB B ¥

the Manchester data. This

& 7L 3iAF bP8Bection agai nst the Manchester
data 25 nessages opropertyhanncEacht psVeshouldVhakeua ters Degbiiagnener -

I n d e preval ent, because the falsing
%@%d&ﬁ%@ﬁltﬂggﬁ%ér of bits of the interfering Manchester
data word (12) instRoopeftyh®: nufibecevtaincexceptiiodaiaipstanses,( 2ip.

tiees QL Se ShL 0V Eah 0§ gggeg§gog;.§§ggtgg§D§¥Scyg&ggtggﬁgts.

fal sing protection.

shou

than two consecuti VREROEEY 95cr The nUmbegepL: STANRLKLoDS| shouldgbency
hiR D {6t PrepelaprovednpLI! ¢BhakaoNotked Po¥pstarting from

o SHEERENEd P b PhESLadldke e PRYRE1ERALE" Snt7LHE Bhsd O

content, 35
bit 1 to bi 2
| ess. io

15

20

25

30

35

site equipment.

A set of 14 DSV pattarns (including their respective
inverses) plus a compatible word sync correlation pattern
have been identified, according to the present invention.

DSSs should be detected independent of seguence phase
for minimum acquisition time. That is, all phases of the

DSV should be detectable.

In addition to decreasing DSS

acquisition time, detect sensitivity is improved.

2. Data Message Formats:

A forward voice channel (FVC) message consists of a
conventional (40,28) BCH coded Manchester modulated data
word at 100 BPS. The forward voice channel (FVC) message
(base to radiotelephone) preferably is transmitted after
a single transmission of a 30 bit word sync pattern
(preferably a non-Manchester 200 BPS pattern with both
good auto-correlation and a maximized Hamming distance

from DSV patterns).

The SYNC-DSAT cross distance is the Hammingy distance
between a sync word and a DSS over the length of the sync
word. The sync +se-word is chosen to have a maximum and a
minimum SYNC-DSAT cross distance from all DSVs or their

inverses composing a DSS.

For the chosen sync word and

ave nore

v’

S



Property 7: Each DSV should have a zero DC bias over 5 the entire pattern.
Property 8. In certain exceptional instances, the auto distance can go to
zero before the 24 cyclic shifts. Property ®9:=The nunber of tcBOS&t€¥ns
shoul d be maxim zed for inproved PLL (phase | ocked | oop) 10 perfornmance for
t he radi otel ephone circuits, and the base site equipnent. A set of 14 DSV

patterns (inclRRATPehcTInhRdetonythe S¥NECTISAT @ressodpatanre RS dasync

correl ati on paidseimud ar£l be et | I¢Ndnd | £0ni R0 WADué Oof NEo Pr esRE!
I nvention. 15 shoul d be, detected i ndependen sequence phase

. DSSg, of
For i ni mim aCF ST GHLATIREe QRLteTEE L5 | nerekEare foR cusmPENERP U be
det ect abl e. | nirackirse asyn® wimpxd casi ng DSS acqui sition tine, detect

sensitivity 1S | T guedha 20e 2 Rl ARS0A0E 0 B Sped IRTABEE YoLcEn:

channel (F\C) nessage consists 0 convent I oha
Manchest er o@R\IIGAR AYSTRRS, AN OGRS iTHeepeatorequest cprdcedete (FVO)

25 (b ' ' 1 tt
message 25 (bagrdyo %?diaﬁ%%é . ):&feéfd%géypf& EelG Ligd phbehpd,

single transm ssjion t word sync tern (preferably a
non- Manchest erRWkRi s TARGALS WALIA PAke BXcPES1TVR CARPWNES | BF himea A

maxi m zed Harrra'inﬁaxﬁ ST e F AR {834 PRIF LEHSARQ Hakes adven€adl- HBAInEr 0SS

di stance is the mmi djstance between a sypnc word and ver.  the

| engt h of the t't:"\'/vcé%‘ l’lﬁt %OV\K#\%{SS Q:?‘%g%??%cﬁa?/% goﬁa %Un’f%hgea

m ni mum SYNC- i3éRtIyssininizing thetine 0Nvsthe tiansmissiosesfcmogposi ng
a DSS. For thedﬂy)%géﬁy\ord and 35 '

Ry A generic description of the ARQ algorithm

illustrated by a FVC message is as follows:

15 1. The cell-site halts DSS transmission and
transmits a single FVC message to the:
radiotelephone. The cell-site keeps track of the
phase of DSsS du:ing the FVC message transmission
and starts transmitting DSS at the correct

20

relative phase after the message is sent (the
correct DSS phase is the same phase that would
have been used if there was no FVC message sent).

_ 2. After the cell-site transmits the FVC message, it
~ : 235 . starts a timeout counter. 1If a
non-acknowledgement (NAK) message is received
before timeout, the the FVC message is
retransmitted. If an acknowledge message is
received before timeout, then no further action
is taken. 1If neither an ACK nor NAK is received
before the timeout, then the FVC message is
rgtransmitted.

30

35



-9 - CEO0408H DSAT set conbi nation, the SYNC DSAT cross

di stance has a maxi mum val ue of 20 and a m ni num val ue of 10. The maxi num
distance criteria is necessary for use of the inverse sync word. Instead of
multiple repeats, as used in sonme typical % g lular systens, a Homafic
repeat request procedure (ARQ is inplemented for fading protection. At 100
BPS, multiple repeats woul d take excessive anmounts of tinme. A single word

t ra]psm' ssion with ARQ t alfesrathaniragd ctfelidphdmi traicdives Rirle BFVvr Rate)

performance at 100 BPS, ile 10 .qreatl | g I Z he tine, for the

transm ssi on of nost daf‘gar?g s’égé‘g %i‘féﬁgr@f&éégﬁ‘t&?%&m Qﬂd t’rf{e WQ ~

algorithmillustrated bpnEOEVEctaAdIf)@rrorss au (fomnd, 1R NAK riessafe is

cell-site halts DSS tra 30l 4 n I ' S nessage to the
REANIRiRT A Ed e g.tlt&h-% zgt'hd”' Arfa ][i\%s

radi ot el ephope. The cell-site keeps tra e phase o S during the

FVC nessage Cransni ssi ofagtoted ne ¥ad s (59% aneShar (FUC angsage 20
relative phase after thehgezaddotieleptitne dtas HoteHeddST P FRdS de sanme
phase that woul d have bﬁsﬁéused i f ther%'w%&,go FYP m%fsggﬁﬁsent). A After
the cell-site transnits negsage. dus. tq tha cell-site QAL ¢ i Irediit
counter. |f a non-acknancedyactableNafroress axee faund,cdhad thad @

ti meout, the the FVC ne IS sretr ) Lf , age'is
recei ved befaore tinmeout ,i%?%g#‘n()i’f t&%?rg.g:??’gn %irh@ci@waﬁgﬁfla%%f “1f
nei ther an ABK nor NAK ither cedilvad tsef olf tthda ARK mesaage ihRiBs®@dessage

i's the cell-site will timeout and retransmit the
original FVC message. The radiotelephone, having ™
just received and complied with this message,
should disregard the repeat.

15
NAK: The non-acknowledgment (NAK) message is a
single 30 bit inverted Sync Word transmitted at 200
BPS. The NAK message is: 2594CDSA

20 The inverted Sync Word can be used because the Sync

Word criteria has a maximum as well as a minimunm
distance of 10 from all cyclic shifts of the DSV set.
This allows both Sync Word and inverted Sync Word to
be at least 10 bit distance from both the DSV set and
25 the inverted DSV set. This short NAK message
minimizes the time needed to turn around and
retransnit the original message that was lost.

ACK: The acknowledgement (ACK) message is a sync
30 Word followed by a FVC message indicating
acknowledgement for cell-site to radiotelephone ACKs
and a Sync Word followed by a RVC message indicating
acknowledgement for a radiotelephone to cell-site
ACKs. The full message length is used because (a)
33 ACK messages are not as time critical as NAK because

S’



retransmtted. 35 - 10 - CEO04CO8H 3. After the

radi ot el ephone receives the FvC nessage, it checks for bit errors and if
any uncorrectable errors are found, a NAK nessage is transnitted to the
cell-site and the 5 radi ot el ephone waits for another FVC nessage.
The radi ot el ephone does not need to repeat™ the NAK message due GEPQ4R8H
cell-site tinmeout. If no uncorrectable errors are found, then the FVC

nessage i s accepte n th site.
If “this ACK massagq"ﬁ% %ggqu%e uaclrlisergsslté“gq\g q?‘%’} RSB ?it’r’é‘#‘usm t
the-original FVC nﬁ&%g-eredmé'- rtdtma)tmieﬁwom;d hda)i ithe AQK mexssSagal cam
o k0w ctgrnt * Sl e Sgﬁblt mvertedw -I;S/\%rd

non- acknow edgrent _((NAK) nessage 1S a sin Sync
“transmtted at 200 °)r PNR% ﬁ" is ACKiRessAS t ed

Sync Wrd c@n be usat hemauseaunez&pwwdbywtdntwardﬁihas a maxi mum as wel |
as a mninumdi stance of 10 fromall cyclic shifts of the DSV set. This
allows both Sync Wird and inverted Sync Word to be at |east 10 bit distance
fromboth the DSV e sudp-atidible signalldngesyd®emartil ifdss ashort NAK

message mnim Eg%tti%oh's”‘q&%‘ie%‘inh%lt Ul GRS U HAHAS e ddifs

ori ginal nessa
ypical multiplexed high speed data hardware. This

10 provides for a much reduced queueing delay for FVC data
messages in the cell site.

B Reverse voice channel (RVC), i.e., radiotelephone
communication to cell site) messages are handled in a
similar way, except that the data messages utilize a

15 (48,36) BCH code.

. Digital data messages can interrupt the DSS at any
time. The receiver acquires DSS at the end of the data
message, having kept track of the correct sequence phase.

20. 3, CELLULAR SYSTEM PROTOCOLS:

The following protocols have been conventionally

implemented in cellular systems. As previously

o discussed, the known implementations of these protocols

~ 25 have been known to cause releases of calls, false

| hand-offs and have hampered implementation of more
spectrally efficient systems. By employing the foregoing
DSV properties and data message format, the following
protocols, in accordance with the present invention,
30 overcome these deficiencies.

35



ACK: The acknow edgenent (ACK) nessage is a Sync 30 Wrd foll owed by a
FVC nmessage i ndi cating acknow edgenent for cell-site to radiotel ephone ACXs
and a Sync Wrd followed by a RVC nessage indicating acknow edgenent for a
radi ot el ephone to cell-site ACXs. The full ~md@sa&ge | ength i s usegchacause

(a) 35 ACK nessages are not as tine critical as NAK because - 11 -
CECCA08H t he ne ,has successfully been transmtted and received at this
poi nt, and (b) CK nessage can contain information such as the code
word for the RADI OTELEPHONE DI SCONNECT, and (c) this ACK nessage 5 San
reuse call recoveryp : - Lol Lgnallin temutilizes a
conti nuous data changg}Egﬁﬁgaggaggﬁgg'gﬁghge?’zvgygﬂs‘tgﬂigal%ﬁ&Ftiplexed

hi gh speed dat 2Mh8$8FarandThssas8ignedi §osaf yeigenabannedy ceteaqtedtiongrng

delay for FVE dgéquenseagesevintiicdsiheSths: AREKE" BROYEERE Channel (RVQ),

i .e., radiotel ephone co nication to cell site) nessages are handled in a
simlar way, except thafgghﬁ.g;talﬁESEEQBQmZFPI $8-a 15 (48, 36) BCH code.

Digital data messages cihei naédiotelephon®Stheh aarettidepsshanuecei ver

acquires DSS at the end t hayi n pt ,tr of the

correct sequence phase.iggngr?tgfLﬁmg§;§§g§EN1Eﬂ&ﬂgfiisgd?ﬁggééFPﬁﬁPﬁg

protocol s have been con@%ﬁtithIYqitnpchaanpbd in cellular systens. As

previously goscussed, thgekpRdlot@PepRBALLEREMOts! BESCLB hQC2REL
site.

After the cell site has detected and validated DSS
from the radiotelephone, it starts continuously

15 transmitting FVC ALERT messages. No ARQ, ACK or NAK is
required from radiotelephone before repeating the ALERT
message. No interleaving DSAT between ALERT messages is
required. The cell site starts to check if DSS has been
inverted.

20 After receiving a valid FVC ALERT message, the
radiotelephone rings the radiotelephone user and starts
transmitting inverted DSS to the cell site indicating
that the radiotelephone is being alerted.

After the cell site detects inverted DSS, it stops

25 transmitting the FVC ALERT message, and the cell site ~
transmits DSS.

When the radiotelephone user goes off-hook, the
radiotelephone transmits non-inverted DSS.
When the cell site detects non-inverted DSS, then the

30 cell site connects the call.

POWER CHANGE:

The cell-site transmits an FVC message indicating
35 power change. The radiotelephone error detects the



25 have been known to cause releases of calls, false hand-offs and have
hanpered iopl enentation of nore spectrally eff|C|ent systens. By enpl oying
t he foreg0|ng DSV properties and data nessage format, the follow ng
protocols, in accordance with the present inyention, 30 overcone these
deficiencies. 35 - 12 - -c2d0Z08H ALERT: Aft elCEORSCEH

r adi ot el ephone receives a valid PAGE nessage and is assigned to a voice

hannel, the f 5 f fi PROTQCQL,  Th
ol Site trandtsRbsRScanR ¥ REe RaeS ALY, A0 ACK domsdining O {1 o
(validates) ththecppwiettcrhahgeamessagecarrivedoieryochdines. IT is The
rad'Ote'ephonegrbg ggksngésnbeekhsreegb §hh% aﬁfb%ﬁgEh%dﬁiﬂrﬁﬂéféﬁﬁﬁ

detected and v fromthe fadiotel ephone, 1t starts contlnuously

15 transnlttlnBeﬁﬁegﬁLER?hn§§§a@é§ PRYeRRSetEdRdy, aRAKS SYRIGHLIYY dorem
radi ot el ephénejhetaleutapesystent.he AL tHe wessage hamumwoerﬂm\ame DSAT

bet ween ALERT nessages.i equi re T ce site,starts check i f DSS
has been inverPEE.rg ﬁAk Pef.ggfgpgrnghé‘vgfﬁ&' ‘Afﬁ%faﬁﬁg§§§é the
radiotelephonemessgqethponadacaptéphoné as¥AKandrsastes ar Ligeouti ng

I nverted DSS thEHSuEeEEn§hEﬁaEEthat'”9 that the radiotel ephone is belng
al erted.

10 HAND=-OFF:

~ A handoff is cbntrollcd in the following manner:

. The originating cell site requests a handoff and

the digital switching network (123 of Fig. 1)
15 identifies target cell.

. A conventional three way conference is set-up
between the radiotelephone and the target and
host cell sites.

. The target cell site transmits DSS.

20 - - The originating cell site halts DSS while
transmitting an FVC hand-off message.

+  The radiotelephone responds with an ACK message
and changes voice frequencies, using the
previously discussed ARQ procedure.

i 25 . The radiotelephone detects and validates DSS frecm
the target cell site.

« The radiotelephone transmits inverted DSS to the
new host (target) cell site at this time, which
identifies that a handoff has just taken place.

30 The target cell site checks only for inverted DsSS
to protect against a false from an interfering
co-channel transmitter on an adjacent cell site.
If the radiotelephone does not confirm within a
timeout pericd, then the target cell call is

35 dropped, and the originating cell call is kept.



After the cell site detects inverted DSS, it stops 25 transmtting the FVC
ALERT nessage, and the cell site transmts D88. \Wen the radiotel ephone
user goes off-hook, the radiotel ephone transnmts non-inverted DSS. Wen the
cell site detects non-inverted DSS, then the 30 cell site connects the

call. POAER CHANGE: The cell-site transnits h TVC nessage i ndi€B294R885
power change. The radi otel ephone error detects the - 13 -

CEO004C8H nessage, and iJf .cor et.urns_ confirmng that the power
change nmessage arri vedrg’i‘\’orprﬁrqe‘é‘.{'l 2 i%’st%‘@%} e&%fr#nﬁrc&s‘é} *to send an
order confirmati on nesswge inverted: D&Sy fromrf sl inqchashamdegpi cal | y dohe
5 incellular system |ingd Mo BR0CAI SN IR folf 4 Svafidhied S
ion of a ,

returned. The cell-site retransmts the nmessage upon recep
or after a tineout witF®& daventad RES. 10 HAND- OFF: A handoff is

controlled isn the fool | QN GheWRHGWE il Witth NEddrdnOed | FhdéLerEipsts a

handoff and the digital sw.,chin netva{k (123 of Fig. 1), 15

i dentifies target ceIIFQQEﬁﬂ“R§é¥Xﬂuﬁ fﬁ%ﬂ?i&ﬁf(ﬁﬁﬁ?ﬁ%#&%?i%@%et-up

bet ween the radiot el ephrecaptibn et tthegcomtiriutsion gdttetes(ifherted get

\‘iﬁ: : es' te transmts DS3se’Grom the raltfidtdiUgindY £ 'erid (S f A BOP
cell call is dropped.

10 . The radiotelephone receives an ACK message and

transmits the non-inverted DSS sequence of the

target cell site. ~
. The new host cell site detects the
radiotelephone's non~inverted DSS, stops
15 transmitting the ACK messages and transmits DSS.
FLASH:
20 The radiotelephone transmits two RVC messages to the
cell site containing the called-address information. The
cell site acknowledges each message using the ARQ
procedure. If the radiotelephone receives a NAK or times
out without receiving an ACK, then the RVC message is P

25 retransmitted.

DISCONNECT (RADIOTELEPHONE):

In previously known cellular systems, the manner in
30 which a call is disconnected by a radiotelephone is
problematic.

In known systems, the release protocol has the
radiotelephone transmitting 1.8 seconds of "signalling
tone" (l0K Hz. tone) to the cell-site to initiate a

35 release. The radiotelephone then unkeys its transmitter,



transmtting an FVC hand-of f nessage. The radi ot el ephone responds’with an
ACK nessage. and changes voi ce frequencies, using the previousiy -di scussed
ARQ procedure. 25 The radi ot el ephone detects and val i dat es DSS
fromthe target cell site. The radiotel ephone transmits i nvéBQHAAHE to the
new:host (target) cell site at this tinme, which identifies that a handoff
has just taken place. 30 The tarpet-cell site checks only for

- inverted DSS to protect against a false froman interfering co-channel
transmtter on an adjacent cell site. If the radiotel ephone does not

cort-i rm wi t hamd auponeoetepeiondpft hba 1h8 sargetl sébhaddling $o®e, the

dr opped, and _QEL QI 1. Rg I Il khsikepk: - P :
CEO00408H Thi%éggegg%gsaggég-Eﬁgn%gﬁifntg?#érg%lﬁffﬁ_ﬁ%ﬁpfﬁvgf ed D5 fr dm
fal si ng Bhe pe@Rben. TReeneglhositeeFpnsfpésenhepkd fotexfering choasnells

inverted DSSinalling #BBengvaheshppebprsbtellyr anspi s capnef erably

conti nuously, A(K&ggésageﬁ}to confirmthe recegtlon of the.%ﬁpf rmation
pattern (inverted PFORIERe PalYSEEPRENOAR) 25RGTBRACE: Fdifaltfy cel

call is dpoppndseﬂﬁ inventionThbyr aleofeléphdng peotioced .an ACK nessage and
transmtsthe nonai pygsLed: BERoAEILERAE2ELERCRVR! B35 cEEhlct! iesskl 18V

host cell site dé%ec
10 sent to the cell site. The cell site sends to the

radiotelephone an FVC Query message containing a cell site
code word that is unique to that cell site.  If the
~ radiotelephone does not have a unique cell site code word,

the message indicates this to.the cell site. If the

15 radiotelephone does not receive the query message within a
time out period, the RVC DISCONNECT message is
retransmitted. If the radiotelephone receives a Query
message, then the radiotelephone returns an ACK message
containing this code word. If the cell site instead

20 receives a NAK message, an RVC message with detected errors,
or does not receive any message'within a timeout interval,
then the FVC Query message is retransmitted. If the cell
site receives a confirmation ACK message without detected
errors but an incorrect code word, then the call is not

25 disconnected. If the cell site receives a confirmation ACK
message without uncorrectable errors and the same code word,
then the call is disconnected. After the radiotelephone
transmits the confirmation ACK message, it waits for a
timeout period and drops the call if another Query message

30 1is not received.

DISCONNECT (LANDLINE) :

For a voice channel disconnect message initiated from

35 the cell site, an FVC disconnect message is “continuously”

sent to the radiotelephone. The call is disconnected if an

ACK message is returned by the radiotelephone, or if DSS is
dropped for a predetermined time period.



radi ot el ephone’' s non-inverted DSS, stops 15 transmtting the ACK
nmessages and transmts DSS. FLASH 20 The radi ot el ephone transmts two
RVC nessages to the cell site containing the call ed-address information.
The cell site acknow edges each nessage usin the ARQ procedure,__l|f the

r adi ot el ephone receives a NAK or tines out mn?hout recei ving anCEER OfHen
the RVC nessage is 25 retransmtted. DI SCONNECT ( RADI OTELEPHONE): In
previ ously knowg. ceihabpét S¥alepss thenARlNPereBranufi ch a call is

di sconnected by a radrot el ephone s problenatic. TN RMown systens, the
rel ease protocol has the radiotel ephone transmtting 1.8 seconds of
"signalling tone" (mn»<msv que;nounthcloeleenilcttOotnhhbaheza Sitrgbease

The radiotel ep | t 00408H

reception of t& 8 secon s?r FI?LEﬁ g%e£ﬁ§ﬁ5 %8?? gffe‘&fSégrPhg gé

Thi s reIease?rﬁiﬂl %ﬁke o¥m5H anhniﬁhn sutod-¢distanam faksaldn a
interfering chaciyteiié aameuwgstoaﬁaaeﬂ.lﬂfﬂmenrbfaehy afhBRnBeCRpL T ©
problemis oveéggfe accogganﬁghwn gi ent |nven I on

fol | owi ng prot .¢¥F 5 tra3§ﬂ1 B Fﬂ(?ﬁﬂ@@%nﬂéb?hﬁﬁ§sage i s
10 sent to thadistdncetis 2 Tovwercls cohsecetivetbitéicoraghat pfgphone an

FVC Query nessage containing a cell site code word that is unique to that

cell site. If t he
DSV Pattarn Set:

4

vect (1) = 2%5Sash ~
vect (2) = 256a6b
vect (3) = 25956d
15 wvect (4) = 25a9%9ab
vect (5) = 26%aadb
vect (6) = 269%ads
vect (7) = 268a6bs
vect (8) = daaSé64
20 vect (9) = da959%4
vect (10) = dabAS2
vect (ll) = Adasé654
vect (12) = d96554
vect (13) = d9632a
25 vect (14) = d9S94a ~

A preferred 30 bit sync word, consistent with the
foregoing discussion, is as follows:

30 1A6B32AS.

FALSE CROSS DETECT:

35 This discussion illustrates an exemplary calculation
of the probability of detecting an interferer DSS



radi ot el ephone does not have a unique cell site code word, the nessage
indicates this to the cell site. If the 15 radiotel ephone does not receive
the query nessage within a time out period, the RVC DI SCONNECT nessage i s
retransmtted. If the radiotel ephone receiyvgg a Query nessage, déﬂﬁ]mt%p

radi ot el ephone returns an ACK nmessage contai ning this code word-. the
cell site instead 20 receives a NAK nmessage, an RVC nessage wth detected
errors, or doesomposedc ety &hanPSVe vergorid whila texpattingitaemss , then the
FVC Query ness ' et | Hs% ve! ce ' # I\4es. a
confirmation A%}%ﬁﬁggggggf\?\nﬁ'ﬂ%ut dgt.g%togt;%érrypéﬂbhg°§§%ﬁ+éo r&®t code
word, then theT@ERFTeQ 6t assthe c¥o%%fad@ing probabddiiitysi t Fheecei ves a

confirmation A@éctorsagsed i£deUikhiac daleulaRidn Hepireasdit Wi S Lode
word, then ghe call is dlﬁggg&gctgg Aftg%li t he radi ot el ephone transmts the
confirmation AERIReEERGE, 9; DS, o 'F%S’L?F"pgrii"&!’ e fSHhpyestercal |
i f anot her Quesetniidagéraked abowe.recei ved. DI SCONNECT (LANDLINE): For a

voi ce channel diSCQHQG&%S%FSaQQQCESksggﬁfgf%ggﬁg§i§§$g gﬁghhsite, an FVC

di sconnect nessage 'S i nuousl one. The cal
i s di sconnect e§alruiaticn detezpdnes theuprobabyility odfdithesiecerxor, or if

DSS is droppedphetezsh’ 849kt Fhatdthie"2eltiiVd phases! e ¢
CEO0408H 4 c’Th!e,or tical gDSS Channel PerfornancepTﬁgQSSV%ethesk?gv%r? t?gleow
consi sts of%seFBRASB hit DSv patterns (vectors 1-7) plus their inverses

(vectors 8-14) 5 in hexidectral form The ninimumauto distance for al
P(FC) = 2 (Ai)pi(l-p)n"i

~ _ <3y

p = BER at 200 BPS (Random)
15 n = number of bits per sequence
Al = number of error patterns of i bit errors

_This becomes:
20 P(FC) = 4p6(1-p)18+p8(1-p)1l6

+4p20(1-p) 14+4p12 (1-p) 12+5p14 (1-p) 10
+5p16(1-p) 8+pl8(1-p) 6 -

For p .01
P(FC) = 3.338 x 10-12 per received vector.
25 The above summation becomes the probability of a

false cross detect, (given the cyclic reception of the
interferer pattern), and sums up all possible error
patterns which would cause a false over a 24 bit
interval. 1If the interferer DSS is continuously

30 received, the time interval between falses is as follows:

p= .01 1 false/l.14K years
p = .02 1 false/21.4 Yyears

35 Manchester Data Message Falses:




cyclic shifts is 6, and the m ninum cross distance for all cyclic shifts is
6. The m ni mum random Manchester distance is 2 over 25 consecutive bits of
the DSS. 10 DSV Pattern Set: vect (1) - 255a9b vect (2) - 256a6b vect
(3) - 25956d 15 vect (4) - 25a9ab vect (5) - 269aab vect (6) -
269ad5 vect (7) - 26a6b5 vect (8) - daaSy® 20 vect (9) - cEE@bPey vect
(10) - da6A92 vect (11) - da5654 vect (12) - d96554 voct (13) - d9652a
25 vect (14) - d9594a A preferred 30 bit sync word, consistent with the

f oregoi ng di scussi &% liss adsd Rosmibleto false on a co-channel 1A6B32A5.

FALSE CROSS DEiRebridrer's duts siswddéd On T Usdealwsrdexeimyary v
cal cul ation of t rOb§PI|Ity;@f detecting an interferer DSS - 17 -
CE00408H conpo?@ LU L ot 1 W8 whil e expecting a DSS conposed of the

DSV vector 7. ThisGivaimithat \a icalleflastsl 100 aseddris rass consangs 5
probabi litys Thesuaged 1n' Wt Yiddie &l Bl At | HUSESH s | oSt St
changes etc.; this gives an average of 1.5% of the call
time spent transferring data. Uncorrelated samples
provide no extra falsing protection against interfering
Manchester data patterns. Random data falsing
10 protection, therefore, would be relatively weak.
Property no. 4, which requires a minimum distance from
all random Manchester data words, greatly improves the
data message falsing protection.
Given that the interference is continuous, and that a
15 worst case DSS is received having a random Manchester
minimum distance of 2 over 25 bits of DSS, then the
probability of falsing on an interferer's data message,
P(FD), is equal to:

20 P(FD) = 25 - 2-13p2(1.p)23
per Manchester bit
where P = BER at 200 BPS = ,01.
Checking for every DSS phase:
P(FD) = 2.42 x 10-7 per Manchester bit received
25 This results in a false rate of (detecting both DSAT and
DSAT) ;
Continuous Data: 11.47 hrs / false
1.5% Data Content: 765 hrs / false

30
FALSE AUTO DETECT:

When initially detecting DSS, the receiver checks for
every possible phase of the DSS. This check is made for
35 every incoming bit (i.e., 200 checks per second). This



5 case cross fal sing DSV conbination, given the DSV vector. set illustrated
above. The cross detect false probability, P(FC), cal cul ati on determ nes
the probability of these error patters, given that the rel ative phases of
the DSSs are 10 random [err] p - BER at 200 BPS (Random) 15 n - nunber
of bits per sequence Ai = nunber of error patterns of i bit errors This
becones: 20 [err] [err] [err] For p .01 P(FC ::§3Qﬁ§ngeyr]

-per received vector. 25 The above sumgati on becones the probability of
a false cross detect, (given the cyclic reception of the interferer
pattern), and suns up all possible error patterns which would cause a fal se
.over a 24 bialilpwer fak. al 120 hmsent cddteeaty U8R, givent an@dudlig BEV recei ved,

the time gnt gayekrhie! “?Snyi%éfﬁy'ée@écﬁ QO WrRct ghhse orlthel B85} - 14K

years p = ears Manchest er Message Fal Ses:
- 18 - all CYCllCCEbBﬁB%FPfttW% DFE FIResinge the P§§s?r6ﬁe£aébychannel
interferer’ sndodanRsnagen. d19aned aEven (edatl Duh@rast Fdat €hils asvi setpus:

the auto distance is 6.
The auto detect falsing rate probability, P (FA),
10 calculation is similar to the cross detect falsing
probability with the result:
P(FA) = 2p6(1-p)18 + p8(1-p)16 + '
-\/ 4p10(1-p) 14 + gp22(1-p)12 +
2p14(1-p) 10 + 2p16(1-p)8 +
15  4pl8(1-p)6,

With p = .01

P(FA) = 1.669x10"12 per received vector.
20
CALL SET-UP IN RESPONSE TQ PAGE

A radiotelephone call can be set up between a

radiotelephone and a cell site in response to a page from a

25 cell site, through the steps of: providing a digital

‘“/ ~ supervisory sequence to represent the identification of a

cell site; transmitting the digital supervisory sequence from
the cell site at a first subaudible digital bit rate;
identifying and verifying the transmitted digital supervisory

30 sequence at the radiotelephone; transmitting the digital
supervisory vector at least once from the radiotelephone; -
receiving and validating the transmitted digital supervisory
vector from the radiotelephone at the cell site; transmitting
at least one data message to the radiotelephone from the cell

35 'site at a second subaudible digital bit rate; in response to
the reception of an alert data message from the cell site,
transmitting the digital supervisory vector inverted from the
radiotelephone; in response to the reception of the digital

supervisory vector inverted, trénsmitting the digital



G ven that a call lasts 100 seconds and contaihs 5'5 inessages in each
direct due to alert, handoffs, power changes étc.; this gives an average of
1.5% of the call time spent transferring data. Uncorrel ated sanpl es provide
no extra falsing protection against interfering Manchester data patterns.
Random data falsing 10 protection, therefore, would be relatively weak.
Property no. 4, which requires a m ninum di stance fr ¢mo8408Handom
Manchest er data words, greatly inproves th data nessage fal sing
protection. Gven that the interference is continuous, and that a 15 worst
case DSS is received having a random Manchester m ni num di stance of 2 over

25 bits of De§peivesotyovdddaiddiinirted Hrdh QheaBen Nt 8itBEC{nS data
nmessage, P(FD), is eq%gl to: 20 P( Dg = 25, [errL Eer, Manchest er bit
where P 5 BEFESRODYD HpShe FACCRYAN| 1DSYPBRYLEOTH( EBFLOT 2. 42
x 10[ err] penohhimhested firdmridoeicelll 26 tE) dnddealtting noathel se rate of
(detecting b I X i : 4 rg L f . %
bat & Cont ent EegbeiTefohe1ids, S g MpotuBanpbe ol Been, Bpplided:
detecting DSEn resrereeiverarrekshad qandifiess sitbtbepRagdéobelenbomss,
m! s check i graRsRif©1nd eIy &dig it B Uik B} isdry @ectd20nehesksepeedSeeomad) -
'S 10 the radiotelephone; and in response to the reception of said
digital supervisory vector non-inverted from the
radiotelephone, connecting the call to the radiotelephone.
Accordingly, the foregoing description and calculations e
derived using the DSV properties set out above clearly -~
15 illustrate the robustness, reliability and applicability of
the present invention for a spectrally efficient cellular

communication system.

s



CEOO408H - 19 - allows for a 120 nsec. detect tine, given a 24 bit DSV 5
Hﬂl'ﬁmnmmwl y detect the correct phase of the DSS, all cyclic shifts
ing the DSS preferably have a m ni num di stance from each
of hef . 'For" t i s*DSV set, the auto di nce is 6. The auto d@&ﬁééoé | si ng
rate probability, P(pdams: calcula nis simlar to the ect
fal sing probability e result: P(FA) = [err] [err] [err] 15
- [err] Wth p =.01 P(FA) = 1.669x[err] per received vector. 20

CALL SEf-UP AN SEnd e BFEotmanicalioh 8BRABPENder"s TaliBisighnatie Pt veen

a radi ot el ephon site In response to a page froma cell
. site, t@n@ene dfephiraRy difc'ellMﬁ%'iﬁ'é‘iﬂ?lmlﬂ*—@pé&hdmé HOB® CYnfreGitieatien L O

represent the identification of a cell site; transmtting the digital

‘super vi systems eharaoteriZeddoy thecsteps bf:site at a first subaudible digital bit
rate; identifying and verifying the transmtted digital supervisory 30

- sequence at tramsmitting supeptisory retatech signals bgtwean thegradidtetaphonei and y vect or
at | east once fromthe radi otel ephone; receiving and validating the

t r ads i 0ne 8f theyeelhsitesata firsi supaydible digitabhit rate; apdi ot el ephone at the cel |
ite; tr. jtti at | t dat h di 2| eph f th
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transmtting the digital supervisory vector inverted fromthe
radlotelephone in response to the reception of the digital supervisory

:“"mwmu"’mn nsnitting the digital CE00408H 20 supervisory vector
””“ﬁe cell site; in 5 response to the receptCEI0438H he
dlglta stipet visory vector non-inverted fromthe cell site, indicating to
the radiotel ephone user that an alert nmesggge has been received; in
response to an of f-hook condition at the radiotel ephone, transmtting the

digital supervisory vector non-inverted from 10 the radi otel ephone; and in
response to 2he rzacspgnamlmhgsar:ﬂeduegl agkordienyitsoicl adectlqr whard iy atec s

f h d h |
ooy ool S bPLE! §BBRENSAIRRTEY) BEpkROIRY bE1bREd ARl RIS s
DSV propért |*ebesét:eﬁat °£b9\¢9ve~riéasl ¢ PRurpldsyr gfe dilgd tadh sipersisory

reliability pagcapp!ieabhl vertel tragrars@s@% I &H@E\E'l@'lcfa‘%rio% d¥ed hlilgte
efficient cell L comruni cati on S .CEQ0408H CLAI MS:
1. A si gna‘F‘Fr s%Eﬁenﬁ“f"oF’*’@BﬁﬂiﬁF&&ﬂ éﬁlgoNFFGPrﬁe%eﬁhzftrH{ﬂ‘Ut%%one
and one of abetueahu telaf sdekls,sianes the ategl lofl pirotwipk nigaditotleagth one
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superV|sory re ephoné "an
between the radiotelephone and the cell sites.

3. A signalling scheme, according to claim 2, wherein the
digital supervisory vectors are each of a predetermined bit ~
length, wherein any cyclic shift of one of said vectors is

15 at least a minimum Hamming distance from any other vector

and cyclic shifts thereof.

4, A signalling scheme, according to claim 2, wherein the
step of transmitting digital supervisory vectors is preceded

20 Dby the step of providing a minimum Hamming distance between
all cyclic shifts of a digital supervisory vector.

5. A signalling scheme, according to claim 2, wherein the
step of transmitting supervisory related signals is preceded
25 Dby the step of providing a minimum Hamming distance between
any two of the following:
all signal supervisory vectors, all cyclic shifts of a
supervisory vector, all logical inverses of all digital
supervisory vectors, and all cyclic shifts thereof.
30
6. A signalling scheme, according to claim 2, wherein the
data messages are transmitted in Manchester coded words and
wherein the step of transmitting digital supervisory vectors
is preceded by the step of providing a minimum distance from
35 any cyclic shift of each digital supervisory vector and its
inverse to any Manchester coded word.



one of-the ceit'5|tes at a first subaudible digital bit rate; and

tran ages bet ween the radi ot el ephone and said one of the

cel I ﬂ&“ﬂ“ﬁt‘ subaudible digital bit rate. CL M S

CEQOO ssgna Ilng schene, ac ding to claiml1, } e step
&gf,l . ‘é"‘@fﬁ@é«ibél?

of transmtting supervisory related s als includes 5 the steps. o
providing a plurality of digital supervisory vectors, each vector
representing identification of a unique cell site, and transmtting said
vectors for distinguishing between cell sites, and the step of providing at
| east one digital supervisory sequence for synchronizing conmunication 10
bet weery.t he A sifjnallirigestheme, cactordingdeldiaim 1.ewhefin the\steipgrafitransmittingene,
according to claim?2, wherein the digital supervisory vectors are each of a
pr edet esupenédeotyi nelatedgaugnalammiudes the, stepoofi providing agrlurality ef dighald vectors
is 15 at | east a m ni num Hanm ng di stance from any other vedéor and cyclic
shi f t s SURGNgsery vectorsasaid;plirality gompesae of@c@ﬂeﬂtla@ of @ singlefligital\her ei n t he
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aher o fepHseniog HgnifEabBhor & wjala el e ?Bgéé%gm'"9%§°§%s Fecoded 25

by thquﬁp%lﬁ%h@é%déﬂbag &"r’glwsnum Hanm ng di stance between any two of the

fol |l ow supervi'sory vectors, all cyclic shifts of a
supervi sory vector, all logical inverses of all digital supervisory
vectors, and all cyclic shifts thereof. 30
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6. A signalling schene, according to claim?2, wherein the data nessages
are transmtted in Manchester coded words and wherein the step of ‘
tr i (il Hmﬁulm supervi sory vectors is preceded by the step of
prﬂmmm di stance from 35 any cyclic shift of each di gi t al
supervi sory "veétof and its inverse tqlhny Manchester coded feE@0408H23

CEO0408H 7. A signalling schene, according to claim1l, wherein the steps
of transmtting supervisory related signals includes the step of providing

2 BLur gty ok ol schap b Bonfbdin shOh LIRS YolBIagRhe" ° _
t her eof ApfloRgoh a'Sitlity ¥ CeltdHtes i ol Colft rttﬁfgé '?E&i%?élegﬁé’r‘ié’ gSHH\ Hlcation
identification of a unique cell site, and tfansmtting Said vectors tor

di sti nguiysfermocharaoreizeddy thai stéps of: CE00408H 8. A signal ling schene for
communi cation control between a radiotel ephone and one of a plurality of

cel | sites i rproviding alplurdityoot digitab$isdervisonevectors, waehtvediorsarnd ARy cyclic
characterized by the steps of: providing a plurality of digital supérvisory
vect br s,shifithereot representingidengiicatiorcof ahinique bell sité, whereis @athng
identification of a unique cell site, wherein each sequence is of a

pr edet ersaquencsiis of anredetarmined bit length andis of @ominitium erass distamcarfiorot her
vect or; é)ro&bdi ng a mnimum auto distance for all digital supervisory

vect or s; @MY SPBEVASIOR ni ni num Hammi ng di st ance between all cyclic shifts of

o o ot oy RS P Bl el B BB vl RS ™ L
first subaudighGicthga' inium Hahfning aidlahch Betwabh M QURHHCS dny' L0517
10 digital supervisory vector and any inverse thereof;
transmitting said vectors between the radiotelephone and one of the cell
sites at a first subaudible digital bit rate for distinguishing between cell sites; and
transmitting data messages between the radiotelephone and said one of the

cell sites at a second subaudible digital bit rate.



transmtting-data-nressages between the radi otel ephone and said one of the

cell sj subaudi ble digital bit rate. C L MS
' @004?&'@”’]&!@&@5@@ | ing schene for comrunication control between a
radi o of a plurality, cell sites in a cﬁ%gé&iﬁ-ﬁype

r adi ot el ephone communi cati on system racterized by the
providing a plurality of digital supervisory vectors, each vector
- representing 5 identification of a unique single cell site; transmtting

super vigor i foi i i VAl I ors,
pervigory A%m@gzgﬁwma fot B6MmrslinicatioH Eortrdl 6&We§HF§Féq:§ﬂ%bH$%ta

between the ra one and one of the cell sites at a udi bl e

. di gi t alarid bne @f & plprality of ol site$ ématcelinfaraype fadioielsphcne eomehuMiéationhas a
maxi num sync- 10 cross di stance and a m nimum sync-cross distance for all

sai d digysterh, sharactarizedby\thetsteps ofand transmtting data nessages and said
at | east one synchroni zati on word between the radiotel ephone and said one
of the cel |l providingaa pluralityoidigilabsupesvisor veatars, lsiachrwector reprexegdingsH 10.
For _use in_a cellular conmmuni cation system between a radi ot el ephone and one
of & plidentifiaalioprot &uniqupisingle el sit®at hod for setting up a radiotel ephone
cal |l between_a radiotel ephone i.N res(ggnsetoa age froma

- arid a cell, sit . |
cel | site, cTRISRIFHIG FURPIKIFOME® §¥9é’p§'.98?'.s' '89 G igita) sype vi sory
tr anmaciots: B8MPE the APiERENbRETY &tk ALUB.LH gig® &' il subauaivie
digital bit rate; : _ '
providing at least one synchronization word which has a maximum sync-
10  cross distance and a minimum sync-cross distance for all said digital supervisory
vectors; and
transmitting data messages and said at least one synchronization word
between the radiotelephone and said one of the cell sites at a second subaudible

digital bit rate.



said cell site at a first subaudible digital bit rate; identifying and
verifying said transmtted digital supervisory sequence at the

S“m m;“ muﬂlﬁnsm'tti ng said digital supervisory vector gb Ll%@?t 15
“ﬂ t el ephone; receiving and validating said ransn1 ted

supdrvi*sofy vector fromthe radiote &ﬁghone at the cell site;

transnlttlng at | east one data nessage to t r adi ot el ephone fromthe cel

site at a second subaudible 20 digital bit rate; in response to t he
reception of .an alert data nessage fromthe ce]l sjte, |nd|carﬂ to th

radi ot el ephor’r -usEPh e 2 A 791 HELRh geP AN Heaint 0B cBY TEE™ ahY
transmtting mlcbtchlgapmine;mm vom@rcyf vacpnnrahineyt@ﬂ ¢ebn sheel) a

o or Cl rBl RSl [P WA 1y WP 4 04 619@1%%#& digi tBLeSupATYi sory

vector | nver ansm n VI sory vector non-i nvert ed
from the cel |ra§mehqphmm 2 cehl o$$t¢nobrk EeSRPRFONt At 2t Raggofrom a

;adlo:ﬁlephg@%}%rgﬁFanténgghéﬁgfhggglﬁﬁJ%ﬁgfgfépgogf vect or nondlgverted
romthe radi ot el ephong; re nse to e reception of sa |

oorvi Sor v vett oS b s 4T [ auot on S0ey cediesCe chnctePrasdnt ™
call to the mmétﬂdﬁnnﬂﬁﬂuatfﬁh of @ tell Mite5

ot otel Mione nnd¥aidhitCfig ledla COITIE ERLLR0, SV SHET, DEGURRR Arom, o
up a radloteHﬂﬂan?k%ﬂ&itﬂnﬁkem ﬁgrst subaudible dlgltal bit rate;

identifying and verifying said transmitted digital
supervisory sequence at the radiotelephone; ~r
transmitting said digital supervisory vector at least
15 once from the radiotelephone;
receiving and validating said transmitted digital
supervisory vector from the radiotelephone at the cell site;
transmitting at least one data message to the
radiotelephone from the cell site at a second subaudible
20 digital bit rate;
in response to the reception of an alert data message
from the cell site, indicating to the radiotelephone user
that an alert message has been received and transmitting
said digital supervisory vector inverted from the
25 radiotelephone;
in response to the reception of the digital supervisory"’
vector inverted, transmitting the digital supervisory vector
non-inverted from the cell site;
in response to an off-hook condition at the
30 radiotelephone, transmitting said digital supervisory vector
non-inverted from the radiotelephone; and
in response to the reception of said digital
supervisory vector non-inverted from the radiotelephone,
connecting the call to the radiotelephone.
35



radi ot el ephone and a cell site in response to a page froma cell site,
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di gital supefvisor¥y sequence fromsaid cell site at a first subaudible
digital bit rate; identifying and verifyi wsaid transmtted digital
supervi sory sequence at the radiotel ephon® ‘transmtting said digital
supervi sory vector at |east 15 once fromthe radi otel ephone; receiving and

validating said transmtted digital, supervisory vector from.the
r adi-ot el ephé‘ﬁe‘ at” tThe'<fet™ & t‘g‘?lf‘fja%ncf?wwbl%?tlr%%ﬁy%%eé“ RE R sRge to
t he radi ot elrggliote fedmneharkldngiof atplhusekinty olibcell bsEte9, aligit al

bit rateg | mJi@RPRR tdthitnd QSN | A SN EHd St P pBSeage {rom the

cell site, transmtting said digital supervjsory vector inverted fromthe
r adi ot el ephdf@1ate LeRNR AND & e e ctHig ot HCIRRNIE Ji? A RIFRrIFIBr§ 25
vector inverdedd, ditaf)smidtdrdticzetd By adhe ldpd SOf ¥y vector non-inverted
fromthe cell site; i.n,.response t.o0 fhe recgftion of d“ﬁ%%q%ésu ervi sory

vector non-inver FEPHHRYT e TFItaT (FPTHIRY RETYF df FeFEPhone
user that amhsl ddentesiaps s dften cekckisde; 30 in response to an

of f - hoogg condi t i %'}ﬂsr&i%irr?fisgénfd ed’irlfjhrl%l t%;ﬁ&?ﬂ}iéi% é@%ﬂe L1 £ 2bm
supervisory vector non-inverte romthe radiotel ephone; and 1n response to
the recepti &3i6k cedild Sdit@ afl auplerst ssaudile it al ditedrakem t he
radi ot el ephone, 3%GAIBAIANBrddaraa ty ik thei d ak i shapfededigital
A supervisory sequence at the radiotelephone;
transmitting said digital supervisory vector at least
15 once from the radiotelephone;
receiving and validating said transmitted digital
supervisory vector from the radiotelephone at the cell site;
transmitting at least one data message to the
radiotelephone from the cell site at a second subaudible
20 digital bit rate;
in response to the reception of an alert data message
from the cell site, transmitting said digital supervisory
vector inverted from the radiotelephone;
in response to the reception of the digital supervisory
_ 25 vector inverted, transmitting the digital supervisory vector
e non-inverted from the cell site;
in response to the reception of digital supervisory
vector non-inverted from the cell site, indicating to the
radiotelephone user that an alert message has been received;
30 in response to an off-hook condition at the
radiotelephone, transmitting said digital supervisory vector
non-inverted from the radiotelephone; and
in response to the reception of said digital
supervisory vector non-inverted from the radiotelephone,
35 connecting the call to the radiotelephone.



CE00408H 5 12. For use in a cellular communi cation system between a
one of a plurality of cell sites, a nethod for
ﬁ{“@“ﬁg teI ephone call froman originating cell site to a target
v cmarsacteri zed by the steps of: 10 transmtting a digital
superw sory vector fromthe target cell site at a first subaudible digital
bit rate; termnating the transm ssion of the digital %QQ%Q%Wsory vect or
fromthe originating cell site and transmtting a hand-off data nessage
fromthe originating cell site at a 15 se@®nd subaudible digital bit rate;
at the radiotel ephone, receiving a digital supervisory vector fromthe =
target cell site; at the radiotel ephone, transmtting the digital

super Vi SOy et ofpd MUANd &G P d19 hakObmmhicat 18nt Sy Slemi Belivade 4 hat a

hand- of f has been successful ly perforned; recejvi g‘g and, val j dating t%&
digital superfAdiGtelenhene: @ndheae: of frBMFALLIt AR HICELhRitEsn & Mmethedyet
cell site; atfdhaaidiGigifiMa Qﬁbho&bllephbﬁé NEARl | ffort CaATLoY Geptriaindd  from

the originating.cell site._t thera t t,]
di gi tal super t\feé:t % geﬁvé: (i g gg {;'ﬁaer?é@ o{%f] rE}P%)ntj'e ostttréﬁ’es
target cell <fie V\/mIe the call is cont| nued at the target cell site.

CE00408H; 3.  FOr (Se, 4ol ¢t { 'au'd&rgﬁgmmnb@%agar;iyséeeweﬂﬂ&ﬁnu?e
radi ot el ephone and one of a urality of cell sites,, a, net Il())d for rel easing

a radiotel epmﬂf@%lqelﬂeﬁﬁé@n at a f1rst subaud1b1e digital bit rate;
terminating the transmission of the digital supervisory

vector from the originating cell site and transmitting a ~’
hand-off data message from the originating cell site at a
15 second subaudible digital bit rate;
at the radiotelephone, receiving a digital supervisory
vector from the target cell site;
at the radiotelephone, transmitting the digital
supervisory vector inverted to the target cell site to
20 indicate that a hand-off has been successfully performed;
receiving and validating the digital supervisory
sequence inverted from the radiotelephone at the target cell
site;
at the originating cell site, terminating communication
25 from the originating cell site to the radiotelephone; and
transmitting the digital supervisory vector non-inverted ~r
from the radiotelephone to the target cell site while the
call is continued at the target cell site.



a fi rsy ible digital bit rate for the comunication of 5 supervisory
rel ate ’”’Emmm t he radi otel ephone and the cell site; providing a
second $Subau N ﬂal bit rate for communicating data nessages between
the radi ot el ephone®anti the cell site; &QRom t he radiotel ephd@BP0408Hs i t ti ng

a di sconnect data nessage at the second subaudible digital bit rate to the
. cell site; 10 fromthe cell site, transmtting a query data nessage

ol udi 1 ¢ REPEIRE I agialuBroninuBIcapR Satam bERAS AdeBIPIRBNGRS IS | c: | n
raesageont §ﬁ%[bﬁgfa?r%$%#@Pa%ﬁ#&f\e@"ﬁﬁo&@h%sﬂﬁéﬁ@mﬂéﬁﬁﬁ@@ b4l BenediT o o.
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wi5t hi n aar%(?igf]eg erm n%ﬁafaltérrugl él'fﬁ’ grr"\%g?"fta? e{ar:gkgﬁrﬁ Hh?r?g&fehg d?tsgogﬁec?ggat a

Tessage 10 {dvith afrsesybALdiBRRAGEE BiCretd for hecimMinRiatigndt 2 Message

with a correct code word fromth ot el ephone, di sconnecting the call;

and 520 supervisoty'rélatoesighalsbétiveenane radiotelephone ahd theveliGiteyi t h an
i ncorrect code word fromthe radi otel ephone, maintaining the call. 14.

For use in aproviding @ secondusubzudilrle digitaldit tate ferccommunitialingl dathone and one
of a plurality of cell sites, a 5 nethod for rel easing a radiotel ephone’
cal | bemnassages batweanthepradictelaphonernd the cell siteiar act eri zed by the steps

of : providing a first_ subaudible digital bjt rate for the comuni cation of
supervi sory ‘é‘l“éﬂéd’agloéﬁlﬁpbo%tm‘gmm aglisconnect dalaymersagmat thee cel |

éﬁggggggéeovi dli ng wg%iéﬂﬁé&aﬁ‘eﬁﬁl éi?el; bit rate for comunicating data
10 from the cell site, transmitting a query data message at the second
subaudible digital bit rate to the radiotelephohe and including therein a cell site
code word thét is unique to the cell site;
in response to the reception of the query data message, transmitting a data
m.essage from the radiotelephone to. the cell site containing said code word;
15 in response to the failure to receive the query data message within a
- predetermined time interval, retransmitting the disconnect data message to the cell
site;
N in response to the reception of a data message with a correct code word
from the radiotelephone, disconnecting the call; and
20 in response to the reception of a data message with an incorrect code word

from the radiotelephone, maintaining the call.



the cell site; fromthe radiotel ephone, transmtting a disconnect 'data 15
nessage at t ond subaudible digital bit rate to the cell 'site
‘“mn“@ h@l | abl e, a code word unique to the cell siteﬁgé hé t he
s not have a unique cell site code word, a 4388
|nd|cét|ng this to the cell site; in response to this nmessage, then 20
fromthe cell site, transmtting a query d@®@ nmessage at the second
subaudi ble digital bit rate to the radi ot el ephone and including therein a
cell site co?g mord that is uni to the cell site; in response to the
reception of e §@& ySfatd fe 1lag commund£at oy SYIten ReteesR #rom
the radi ot el epkdioe ellephunecand side abrd gpIurgl Say do£odel Wwsiitesp aesponse

to the fajl an%tmdr Ge8 vr%f&es qgggrav %&é@f&@%\w PEURL &g&sgﬁtsr m ned

time interva retransmtti di’'sconne a nessage e cell site;
30 int ﬁ@@é@&twrtqweamb@embh pite, charagkenieedi by theosteps
code word fregm.t he radi otel ephone, disconnecting the call; and in response

o (he recention of 4 dala Message vk &) ICOLI S OP "2LE" EOT LS
communlcatlon of supervisory related signals between the

10 radiotelephone and the cell site;

providing a second subaudible digital bit rate for
communicating data messages between the radiotelephone and
the cell site;

from the radiotelephone, transmitting a disconnect data

15 message at the second subaudible digital bit rate to the
cell site containing, if available, a code word unique to
the cell site;[if the radiotelephone does not have a unique
cell site code word, a message indicating this to the cell
site; in response to this message, then

20 from the cell site, transmitting a query data message
at the second subaudible digital bit rate to the
radiotelephone and including therein a cell site code word
that is unique to the cell site;

in response to the reception of the query data message,

25 transmitting a data message from the radiotelephone to the

cell site containing said code word;

in response to the failure to receive the query data
message within a predetermined time interval, retransmitting
the disconnect data message to the cell site;

30 in response to the reception of a data message with a
correct code word from the radiotelephone, disconnecting the
call; and

in response to the reception of a data message with an
incorrect code word from the radiotelephone, maintaining the

35 call.




