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COVMUNI CATI ON SYSTEM | Field of the Invention

The present invention nelates, in general, to spread- spect rum

conmmuni cati on systens and, nore particularly, to a nmultiple user
spread-spectrum communi cation system 10 CEO 1§f§kground

of the Invention The purpose of a communi cation systemis to

transmt information-beayi | S a e transmtter) to a
destination (receiver) tjéi %Ué"r%% cﬁéﬁﬁ]el .Sggﬁéﬁt'ﬁgggﬂfint%?‘er processes
(rmodul ates) the nessage SCOMMUNIQATIONOr S¥STEMabl e for transm ssion
over the channel. The receiver then denodul ates the received signal to
produce an estimate of the original 20 nessage signal. - In any
comuni cati on system a key pari’alrﬂi{delofv\ﬁb@hlnventimacts syst em performance
I's the tramsmtter power. In a noise limted conmunication systﬁm 2t5he
transmtted ower deternines the all onwabl e separati on between the
transnmitter and rgcﬁ"?‘?/é??eseﬂjfe nyertapRe relahes t 1o Penergdowdo det er mi nes

t he signal -t o-sretsidat rain ichemunicaetenveystamitand) eloref or successf ul

CO”“unrcat'F"]ﬁgrticularly, to a multiple user spread-spectrum

communication system.

10
Background of the Invention
The purpose of a communication system is to
transmit information-bearing signals from a source
15 (transmitter) to a destination (receiver) using a

channel. The transmitter proéesses (modulates) the
message signal into a form suitable for transmission
over the channel. Theée receiver then demodulates the
received signal to produce an estimate of the original

20 message signal.

In any communication system, a key parameter which
impacts system performance is the transmitter power. In
a noise limited communication system, the transmitted
power determines the allowable separation between the

25 transmitter and receiver. The available transmitted
power determines the signal-to-noise ratio at the
receiver input which, for successful communication of
information to occur, must exceed some prescribed
threshold.

30 Another key performance criterion for certain
communication systems relates to the number of
simultaneous users that can be accommodated. An example
of one well known system application is a cellular radio
telephone system. Such systems are, typically,

35 comprised of a number of base sites, each having a
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Anot her key perfornance criterion for certain conmuni cati on systens
relates to the nunber of si mul t aneous users that can be accommodat ed.
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area, and a nunber of nobile or hand_ . portabl e

service covera
cellular tel ep'gﬁj‘ﬁ’é’sc? t?é’rvélﬁ’?gfet Brefef 8Pfled wnla%r of mokdies @t bans). The
servi ce cover gyertalsas «fl lvdsse telephbhes (ByrdinaftanNgetdraddtb akl y

overlap in suc . r Qvide a substantlall ontlnuous
coverage '}r‘g% c'|§"n ﬁl cﬁ ‘a SU%SCI’I lce communt tatto ﬁ%t PECei vi ng
servi ce from onamamaysibee amnb@dhandgdrbiallxo carerlap iadjsmcdne renot e

site with €10 ifhf{drRd b&o%%ﬁé'ﬁesubstan$iai us c%5e§a§3||U|ar
communi cation systemtq 10  effectively utilize the aval | abl e spectrum so
t hat " as ISR dderdich ﬁo§§P§F§1€8ﬁ PRMER AR é’dllt receivingsj gnal

mul ti pl exi n? Pedrtice tHiont ioe baBeoHstEadhP be haﬂde%it’l%‘ﬂlfS%loOanOf signal s
from severa sage ,sourc oyel a cpnmmon spectral resoyrce.
Frequency divi% %ﬁé£ﬂ§ 4iepﬁé§e Fﬁ% H?v+%??ﬁFqé%%QWﬂ¥§k?eﬁﬁacﬁrxtures
"t her eof hetvel s readieyi goalll fobeancasbdldorconmplraieittiiong sgekkem ab

radio SYS{@S.ofrectively bidibbeRHE Va4 EL UpdBUALPIR chERMLGSY St €M

many users as possible can be accommodated.

Signal multiplexing permits the simultaneous radio
transmission of signals from several message sources
over a common spectral resource. Frequency division

15 multiplex, time division multiplex, and mixtures thereof
have traditionally been used for implementing cellular
radio systems. .

In a frequency division multiplex (FDM) system, the
communication spectral resource is divided into several

20 narrow frequency bands. For at least the time needed to
communicate the desired traffic, one frequency division
channel is occupied by the subscriber for communicating
to the base site. Another frequency channel is used for
traffic from the base site to the subscriber.

25 Time-division multiplex (TDM) systems are another
type of multiple access communication system. In a TDMA
system, the spectral resource is divided into repeating
time frames each having a plurality of time slots or
time division channels. Each time division channel is

30 assigned to a different communication link. 1In this
scheme, a portion of a subscriber's information occurs
during an assigned slot of a frame. This is followéd by
-one or more other time slots where information to or
from other subscribers is accommodated. This process is



conmuni cati on spectral resource is divided into several 20 narrow
ffequency bands. For at least the time needed to communi cate the
desired traffic, one frequency division channel is occupied by the
subscri ber for comuni cating to the base site. Another frequency
channel is used for traffic fromthe base site to the subscriber. 25
Time-division nultiplex (TDVM systens ar € dnot her type of nultiple
access communi cation system -In a TDVA system the spectral resource
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di f ferent ki ndignppfouess sagarditgnafscommunications through the use of
digital encryption; and increased capacity.

To transmit a message signal'(either analog or
digital) over a band-pass communication channel, the

15 message signal must be manipulated into a form suitable
for efficient transmission. Modification of the message
signal is achieved by means of modulation and numerous
suitable methods are well known in the art.
Correspondingly, a receiver is required to recreate the

20 original message.

Spread spectrum communication systems utilizing
code division multiple access (CDMA) technigques can be
used as multiple access systems like FDMA and TDMA
systems. In a spread spectrum system a modulation .

25 technique is utilized in which the information is spread
over a wide frequency band. The frequency band is much
wider than the minimum bandwidth required to transmit
the information being sent.

In a direct sequence CDMA system, communication

30 between two communication units is accomplished by
spreading each transmitted signal over a wide frequency
band with a unique user spreading code. As a result, a
multiplicity of transmitted signals share the same
frequency. The ability of such a system to work is

35 based on the fact that each signal is specially time
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bit rate is much higher than the information rate. A
pseudo-random number (PN) is used as a code to "spread®
the spectrum. The receiver, by utilizing the same known
PN, can'properly decode the received signal - even when

15 corrupted with other user's spread signals - and
reproduce the original information. The number of
simultaneous users that can be accommodated in such a
system is dependent on the amount of'spectrum
"spreading” that is implemented.

20 Another type of spread spectrum communication is
*frequency hopping". In frequency hopping, the
frequency of the carrier is shifted using a pattern
dictated by a code sequence. The transmitter jumps from
one frequency to another within some predetermined set.

25 At the receiver, the hopping sequence for the desired
user is known and allows tracking of the user's hopping
transmissions. Periodically, more than one user's
signal will fall on the same frequency thereby causing
interference. Information coding techniques (error

30 correction coding) are used to enable reconstruction of
the original information even when a fraction of the
transmitted bursts are lost. There are also time
hopping and time-frequency hopping schemes whose times

of transmission are regulated by the code sequence.
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user spreading codes. A noise power contribution to the

15 desired despread signal exists for each of the othei
individual user's signals. The magnitude of the added
noise is directly related to the received signal power
of each of the undesired signals. An undesired received
signal that comes in much stronger than the desired

20 signal contributes excess noise. Therefore, it is
desirable to dynamically adjust the power of all users
in such a way that they are received with approx1mately
the same power. In this manner, the number of users
that can be simultaneously accommodated with the same

25 spectrum resourée is maximized.

In typical applications, to accomplish the needed
power control, it would be necessary for the closest
transmitters to reduce their power by as much as 80 dB
when compared to the power of the furthest transmitters.

30 This range in pbwer control is extremely difficult to
achieve and highly cost prohibitive.

Therefore, a means is needed,by which communication
using a spread spectrum format maﬁ be optimized without
the requirement of an 80 dB power range.

35
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- 5 - Any of the nmultiple access systens can be utilized I n
céllular radi o comunication systens. In cellular systens, several
factors |imt performance. Typically, i n propagating through the
channel, a transmtted signal 5 is distorted because of nonlinearities and
| nperfections In the frequency response of the channel. O her sources
of degradation are noise (thermal and arP made) and adj acent and
co-channel interference. Besi des the typical sources of
degradation 10 nentioned aboveumely wdj bhet Invéntien noi se associ at ed
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initially received from a subscriber unit and the power
measured, the system selects a channel having an

15 -assigned received signal strength threshold for the
subscriber signal that is compatible with the
subscriber's dynamic power control range. The
subscriber unit is instructed to transmit on the
selected channel. Once assigned to a particular

20 channel, the output power of the subscriber's
transmitter is adjusted to match the received signal
strength threshold assigned to that channel.

In another particular embodiment, the communication
channel comprises non-overlapping time division channels

25 of one or more radio frequency carriers.

In yet another particular embodiment of the present
invention, the above communication system may be applied
using channels employing a combination of frequency and
non-overlapping time divisions, each being assigned to

30 different power levels.
Brief Description of the Drawings

FIG. 1 is a graph representing a prior art FDMA
35 communication scheme;



30 This range in power control is extrenely difficult to achi eve and
hi ghly cost prohibitive. Therefore, a neans is needed by which
comuni cati on using a spread spectrum format nay be optim zed w t hout
the requirenent of an 80 dB power range. 35 .

- 6 - Summary of the Invention The
present invention conprises a multiple TUskr~ - spread-spectrum

comuni cation system having a site 5 enploying a plurality of

communi cati on chanr@&¥@. 2 Batip graphchfepmesenting sa greibm adsispakadecei ved

si gnal strengtdpectrurt WoaeRlidatrSeRSSELBRE; UNi ts are assigned to
appropriate channel s based upon their received signal strength in a

manner to pernit thef%- Cﬁ)éfsa.tqrbﬁhﬁtf:ﬁpﬁ rREresentatien 1 a power control

range. The Sdfé‘d?drlélfﬁudﬁﬁd %oﬁﬁnﬁh@&@tibhss:l.gnal tHvas haled gy ody Bafl cal |y
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a si gnal SP%?%HHWaFP?mPB&S?Béanf? isubscri ber unit and.the
power neasur ecFIG.heA sissteegraphécad aephasaetation /F an c¥ll  assi gned
recei ved si gna%1 é%]r ength threshold for the subscri ber signal that is
conpatible wt subscri ber's dynam c power control range. The
subscriber unit is s rudise@ wraphanspresentime a spread spectrum

communication scheme illustrating the present invention;

10 FIG. 6 is a graphical representation of a cell site
using the spread spectrum scheme of FIG. 5;

FIG. 7 is a graph representing another spread
spectrum communication scheme illustrating the present
invention;

15 FIG. 8 is a graph representing still another spread
spectrum communication scheme illustrating the present
invention; and

FIG. 9 is a graph representing one method for
assigning received signal strength thresholds in a

20 spread spectrum communications.

Detailed Description of the Drawings

Referring initially to the graph, generally
25 designated 10, of FIG. 1, a prior art FDMA communication
scheme is illustrated. In FIG. 1, the abscissa is
assigned the frequency values and the ordinate is
assigned the amplitude value. A plurality of signals 12
are illustrated on graph 10. Ideally, each signal would
30 be in a distinct frequency range 11. A
transmitter/receiver pair would be tuned to frequency
range 11 and only receive the signal within that range.
In FIG. 2, a graph, generally designated 20,
representing a prior art spread spectrum communication
35 scheme is illustrated. In a spread spectrum system,



sel ected channel. Once assigned to a particular 20 channel , the out put

power of the subscriber’s transmtter is adjusted to match the

recei ved signal strength threshold assigned to that channel.

I n anot her particul ar enbodi ment, the comrunication channel conpri ses
non-over | apping time division channels 25  of one or more radio frequency
carriers. In yet another partfc®lar enbodinent of the present

i nvention, the above comunication system nay be applied usi ng
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graphi cal represen{gliégaégtf%éxgg the received power level. In the

abstract illustration of FIG. 3, one of the signals has
been reconstructed. As shown, because the other signals

10 are distributed over the same fregquency range as the
reconstructed signal, there is some interference
(represented by the cross-hatched area). However, the
spread spectrum scheme is designed such that a
reconstructed signal 12 will exceed the noise from other

15 signals by enough that the quality of signal 12 will not
be degraded. .

In order to maximize the number of users for the
spread spectrum scheme, it is desirable to have each of
the signals at the same power level from the stand point

20 of the receiver (cell site). An ex;mple of a cell site,
generally designated 40 within a cellular system, is
provided in FIG. 4. Site 40 consists of a boundary 41,
a base site 42, and users 43a and 43b. As shown, the
distance from user 43a to base site 42 is greater than

25 the distance from user 43b to base site 42. Therefore,
if both users were operating at the same power level,
the signals received at base site 42 may be much greater
for user 43b because of its closer proximity.

As stated previously, in order to maximize the

30 number of users for the spread spectrum scheme, it is
desirable to have signals of equal power received at
base site 42. Since the weakest signal will generally
be the signal furthest from base site 42, all other

signals would be brought down to user 43a's power level.



site; FIG 5 is a graph representing a spread spectrum

comuni cation schene illustrating the present invention; 10 FIG 6
is a graphical representation of a cell site usi ng the spread spectrum
schenme of FIG 5; FIG 7 is a graph representing another spread
spectrum comuni cati on schenme illustrating the present I nvention; 15
FIG 8 is a graph representing still another spread spectrum

comuni cation schene illustrating the present i nvention; and

FIG 9 is a graph raprasemdtipdrE opelradibn; base sitse @il ngendsc euted
signal strength eshol ds_1i 2 [ . ctrum.Go ni_cat i,Qns.
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10 power variance (adjustability) needed, the present
invention is provided as a solution. In essence, the
present invention will divide the communication spectrum
into two or more channels; with each channel being
assigned to a signal based upon the signal's power. A
15 graphical example of this is provided in a graph of a
spread spectrum scheme (e.g. CDMA), generally designated
50, in FIG. 5. The channel of FIG. 2 has now been
divided into three channels S1-S3. Each channel has a
plurality of signals having approximately the same
20 amount of power within each segment. In this example,
channel S1 has the highest power signals, then channel
S3. Channel S2 contains the signals having the lowest
power level.
Placing this in practice can be illustrated in the
25 cell site, generally designated 60, of FIG. 6. Here,
cell 60 is shown with secondary boundary lines 4la and
41b. It should be noted here that this example is based
upon the assumption that the signals from units closer
to base 42 are stronger than those-frqm units further
30 away. Since propagation anomalies and units having
different power output levels will occur, this is not
always necessarily the case in practice.
Comparing the scheme of FIG. 5 with the cell site
of FIG. 6, units transmitting within the area inside
35 boundary 41b would be placed in the S1 channel, since



- 8- conmmuni cation between two units is acconplished by spreadi ng
each signal over the frequency band of the channel . Each signal is
spread with a uni que user spreading code. This is illustrated in graph
20 by 5 taking the energy of each of the separate signals and
distributing it over the entire channel. The hei ght of 12" is

I ndi cative of the received power |evel ™ LR the abstract illustration of
FIG 3, one of the signals has been reconstructed. As shown, because
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recei ved at received signal strength threshold. Likewise, a user's
power may reach it's power control lower limit. In this
15 situation the unit would be shifted to a channel having
a higher received signal strength threshold. As a
result, rather than requiring a power range in the 80-90
dB range, a range of 20-30 dB would be sufficient.

As explained above, the preceding discussion was

20 under the assumption that closer units provide higher
power signals as opposed to those units further away.
In actual practice, the power levels need not be based
upon a geographic breakdown, as shown in FIG. 6, but
could be based upon the power of the received signal.

25 For example, the signal from user 43a may be powerful
enough that the system would place this sighal in area
S3. Alternatively, the signal from user 43b may be very
weak (e.g. because it is in a building or obstructed by
an obstacle) causing the system to place that signal in

30 channel S2.

There are several methods for determining the
appropriate channel for a particular user. In one
method, which has been described above, the cell site -
based on measured received power level from the user -

35 would select a channel having a received signal strength



base Site 42. Since the weakest signal will generally be the signal

furthest frombase site 42, all other signals woul d be brought down to
user 43a's power |evel. - 9 -

In one nethod of operation, base site 42 sends out a control signal to
t he communi cation unit of user 43b. This control signal directs user
43b's unit to reduce its power. Thelpgroblemhere is that, in the

extrene, 5 user 43b nmay have to reduce the power of its unit by as
much as 80 dB.tHieshalelriesvedf widhién thdustbsorilkew'ss 3power diciftirodl t to

achi eve and ¢ :?Jénné)éomﬂitén\éq:ﬂe% h@@agas' ffle eleszt.t{Fvﬁ fa%%h

conmuni cati on to ad ress t em an& reduce

the 10 power xegeived gismialssizenoth) théeab@ldtqum@srelmn for eaghention

i s provided ascﬁhﬁﬁ&l”d#&l1&H1ee%%eﬂﬁé b&Q@ site AMESAUY durMRl Powdr Wil |
di vide the cormunl catlon spectru into two or nore channels; with each

channel be?ng level zfs%‘%"gj-r%floé“ §h§| bage saRbECL PRl si g8 s power. A 15

graphi cal exanghss&fibdy 's lufhlltr %uﬂlﬁdthénamédi@l@fb afhen contrcﬂprc(h%.dm&p_eCt rum

schene (e.g. ‘le]n ec%fnerall I%P% 1 n Fl G The channel of

FIG 2 has now$eeh’s® POYfNvi &3’8 Fﬁ}‘é"é %ﬁ%n%? sp%'ﬁ?rsé" 'SBachPchannel

has a pl whkdnngl dawimgnal sekaivegpawprokevel ethatt veildapd a2 theanmount

of power w thig, ggF]§§? n e . | has t he

hi ghest power signal's %gﬁ&'ta%%nghit éggpkg%lt$ﬁﬁ %ggﬂgﬁ%ﬁgﬁﬁé t he

signal s th|ngrqngg|wnuiﬁ then be selected. The choice of method used
depends on the state of the current subscriber. The

first method is most appropriate for placing the unit
within it's power control range within the cell when
established communications are in progress or when the
15 unit is handed off to another cell in a system. The
second method is more appropriate for the initial access
of the subscriber to the system at the start of a
communication session.
Once the initial channel assignment has been made,
20 the transmit power of the subscriber unit can be
adjusted as néeded to keep the signal received at the
site at or near the appropriate received signal strength
threshold. If, for example, the subscriber is moving
closer to the site and is unable to reduce its transmit
25 power by enough to maintain the appropriate received
signal strength, then the signal can be moved from one
channel to another having a higher received signal
strength threshold.
In the practical implementation of the spread
30 spectrum communication system of FIG. 5, it is highly
desirable to set the thresholds for adjacent channels
such that they do not differ drastically from each
other. It will be apparent to those experienced in the
art that having different thresholds imposes additional
35 requirements of limiting sideband energy from modulated



pomer‘level. Placing this in practice can be illustrated in the

25 cell site, generally designated 60, of FIG 6. Here, cell 60 is
shown with secondary boundary |ines 4la and 41b. It should be noted
here that this exanple is based upon the assunption that the signals
fromunits closer to base 42 are strgnger than those fromunits
further 30 away. Since propagation andali es and units havi ng

di fferent power output levels will occur, this is not al ways

necessarily thel@ i ¥n pdjadend. channels; amdnimproned Heldchemy of FIG 5
with the cell §é<&&1rement§§ i @ec@a.v'é?bt Bot ﬁ?ﬂé&%&%té%‘nj W ehfae area

I nside 35 boupdary 41h woul d be placed In since

- 10 - BRI S Fhpmnek faom peAgesht srhranel sigpadlss thedmare  units
bet ween the 41t anihykehb Ml%@lpbbvé@slé@éiéi berrc. 9 RiGREd Brehannel S3;

and signals from.,units. outsi unda youl d be placed in
channelg § TREHFD quraqgg.é:]g Egﬁ Ehg?éﬁﬁf ?ﬂé“‘iﬂ aced in channel S1
and user zhkeniemqpud fe SthengéacadjacemﬁmﬂhuﬂnéiZs1gna£§. I'n
using this scheff.e tie Usea r n centere nit's
dyna%1c power cont? eﬁéxggﬁﬁ'ugﬂﬁgwﬁn&ﬁa%r%ﬁ&ﬁ%ﬁ%fﬁﬂ%? €§F1b? cover age

area, the usere%PQQFeqxﬁMQm(ﬁ@ﬁﬁﬂ?eﬁaynreénhcemtsfqﬂqMBnGwommmdb upper limt.
I'f the receivegk 1ﬂ§‘é@co@.ﬁ‘iﬁ@egob?k§w $Nis.d SV&lrablishitienigh" woul d

hlfted to a channel havi_n
be s power threshold %evels for channels sl and s9 which are

next to the system band edges) will make these channels
less susceptible to the interference. The more
vulnerable channels s4-s6 which have the lowest power
- level thresholds are centered in the system where
15 adjacent channel interference is controlled by the
system. '

Referring now to FIG. 7, a graph, generally
designated 70, representing another spread spectrum
communication scheme illustrating the present invention

20 is provided. 1In graph 70, a spread spectrum scheme such
as described in conjunction with FIG. 5 is applied in a
TDMA fashion to one spread spectrum channel. In graph
70, the ordinate value is now time as opposed to
frequency. Here, a particular frequency has been

25 divided into time slots T1-T3, 71-73 respectively. Each
time slot is a time division channel and is assigned a
particular power level. When a communication signal is
received at the base station, depending upon the power
of the received signal, it is assigned to a particular

30 time division channel, 71-73. Again, the signal may be
controlled by the base station to increase/decrease
power to more appropriately match the power level of the
time division channel in which it is being placed.

In FIG. 8, a graph, generally designated 80,

35 - representing yet another spread spectrum communication



received signal strength threshold. Likew se, a user's power may reach
it's power control lower linmt. In this 15 situation the unit would be
shifted to a channel having. a higher received signal strength
threshold. As a result, rather than requiring a power range in the

80- 90 dB range, a range of 20-30 dB woul d be sufficient. As
expl ai ned above, the precedi ng di scussi-od3was 20 under the assunption
that closer units provide higher power signals as opposed to those

units further SOne 111us|t&a%ﬁh§ahh§r§§é§§1@t ideerold, lieyehroviged.not be
based br eakdown, .as shown

pQo r.a m FIG but could
be based upon (%?é’lggégrl of* { ngFe é?‘ﬁﬁﬁlgﬁlﬁiaﬁ‘ra% g)?ﬂﬁ'prag,defihe
signal from usses ti8a thhywddipeweibnl Graplen&ﬂugnheﬁﬂﬁertdme asystem woul d :
place this signaly rea S r nat V,et gn fro ser 43b
may be very r{%{ﬁ(&l gt the gc}ﬂn%s 88, 1'!F\i/%é'bus Iag.‘%nzil or%J st’ruc ed by
an obst acl®) mmuiglqaﬂ:@og}ymnneé paacbemaﬂlmc!mialmw Ixeaviencyel

There are sev%ﬂdmg}p%g;%tgeggtggm ngaéllglefrequergﬁ,p AR R channel for

a particul ar user. I n_one has been _descri bed above, the
cell site - aneRt P35 tﬁ?&s&?&ﬂ 8&‘6%&“@&%%‘3\/591’?%\?@1“9 diteA83user - 35
woul d sel ect aswbanmiginmwan@mféeéﬁtvgdwér gn@x}elstﬁcerwdh

t hreshol d | evel W|t th subscr ber ower cont rq: range. In

anot her met hod, SH4& Jé]%o s CECRMP ?Pan‘é geommunication system: can

10 assign incoming signals to segment/slot locations which
more closely match the incoming signal's power level.
Therefore, it will be clear to one skilled in the
art that the instant invention allows the dynamic power
control range necessary for a spread spectrum
15 communication system to be greatly reduced. This in-
turn permits the use of simpler and less expensive
transceiver designs while still maximizing system
capacity.
Thus, it will be apparent to one skilled in the art
20 that there has been provided in accordance with the
invention, a process and method that fully satisfy the
objects, aims, and advantages set forth above.
While the invention has been described in
conjunction with specific embodiments thereof, it is
25 evident that many alterations, modifications, and
variations will be apparent to those skilled in the art
in light of the foregoing description. Accordingly, it
is intended to embrace all such alterations,

modifications, and variations in the appended claims.



received signal strength threshold information for each channel

avail abl e at the base site-and the current power 5 |evel setting for the
base control——Thannel . The " subscriber's unit would then neasure the
control cha ﬂMﬂA =pomer | evel and cal cul ate the power | oss. A
channel hav:\m\ “‘“c“  level that will place the subscri ber'
unit transnmitspowert wtt hi*n |ts dynam c-194 -range woul d then be sel ect ed.

The choi ce 'of nethod used depends on the state of the current
subscri ber. The first method is nosaimgppropriate for placing the unit
withinit's power control range wthin the cell when est abl i shed

conmmuni cations are |n pro%%%ﬁﬁn?éa@@Sﬂ %§§%é£5$?ﬂ$y n% handed off to
S oY

anot her cell in a systen1 e appropriate for
the initial accessa sitephavhagsabfirsherommuntipatipst chpnnelhbavingt of a
conmuni catg on as%%%Q“recewed sighdlC &g d el tt'k@esﬁBi‘H”ﬁEs@éﬁé&””e“t has

been made, 20 the transmt power of the subscriber unit can

adj usted as n&b§&8tPo ﬁE@patﬁ%c%?%H%megﬂéﬁﬁé@nthﬁﬁéel havé?geaat or near
the appropri ats@cbﬁaeréeéleeanaigﬁﬂ esttdhgth thireceshal dssifnedior exanple,

t he subscri ber V|ng closer to the site and is unable to reduce
Its transmt §§ gD By enough to nmaintain the appropriate received
signal strength, timeanshéosi gahéctimgbenerovieddikdbfiase and sebandel to
anot her Vi n C S

In the pr?ctlggﬁmnhg g%%%ﬁ ?*%ﬁgefé e §H¥%§HS§O%ﬂgggr£ %gngg%ﬁnunlcatlon
systemof FIG 5, it is highly deS|rabIe to set the thresholds for

adj acent channels ». _suchcblihnt Beyide afedh (detcidiast Ghkkkihr om each
other. It will he a garent to those experienced in th { hat havi ng

di fferent thr 8848 & ?ﬁﬁb?@g W t ¢ 1549 Saﬂ@q@??Qﬁeﬁ?§ 5?1??E+?9ng
si deband ener gndf wvherehdukai@dselection is based upon a signal

15 received from said site.

3. The communication system of claim 1 wherein
said first and second communication channels are time

division channels.

20
4. The communication system of claim 1 wherein
said communication system is a spread spectrum
communication system.
25 5. A communication system comprising:

a site having a first communication channel having
a first received signal strength threshold assigned
thereto, and a second communication channel having a
second received signal strength threshold assigned

30 thereto;

means for selecting one of said first and second
communication channels for use by a subscriber unit} and

means for adjusting a transmitter power level of
said subscriber unit to said received signal strength

35 threshold of said selected communication channel.
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- 12 - signals in adjacent channels; and inproved filtering
requirenents in receivers to protect signals on the desired channel
from adj acent channel signals that are at hi gher received power

|l evels. FIG 9 depicts one 5 method of arranging the thresholds to reduce
interference from stronger adjacent channel signals. Since it is
general | y unknown what interference camr 3 - expected fromservices in
adj acent frequency bands, organi zing according to FIG 9 (e.qg.

est abl i shing hi gh 16. poMenettltrscb&iﬁ)lacbé:@tﬁlng bae obBaanglersliwnbs9 which

ar e next &Guhlies USSR SAIRS) Mlibs RIS NESE. ChanE Sy | | oSS

susceptible to t erence hera

whi ch have t heth®wrEepsHmfer | evel threshol ds are centered in the
system where 15 adf@@@mu@aeﬂﬁeﬂnﬂdmrt&%heegsnw &@@5{&'%@@&5&%
system now tqQ FIL.G_ 7, a, graph enera

ferrin

desi gnat ed® 70, W3tpr ﬁ§I§ho§ﬁéﬁ ipfermatiertsigna haV&&@hunlcatlon
schemé i |1 ust rhtfdhﬁna‘.the)rprcﬁsantrelca‘iegﬂl @mgﬁ% st SeftdV itdéshd1R gb%ph 70, a
Spread spectru & S. ' .as cribed.in conjynctiqn mnt FIG 5is
applied in a égagﬁv%aflg’sgI%lélﬁatlﬁ%gnggsﬁ?@‘&‘dné‘b%tc’tc?rhrﬁ In graph
70, the ordinate vatekedtsinmwne wf ssidppdsedlioy of cdmmunﬂﬁanﬁonHere, a
particul ar frqgﬁﬁﬁﬁmjpaqupen 25 divided into time slots T1-T3, 71-73
respectively. Eac " Tt e slot is a time division channel and is
assi gned 10 parfetetang ﬁuﬁﬁﬁnsﬂéﬁepowvﬁeheﬁebo@ﬁlﬁﬁxduSuh$Qﬁﬂyem is
recei ?/ed at thﬁu‘&a%cgi ara®Na 4eBAATI BErdRGPh IHE PWRIna1 recivilieatecei ved
signa It is asgi%p%.if%d% %%&hlgghscrlber unit will match said

received signal strength threshold for said selected

channel.

15
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30 time division channel, 71-73. Again, the signal may be

controlled by the base station to increase/ decrease power to nore
appropriately match the power |evel of the ti me division channel in
which it is being placed. In FIG 8, a graph, generally

desi gnated 80, 35 representing yet another spread spectrum communication
- 13 - schene illustrating the pre%énf I nvention, is provided.

Graph 80 is a three dinensional graph having tine added as the third

di mensi on. G aph 80 represwmtihwdaof assignbhgacnembfa ttheiredhidyeofof FIGS. 5

and 7. Here, Jb?nmu%fcfamﬂ' ‘éﬁ&hﬁ@l&%“&'sﬁl@&cﬁ%} dinvcdedmpRtgifgequency
bandwi dt h segnents S1-S3 - ch trequency bandw d seghent has then
been divi ded ithe Steps §Iots Tlerr]-T[err]. By assigning a different

power | evel
can 10
cl osely

tO eachransnitedfgnt/ skqhesonbbRaddceuls e sconmuni cation system

oh B REanLRY STAReR SrghuErq coareorizet WIE YRLED o [T

will be cIearSmIeone skilled in the art that the instant invention

al lows the dynam c n%%‘@@fn %98&59' tt?ec(%:?sss#hé’ xfe%:l]le%tsg.'{:e?glapem rum

15 conmmuni
permts the
while still

apparent to
pp 16

15

20

25

cation syste reatk uce
u§§ﬁﬁ15|npler and | ess expenS|ve transcei ver designs

nexi Hé&x%ﬁ&ﬁ%@ a powbBP86ELYof said requeHtUbetiveew || be
OQSE?%&%%%%lgglgneo%rsald request from said ‘subscriber
unit to said site;
selecting one of said plurality of communication
channels based upon said signal strength of said request
and a dynamic power transmission range of said
subscriber unit; and
setting a transmit power level of said subscriber
unit such that a signal strength of a signal received at
said site from said subscriber unit will match said
received signal strength threshold for said selected
channel.

8. A communication system comprising:

means for measuring a signal strength of a received
'signal; and

means for selecting a communication channel within
a single site based upon said signal strength of said

received signal.
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20 that there has been provided in accordance with the I nvention, a
ptocess and nethod that fully satisfy the obj ects, ainms, and

advant ages set forth above. Wil e the invention has been
described in conjunction with specific enbodi nents thereof, it is 25
evident that many alterations, nodifications, and variations wll be
apparent to those skilled in the art = 17imn light of the foregoing"
description. Accordingly, it is intended to enbrace all such

al terations, $odi f iAC aomons ;i cahilon asy sit exe nonpr itshimgappended cl ai s.

- 14 - means for sendlngcls¢5WEr evel thr%shélﬁogggﬂéfat'on
system conpri si ng: te” havi ng a I TSt communi ca channel 5
associ at ed t héogwet Rlusal dtyi o5t cemmnmitatdaroshenasdeseomenhavirgmaafirst
received signgaset sgpgth threshold assigned thereto, and a second
conmmuni cati on channel associ at ed therevm th,, sai.d segond communi cati on
channel 2 havi ng™8288c6RY PELEFTLO Pt s?ar%é’tll"l‘r A¥ePEnt from 10
said first re@:enmdleagmah shaengl hsddnianthwbhsedugshokdid powasi gned
thereto, said,firs econd. comuni cad i channel.s_serving
substantial ly a 5| ng ﬁ c%vgga o5 recelve%é)y a SlB3CE &hé for sel ecti ng
one of said first aﬁ@nseéondtlénsmbhhumgoalﬁanUﬂﬁﬁﬂmﬂlsihoanuseceysa

subscriber unighannel of said selected one of said plurality of
10 communication channel segments from said subscriber to
said base site; and
means for selecting a communication channel within
said selected one of said plurality of communication

channel segments.

15
10. A method of reducing a subscriber transmit
power control range in a communication system having a
base site and a subscriber, said method comprising the
steps of:
20 measuring a signal strength of a signal received at

said base site from said subscriber; and
selecting a communication channel within a single
cell based upon said signal strength.

n|||||| IIIIII ||||| ||||| ! lIII \\II\\\\\\\I\\\\\\\ﬂI\
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2. The communi cation systemof claim1l wherein sai d subscriber unit

conprises said neans for selecting and wherein said selection is based

upon a signal 20 received fromsaid site. 3. The conmuni cati on
system of claim 1l wherein said first and second comuni cati on channel s

are tine di vi si on channels. 25 4. The conmuni cati on system of
claim1 wherein sai d connunication‘s¥§t9n1is a spread spectrum

comuni cati on system [err]

REPLACEMENT SHEET [err4 MULTIPLE USER SPREAD-SPECTRUM
COMMUNICATION SYSTEM

Abstract of the Disclosure

A communication system having a site (42) employing
a plurality of communication channels. Each channel is
assigned a desired received signal strength threshold.
A channel is assigned to a subscriber unit (43a, 43b)

10 based upon the strength of the signal received at the
site (42) and the power control range of the subscriber
unit (43a, 43b). The selection of a channel may be
performed either by the site (42) or the subscriber unit
(43a, 43b). In an FDMA environment (50), each separate

15 frequency division channel may be assigned different
received signal strength thresholds. In a non-
overlapping time interval (TDMA) environment (70), each
separate time division channel may be assigned different
received signal strength thresholds. In another

20 embodiment (80), a combination of FDMA and TDMA

environments can be used.

Fig. 7 accompanies this abstract.



- 15 = 5. A communi cation system conpri sing: a site
having a first comuni cati on channel associ ated therewith, said first
communi cation channel 5 having a first received signal strength threshold
assigned thereto, and a second comuni cati on channel associ at ed
therewith, said second comuni cati on channel havi ng a second received
signal strength, different from sai_d flrst recei ved signal strength,

t hreshol d assigned 10 thereto, said filr €t 2and second conmuni cati on
channel s serving substantially a single coverage area, means
for selecting one of said first and second connunl #ion channels for
use by a subscribgr unit; and means for ad |ng a transmtter
power |evel of 15 said subscrib un|t to sai |ved signal strength
t hreshol d of said] sel ected comuhijcati on chan e [err]

AMPLITUDE| _
ﬂ ﬂ j\ FIG.7

—s| 1] f— FREQUENCY
—— PRIOR ART —

o | /

127

._LZIZ

=127
—l 1] j— FREQUENCY

F[G-Z — PRIOR ART —

20

20
R 12 /
0 A
S 1 R 217
za :_,’.212
A =12 _
— 11— FREQUENCY

FIG.8 —pror wr—
AN 40 F[G’ 6'

r—— e
7 \ / \
(/ \ / \) Ia\_ 41b
\ 430 —\/\ 430
P y -—-(, 4 42 \
! ° Lar N (
/
(\ 43b ) \ ,) \ \ 0_43b/ /
\ / \ 7
| S | SO 4
\ /
\ ’




L

[err]

assigning one of a plurality of

single site,

substantially a single coverage area,

each

- 16 - 6. A nethod of
communi cati on channel s assigned to a
of said plurality of conmunication channels serving.
to a subscriber 5 wunit, said nethod

conprising the steps of: - rec@i ¥i &g an information signal at said
subscri ber
50
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unit -fromsaid single site, said information signal havi ng i nformation

on a received signal strength threshold for each of said plurality of
" gormmuni cation 10 channel s; selecting.one of said plurality of
communi cat i on channel s; and setting a transmt power |evel of
said subscriber ~ unit such that a signal strength of a signal received
at 15 said site fromsaid subscriber unifa will natch said recei ved
signal strength threshold for said selected channel . [err]
Claims

1. A communication system comprising:
a site having a first communication channel
5 associated therewith, said first communication channel
' having a first received signal strength threshold
assigned thereto, and a second communication channel
associated therewith, said second communication channel
having a second received signal strength, different from
10 said first received signal strength threshold, threshold
assigned thereto, said first and second communication
channels serving substantially a single coverage area;
and
means for selecting one of said first and second
15 communication channels for use by a subscriber unit.

2. The communication system of claim 1 wherein
said subscriber unit comprises said means for selecting
and wherein said selection is based upon a signal

20 received from said site.

3. The communication system of claim 1 wherein
said first and second communication channels are time
division channels.

25 .

4. The communication system of claim 1 wherein
said communication system is a spfead spectrum
communication system.

i m
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[err] - 17 - 7. A nethod
of assigning one of a plurality of . communi cati on channel s assigned to a
si'ngle site, each of said plurality of conmunication channels serving
substantially a single coverage area, to a subscriber 5 wunit, said nethod
conprising the steps of: transmtting a request for access to a
comuni cation system from said subscribernsunit to said single site;
measuring a signal strength of said request at said 10 site;

determ ning a power |oss of said request between the transm ssion of
said request fromsaid subscrlber unit to said site; sel ecting
one of said pIurallﬁy of AcEANTINF EGAG IO BY Sten fOBPE 154884 upon said signal

strength of said regueste havﬁ@@%”‘c%nﬁ@h@ba{:i@ﬁséh&%@ range of said
subscri ber unit; an transn1t power | evel _of said

subscri ber %ﬁ??l§EE91§nﬁﬁeﬂiéhx] FPQﬁEtﬁo punieatyion qhaamaled at

5 having a first received signal strength threshold

assigned thereté, and a second communication channel
associated therewith, said second communication channel
having a second received signal strength, different from
said first received signal strength, threshold assigned
10 thereto, said first and second communication channels
serving substantially a single coverage area;
means for selecting one of said first and second
communication channels for use by & subscriber unit; and
means for adjusting a transmitter power level of
15 said subscriber unit to said received signal strength
threshold of said selected communication channel.
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20 said site fromsaid subscriber unit will match said recei ved signal

strength threshold for said selected channel . 8. A

communi cation system conprising: 25 means for measuring a signal
strength of a received signal; and means for selecting a
conmmuni cati on channel of a plurality of communication channels, each of
said plurality of comuni cation chanhels serving 30 substantially a
singl e coverage area, within a single ‘site based upon said signal

sirepgth of said recei vVadmethodSb8Naksigning one d£'d blurality of
B 18 - communication channels assigned to a single site, each
of said plurality of communication channels serving
substantially a single coverage area, to a subscriber
5 unit, said method comprising the steps of:
receiving an information signal at said subscriber
unit from said single site, said information signal
having information on a received signal strength
threshold for each of said plurality of communication
10 channels;
selecting one of said plurality of communication
channels; and
setting a transmit power level of said subscriber
unit such that a signal strength of a signal received at
15 said site from said subscriber unit will match said
received signal strength threshold for said selected
channel. '

e
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9. <A communi cation system conpri sing: means for sending a power

I"evel threshold signal for a plurality of comruni cation channel

- 'segnents, each of said plurality of conmunication channel segnents 5
‘serving substantlally a single coverage area, froma singl e base site;

neans for selecting one of said plurality of communi cati on channel

segnents based upon sai d power | evel 1t7hreshol d signal received by a

subscri ber; 10 nmeans for transmtting a first signal in an access

channel of said selgctedsonecida ¢ @égllérnqhbt Ynaf of a §pumtggtdpn channel
segrrents fromsaid s,ubscrl ber to sai. d se Si nmeans for

sel ecting a cofRRIFHRLIGR G IchRnRelR; Pﬁﬁﬁgﬁg £33 %’e‘l“%@? & %he ®5Chsai d
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measuring a signal strength of said request at said
10 site;
determining a power loss of said request between
the transmission of said request from said subscriber
unit to said site; o
selecting one of said plurality of communication
15 channels based upon said signal strength of said request
and a dynamic power transmission range of said
subscriber unit; and
setting a transmit power level of said subscriber
unit such that a signal strength of a signal received at
20 said site from said subscriber unit will match said
received signal strength threshold for said selected
channel.

8. A communication system comprising:
25 means for measuring a signal strength of a received
signal; and
means for selecting a communication channel of a
plurality of communication channels, each of said
plurélity of communication channels serving
30 substantially a single coverage area, within a single
site baséd-upon said signal strength of said received
signal. |
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9. A communication system comprising:

means for sending a power level threshold signal
for a plurality of communication channel segments, each
of said plurality of communication channel segments
serving substantially a single coverage area, from a
single base site;

means for selecting one of said plurality of
communication channel segments based upon said power
level threshold signal received by a subscriber;

means for transmitting a first signal in an access
channel of said selected one of said plurality of
communication channel segments from said subscriber to
said base site; and

means for selecting a communication channel within
said -selected one of said plurality of communication
channel segments.

10. A method of reducing a subscriber transmit
power control range in a communication system having a
base site and a subscriber, said method comprising the
steps of:

measuring a signal strength of a signal received at
said base site from said subscriber; and '

selecting a communication chapnel of a plurality of
communication channels, each of said plurality of
communication channels serving substantially a single
coverage area, within a single cell based upon said
signal strength. |
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