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TELEPHONE SYSTEM BACKGROUND OF THE I NVENTION |. Field of :the
| nventi on The present invention relates to cellular tel ephone systens.

More specifically, the present invention relates to a novel and inproved
recei ver design for enhancing the reliability and comuni cations i‘n the

DIVERSITY RECEIVER IN A COMA CELLULAR
TELEPHONE SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention .

! The present invention relates to cellular telephone systems. More
specifically, the present invention relates to a novel and improved
receiver design for enhancing the reliability and communications in the

10 cellular telephone environment.

II. Description of the Related Art

The use of code division multiple access (CDMA) modulation

techniques is one of several techniques for fadlitating communications in
15 which a large number of system users are present. Although other
techniques such as time division multiple access (TDMA), frequency
division multiple access (FDMA) and AM modulation schemes such as
amplitude companded single sideband (ACSSB) are known, CDMA has
_ significant advantagés over these other techniques. The use of CDMA
20 techniques in a multiple access communication system is disclosed in
U.S. Patent application Serial No. 06/921,261, filed October 17, 1986,
entitled “SPREAD SPECTRUM MULTIPLE ACCESS COMMUNICATION
SYSTEM USING SATELLITE OR TERRESTRIAL REPEATERS”, now
U.S. Patent No. 4,901,307, assigned to the assignee of the present

25 invention, the disclosure thereof, incorporated by reference.

In the just mentioned patent, a multiple access technique is
disclosed where a large number of mobile telephone system users each
having a transceiver communicate through satellite repeaters or terrestrial
base stations (also known as cell-sites stations, or for short cell-sites) using

30 code division multiple access (CDMA) spread spectrum communication
signals. In using CDMA communications, the frequency spectrum can be
reused multiple times thus permitting an increase in system user capacity.

" The use of CDMA results in a much higher spectral efficiency than can be
achieved using other multiple access techniques. In a CDMA system,

35 increases in system capacity may be realized by controlling the transmitter
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cel lul ar WP @pHaM¥ environment. 1. Description of the Rel atRAT/ASIN/ 6417
The use of code division nmultiple access (CDMA) nodul ati on techniques is
one of several techniques for facilitating communications in which a |arge
nunber of system users are present. Although other techniques such as tine
division multiple access (TDMA), frequency d@vision nultiple access (FDVA)
and AM nodul ati on schenes such as anplitude conpanded single sideband

(ACSSB) are known, h significant ad t ages .qQver t hese other

{echni fues. The FoSLeropt earn BB ibao AS YO HRARE, iBtGEeredes donhilieF sxetem
systemis disclasers.in U S. Patent application Serial No. 06/921, 261, filed
Cctober 17, 1986, entitl " Sk ( I CAT:
SYSTEM USI NG SATELLI TE SR TEAEETR APFUAEATERR: , TG, 0 A pSC RN e tion
4,901, 307, assi gechhiqueshtheagnobieanit transcpivesemeasuresnthaopowerelevel of a
di scl osure thereainali Repivedr 9iLd fellitd FEaer. (}Js\}lﬂgrﬂh@stﬂ&véﬂjﬁea gérmgged

patent, a nultip access, tec nlquegsd ) e alarge nu :
mobi | e t el ephond@l@ystWih kBpwiedgs of the satellite transponder downlink transmit

power level and the sensitivity of the mobile unit receiver, the mobile
unit transceiver can estimate the path loss of the channel between the
mobile unit and the satellite. The mobile unit transceiver then

10 determines the appropriate transmitter power to be used for signal
transmissions between the mobile unit and the satellite, taking into
account the path loss measurement, the transmitted data rate and the
satellite receiver sensitivity.

The signals transmitted by the mobile unit to the satellite are

15 relayed by the satellite to a Hub control system earth station. The Hub
measures the received signal power from signals transmitted by each
active mobile unit transceiver. The Hub then determines the deviation in
the received power level from that which is necessary to maintain the
desired communications. Preferably the desired power level is a

20 minimum power level necessary to maintain quality communications so,
as to result in a reduction in system interference.

The Hub then transmits a power control command signal to each
mobile user so as to adjust or “fine tune” the transmit power of the mobile
unit. This command signal is used by the mobile unit to change the

25 wansmit power level closer to a minimum level required to maintain the
desired communications. As channel conditions change, typically due to
motion of the mobile unit, both the mobile unit receiver power
measurement and the power control feedback from the Hub continually
readjust the transmit power level so as to maintain a proper power level.

30 The power control feedback from the Hub is generally quite siow due to
round trip delays through the satellite requiring approximately 1/2 of a
second of propagation time. _ '

One important difference between satellite or terrestrial base
stations systems are the relative distances separating the mobile units and-

35 the satellite or cell-site. Another important different in the satellite versus
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havi ng aw@angcatawer communi cate through satellite repeaterspor/itenrgstti al
base stations (also known as cell-sites stations, or for short cell-sites)
usi ng code division nultiple access (CDVA) spread spectrum comuni cation
signals. In using CDVA conmuni cations, the frequency spectrum can be reused
multiple tines thus permtting an increase gn systemuser capacity. The use
of COVA results in a nuch higher spectral efficiency than can be achi eved
using other multiple access techni que In a CDVA system increases in

syst em capaci t ytheatgriestriaglasystea léytcll'@oht?&wf fadinghthat ranaury im ghese channels.

Tnus, these differences require various refinements in the approach to
system power control for the terrestrial system.

In the satellite/mobile unit channel, i.e. the satellite channel, the

-5 satellite repeaters are normally located in a geosynchronous earth orbit.
As $uch, the mobile units are all at approximately the same distance from
the- satellite repeaters and therefore experience nearly the same
propagation loss. Furthermore, the satellite channel has a propagation
loss characteristic that follows approximately the inverse square law, i.e.

10 the propagation loss is inversely proportional to the square of the distance
between the mobile unit and the satellite repeater in use. Accordingly, in
the satellite channel the variation in path loss due to distance variation is
typically on the order of only 1-2 dB. '

In contrast to the satellite channel, the terrestrial/mobile unit

15 channel, i.e. the terrestrial channel, the distance between the mobile units
and the cell sites can vary considerably. For example, one mobile unit may
be located at a distance of five miles from the cell site while another
mobile unit may be located only a few feet away. The variation in distance
may exceed a factor of one hundred to one. The terrestrial channel

20 experiences a propagation loss characteristic as did the satellite channel. .
However, in the terrestrial channel the propagation loss characteristic
corresponds to an inverse fourth-power law, i.e. the path loss is
proportional to the inverse of the path distance raised to the fourth power.
Accordingly, path loss variations may be encountered which are on the

25 order of over 80 dB in a cell having a radius of five miles.

The satellite channel typically experiences fading that is
characterized as Rician. Accordingly the received signal consists of a direct
component summed with a multiply reflected component having
Rayleigh fading statistics. The power ratio between the direct and reflected

30 component is typically on the order of 6-10 dB, depending upon the
characteristics of the mobile unit antenna and the environment about the
mobile unit. '

Contrasting the satellite channel with the terrestrial channel, the
terrestrial channel experiences signal fading that typically consists of the

35 Rayleigh faded component without a direct component. Thus, the
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power of WOH/GH1 e user so as to reduce interference to ot KET/H&/8ed!1"
users. In the satellite application of the CDMA comruni cation
techni ques, the nobile unit transceiver neasures the power |evel of a
signal received via a satellite repeater. Using this power neasurenent,
along with know edge of the satellite transpbnder downlink transnit power
| evel and the sensitivity of the nobile unit receiver, the nobile unit

transcei ver can Laate .t h | |
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the deviation i Rransmission delays. At the UHF frequency bands usually employed for

mobile radio communications, including those of cellular mobile
telephone systems, significant phase differences in signals traveling on

10  different paths may occur. The possibility for destructive summation of
the signals may result, with on occasion deep fades occurring.

Terrestrial channel fading is a very strong function of the physical
position of the mobile unit. A small change in position of the mobile unit
changes the physical delays of all the signal propagation paths, which

15 further results in a different phase for each path. unit through the
environment fading process. For example, Thus, the motion of the
mobile can result in a quite rapid in the 850 MHz cellular radio frequency
band, this fading can typically be as fast as one fade per second per mile per
hour of vehicle speed. Fading on this order can be extremely disruptive to

20 signals in the terrestrial channel resulting in poor communication quality.
However, additional transmitter power can be used to overcome the
problem of fading.

The terrestrial cellular mobile telephone system typically requires a
full-duplex channel to be provided in order to allow both directions of the

25 telephone conversation to be simultaneously active such as provided by
the conventional wired telephone system. This full-duplex radio channel
is normally provided by using one frequency band for the outbound link,
ji.e. transmissions from the cell-site transmitter to the mobile unit
receivers. A different frequency band is utilized for the inbound link, i.e.

30 transmissions from the mobile unit transmitters to the cell-site receivers.
According, this frequency band separation allows a mobile unit
transmitter and receiver to be active simultaneously without feedback or
interference from the transmitter into the receiver.

In the conventional cellular telephone system, the available

35 frequency band is divided into channels typically 30 KHz in bandwidth
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be used in the six nearest or surrounding neighbors of that cell.
Furthermore, the frequency set in one cell will not be used in the twelve
next nearest neighbors of that cell.

In the conventional cellular telephone system, the handoff scheme
implemented is intended to allow a call to continue when a mobile
telephone crosses the boundary between two cells. The handoff from one
cell to another is initiated when the cell-site receiver handling the call
notices that the received signal strength from the mobile telephoné falls
below a predetermined threshold value. A low signal strength indication
implies that the mobile telephone must be near the cell border. When the
signal level falls below the predetermined threshold value, the cell-site
asks the system controller to determine whether a neighboring cell-site
receives the mobile telephone signal with better signal strength than the
current cell-site.

The system controller in response to the current cell-site inquiry
sends messages to the neighboring cell-sites with a handoff request. The
cell-site neighboring the current cell-site employs special scanning
receivers which look for the signal from the mobile unit on the spedfied
channel. Should one of the neighboring cell-sites report an adequate
signal level to the system controller, then a handoff will be attempted.

Handoff is then initiated when an idle channel from the channel
set used in the new cell-site is selected. A control message is sent to the
mobile telephone commanding it to switch from the current channel to
the new channel. At the same time, the system controller switches the call
from the first cell-site to the second cell-site. In the conventional system a
break-before-make scheme is utilized such that no diversity reception is
possible in overcoming fades.
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3 the t\WOrYLT34l systemis the type of fading that occurs NG/t RelEedi”
channel s. Thus, these differences require various refinenents in the
approach to system power control for the terrestrial system In the
satellite/nmobile unit channel, i.e. the satellite channel, the satellite
repeaters are normally located in a geosyndhronous earth orbit. As such,
the -nobile units are all at approximately the sarre di stance fromthe

ass. Furthor morc, - FREIReepTa hauiAnEe RGP plelERbareo e to Reds LR
command to switch channels, the handoff will fail. Actual operating
experience indicates that handoff failures occur frequently which
questions the reliability of the system.

S In the conventional cellular telephone system, path fading
deléteriously affects communications and can cause disruption in call
service. It is therefore an object of the present invention to provide, in a
cellular telephone system, a receiver design which fadlitates reception and
processing of the strongest signals transmitted from one or more cell-sites,

10 these signals being multipath signals from a single cell-site or signals
transmitted by multiple cell-sites.

SUMMARY OF THE INVENTION

15 In a CDMA cellular telephone system, the same frequency band is
used for communication in all cells. The CDMA waveform properties
that provide processing gain are also used to discriminate between signals
that occupy the same frequency band. Furthermore the high speed
pseudonoise (PN) modulation allows many different propagation paths to

20  be separated, provided the difference in path propagation delays exceed the
PN chip duration, or one/bandwidth. If a PN chip rate of 1 MHz is
employed in a CDMA system, the full spread spectrum processing gain,
equal to the ratio of the spread bandwidth to system data rate, can be
employed against paths that differ by more than one microsecond in path

25 delay from the desired path. A one microsecond path delay differential
corresponds to differential path distance of 1,000 feet. The urban
environment typically provides differential path delays in excess of one
microsecond, and up to 10-20 microseconds are reported in some areas.

In narrowband modulation systems such as the analog FM

30 modulation employed by conventional telephone systems, the existence of
multiple paths results in severe multipath fading. With wideband CDMA
modulation, however, the different paths may be discriminated against in
the demodulation process. This discrimination greatly reduces the
severity of multipath fading. Multipath fading is not totally eliminated in

35 using CDMA discrimination techniques because there will occasionally
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| oss chawna@x®ientidsi ¢ that follows approxinmately the inverse gqua{€ohayid - €.
the propagation loss is inversely proportional to the square of the

di st-ance between the nobile unit and the satellite repeater in use.
Accordingly, in the satellite channel the variation in path | oss due to

di stance variation is typically on the order of only 1-2 dB. In
contrast to the satellite channel, the terrestrial/nobile unit channel,

i.e. the terrestrial channel, the distance between the nobile units and the
cel | sites canexat patbssvithrddiay differerdiadspf dessothannths ménimium payh ielav

ity be 1 ot o BTy SYThE TR Adling Bath Ul Sy D LR Santipe! | ©
exceed ‘a fact oPedtiseriBinaiedr egrinst Bhehe Hamodalatesy (It 45 therafpr desixpklei hates
~a propagation kqssyaba Skdad Sldvidadivrsity befirthé Hdiethettlts dofRYRE., 11
the terrestgial chappel dtg\?ggrggae??tlon Ifogs chg_r CterIStICé coré‘es%on to
an inverse ¥ ourt h- pdgr deleferipus efiects g fadings €aR 8, copFrotiegnspmen hateby
i nverse of thecortrblithg banemitiar pedverdntthe COMA Bysrenrr .A Agsweftlfdargtell-sipat h
2 oot | havi ng A Pano SRR Beket st ekl g 5. (ARSI 1y
experiences fadippidatian emstitted “METHOD AND APPARATUS FOR CONTROLLING
TRANSMISSION POWER IN. A CDMA CELLULAR MOBILE

10 TELEPHONE SYSTEM”, Serial No. 07/433,031, filed November 7, 1989, by
the inventors hereof and assigned to the Assignee of the present
invention. Furthermore the effect of multipath fading can be reduced in
the handoff mode when the mobile unit is transitioning between cell-site
service area with the mobile unit communicating cell-sites during the

15 handoff process. The handoff scheme is disclosed in copending
U.S. Patent Application entitled “SOFT HANDOFF IN A CDMA
CELLULAR TELEPHONE SYSTEM”, Serial No. 07/433,030, filed
November 7, 1989, by. the inventors hereof and assigned to the Assignee of

. the present invention.

20 The existence of multipaths- can provide path diversity to a
wideband PN CDMA system. If two or more paths are available with
greater than one microsecond differential path delay, two or more PN
receivers can be employed to separately receive these signals. Since these
signals will typically exhibit independence in multipath fading, i.e., they

25 usually do not fade.together, the outputs of the two receivers can be
diversity combined. Therefore a loss in performance only occurs when
both receivers experience fades at the same time. Hence, one aspect of the
present invention is the provision of two or more PN receivers in
combination with a diversity combiner.

30 Another aspect of the present invention is that as a mobile unit
moves ihrough the physical environment, the number of multiple paths
and their signals strengths constantly vary. The present invention
therefore utilizes a special receiver, called a searcher receiver, which
constantly scans the time domain of the channel to determine the

35 existence, the location in the time domain, and the relative signal
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char act esw@egnassaRi ci an. Accordingly the received signal consEsiioBfnad=
direct conponent summed with a multiply reflected conponent having Rayl ei gh
fadi-ng statistics. The power ratio between the direct and reflected
conponent is typically on the order of. 6-10 dB, dependi ng upon the
characteristics of the nobile unit antenna gnd the environnent about the
nobile unit. Contrasting the satellite channel with the terrestrial
channel, the terrestrial channel experiences signal fading that typically
consi sts of thetrRngthsgf sighsds Gonthenamultiplenpath gnuinoseReRto NPt IsEarchers,

the receiver provides control over the data‘receivers in tracking the best
signals available on differing paths.

In a CDMA cellular telephone system, each cell-site has a plurality

5 of modulator-demodulator units or spread spectrum modems. Each

modem consists of a digital spread spectrum transmit modulator, at least

one digital spread spectrum data receiver and a searcher receiver. Each

modem at the cell-site is assigned to a mobile unit as needed to fadlitate

communications with the assigned mobile unit. Therefore in many

10 instances many modems are available for use while other ones may be
active in communicating with respective mobile units. A soft handoff
scheme is employed.for a CDMA cellular telephone system in which a
new cell-site modem is assigned to a mobile unit while the old cell-site
continues to service the call. When the mobile unit is located in the

15 transition region between the two cell-sites, the call can be switched back
and forth between cell-sites as signal strength dictates. Since the mobile
unit is always communicating through at least one cell-site, no disrupting
effects to the mobile unit or in service will occur. The present invention
utilizes multiple receivers at the mobile unit which are also used in a

20 diversity function when in the handoff process or firmly in a single cell.

In the CDMA cellular telephone system, each cell-site transmits a
“pilot carrier” signal. This pilot signal is used by the mobile units to
obtain initial system synchronization and to provide robust time,
frequency and phase tracking of the cell-site transmitted signals.

25 Each cell-site also transmits a “setup” channel comprised of spread
spectrum modulated information, such as cell-site identification, system
timing, mobile paging information and various other control signals. The
pilot signal transmitted by each cell-site is of the same spreading code but
with a different code phase offset. Phase offset allows the pilot signals to

30 Dbe distinguished from one another resulting in distinguishment between
cell-sites from which they originate. Use of the same pilot signal code
allows the mobile unit to find system timing synchronization by a single
search through all pilot signal code phases. The strongest pilot signal, as
determined by a correlation process for each code phase, is readily

35 identifiable. The identified pilot signal corresponds to the pilot signal
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terrest h-@lyfrganel presents a nore severe fading environne ] the_
satel i teécﬁanﬁ'e where Rician fading is the dom nant fadi nghhh'&{‘]”"("“
characteristic. The Rayl ei gh fading characteristics in the
terrestrial channel signal is caused by the signal being reflected from

many different features of the physical enyironnment. As a result, a signal

arrives al nost simultaneously at a nobile Unit receiver from nany

directions with different transm ssion delays. At the UHF frequency bands

usual Iy enpl owgg‘g‘rgmé@p}me hagtiest €ABMAI cations, including those of
cellular nobile telﬁghone syst.ens, Si gml fi cant ph
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result in a quimbodupeut iof thee pes@ntHAvention, hwendyrend diffecemty codes are
used. However, it should be understood that more or less codes could be
used in the setup channel as determined by system parameters. The
10 mobile unit then begins a search through all of the different codes used in

the setup channel. |

When the mobile unit identifies the appropriate setup code for that
cell-site, system information is received and processed. The mobile unit
further monitors the setup channel for control messages. One such

15  control message would indicate a call is waiting for transfer to this mobile
unit. '

The mobile unit continues to scan the received pilot carrier signal
code at the code offsets corresponding to neighboring cell-site transmitted
pilot signals. This scanning is done in order to determine if the pilot

20 signal emanating from neighboring cells is becoming stronger than the
pilot signal first determined to be strongest. If, while in this call inactive
mode, a neighbor cell-site pilot signal becomes stronger than that of the
initial cell-site transmitted pilot signal, the mobile unit will acquire the
stronger pilot signals and corresponding setup channel of the new cell-site.

25 When a call is initiated, a pseudonoise (PN) code address is
determined for use during the course of this call. The code address may be
either assigned by the cell-site or be determined by prearrangement based
upon the identity of the mobile unit. After a call is initiated the mobile
unit continues to scan the pilot signal transmitted by cell-sites located in

30 neighboring cells. Pilot signal scanning continues in order to determine if
one of the neighboring cell-site transmitted pilot signals becomes stronger
than the pilot signal transmitted by the cell-site the mobile unit is in
communication with. When the pilot signal transmitted by a cell-site
located in a neighboring cell becomes stronger than the pilot signal

35 transmitted by a cell-site in the current cell, it is an indication to the
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band, thi % fgalc/i?r? 6can typically be as fast as one fade per sé’&}-ﬁHS%EP“‘?ﬁ-I e

per hour of vehicle speed. Fading on this order can be extrenely disruptive
to signals in the terrestrial channel resulting in poor conmunication
quality. However, additional transmtter power can be used to overcone the
probl em of fading. The terrestrial cel*ful ar nobile tel ephone system
typically requires a full-duplex channel to be provided in order to allow

both directions r‘?cg waniteirﬁa@GOﬂ@w%n%séérp@nﬁeee&%nal fRak taanﬁ%tffk ¥haald ve

such as provided by the conventional w.red telep ?ne system This
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the nobile unit receiyers. A different e band is 1 |.zed for th
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divided into chagggl s P! oY1 Hedldge! s PANHEA D the system controller is
interpreted that a handoff in mobile unit communications to the
10  identified new cell-site is to begin.

The system controller now begins the handoff process. It should be
understood that during handoff the PN code address of the particular
mobile unit which is to undergo the handoff process need not change.
The system controller begins the handoff by assigning a modem located in

15 the new cell-site to the call. This modem is given the PN address
associated with the call in communications between the mobile unit and
the current cell-site modem. The new cell-site modem assigned to service
the call searches for and finds the mobile unit transmitted signal. The cell-
site modem also begins transmitting an outbound signal to the mobile

20 unit. The mobile unit searches for this outbound signal in accordance
with the signal and setup channel information provided by the new cell-
site. When the new cell-site modem transmitted signal is acquired, the
mobile unit switches over to listening to this signal. . The mobile unit then
transmits a control message indicating that handoff is complete. The

25 control message is provided by either or both of the old and new cell-site
modems to the system controller. In response to this control message the
system controller switches the call over to the new cell-site modem alone
while discontinuing the call through the old cell-site modem. The old
cell-site modem then enters a pool of idle modems available for

30 reassignment.

However, when the mobile unit is within a single cell service area
in which the cell-site signals are multipath signals, the corresponding
cell-site transmitted signals are stronger than any other cell-site
transmitted signals which may be received at the mobile unit. In the

35 single cell mode of operation, the searcher receiver monitors the
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5  whi | engnéy,gth3EM nodul ation techni ques are used. The syst
I's divided geographically into cells of varying size. The a
frequency channels are divided into sets with each set usua
an equal nunber of channels. The frequency sets are assigne
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dtocellsin

such a way as to mnimze the possibility gk co-channel interference. For
exanpl e, consider a systemin which there are seven frequency sets and the
cells are equal size hexagons. A frequency set used in one cell wll not
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25
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35

multipath signals and identifies the strongest as received on the various
multipaths. The searcher receiver provides this information to the
mobile unit control processor which instructs the data receivers to track
the signals upon these strongest paths. The signals are then output from
the data receivers where they are provided to a diversity combiner.

5 During call handoff, mobile unit communications with the various
cell-sites is subject to path diversity. These communications are also
processed by the multiple receivers at the mobile unit for diversity
combination. Furthermore the signals transmitted through the various
cell-sites are combined in a diversity combiner at the system controller.
The present invention further permits what is referred to herein as the
cell-site diversity mode at times other than a handoff. In this mode the
mobile unit is permitted to communicate with various cell-sites on an
ongoing basis. _ |

In the cell-site diversity mode the call is allowed to linger in the
in-between state as described above with reference to the call being
processed by two cell-sites. In the exemplary embodiment described herein
with reference to the mobile telephone of the present invention, a total of
three demodulator processors or receivers are utilized. One of the
receivers is used for the scanning function, while the two other receivers
are used as a two channel diversity receiver. During operation in a single
cell, the scanning receiver attempts to find the cell-site transmitted signal
travelling upon multiple paths to the mobile unit. These multipath
signals are typically caused by reflections of the signals by the terrain,
buildings and other signals obstructions. When two or more such
reflections are found, the two receivers are assigned to the two strongest
paths. The scanning receiver continues to evaluate the multiple paths to
keep the two receivers synchronized with signals on the two strongest
paths as path conditions change. '

In the cell-site diversity mode, the strongest paths from each
cell-site is determined by the search receiver. The two receivers are
assigned to demodulate the signals on the strongest two paths of the paths
available from the original cell-site and from the new cell-site. The data
demodulation process uses information from both of these receivers in a
diversity combining operation. The result of this diversity combining
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be used i*hOMEY83& nearest or surrounding neighbors of that BEF(LS90/0641"
Furthernore, the frequency set in one cell will not be used in the twelve
next * near est nei ghbors of that cell. In the conventional cellular

t el ephone system the handoff schene inplenented is intended to allow a
call to continue when a nobile tel ephone crdéses the boundary between two
cells. The handoff fromone cell to another is initiated when the cell-site

the moni I 6 tel eppsiacirt & B InbRAsd, ASARE KPBeRidos THORR NN BT
si gnal strength Q4§HF dRtthermuiipaidscalhdar telepheng eavironaMivne nust be near
the cell border. WemHhgresdiaindeaiin Ldkd divetspwy cBenbhatet @y Bigiiflcantly
t hreshol d va! ue, fhe ngl -%léﬁ_e %s S ihg isgstem co triol Jer tO determ rm‘l
whet her a nei ghiASIVARGE dBe [AMaliER 3Md telioBUIHY 1R CroBMLDI GRS B Bebie Feliian
better signaf stteRijdichet bgstenie s uheepieseat linvehtion a formThef snskiemal ratio
ARSI RN M TS FONIG AR C e SR,
nei ghbori ng t he maths deing edinbinidde withptheysordifoatiahs $rom thagwe pathsewsighited h
look for the sigpal, 4@y ! hedMBinifg U8' dortekPSitBE Hildi®hgnal demodulation
allows the phase of each path to be determined.

10 In the path from the mobile unit to the two cell-sites, path diversity
reception is also obtained by having both cell-sites demodulate the mobile
unit transmitted signals. Both cell-sites forward their demodulated data
signals to the system controller along with an indication of signal quality
in the cell-sites receiver. The system controller then combines the two

15 versions of the mobile unit signal and selects the signal with the best
quality indication. It should be understood that it is possible to transmit
the undecoded or even the undemodulated signals to the system
controller in order to allow a better diversity combining process to be
utilized.

20 The system controller responds by connecting the call to a modem
in the new cell-site. The system controller then performs diversity
combining of the signals received by the two cell-sites while the mobile
unit performs diversity combining of the signals received from the two
cell-sites. The cell diversity mode continues as long as signals received

25 from both cell-sites are of a level sufficient to permit good quality
demodulation.

The mobile unit continues to search for signals transmitted from
other cell-sites. If a third cell-site transmitted signal becomes stronger than
one of the original two cell-site signals, the control message is then

30 transmitted by the mobile unit via at least one current cell-site to the
system controller. The control message indicates the identity of this cell-
site and a request for handoff. The system controller then discontinues
the call being communicated via the weakest cell-site signal of the three
while providing the call through the two strongest cell-sites. Should the

35 mobile units be equipped with additional receivers, such as three
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channel . wShoutatosme of the neighboring cell-sites report an pgegusdogndignal
| evel to the systemcontroller, then a handoff will be attenpted.

Handoff is then initiated when an idle channel fromthe channel set used in
the new cell-site is selected. A control nessage is sent to the nobile

t el ephone commanding it to switch fromthe tlrrent channel to the new
channel. At the sane tinme, the system controller switches the call fromthe
first cell-site to the second cell-site. In the conventional system a

br eak- bef or e- makeseiersretiple el site divarsity mede mRYdbe Enpiamentedept i on i s

possibl e in overcom pHe f@fiesite diversity mode is terminated when the mobile unit
determines that only one cell-site is providing adequate signals for quality
demodulation. The mobile unit then sends a control message indicative
of the cell-site to remain in communication upon termination of the cell-
site diversity mode. The cell-site diversity mode may also be terminated
by the system controller if the system were to become overloaded with an
insuffident number of modems available to support all mobile unit
requests for this mode of operation. The cell-site diversity mode as
10 discussed is implemented by decisions being made at the mobile unit to
operate in the cell-site diversity mode. However, it should be understood
that the cell-site diversity mode can be implemented with the dedsions for
operation in this mode being made at the system controller. It should also
be understood that the cell-site receiver can employ the above described
15  multiple receiver architecture to provide diversity reception when signals
arrive at the cell-site from a mobile unit after travelling with greater than
one PN chip differential delay.

The present invention provides a substantial improvement over
. conventional cellular telephone systems with respect to resistance to

20 signal fades by coherently combining multipath signals.

wm

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the present invention will become
25 more apparent from the detailed description set forth below when taken
in conjunction with the drawings in which like-reference characters
correspond throughout and wherein:
Figure 1 is a schematic overview of an exemplary CDMA cellular
telephone system in accordance with the present invention;
30 Figure 2 is a block diagram of a mobile unit telephone configured
for CDMA communications in a CDMA cellular telephone system;
Figure 3 is a block diagram of a cell-site equlpment in a CDMA
cellular telephone system; and
Figure 4 is a block diagram of a mobile telephone switching office
35 equipment.

i =




6 B§ tHBT®¥re shoul d the nobile tel ephone fail to heaPEHeS¥YHmHINd

to swtch channels, the handoff will fail. Actual operating experience
i ndi cates that handoff failures occur frequently which questions the
reliability of the system In the conventional cellular telephone
system path fading deleteriously af fects coklhuni cations and can cause
di sraption in call serV|ce Is therefore an object of the present

| nvention to provide, pyE y'mse&ﬁ@w NVQ‘PQT'HE PREFERREES 0"
which facilitates receptlon an

processtn ongest st gnals
transmtted fromone or nore cell-sit 54 23&3@4 %ﬂ S being nmultipath
signals froma single cell-site or signals transmtted by nultiple

cell-sites
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embodied is illustrated in Figure 1. The system illustrated in Figure 1
utilizes CDMA modulation techniques in communication between the
systermn mobile units or mobile telephones, and the cell-sites. Cellular
systems in large cities may have hundreds of cell-site stations serving
hundreds of thousands of mobile telephones. The use of CDMA
techniques readily facilitates increases in user capacity in systems of this
size as compared to conventional FM modulation cellular systems.

In Figure 1, system controller and switch 10, also referred to as
mobile telephone switching office (MTSO), typically includes interface and
processing circuitry for providing system control to the cell-sites.
Controller 10 controls the routing of telephone calls from the public
switched telephone network (PSTN) to the appropriate cell-site for
transmission to the appropriate mobile unit. Controller 10 also controls
the routing of calls from the mobile units, via at least one cell-site to the
PSTN. Controller 10 may direct calls between mobile users via the
appropriate cell-site stations since such mobile units do not typically
communicate directly with one another. -

Controller 10 may be coupled to the cell-sites by various means such
as dedicated telephone lines, optical fiber links or by microwave
communication links. In Figure 1, two such exemplary cell-sites 12 and 14,
along with mobile units 16 and 18 each including a cellular telephone are
illustrated. Arrows 20a-20b and 22a-22b respectively define the possible
communication links between cell-site 12 and mobile units 16 and 18.
Similarly, arrows 24a-24b and arrows 26a-26b respectively define the
possible communication links between cell-site 14 and mobile units 16
and 18. Cell-sites 12 and 14 nominally transmit using equal power.

The cell-site service areas or cells are designed in geographic shapes
such that the mobile unit will normally be closest to one cell-site. When
the mobile unit is idle, i.e. no calls in progress, the mobile unit constantly
monitors the pilot signal transmissions from each nearby cell-site. As
illustrated in Figure 1, the pilot signals are respectively transmitted to
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used for ywommmpsation in all cells. The CDVA wavef orm propepgrassdaials -
provi de processing gain are also used to discrimnate between signals that
occupy the sanme frequency band. Furthernore the high speed pseudonoi se (PN)
nodul ation all ows many different propagation paths to be separated,
provided the difference in path propagationixel ays exceed the PN chip
duration, or one/bandwidth. If a PN chip rate of 1 MHz is enployed in a
CDVA system the full spread spectrum processing gain, equal to the ratjo

of the spread BBABWRJERAIt 6 R cathsitesals Ad 1¢aRPeR apMBiigatign; Kaks pdiens
that differ by jRf 964 hamheaRBbilt Gr@S@EANGeteFmpaishwHRhaeIf [ta81ANSY Easbasitg
path. A one microsecond p tr} c{ | ay di fferentil al, corresponds ,tci di ffl_eren_tlal
bat h di stance cigazoBreRsBiol PURICERa)s FARSTIIFER fERM bt PAFRSAIRF gellgues
differential path deMapslel unxigeamastiragnthentetabsemived powlen pn tpdlotOsigfals
m oroseconds SN, SRIRLEY DoRSNE PR 14 umyl S AR SRL S AL e
systens, the exnsbilecenif 1&uineagphres ptitehsotadsneceiseidnpseerr in rpileti pigrials as
(20100, L1 SEAERIEES O A9 und NN, il 4 SO o
greatly reducesmpbie units 16 and 18, pilot signal power is measured in the receiver
where the signal is a wideband signal. Accordingly, this power
10 measurement is made prior to correlation of the received signal with a
pseudonoise (PN) spectrum spreading signal. |
When mobile unit 16 is closer to cell-site 12, the received signal
power will be dominated by the signal traveling path 20a. When mobile
unit 16 is nearer to cell-site 14, the received power will be dominated by
15  the signal traveling on path 26a. Similarly, when mobile unit 18 is closer
to cell-site 14, the received power will be dominated by the signal on
path 24a. When mobile unit 18 is closer to cell-site 12, the received power
will be dominated by the signal traveling on path 22a.
Each of mobile units 16 and 18 use the resultant measurement,
20 together with knowledge of the cell-site transmitter power and the mobile -
unit antenna gain, in estimating the path loss to the closest cell-site. The
‘esimated path loss, together with knowledge of the mobile antenna gain
and the cell-site G/T (receive antenna gain G divided by receiver noise
level T) is used to determine the nominal transmitter power required to
25 obtain the desired carrier-to-noise ratio in the cell-site receiver. The
knowledge by the mobile units of the cell-site parameters may be either
fixed in memory or transmitted in cell-site information broadcast signals,
such as in the setup channel, to indicate other than nominal conditions
for a particular cell-site. '
30 In the example illustrated in Figure 1, mobile unit 16 may be
considered closest to cell-site 12. When mobile unit 16 initiates a call, a
control message is transmitted to the nearest cell-site, cell-site 12.
Cell-site 12 upon receiving the call request message, signals system
controller 10 and transfers the call number. System controller 10 then
35 connects the call through the PSTN to the intended recipient.
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severity SORMNDHath fading. Multipath fading is not totallyPETiUGMALE™ i n
using CDVA discrimnation techni ques because there will occasionally

7 exist paths with delay differentials of |ess than the m ni mum path del ay
for the particular system Signals having path delays on this order cannot
be di scrim nated against in the denodul ator.16lt is therefor desirable that
the 3ystem shoul d provide diversity to further reduce the effects of

f adi ng. The del et ffects of fa
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the call information to all the cell-sites in the area. The cell-sites in return
transmit a paging message to the intended recipient mobile unit. When
the mobile unit hears a paging message, it responds with a control

5 message that is transmitted to the nearest cell-site. This control message
signals the system controller that this particular cell-site is in’
communication with the mobile unit. Controller 10 then routes the call
through this cell-site to the mobile unit.

Should mobile unit 16 move out of the coverage area of the initial

10  cell-site, cell-site 12, an attempt is made to continue the call by routing the
call through another cell-site. In the handoff process there are two
different methods of initiating the handoff of the call or routing through
another cell-site.

The first method, called the cell-site initiated message, is similar to

15 the handoff method employed in the original first generation analog
cellular telephone systems currently in use. In the cell-site initiated
method, the initial cell- site, cell-site 12, notices that the signal transmitted
by mobile unit 16 has fallen below a certain threshold level. Cell-site 12
then transmits a handoff request to system controller 10. Controller 10

20 relays the request to.all neighboring cell-sites, including cell-site 14. The
controller transmitted request includes information relating to the
channel, including PN code sequence used by mobile unit 16. Cell-site 14
tunes a receiver to the channel being used by -the mobile unit and
measures the- s'ignal strength, typically using digital techniques. If

25 cell-site 14 receivers report a stronger signal than the initial cell-site
reported signal strength, then a handoff is made to this cell-site.

The second method of initiating a handoff is called the mobile
initiated handoff. The mobile unit is equipped with a search receiver
which is used to scan the pilot signal transmission of neighboring

30 cell-sites, in addition to performing other functions. If a pilot signal of
cell-site 14 is found to be stronger than the pilot signal of cell-site 12,
mobile unit 16 transmits a control message to the current cell-site,
cell-site 12. This control message contains information identifying the
cell-site of greater signal strength in addition to information requesting a

35  handoff of this cell-site. Cell-site 16 transfers this control message to
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control | M@9tMadXnitter power in the CDVA system A system fpeTaaohasiste
and nobile unit power control is disclosed in copending U S. Patent

Appl- cation entitled "METHOD AND APPARATUS FOR CONTROLLI NG TRANSM SSI ON
PONER | N A CDVA CELLULAR MOBI LE TELEPHONE SYSTEM', Serial No. 07/433, 031,
filed Novenber 7, 1989, by the inventors h&7eof and assigned to the

Assi gnee of the present invention. Furthernore the effect of nultipath
fadi ng can be reduc n the handoff node when the nobile unit is
transitioning Béﬂméﬁﬁrégil-3|te service area with the nobile unit

comuni cating cel | - heemotutel iMdtidted Radbst imetheciehas vaifrishaddaithgecore is
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t han one micr oi'kcvﬁjemhrd té fperfonri almobil udahtgd handOffr eadhy enabile enmmesisbe:an

be enpl oyed t 0 SE0RA Rith Lakarding1ee&ivet I8P etforth MhE dRSfinction. In the
exemplary embodiment described herein of a mobile unit with CDMA
communications capability, the search receiver has additional functions

10  which require its presence.

When mobile unit 16 is within the coverage area of cell-site 14, such
that the transmitted signals of cell-site 14 are the strongest, mobile unit 16
searcher receiver utilizes multipath signals of strongest strength for
processing in the multiple data receivers.

15 Should mobile unit 16 move out of the coverage area of the initial
cell-site, cell-site 12, an attempt is made to continue the call by routing the
call through another cell-site. In the cell diversity mode the call is routed
through multiple cell-sites. The use of the diversity receiver system of the
present invention enables communications between mobile unit 16 and

20 cell-sites 12, 14 and various other cell-sites.

Figure 2 illustrates in block diagram form the mobile unit. The
mobile unit includes an antenna 30 which is coupled through diplexer 32
to analog receiver 34 and transmit power amplifier 36. Antenna 30 and
diplexer 32 are of standard design and permit simultaneous transmission

25 and reception through a single antenna. Antenna 30 collects transmitted
signals and provides them through diplexer 32 to analog receiver 34.
Receiver 34 receives the RF frequency signals from diplexer 32 which are
tvpically in the 850 MHz frequency band for amplification and frequency
downconversion to an IF frequency. This translation process is

30 accomplished using a frequency synthesizer of standard design which
permits the receiver to be tuned to any of the frequencies within the
receive frequency band of the overall cellular telephone frequency band.

The IF signal is then passed through a surface acoustic wave (SAW)
bandpass filter which in the preferred embodiment is approximately

35 1.25 MHz in bandwidth. The characteristics of the SAW filter are chosen
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signal s whQ9t¥Pi3¥al 1y exhibit .independence in nultipath fadilG/LRv@osst hey
usual |y do not fade together, the outputs of the two receivers can be

di versity conbined. Therefore a loss in performance only occurs when both
recei vers experience fades at the same tinme. Hence, one aspect of the
present invention is the provision of two orl8mwre PN receivers in

conbi nation with a diversity conbiner. Anot her aspect of the present

the number of miPrTRIE: Pk Wavaiin AERYE Bl BN R H Bl R B hSOTRR
The present i nvemencdiredteseqhence spread spectausraodulated dyi 4 BN sapienee chocked
ST ooe!vof WAEAePAIEBEY BBy (e pr AP ORI Sgl,
si gnal This clock rate is chosen to be an integer multiple of a number of common

5 datarates such as 16 Kbps, 9.6 Kbps, and 4.8 Kbps.

I Receiver 34 also performs a power control function for adjusting
the transmit power of the mobile unit. Receiver 34 generates an analog
power control signal that is provided to transmit power control
drcuitry 38.

10 Receiver 34 is also provided with an analog to digital (A/D)
converter (not shown) for converting the IF signal to a digital signal with
conversion occurring at a 9.216 MHz clock rate in the preferred
embodiment which is exactly eight times the PN chip rate. The digitized
signal is provided to each of two or more signal processors or data

15 receivers, one of which is a searcher receiver with the remainder being
data receivers.

In Figure 2, the digitized signal output from receiver 34 is provided
to digital data receivers 40 and 42 and to searcher receiver 44. It should be
understood that an inexpensive, low performance mobile unit might

20 have only a single data receiver while higher performance units may have
two or more to allow diversity reception.

The digitized IF signal may contain the signals of many on-going
calls together with the pilot carriers transmitted by the current and all
neighboring cell-sites. The function of the receivers 40.and 42 are to

25 correlate the IF samples with the proper PN sequence. This correlation
process provides a property that is well-known in the art as “processing
gain” which enhances the signal-to-interference ratio of a signal matching
the proper PN sequence while not enhancing other signals. Correlation
output is then synchronously detected using the pilot carrier from the

30 closest cell-site as a carrier phase reference. The result of this detection
process is a sequence of encoded data symbols.

A property of the PN sequence as used in the present invention is
that discrimination is provided against multipath signals. When the
signal arrives at the mobile receiver after passing through more than one

35 path, there will be a difference in the reception time of the signals. This
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8 strengthoiof7osegnals in the nultiple path environnent. ThecSea&ed6isr-
recei ver provides control over the data receivers in tracking the best
sigral s avail able on differing paths. In a CDVA cel lul ar tel ephone
system each cell-site has a plurality of nodul ator-denodul ator units or
spread spectrum nodens. Each nodem consi stsjof a digital spread spectrum
tramsmt nodul ator, at |east one digital spread spectrum data receiver and
a searcher receiver. Each nodemat the cell-site is assigned to a nobile
unit as needed tegeptionitimetdifferaneariorzasponds W the iffererse gnedisrapioe |d vided: .
e 0 SHESHBBESETREY P RHET AR bl S G gan
handof f scheme {he epFelafian popcess OPMNA digdriminate tagaipsionse fsthanpathsahiBe a
new cel | -site nRieiVercadSEicaRBAvhethdr TBtrdck 4d tre¥diivk &hbk NRArREA of Ghier ?attﬁ.
continues tg SefViSE feteivers are'provided, Yoch ss acdivers 40°3h& %2 man two
independent paths can be tracked and in paralle!l.

Searcher receiver 44, under control of control processor 46, is for
continuously scanning the time domain around the nominal time of a
received pilot signal of the cell-site for other multipath pilot signals from

10 the same cell-site and for other cell-site transmitted pilot signals.
Receiver 44 will measure the strength of any reception of a desired
waveform at times other than the nominal time. Receiver 44 compares
signal strength in the received signals. Receiver 44 provides a signal
strength signal to control processor 46 indicative of the strongest signals

15 and relative time relationship.

Processor 46 provides control signals to digital data receivers 40
and 42 for each to process a different one of the strongest signals. On
occasion another cell-site transmitted pilot signal is of greater signal
strength than the current cell-site signal strength. Control processor 46

20 then would generate a control message for transmission to the system
controller via the current cell-site requesting a transfer of the call to the
cell-site corresponding to the stronger pilot signal. Receivers 40 and 42
may therefor handle calls through two different cell-sites.

The outputs of receivers 40 and 42 are provided to diversity

25 combiner and decoder circuitry 48. The diversity combiner circuitry
contained within circuitry 48 simply adjusts the timing of the two streams
of received signals into alignment and adds them together. This addition
process may be proceeded by multiplying the two streams by a number
corresponding to the relative signal strengths of the two streams. This

30 operation can be considered a maximal ratio diversity combiner. The
resulﬁng combined signal stream is then decoded using a forward stream
error detection decoder also contained within circuitry 48.

In the exemplary embodiment convolutional encoding is utilized.
The convolutional encoding has a constraint length 9 and a code rate 1/3,

35 i.e. three encoded symbols are produced and transmitted for every
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transiti ¥ 9417886 bet ween the two cell-sites, the call can b&8CETwi $uhiedsiback
and forth between cell-sites as signal strength dictates. Since the nobile
unit-is always comunicating through at | east one cell-site, no disrupting
effects to the nobile unit or in service will occur. The present invention
utilizes nultiple receivers at the nobile wfit which are also used in a

di vefsity function when in the handoff process or firmy in a single cell.

In the CDVA cel| Iar t.el ephon ste cel | - S|te smts
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find system ti niergrmAEAteSH 2"&{‘? ige r\ﬁg‘lQ—? esigns nd circuitry
50 provides output mformanon signals to the user in accordance with the

10 information provided thereto from drcuitry 48.
User analog voice signals typically provided through a handset are
provided as an input to baseband circuitry 50. Baseband drcuitry 50
includes an analog to digital (A/D) converter (not shown) which converts
the analog signal to digital form. The digital signal is provided to the |
15 digital vocoder where it is encoded. The vocoder output is provided to a
forward error correc¢tion encoding drcuit (not shown) for error correction.
This encoded digitized voice signal is output from baseband circuitry 50 to
transmit modulator 52.
Transmit modulator 52 modulates-the encoded signal on a PN
20 carrier signal whose PN sequence is chosen according to the assigned .
“address function for the call. The PN sequence is determined by control
processor 46 from call setup information that is transmitted by the cell-site
and decoded by receivers 40 and 42. In the alternative, control processor 46
may determine the PN sequence through prearrangement with the
25 cell-site. Control processor 46 provides the PN sequence information to
transmit modulator 52 and to receivers 40 and 42 for call decoding. The
output of transmit modulator 52 is provided to transmit power control
circuitry 38. Signal transmission power is controlled by the analog power
control signal provided from receiver 34. Control bits are transmitted by
30 the cell-sites in the form power adjustment command and are processed
by data receivers 40 and 42. The power adjustment command is used by
control processor 46 in setting the power level in mobile unit
transmission. In response to this command, control processor- 46
generates a digital power control sighal that is provided to drcuitry 38.
35 Further information on the interrelationship of the receivers 40 and- 42,
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search t WYY@ pilot signal code phases. The strongest piQGYLEYYARIT as
determ ned by a correlation process for each code phase, is readily

i dentifiable. The identified pilot signal corresponds to the pilot signal
9 transmtted by the nearest cell-site. Upon acquisition of the
strongest pilot signal, i.e. initial synchr&hization of the mobile unit
wth the strongest pilot signal, the nobile unit searches for the

appropriate set 9@:\&&?%@8&5@&t&”‘tanﬁeuah%{i?'power control circuitry 38 are also
further described in the above-mentioned copending patent application.

Transmit power control circuitry 38 outputs the power controlled
modulated signal to transmit power amplifier circuitry 36. Circuitry 36

. 5 amplifies and converts the IF signal to an RF frequency by mixing with a
frequency synthesizer output signal which tunes the signal to the proper
output frequency. Circuitry 36 includes an amplifier which amplifies the
power to a final output level. The intended transmission signal is output
from circuitry 36 to diplexer 32. Diplexer 32 couples the signal to

10 antenna 30 for transmission to the cell-sites.

Control processor 46 also is capable of generating control messages
such as cell-diversity mode requests and cell-site communication
termination commands. These commands are provided to transmit
modulator 52 for transmission. Control processor 46 is responsive to the

15 data received from data receivers 40, 42 and search receiver 44 for making
decisions relative to handoff and diversity combining.

Figure 3 illustrates in block diagram form an exemplary
embodiment of the cell-site equipment. At the cell-site, two receiver
systems are utilized with each having a separate antenna and analog

20 receiver for space diversity reception. In each of the receiver systems the
signals are processed identically until the signals undergo a diversity
combination process. The elements within the dashed lines correspond to
elements corresponding to the communications between the cell-site and

~one mobile unit. The output of the analog receivers are also provided to

25 other elements used in communications with other mobile units.

In Figure 3, the first receiver system is comprised of antenna 60,
analog receiver 62, searcher receiver 64 and digital data receiver 656. This
receiver system may also include an optional digital data receiver 68. The
second receiver system includes antenna 70, analog receiver 72, searcher

30 receiver 64 and digital data receiver 66. Also utilized in signal processing
and control for handoff and diversity is cell-site control processor 78. Both
receiver systems are coupled to diversity combiner and decoder
circuitry 50. Digital link 82 is utilized to communicate signals to and from
the MTSO (Figure 4) with cell-site transmit modulator 84 and circuitry 80

35  under control of control processor 78 .
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The set uphOHHMAHEI36I s transmitted by the cell-site using one dafCTaUgbamakity
of different predeterm ned spread spectrum codes. In an exenplary

enbodi ment of the present invention, twenty-one different codes are used.
However, it should be understood that nore or |ess codes could be used in
t he setup channel as determ ned by system p2taneters. The nobile unit then
begi ns a search through all of the different codes used in the setup
channel . When the nobile upit identifjies the gppropriate setuﬁgg%ge

for that cell-site, S|ENTes i YHenga 60-ane, REPYHAd JocRnraleg fece)

mobi | e unit foRB@éiv@B%ﬁ?%§ abiplifset bp ahamplifiet or reedivepb2 ERgSRIAS atéd 10
such control meggqge woul d

oueh, contr ol g3 egRuL S WFLEahs 818 hrabelS) LRl BN Shndio U
carrier signal Dodigrals blebandigassifiltered arad digifisediing progess ghértidabdo that
cell o1 e VR AL PUR b o o BEE I Clbe 0P, githea
stronger than tBesigriats arei pronviidéd te digidaledats neckiver 6% aptianajelata redeivendd e
it 25; call 1nagh %?artgﬁéeixe’re@ei.ogxi %ﬁbggdcslld prbéssd! %gkgoaiy *?chr}ﬁsnner
similar to that as disclosed with reference to the digital data receivers and
searcher receiver of the mobile unit in Figure 2. However, the processing
10 by the digital data receivers and searcher receivers are different for the
mobile unit to cell-site link from that used in the cell-site to mobile link in
several respects.

In the inbound, or mobile unit to cell-site link, the mobile unit does
not transmit a pilot signal that can be used for coherent reference purposes

15 in signal processing at the cell-site. Thus, the mobile unit to cell-site link
utilizes a non-coherent modulation and demodulation scheme using
64-ary orthogonal signalling.

Searcher receiver 64 is again used to scan the ime domain about the
received signal to ensure that the associated digital data receiver 66, and

20 data receiver 68 if used, are tracking and processing the strongest available
time domain signal. This tracking process is identical to that described
with reference to the mobile unit. Searcher receiver 64 provides a signal
to cell-site control processor 78 which provides control signals to digital
data receivers 66 and 68 for selecting the appropriate received signal for

25 processing.

In the 64-ary orthogonal signalling process, the mobile unit
transmitted symbols has one of 64 different possibilities. A 6 bit symbol is
encoded into one of 26, i.e. 64, different binary sequences. The set of
sequences chosen are known as Walsh functions. The optimum receive

30 function for the Walsh is the Fast Hadamard Transform (FHT). In
searcher receiver 64 and digital data receivers 66 and 68, the input signal is
correlated as discussed with reference to the mobile unit receivers, with
the correlator output fed to a FHT processor. The FHT processor produces
a set of 64 coefficients for every 6 symbols. the 64 symbols are then

35 multiplied by a weighting function generated in the receiver. The
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initial B&?L/8743 transnitted pilot signal, the nobile unit RAT/LSgemastre
the stronger pilot signals and correspondi ng setup channel of the new
cell-site. When a call is initiated, a pseudonoise (PN) code address
is determ ned for use during the course of this call. The code address may
be either assigned by the cell-site or be dtermned by prearrangenent
based upon the identity of the nobile unit. After a call is initiated the

nobile unit continues to scan th iLqot signal .transmitted.b | ] -si,

| ocated i n nei gh%‘(ghj‘l%ﬁ@ g‘@’lq%sc.n | ﬁB?e%&Bnlgfegé{gsgnﬁlﬁﬁaig]ﬁ%ﬂ‘%%g Tﬁ‘% %regé‘#tggo
determne if onextafist trennpravidedi ag anebutpsitt & i versityt tenibirniéroandi geedder
becones stronger._th he pilot signal transmtted by the cell-site the
mobile unit is $HY% hication with. Wien the pilot signal transmtted by

a cell-site |ocated The senendhtegeivey sysitémbprecesses tthentpseivashsignads pin 8t

signal trangm tLednbY sfinfiel bo thitaisBudsil AN RBDeEFLd thé irkSraliveddystirmon

of Figure 3. The weighted 64 symbols output from receivers 66 and 76 are
provided to diversity combiner and decoder circuitry 80. Circuitry 80
includes an adder which adds the weighted 64 symbols from receiver 66 to
the weighted 64 symbols from receiver 76. The resulting 64 coefficients are

10 compared with one another in order to determine the largest coefficient.
The magnitude of the comparison result, together with the identity of the
largest of the 64 coefficients, is used to determine a set of decoder weights
and symbols for use within a Viterbi algorithm decoder implemented in
crcuitry 80. .

15 The Viterbi decoder is preferably of a constraint length 9, and of a
code rate 1/2. The Viterbi decoder is utilized to determine the most likely
information bit sequence. For each vocoder data block, nominally 15
msec. of data, a signal quality estimate is obtained and transmitted as a
mobile unit power adjustment command along .vith data to the mobile

20 unit. Further information on the generation of this quality estimate is
discussed in further detail in the co-pending application mentioned above.
This quality estimate is the average signal-to-noise ratio over the 15 msec.
interval.

In Figure 3 optional digital data receiver 68 may be- included for

25 improved performance of the system. This additional data receiver alone
or in combination with additional receivers can track and receive other
possible delay paths of mobile unit transmitted signals. The structure and
operation of this receiver is similar to that described with reference to the
digital data receivers 66 and 76. Receiver 68 is utilized to obtain additional

30 diversity modes. Optional additional digital data receivers providing
additional diversity modes are extremely useful in those cell-sites which
are located in dense urban areas where many possibilities for multipath
signals occur.

Signals from the MTSO are coupled to the appropriate transmit

35 modulator via digital link 82 under the control of control processor 78.
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10 nobi lwowni/aTggbat a new cel |l 'has been entered and that a heRdp &é,,,gpgul d
be initiated. In response to this pilot signal strength determ nation, the
mobi l'e unit generates and transnits a control nessage to the cell-site
presently servicing the call. This control nessage, indicative that a new
cell-site transmtted pilot signal is now spgonger than the current
cell-site transmtted pilot signal, is provided to the systemcontroller.
The control nessage further contains information identifying the new
cel|-site and PRransteit rbdubsor 8 speeadigepentrumi ayediulaces, hacysiingn to a

O ST (1S BAERERHA UesBi o AL U GOTIGHER 98°
begi ns the handdata mroteasrmssmnstmtheduﬁenMée%p!@aa mehile uniti nhaangert of he
PN code addr ess yghsh{ie rRéddlatdt &4 is provided to transmit power control circuitry 86
5 where under the control of control processor 78 the transmission power
may' be controlled. The output of circuitry 86 is provided to transmit
power amplifier circuitry 88.

Circuitry 88 includes a summer for summing the output of transmit
modulator 84 with the output of other transmit modulators at the cell-site.

10 Circuitry 88 further includes a summer for summing the pilot signal
output from pilot signal generator 90 with the summed transmit
modulator output signals. Circuitry 88 also includes a digital to analog
converter, frequency upconversion circuitry and an amplifier for
respectfully converting a digital signal to an analog signal, converting the

15 IF frequency signals as output from the transmit modulators to an RF
frequency, and amplifying to the RF signal. The output from circuitry 88 is
provided to antenna 92 where it is radiated to mobile units within the
cell-site service area. |

Cell-site control processor 78 has the responsibility for assignment

20 of digital data receivers and modulators to a particular call. Control
processor 78 also monitors the progress of the call, quality of the signals
and initiates teardown on loss of signal. The cell-site communicates with
the MTSO via link 82 where it is coupled by a standard telephone wire,
optical fiber, or microwave link. :

25 Figure 4 illustrates in block diagram form the equipment utilized in
the MTSO. The MTSO typically includes a system controller or control
processor 100, digital switch 102, diversity combiner 104, digital
vocoder 106 and digital switch 108. Although not illustrated, additional
diversity combiners and digital vocoders may be coupled between dxgxtal

30 switches 102 and 108.

When the cell-diversity mode is active, the call is processed by two
cell-sites, such that signals will arrive at the MTSO from more than one
cell-site with nominally the same information. However, because of
fading and interference on the inbound link from the mobile unit to the

35 cell-sites, the signal at one cell-site may be of better quality than the signal
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mobi | e Y $/BM3¥¢h is to undergo the handoff process need ndtCEhAAG®6-The
system control |l er begins the handoff by assigning a nodem | ocated in the
new cell-site to the call. This nodemis given the PN address associ at ed
with the call in comunications between the nobile unit and the current
cell-site nodem The new cell-site nodem &3si gned to service the call
searches for and finds the nobile unit transmitted signal. The cell- site
nodem al so be thansmtt.ing an outbound signal to the nobile unit. The
mobile unit s gF%%@éﬁe;}o‘Ir&It%‘lres out bound signal in accordance with the signal
and setup channel |Dlgotmtmswnnhpﬂ©2mdeds&3§/ inh@ondwgc ¢hé -indotmatidhentrehm new

cel | -1t e, mdegi3Ragld of & gthhmreqw@%&h%@@a oI by Spdek RS

over to listenrn ['e uni én transmits acontrol
message i ndi cazt:wr@ltyha:pmiamasfw‘* Orc |@zréesr>med1@«gntdﬁb¢rsmssr@g@bmsr as

provi ded by el&«%ﬁ@dbe ha%ﬁ ghdlefrahfl spo m QuneRl pfddeSsdH605 Whehhehe

e o oL gt B PP Bl oS80 rmgent 8 et

di sconti nui ng el:her @@hsﬁeﬂr@uﬁdﬂ tHeesaoalirdoithaoh @medtévinplteport.d cel I -site

modem then enters A pooﬂnp%m{'y o? serxgle coupal clila\lrglrselt)]: ombiaers IRdNCcoders
are provided in parallel, nominally, one for each call to be processed.

10 Diversity combiner 104 compares the signal quality indicators
accompanying the information bits from the two or more cell-site signals.
Diversity combiner 104 selects the bits corresponding to the highest quality
cell-site on a frame-by-frame basis of the information for output to
vocoder 106.

16 Vocoder 106 converts the format of the digitized voice signal to
standard 64 Kbps PCN telephone format, analog, or any other standard
format. The resultant signals are transmitted from vocoder 106 to digital
switch 108. Under the control of system control processor 100, the call is
routed to the PSTN.

20 Voice signals coming from the PSTN intended for the mobile unit,
are provided to digital switch 108 to an appropriate digital vocoder such as
vocoder 106 under control of system control processor 100. Vocoder 106
encodes the input digitized voice signals and provides the resulting
information bit stream directly to digital switch 102. Digital switch 102

25 under system control processor 100 control directs the encoded data to the
cell-site or cell-sites to which the mobile unit is communicating. If the
mobile urit is in a handoff mode communicating to multiple cell-sites or
in a cell diversity mode, digital switch 102 routes the call to the appropriate
cell-sites for transmission by the appropriate cell-site transmitter to-the

30 intended recipient mobile unit. However, if the mobile unit is
comununicating with only a single cell-site or not in a cell diversity mode,
the signal is directed only to a single cell-site.

System control processor 100 provides control over digital
switches 102 and 106 for routing data to and from the MTSO. System

35 . control processor 100 also determines the assignment of calls to the
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However, whemitdresgmobile unit is within a single cell servi cepg-lfg]asd(,p%\/_\,{?i-ch
the cell-site signals are nultipath signals, the corresponding cell-site

transmtted signals are stronger than any other cell-site transmtted
signals which nmay be received at the nobile unit. In the single cell node
of operation, the searcher receiver nonitorggthe mul tipath
signals and identifies the strongest as received on the various nultipaths.

The searcher receiver provides this information to the
cell-sites and to the vocoders at the MTSO. Furthermore, system control

processor 100 communicates with each cell-site control processor about the
assignment of particular calls between the MTSO and cell-site, and the
assignment of PN codes for the calls. It should be further understood that
S  as illustrated in Figure 4 digital switches 102 and 106 are illustrated as two
separate switches,however, this function may be performed by a single
physical switching unit.
When the cell-diversity mode is in use, the mobile unit.will use the
searcher receiver to find and trap the strongest multipath signal from each
10  of the two cell-sites. The digital data receivers will be controlled by the
searcher receiver and the control processor so as to demodulate the
strongest signals. When the number of receivers is less than the number
of cell-sites transmitting information in parallel, a switching diversity
capability is possible. For example, with only a single data receiver and
15  with two cell-sites transmitting, the searcher will monitor the pilots from
both cell-sites and- choose the strongest signal for the receiver to
demodulate. In this embodiment the choice can be made as frequently as
every vocoder frame, or about every 15 msec.
The previous description of the preferred embodiments are
20 provided to enable any person skilled in the art to make or use the present.
invention. various modifications to these embodiments will be readily
apparent to those skilled in the art, and the generic principles defined
herein may be applied to other embodiments without the use of the
inventive faculty. Thus, the present invention is not intended to be
25 limited to the embodiments herein, but is to be accorded the widest scope
consistent with the principles and novel features disclosed herein.

WE CLAIM:
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mobi | e uQ*b oG ARHEQ! processor which instructs the data recei ?;gt/sﬁ?g“%mk

the signal's upon these strongest paths. The signals are then
the data receivers where they are provided to a diversity conbiner.

During call handoff, nobile unit communications with the various cellT-Sites
i's subject to path d| versity. These communigations ar eJﬂ!ﬂMﬂﬂﬂlﬂﬂﬂﬂﬂ,ﬂy
the nmultiple receivers at the nobile unit for diversit

Furthernore the signals transmitted through the various cell-Ssi t'es *ar &
conbined in a diversity conbiner at theChAIMScontroller. The present

invention further permts what is referred to hereln as the cell-site

diversity node at tines al%her han handof.f . rhsthtl s npde t.he nobile unit
is permtted to communic épﬁﬁatdthfﬁ MG SERIT§ . HRsKatel) %’H‘Bﬂa&ﬁng basi s.
In the cell2site di\serxihey meates fdre recivingsmailfi laeplld)bsﬂglm@seeacm ttdvelling

orocessed by tWpPLhSer el Piigio éﬂm GEHENER Ml 8t
with referehce wnhtmepemm eng en@qbﬁnnéeﬂernunmgmxgsdnmem@@nef éach zecedred of

three demndul alpfoEiyras s d eahersgegav SifleCrdibtibhaRp R sl 1o one
receivers |s use sca ion, receivers

another, an providing a searcher control sxgnal mdxcatwe of received

pilot signals of greatest signal strength and corresponding time

8 relationship; and _

receiver means for receiving spread spectrum modulated

10 information signals each corresponding to a different one of said pilot

signals, said receiver means responsive to said searcher control signal for

12 de'modulating one of said spread spectrum modulated information signals

corresponding to one of said pilot signals of greatest signal strength and for

14 providing an encoded output signal bearing information.

2. The receiver subsystem of Claim 1 wherein said receiver
2 means is further responsive to said searcher control signal for
demodulating at least one additional one of said spread spectrum
4 modulated information signals each corresponding to a respective other
one of said pilot signals of next to greatest signal strength, and providing

6 corresponding additional output signals each bearing said information.

3. The receiver subsystem of Claim 2 further comprising
2 combiner means for receiving and coherently combining said output
signal and said additional output signals and for providing a

4 corresponding combined output signal bearing said information.

4. ' The receiver subsystem of Claim 2 further comprising
2 combiner means for receiving and combining said output signal and each
of said additional output signal and providing a resultant combined

4  output signal.
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are usedWas9uOF@¥® channel diversity receiver. During operatipgTius/isimgl e
cell, the scanning receiver attenpts to find the cel |l-stte-transntted ™™

signal travelling upon nultiple paths to the nobile uni I ﬂ th
signals are typically caused by reflections of the si grmlummnmw ‘Ln in,
bui | di ngs and other signals obstructions. \@en two or norecsuth tefiections
are found, the two receivers are assigned to the two strongest paths. The
scanni ng receiver continues to evaluate the |tiple paths to keep the two
recei vers synchroni Zed withe §?@A&¢Tss‘é)t?§)‘t5FR§ntagC§?%ﬁ’gé% engin haig combiped

condi tions ghang@put signall PedrB@akPidfosinatiodi MERAI dryoiBgrectibR &dedn@Rtiat
paths fromeach cell-site is determ ragd bé thg search recei,ver. T
hengighaf

he t
receivers are 3%} HEACT SOMPRItRS 380 5 IeefiYRe §"E‘$io?ﬁ8§tm€%6¥‘g5t hs

of the pathg av@ddodihe siidotorhbiedrogputbignal.l -site and fromthe new
cell-site. The data denodul ati on process uses information from both of
these receivers in a diversity conbining operation. The result of this
di versity conbining 6. The receiver subsystem of Claim T wherein each one of said

2 multiple pilot signals results from a single cell-site transmitted pilot signal
travelling different propagation paths to reception by said searcher means,

4  each one of said multiple pilot signals is of a same spreading code offset in
time corresponding to its propagation path.

7. The receiver of Claim 1 wherein said multiple pilot signals

2 result from different cell-sites each transmitting a single pilot signal spread

spectrum modulated by a same spreading code with each cell-site

4 transmitted single pilot signal travelling different propagation paths to

reception by said searcher means, each cell-site transmitting its respective

6 single pilot signal at a different code phase offset with respect to each other

cell-site transmitted single pilot signal, ones of said multiple pilot signals

8 resulting from a same cell-site transmitted single pilot signal being of a
same spreading code offset in time corresponding to its propagation path.

8. In a cellular communication system in which user

2 information signals are communicated to an intended recipient user by a

cell-site using spread spectrum communication signals, wherein said

4 cell-site transmits a spread spectrum pilot signal of a predetermined code

phase, and wherein said cell-site transmitted spread spectrum

6 communication signals and pilot signal are susceptible to multipath
propagation, a recipient user spread spectrum receiver comprising:

8 searcher means for receiving an input signal which includes

multiple path propagations of a pilot signal transmitted by a cell-site

10  wherein each multiple path propagation pilot signal travels a different

propagation path and has a corresponding path dependent offset in code

12 phase, for scanning at different code phases so as to detect a presence of at

least one of said multiple path propagation pilot signals, for measuring

14 signal strength of each detected multiple path propagation pilot signal, for
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12 oper\}ai?lg”n P30 5 great| y inproved resistance to del eteri ofi§TfaehMeptiRat -
may occur in the mat h ¢célt-ut-ar- tel ephone environnent. The

present -i nvention m orrbl ning to significantly advance the
quality and reli abis ” cat i ons | n a mobile cellular tel ephone
system In the present i nvent ifon*a form of2’maxi mal ratio conbi ning is

utilized. The signal-to-noise ratio is determ ned for both paths being

conbi ned wit hcaég@—rﬁmhgl Qi d gﬂ%efs EH“Ee{Cf‘g’?reDdd)ﬁr}@ﬁﬁg‘% ;%h{qe&o%sg%%;tmat

Combi ni ng S er ent nce nal
each path!fo tégaek erRfnéer. prowdmgnseafé sétwrftr%sm@alﬁnbep@samatmtaa the

two cell-sitesnupdble patprobYgation pilot signals of greatest signal strength and
18 corresponding code phase; and

. receiver means for receiving said searcher control signals, for

20 receiving said input signal which further.includes multiple path

propagations of spread spectrum communication signals transmitted by

22 said cell-site each corresponding to a respective multiple path propagation

pilot signal, for, in response to said searcher control signals, spread

24  spectrum processing certain ones of said multiple path propagations of

said spread spectrum communication signals corresponding to said

26 multiple path propagation pilot signals of greatest signal strength so as to

extract corresponding intended recipient user information signals

28 therefrom, and for providing corresponding output signals representative
of said extracted intended redpient user information signals. '

9. The receiver of Claim 8 wherein said receiver means

2 comprises a plurality of data receiver means each for, receiving a different

one of said searcher control signals, receiving in said input signal said

4 multiple path propagations of spread spectrum communication signals,

spread spectrum processing a different selected one of said multiple path

6 propagations of said spread spectrum communication signals in response

to said searcher control signals at a synchronization provided by a

8 corresponding multiple path propagation pilot signal, and providing a
corresponding one of said output signals.

10.  The receiver of Claim 8 further comprising combiner means
2 for, receiving said output signals, coherently combining said received
output signals and providing a corresponding combined output signal.

11.  The receiver of Claim 8 further comprising input receiver

2 means for, receiving RF signals in a predetermined frequency band,
amplifying said RF signals, frequency downconverting said amplified

4 RF signals to an intermediate frequency range so as to produce
corresponding IF signals, filtering said IF signals, digitizing said IF signals,
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recepti on* P14V I3 obt-ai-ned by—having-beth cell-sites demodul &G/ FR¥/ABYI| e
unit transmtted sign r yites forward their denodul ated data
sighals to the systemT m " H n)ﬂ with an indication of signal quality
in the cell-sites receivver. Thenm system controller then conbines the two
versions of the nobile unit signal and sel e€¥s the signal with the best
quality indication. It should be understood that it is possible to transmt
.the undecod o] aTak:} t t W : in
order to al I%gw g'i‘ge\é??le%ﬂgic)}/{ r'si ty}#c%%glglﬁisdra% pk’ggggg r?\%l%él%ﬁ!lfh e agéﬁgﬁs
The syst em cont pbiskist pilet signid and eermesranding tneltipleIpath prapagatipns of saichew
cell-site. e & Al tRhmiIBE Y Ei@nAls, Andeprdvidin® BRIIMGigtlald e
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signal s recel ve e two cell-sites whjl"e the no

] .e.un eaI ns
diversity conbi ARifgsesrchesanganhand sa @C@@&rfrﬁ%@ﬁ%wﬁdnegr pfé" -es. The
cell diversity node continues as |ong as signals received fromboth
cell-sites are of a level suffici E‘ﬂt t ermt good guaki ty .denodul.,ation.

Q
The nobile unit conti ues IR o & e EHAF oF° TR E2LPRNSAPLTTd Hr o Shebser
cell-sites. 2f infoimationesignalst zret camswini¢ated o graintbrdederecipierdngser thah

Jeast one cell-site using spread spectrum communication signals, wherein
4  each cell-site transmits a spread spectrum pilot signal of a same spreading

code and predetermined different code phase, and wherein each cell-site
6 transmitted spread spectrum communication signals and pilot signal are

susceptible to multipath propagation, a recipient user spread spectrum
8 receiver comprising: '

searcher means for receiving an input signal including multiple

10 path propagations of at least one pilot signal wherein each pilot signal is

transmitted by a respective one of a plurality of cell-sites and wherein each

12 multiple path propagation pilot signal travels a different propagation path

and has a corresponding path dependent offset in code phase, for scanning

14  at different code phases so as to detect a presence of at least one of said

multiple path propagation pilot signals, for measuring signal strength of

18 each detected multiple path propagation pilot signal, for determining code

phase of each detected multiple path propagation pilot signal, and for

18 providing searcher control signals representative of multiple path

' propagation pilot signals of greatest signal strength and corresponding
20 code phase; and

receiver means for receiving said searcher control signals, for

22 receiving said input signal which further includes multiple path

propagations of spread spectrum communication signals transmitted by at

24 least one of said plurality of cell-sites wherein each multiple path

propagation of said spread spectrum communication signals corresponds

26 to a respective multiple path propagation pilot signal, for, in response to

said searcher control signals, spread spectrum processing certain ones of

28 said multiple path propagations of said spread spectrum communication

signals corresponding to said multiple path propagation pilot signals of

30 greatest signal strength so as to extract corresponding intended recip'fent
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one of theoeonigobml two cell-site signals, the control nessageryssdnga-
transmtted by the mobile unit -vwia-at-| east one current cell-site to the

syst'em controller. m,lmmuu“" e indicates the identity of this cell-
site and a request f nmgmystem controll er then discontinues the
cal |, bei ng conmmuni cat éd Vi & t He Wweakest celdi-site signal of the three while
pI’OVI ding the call through the two strongest cell-sites. Should the nobile

units be equi pped with additional receivers, such as three
13 user information signals therefrom, and for providing corresponding

32 output signals representative of said extracted intended recipient user
information signals.

14. The receiver of Claim 12 wherein said receiver means

2 comprises a plurality of data receiver means each for, receiving a different

one of said searcher control signals, receiving in said input signal said

4 multiple path propagations of spread spectrum communication signals,

spread spectrum processing a different selected one of said multiple path

6 propagations of said spread spectrum communication signals in response

to said searcher control signals at a synchronization provided by a

8 corresponding multiple path propagation pilot signal, and providing a
corresponding one of said output signals.

14.  The receiver of Claim 12 further comprising combiner means
2 for, receiving said output signals, coherently combining said received
output signals and providing a corresponding combined output signal.

15.  The receiver of Claim 12 further comprising input receiver

2 means for, receiving RF signals in a predetermined frequency band,

amplifying said RF signals, frequency downconverting said amplified RF

4  signals to an intermediate frequency range so as to produce corresponding

IF signals, filtering said IF signals, digitizing said IF signals, wherein said

6 digitized IF signals correspond to multiple path propagations of said pilot

signal and correspénding multiple path propagations of said spread

8 spectrum communication signals, and providing said IF signals to said
searcher means and said receiver means as said input signal.
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recei ver¥0 #/07036l e—cet|--si-te-di-versi-ty node may be i npl ememicadys90/0641-The

cell-site diversity d when the nobile unit determ nes that
only one cell-site Jmmm,clmgrmamﬁat e signals for quality denodul ati on.
The nmobile unit then serfdsta eonsrol nessagé indicative of the cell-site to
remain in communi cation upon term nation 0f2the cell- site diversity node.
The cell-site diversity node nay al so be t-erm nated by the system
controller if the systemwere to hecone overl oaded with an insufficient

nunber of nodens avafl abie o cliiHart cammupisationnisystamudst swhish t user
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e
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differential 6n” provi es a s
i npr ovenent8 ov@rocessmg mtende recipient user spread spectrum commumcanon

signals comprising the steps of:
10 receiving input signals incdluding (a) multiple path propagations of
at least one pilot signal wherein each pilot signal is transmitted by a
12 respective one of a plurality of cell-sites and wherein each multiple path
propagation pilot signal travels a different propagation path and has a
14  corresponding path dependent offset in code phase and (b) multiple path
propagations of spread spectrum communication signals transmitted by at
16 least one of said plurality of cell-sites wherein each multiple path
propagation of said spread spectrum communication signals corresponds
18 to a respective multiple path propagation pilot signal;
scanning said input signals at different code phases so as to detect a
20  presence of at least one of said multiple path propagation pilot signals;
measuring signal strength of each detected multiple path
22 propagation pilot signal;
determining code phase of each detected multiple path propagation
24 pilot signal;
providing a searcher signal representative of multiple path
26 propagation pilot signals of greatest signal strength and corresponding
code phase;
28 spread spectrum processing, in response to said searcher signal, ones
of said multiple path propagations of said spread spectrum
30 communication signals corresponding to said multiple path propagation
pilot signals of greatest signal strength so as to extract corresponding
32 intended recipient user information signals therefrom; and |
providing corresponding output signals representative of said
34  extracted intended recipient user information signals.
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convent i oM&I91¢&1%301 ar tel ephone systens with respect to resi CAALEY/O641"
signal fades by coherent1y-conbi-ni.ng nultipath signals. BRI EF
DESCRI RTI ON OF THE e features and advantages of the
present invention w I WM"I Uﬂpar ent fromthe detail ed description
set forth bel ow when fakkn 4 nscom) UHtti on W7t h the drawi ngs in which like
reference characters correspond throughout and wherein: Figure 1 is a
schemati c overview of an exenplary CDI\/ACq_‘eAIIRhgr t el ephone systemin
accordance with the present invention; l'gure 2 is a block diagram of
a nobile unit tel ephone configured for CDMA communications in a CDVA

céllul ar tel ephone sksterd spread spd wekerd) agmnpmisidg:a cel | -site

spread speqiune raceigensithays (
ot B ik e 1SR Y LG gl e b feig
upon a different propagation path and having a resultant time difference
4  with respect to one another, determining signal strength of each received
pilot signal and corresponding time relationship with respect to one
6 another, and providing a searcher control signal indicative of received

pilot signals of greatest signal strength and corresponding time
8 relationship; and

receiver means for receiving spread spectrum modulated
10 information signals each corresponding to a different one of said pilot
signals, said receiver means responsive to said searcher control signal for
12 demodulating one of said spread spectrum modulated information signals
corresponding to one of said pilot signals of greatest signal strength and for

14 providing an encoded output signal bearing information.

2. The receiver subsystem of Claim 1 wherein said receiver
2 means is further responsive to said sea‘cher control signal for
demodulating at least one additional one of said spread spectrum
4  modulated information signals each corresponding to a respective other
one of said pilot signals of next to greatest signal strength, and providing

6 corresponding additional output signals each bearing said information.

3.  The receiver subsystem of Claim 2 further comprising
2 combiner means for receiving and coherently combining said output
signal and said additional output signals and for providing a

4 corresponding combined output signal bearing said information.

4. " The receiver subsystem of Claim 2 further comprising
2 combiner means fcr receiving and combining said output signal and each
of said additional output signal and providing a resultant combined

4  output signal. |
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14 We21+A "D DESCRI PTI ON OF THE PREFERRED PCT/US90/06417
EVMBODI MVENTS An exenpl ary tel ephone systemin whi-ch-the-present -
inwention is enbodied is illustrated in Figure 1. The din
Figure 1 utilizes CDVA nodul ation techniques,in commnﬂmﬂlm “Hnﬂmmlf
system nobil e units or nobile tel ephones, affd the cell-sites.t Cal| &l ar
systens in large cities may have hundreds of cell-site stations serving

5. The receiver subsystem of Claim 4-wherein said combined

2  output signal bears said information in an error correction coded format
and further comprises decoder means for receiving and error correction
4  decoding said combined output signal.

6. The receiver subsystem of Claim 1 wherein each one of said

2 multiple pilot signals results from a single cell-site transmitted pilot signal

travelling different propagation paths to reception by said searcher means,

4  each one of said multiple pilot signals is of a same spreading code offset in
time corresponding to its propagation path.

7. The receiver of Claim 1 wherein said multiple pilot signals

2  result from different cell-sites each transmitting a single pilot signal spread

spectrum modulated by a same spreading code with each cell-site

4 transmitted single pilot signal travelling different propagation paths to

reception by said searcher means, each cell-site transmitting its respective

6 .single pilot signal at a different code phase offset with respect to each other

“ cell-site transmitted single pilot signal, ones of said multiple pilot signals

8 resulting from a same cell-site transmitted single pilot signal being of a
-same spreading code offset in time corresponding to its propagation path.

s e e 4 9 I AU e P 8 T 5 4 PO e N P & 9 0O  TR S MR £ & NS T damna Nt

o 0 P o P o e b =2 e

LR .

8. In a cellular communication system in whxch user
2  information signals are communicated to an intended recipient user by a
cell-site using spread spectrum communication signals, wherein said
4  cell-site transmits a spread spectrum pilot signal of a predetermined code
phase, and wherein said cell-site transmitted spread spectrum
6 communication signals and pilot signal are susceptible to multipath
propagation, a recipient user spread spectrum receiver comprising:
8 searcher means for receiving an input signal which includes
multiple path propagations of a pilot signal transmitted by a cell-site
10 wherein each multiple path propagation pilot signal travels a different
propagation path and has a corresponding path dependent offset in code
12 phese, for scanning at different code phases so as to detect a presence of at
least one of said multiple path propagation pilot signals, for measuring
14  signal strength of each detected multiple path propagation pilot signal, for
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hundr ed® f 1 Rbifsands of nobile tel ephones. The use of CDVACTACHIONGUES
readily facilitat ei increases in UsSer capacity in systens of this size as

conpared to conven \w'ﬂfmm”mr on cel lul ar systens. In Figure 1,
system control |l er 1 O so referred to as nobil e tel ephone

swi t.ching office (MSO, typicdll{y includé@8 interface and processing
circuitry for providing systemcontrol to the cell-sites. Controller 10
controls the routing, of tel ephone calls,fromt swi t ched.tel ephone

he public
net wor k ( PSTNfeI&STHIRENG SEAS P R&eL AP é@tﬁeteﬂomlﬁaﬁ% P4l iFsAPRBA PR Pilot

appropri at@ nmelids, wid - foeoprboiding SArehe0 @mMislolssgridle fapHesamtadivecdf! s
fromthe .nobile uniits '

o e o0 € LS, e ObabeE p2F Sohe el et Sl
stati ons 1s8 ncecsespomadinigl @dmnphaseflandot typically communicate directly with
Vari ous means suchECOHER: WRRd foE) Teshuife) Pt seRrottE. FShiogl SRR for o,
m cr owave Gonmecaiving osaid rinputl sighiaguwdich furthenchnducies! anyltiplel psithes
LB I e e TR g otbuaniod LA D ety
t he possidd e said cell-site each corresponding to a respective multiple path propagation
pilot signal, for, in response to said searcher control signals, spread
24  spectrum processing certain ones of said multiple path propagations of
said spread spectrum communication signals corresponding to said
26 rmultiple path propagation pilot signals of greatest signal strength so as to
extract corresponding intended recipient user information signals
28 therefrom, and for providing corresponding output signals representative
of said extracted intended redpient user information signals.

9. The receiver of Claim 8 wherein said receiver means

2 comprises a plurality of data receiver means each for, receiving a different

one of said searcher control signals, receiving in said input signa! said

4 multiple path propagations of spread spectrum communication signals,

spread spectrum processing a different selected one of said multiple path

6 propagations of said spread spectrum communication signals in response

to said searcher control signals at a synchronization provided by a

8 corresponding multiple path propagation pilot signal, and providing a
corresponding one of said output signals.

10.  The receiver of Claim 8 further comprising combiner means
2 for, receiving said output signals, coherently combining said received
output signals and providing a corresponding combined output signal.’

11.  The receiver of Claim 8 further comprising input receiver

2 means for, receiving RF signals in a predetermined frequency band,
amplifying said RF signals, frequency downconverting said amplified

4 RF signals to an intermediate frequency range so as to produce
corresponding IF signals, filtering said IF signals, digitizing said IF signals,
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WO 91/87036 PO LU Nsvy/uoal”
communi cati on |inks—bet ween -¢e}l~-si-tte 12 and nobile units 16 an 1§ ‘

Slmlarly arrows 2 26a- 26b respectively define the
possi bl e conmuni catl l"g}”gm cell-site 14 and nobile units 16 and .
18. Cell-sites 12 and* 14 nom ma s ransm tagisi ng equal- power. The
cell-site service areas or cells are de5|gned I n geographi ¢ shapes such
that the nobile unit will nornmally be closest to one cell-site. Wen the

mobi | e uni t8i s whkeeinisaid dmgmaadillﬁ signais agrrespondi he muohiple path propagsdtiond y
nmonitors the pilo | N
illustrated in 4’—' %adaeg ‘i& Q{‘ﬁﬁ%tc%wég%ofxﬁﬂ-g e re %al?x}(‘g%b %?%lnc}sn% tAgadld
8 spread spectrum commumcanon signals, and provxdmg said IF signals to
said searcher means and said receiver means as said input signal.

e e R e T

12 In a cellular communication system in which user

2 information signals are communicated to an intended recipient user by at
least one cell-site using spread spectrum communication signals, wherein

4  each cell-site transmits a spread spectrum pilot signal of a same spreading
code and predetermined different code phase, and wherein each cell-site

o ———

6 transmitted spread spectrum communication signals and pilot signal are
susceptible to multipath propagation, a recipient user spread spectrum
8 receiver comprising:

searcher means for receiving an input signal including multiple
10 path propagations of at least one pilot signal wherein each pilot signal is
transmitted by a respective one of a plurality of cell-sites and wherein each
12 multiple path propagation pilot signal travels a different propagation path
and has a corresponding path dependent offset in code phase, for scanning
14  at different code phases so as to detect a presence of at least one of said
multiple path propagation pilot signals, for measuring signal strength of
16 each detected multiple path propagation pilot signal, for determining code
phase of each detected muiltiple path propagation pilot signal, and for
18 providing searcher control signals representative of multiple path
propagation pilot signals of greatest signal strength and corresponding

20 code phase; and '
receiver means for receiving said searcher control signals, for
22 receiving said input signal which further includes multiple path
propagations of spread spectrum communication signals transmitted by at
24 least one of said plurality of cell-sites wherein each multiple path
propagation of said spread spectrum communication signals corresponds
26 to a respective multiple path propagation pilot signal, for, in response to
said searcher control signals, spread spectrum processing certain ones of
28 said multiple path propagations of said spread spectrum communication
signals corresponding to said multiple path propagation pilot signals of
30 greatest signal strength so as to extract corresponding intended récipient
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15 nobi-MQyniazoI6 by celt=—sites—12-and 14 upon communi cati opchriydes,Qa- and
26a. The nobile unit t,mmm ich cell it is in by conparing
signal, strength of pil ﬂunmmrmmh tted fromthese particular
cell-sites. Mobi I'e Gnit 16 rfeasures the total received power in pilot
signals transmtted by cell-sites 12 and 1l4jupon path 20a and 26a.
Simlarly, nobile unit 18 neasures the total recei ved power in pilot
signals as transmtted by cell-sites 12 and 14 upon paths 22a and 24a. In

each of nobile uzla'rtmfdﬁnandnl&grpﬂd ahesdfgoml, gradvdori provdsng erbriesttdreiing
recel ver Vﬁ{]fl S m§§?§?$€?lsl p%sﬁnqgﬁegdofskg'aa énaéﬁeﬁo'{rw(sﬂgle& %J%\n%m

nmeasur enen atron recei ve

pseudonoi se ( Pih{capeationisigmaleadi ng si gnal . When nobi I e unit 16 is
closer to cell-site 12, the received signal power will be doninated by the
signal traveling path 20a When nobile unit 16 is nearer to cell-site 14,
the received power il DeheigiicainesdobyClaim di2grrehereiny saiidn geseivent meaps.

Simlarly, ahenchphide #@ﬂ&réﬁy g cﬁ't@?é‘c‘eﬁé} #Rhhs ShEIS fdf rebdlGid L AikBtbnt
power w |l be dom nat ed Qn

ne of said searcher co Lrol signals, receiving in said input signal said

4 multiple path propagations of spread spectrum communication signals,

spread spectrum processing a different selected one of said multiple path

§ propagations of said spread spectrum communication signals in response

to said searcher control signals at a synchronization provided by a

8 corresponding multiple path propagation pilot signal, and providing a
corresponding one of said output signals.

14.  The receiver of Claim 12 further comprising combiner means
2  for, receiving said output signals, coherently combining said received
output signals and providing a corresponding combined output signal.

15.  The receiver of Claim 12 further comprising input receiver

2 means for, receiving RF signals in a predetermined frequency band,

. amplifying said RF signals, frequency downconverting said amplified RF

4  signals to an intermediate frequency range so as to produce corresponding

TF signals, filtering said IF signals, digitizing said IF signals, wherein said

6 digitized IF signals correspond to multiple path propagations of said pilot

signal and corresponding multiple path propagations of said spread

8 spectrum cominunication signals, and providing said IF signals to said
searcher means and said receiver means as said input signal.
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path 24a W QRER Hn%l I e um r to cell-site 12, thePredei%é-poner
w Il be dom nated by u% ﬂﬁgml ng on path 22a. Each of nobile
units 16 and 18 use thé& res tan urenent, together with know edge of .
the cell-site transmtter power and the rmblle unit .antenna gain, in

P

estimating the path-less—to-the €T osest celd>site. The estinated ‘path | oss,
t Ogerhier Wi t h know edge of the nobile antenna galn and the cell-site G T

(receive antenna gai trgl Vi gelwlarrecc%r?{ﬁ{ur?ﬁ e%)g%te;l;} rﬁeu}dﬁght% er

determ ne the nom na er power reqwre esire
carrier-to-8oi gefcpzanmon mgﬂaﬁ e rommtempe@éu ipean xrrmdeniowcauget myen hg at

mobi | e units Ofxesf,}l ofi€ cen sl s@ﬁgégﬁéﬁg hﬂec&hwxcsaéﬁ% Bl B REYei

transmtted in ce ast Slg such
setup channél, eashi cRlirsita FaBSTES & $RAea émeﬁapnt oHet i of G sws&mwn&

cell-site. code'"aﬁﬁ'ﬁpr@aém?irﬁnéd |di'§&fe§htt%dengﬁh£éura‘i\d1w}@?@id BadH1kbil Lfemay

be considered closest to cell-site . When | @ uni niti ates .a

t
cal |, a conProl TAREEHRd FEW%?R?H‘T‘F@&Q’B“’{%@%%{F éé&'“%élaanstlét sigfal et e
12. Cell-site Js&stéapﬁbxeeot@ \rmmmp:ha mbpagmuﬁsta rieesiege, fori arghirisy st

controller 8° aﬁ‘xgoctersgrﬁ% S nk recxpxenut User s rea?imsﬁggttr{l%lr:ec{mrlnougxcapon
signals comprising the steps of:
10 receiving input signals induding (a) multiple path propagations of
at least one pilot signal wherein each pilot signal is transmitted by a
12 respective one of a plurality of cell-sites and wherein each multiple path
propagation pilot signal travels a different propagation path and has a
14  corresponding path dependent offset in code phase and (b) multiple path
propagations of spread spectrum communication signals transmitted by at
16 least one of said plurality of cell-sites wherein each multiple path
propagation of said spread spectrum communication signals corresponds
18  to a respective multiple path propagation pilot signal;
scanning said input signals at different code phases so as to detect a
20 presence of at least one of said multiple path propagation pilot signals; _
measuring signal strength of each detected multiple path
22 propagation pilot signal;
determining code phase of each detected multiple path propagahon
24 pilot signal; :
providing a searcher signal representative of multiple path
26 propagation pilot signals of greatest signal strength and corresponding
_code phase;
28 spread spectrum processing, in response to said searcher signal, ones
of said multiple path propagations of said spread spectrum
30 communication signals corresponding to said multiple path propagation
pilot signals of greatest signal strength so as to extract correspondmg
32 intended recipient user information signals therefrom; and
providing corresponding output signals representative of said
384  extracted intended recipient user information signals.
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connecHis) $ihe 0sal | through the PSTN to the intended recipi grif T-Loon/ied

16 Should a call be initiated within the PSTN-control-er—10_.
transmts the call information to all the ceII-siteml,,

cell-sites in return transmit a pagi ng nmessage to t mm 'mﬂﬁi ﬂ;)l ent
nmobile unit. Wen the nobile unit heaP8 a pagi ng messade, tit® resspends Wi t
a control nessage that-is transmtted to the nearest cell-site. This
control message;si 0RlSmblit P LlE 5 hAhkP toklHsihD e B G &

cell-site is in”
2 combining said output signals; and

providing a corresponding combined output signal.

18  The method of Claim 16 further comprising the steps of:

2 receiving RF signals in a predetermined frequency band;
amplifying said RF signals;
4 frequency downconverting said amplified RF signals to an
intermediate frequency range so as to produce corresponding IF signals;
6 filtering said IF signals;
digitizing said IF signals; and
8 providing said IF signals to said searcher means and said receiver

means as said input signals.
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communi cation with the nobile unit. Controller 10 thep routes the cart
through this cell-site to the nobile unit. Shourﬂuymﬂjﬂﬂﬁmﬂnm nove
out. of the coverage area of the initial l1-site t enpt
is made to continue the call by routing e call through anot hér &elf-site.
In the handoff process there are two different nethods of initiating the

handoff of the caf OrTh@@ﬁéthﬁdtd'fr(Qlaﬂ'h Wlﬁirmér @cﬁhbristﬂ%ethe steps ofhe first
met hod, gglledthec S|te|nh$ i ated ,ness is'simlar to the handoff

net hod efpl oyed i¥PH B’“B&S&“%SP Bt gny s t| on anal og cel | ul ar tel ephone
systens current| ypiovidizgg alcortesponeing- cortibined dughecsigrilhod, the initi al
cell- site, cell-site 1 noti ces that the signal transmtted by nobil e
unit 16 has fallen bel ow a certain threshold I evel. ‘Cell-site 12 then
transnmts a handof& re’ﬁhesmethodsgis(ﬂlaimc‘kﬁwﬁndhéremmprismgltheoitleps of0 rel ays

the requgst to al I ; lqu te 14. The
contr.ol | gr transnﬂlef?ﬁ)éggﬁglggagﬁg ugléés‘feli% o{r}Fr;egt?g :IE)J t’iﬂﬁ% to the
channel , i ncl udi ni;}nP )cmg cﬁféﬁﬁé sed by nobile unl t 16. Cell-site 14
tunes a geceiver P@qh@ﬁcfhﬁ%’ﬂ@ﬂc&ﬂé}ﬁn %@x@’YahgﬁhHEB' IReF Lg]?ha@dmrrwures

the signal Sxtngeer?rgetdhxate %‘qugrlxl ralf'xsglen %I }tu?olduce corre lﬂ)%?\dmg IF signals;
6 filtering said IF signals;
| digitizing said IF signals; and
8 providing said IF signals to said searcher means and said receiver

means as said input signals.
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cell-site 14 receivers report a stronger signal than the initial cell-site
reported signal strength, then a handoff is nade to this cell-site.

The second nethod of initiating a khafdoff-is called the nobile initiated
handof f. The nobile unit is equipped with a search receiver which is used
to scan the pilot signal transm ssion of neighboring cell-sites, in
addition to perform ng other functions. If a pilot signal of cell-site 14
is found to be stronger than the pilot signal of cell-site 12, nobile unit
16 transnmits a control nessage to the current cell-site, TqelfROM ©TRERThI s

control nessage cont AOnE RQMor mat i on I dentjof yi ng t he csiLtesofEgreater
signal strength ipzmﬂﬁiTN) anf or mat i on/ r eque g a handoff of this
ce[l-5|te. Cell-site 16 transfers fﬁ'%sﬁf?é%ﬁl nmgssage to
CONTROLLER
_ & SWITCH
14
12

24q

1S

FI1G. |
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17- controller 10. The nmobile initiated handoff nethod has vari ous
advant ages over the cell-site initiated handoff nethod. The nobile unit
becomes aware of changes in paths between i-t3el§ and the various

nei ghboring cell-sites nuch sooner and with less effort than the cell-sites
are capabl e of doing However, to performa nobile initiated handoff, each
mobi I'e unit nust be provided with a searching receiver to performthe scan
function. In the exenplary enbodi ment described hereipgof a nobile unit

wi th CDVA comuni cat i o%capabi lity, the search receiyer has additional

functions which requi/pe Its presence. Wen mobi e unit 16 is within
t he coverage aregavof~cett=3ite 14, such that BRARGEES i {ted si gnal s of
cell-site 14 areAMéENNdndest, nobile ‘InTT’Jlga‘qé@grlqw '@ﬁli ver utilizes
mul ti path si gnaks—ef—strongest strength|for jprocessing ifp the nultiple data
receivers. _ ) 48
- : ; /42 yi
_ DATA OMBINER
DIPLEXER | —>1 RECEIVER > & DECODER
!
34 /40
< DIGITAL 50
ANALOG [
RECE IVER > _DATA T
RECEIVER USER
DIGITAL
| DATABAND

46| CONTROL [|*—

PROCESSOR
36 | 38 52
£ 4 Y /
TRANSMIT TRANSMIT - TRANSMIT
POWER - POWER - MODULATOR
AMPLIFIER CONTROL

FIG. 2
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Shoul d nobile unit 16 nove out of the-c@vkdage area of the initial
cell-site, cell-site 12, an attenpt is made to continue the call by routing
the call through another cell-site. In the cell diversity node the call is
routed through nultiple cell rggt es Ihe_use_of, the diversity receiver

syst em of th@opresent i nvent | on enpt[heﬂmnnum_c.au ans. hetween nobil e unit
16 and cell 'S'\ESAIQ%E&‘NQ djv ariaus qj ?A cel/l -sites. Figure 2
illustrates in hlock diaagr form;lﬁggqegq ugit. The nobile unit linclude
an antenna 30 which i $ coupl ed thrpu é exgr 32 to'anal og recei \Ver 34
and transmt power anplifier 3|6 Antenna nd di pl e%er 32 are of 'standar

design and permt simylt ousi transm SSi nd reception through singl e
ant.enna. Ant enna—38—edi4eetsitrans |'s and provides themthrough

ur

joN

di pl exer 32 to fanaNdgLO&ei ber! 34: | BEARCHER4 receivgs the RF freq'luency
signals from di ph%ﬁé‘ﬁ%e%h chta | T the 8%0 MHz frequepcy band
for anplificatijo uancy do ' tofan IIF frequency. 1 This
transl ati on proeess—+s—aecconpl | she ' equency lsynt hesiger of
standard design which pernits$ [he receiver,880 be funed to any o“f& t@e
frequencies within the7aCceive freq-ue-ne-y-—-ga-n-d— f {he dveral | recettoutar
t el ephone frequepcy badd DIGITAL i DIVERSITY
ANTENNA L—» DATA |= § COMBINER
RECEIVER ‘ —»{ & DECODER
|
72 76 !
Y / /[ |
!
ANALOG DIGITAL ‘ ‘
RECEIVER RECEIVER | ,
_ _ l
82
74 !
/ ‘ Y v
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The I F signal is then passed through a surface acoustic wave (SAW bandpass
filter which in the preferred enbodi nent, i,s approximately 1.25 Mz in
bandwi dt h. The characteristics of the ‘SAWHT I ter are chosen

18 to match the waveformof the signal transmtted by the cell-site which
has been direct sequence spread spectrum nodul ated by a PN sequence cl ocked
at a predetermned rate, which in the preferred enbodi nent is 1.25 MHz.
This clock rate is chosen to be an integer nultiple of a nunmber of common

THER FROM CELL-SITE
TF(;JS/T“':?\*;QOM TocfgquhglgES CONTROL PROCESSOR
t 100
/ TO/FROM
i
WAy t—— CELL-SITE
CONTROL DIGITAL
08 PROCESSOR o GITA
I ?
DIGITAL
SWITCH
? 104 102 '
A [ N\ Y
DIGITAL |e— DIVERSITY DIGITAL.
VOCODER L COMBINER SWITCH

t t

TO OTHER |

TO/FROM OTHER DIVERSITY COMBINERS™
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s

data rates such as 16 Kbps, 9.6 Kbps, and 4.8 Kbps. Recei wér 34 al’s¢f
.perforns a power control function for adjusting the transmt power of the
-obil e unit. Receiver 34 generates an anal og power control signal that is
provided to transmt power control circuitry 38. Receiver 34 is also
provided with an analog to digital (A/D) converter (not shown) for
converting the IF signal to a digital signal with conversion occurring at a
9.216 MHz clock rate in the preferred enbodi nrent which is exactly eight

times the PN chip_rate. % h of two or
more signal proceQI)VER)S ﬁ%ﬁéﬁﬁ&ﬁﬂo&e@% tﬁgﬁgﬁ rcher .
receiver with the remainder b EPEPHONE SYSTEM In Figure 2, the

digitized signal output fromreceiver 34 is provided to digital data
receivers 40 and 42 and to searcher receiver 44. It should be understood

t hat an inexpensive, é nalt}; L[ﬁé g@. We only a single
data receiver while m%ﬁ{) S{m ni Errgm } nore to all ow
diversity reception, The digitized IF si gnal may contain the signals
of many on-goimMgld of the Inventjon
The present invention relates to cellular telephone systems. More
specifically, the present invention relates to a novel and improved
_recsiver design for enhancing the reliability and communications in the
cellular telephone environment.

1. Description of the Related Art

The use of code division multiple access (CDMA) modulation
techniques is one of several techniques for fadlitating communications in
which a large number of system users are present. Although other
techniques such as time division multiple access (TDMA), frequency
division multiple access (FDMA) and AM modulation schemes such as
amplitude companded single sideband (ACSSB) are known, CDMA has
significant advantages over these other techniques. The use of CDMA
techniques in a multiple access communication system is disclosed in
U.S. Patent application Serial No. 06/921,261, filed October 17, 1986,
entitled “SPREAD SPECTRUM MULTIPLE ACCESS COMMUNICATION
SYSTEM USING SATELLITE OR TERRESTRIAL REPEATERS”, now
U.S. Patent No. 4,901,307, assigned to the assignee of the present
inventon, the disclosure thereof, incorporated by reference.

In the just mentioned patent, a multiple access technique is
disclosed where a large number of mobile telephone system users each
having a transceiver communicate through satellite repeaters or terrestrial -
base stations (also known as cell-sites stations, or for short cell-sites) using
code division multiple access (CDMA) spread spectrum communication
signals. In using CDMA communications, the frequency spectrum can be
reused multiple times thus permitting an increase in system user capacity.
The use of CDMA results in a much higher spectral efficiency than can be
achieved using other multiple access techniques. In a CDMA system,
increases in system capacity may be realized by controlling the transmitter
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calls together with the pilot carriers transmtted by the current and all
nei ghboring cell-sites. The function of .the receivers 40 and 42 are to
correlate the IF sanples with the proper PN sequence. This correl ation
process provides a property that is well-known in the art as "processing
gai n® whi ch enhances the signal-to-interference ratio of a signal matching
the proper PN sequence while not enhancig ot her signals. Correlation
output is then synchronously detected using the pilot carrier fromthe

cl osest cel Lsid.e her phase soghe result of this
det ecti on pbgi«}eetsrsofgagn g@é%‘é%cuégbs gearlgcgécigg_aggén_ﬁfﬁ%f‘gg to Ot}"_erﬁ?yﬁfeﬁber_ty
of the PN s&§&&nce as used in the present invention is that discrimnation

[ i ded agai pst | i h, Si ]S \Whene t S} arri :
oy | o recel vor it orepaacoiiite  aBpficRio!cr | ife CBMA ebntBinta bR, 4
difference FeFvHguUesCidist mePils waitiranseeiyeymarssurpsi the power level of a

signal received via a satellite repeater. Using this power measurement,
along with knowledge of the satellite transponder downlink transmit
power level and the sensitivity of the mobile unit receiver, the mobile
unit transceiver can estimate the path loss of the channel between the
mobile unit and the satellite. The mobile unit transceiver then
determines the appropriate transmitter power to be used for signal
transmissions between the mobile unit and the satellite, ‘taking into
account the path loss measurement, the transmitted data rate and the
satellite receiver sensitivity.

The signals transmitted by the mobile unit to the satellite are
relayed by the satellite to a Hub control system earth station. The Hub
measures the received signal power from signals transmitted by each
active mobile unit transceiver. The Hub then determines the deviation in
the received power level from that which is necessary to maintain the
desired communications. Preferably the desired power level is a
minimum power level necessary to maintain quality communications so
as to result in a reduction in system interference.

The Hub then transmits a power control command signal to each
mobile user so as to adjust or “fine tune” the transmit power of the mobile
unit. This command signal is used by the mobile unit to change the
transmit power level closer to a minimum level required to maintain the
desired communications. As channel conditions change, typically due to
motion of the mobile unit, both the mobile unit receiver power
measurement and the power control feedback from the Hub continually
readjust the transmit power level so as to maintain a proper power level.
The power control feedback from the Hub is generally quite slow due to
round trip delays through the satellite requiring approximately 1/2 of a
second of propagation time. '

One important difference between satellite or terrestrial base
stations systems are the relative distances separating the mobile units and
the satellite or cell-site. Another important different in the satellite versus
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19 reception tine difference corresponds to the difference in distance
divided by the speed of light. If this tine difference exceeds one

m crosecond, then the correlation process will discrimnate agai nst one of
t he paths. The receiver can choose whether to track and receive the earlier
or later path. If two receivers are provikded, such as receivers 40 and 42,
then two i ndependent paths can be tracked and in parallel. Sear cher
recei ver 44, under control of control processor 46, is for continuously

scanni ng t herrlel f¥eredeiall gy 26 @URMHeNEpROBT Fadinkl 1Rt Wcclird @k @heed cRAdmdls si gnal
of the cell -_'f.l te for oii?}[ar rrultlefat.h pilot signals fromthe same cell-site
and for ot hef My {hese Qitierancasi t4aHrs,vagious; iitlemenssc i} JBf 3PTRRFT Reasur e

the strengt hsyaterarpowecenitralrfoofthe teteestriallsyggf orm at times other than the
rl%ggnein\a/llar t |4£1repr c?\e/i ggl%a sé’é&ﬁ%{};%lﬁfe ﬂrgp%kaﬁﬁél,erf%t. rh\'ensattglefitg & ea'n\ﬁgf! t?\'egnal S

satellite repeaters are normally located in a geosynchronous earth orbit.

As such, the mobile units are all at approximately the same distance from

the- satellite repeaters and therefore experience nearly the same

propagation loss. Furthermore, the satellite channel has a propagation

loss characteristic that follows approximately the inverse square law, i.e.

the propagation loss is inversely proportional to the square of the distance

between the mobile unit and the satellite repeater in use. Accordingly, in

the satellite channel the variation in path loss due to distance variation is

- typically on the order of only 1-2 dB. ' '

In contrast to the satellite channel, the terrestrial/mobile unit
channel, i.e. the terrestrial channel, the distance between the mobile units
and the cell sites can vary considerably. For example, one mobile unit may
be located at a distance of five miles from the cell site while another
mobile unit may be located only a few feet away. The variation in distance
may exceed a factor of one hundred to one. The terrestrial channel
experiences a propagation loss characteristic as did the satellite channel.
However, in the terrestrial channel the propagation loss characteristic
corresponds to an inverse fourth-power law, i.e. the path loss is
proportional to the inverse of the path distance raised to the fourth power.
Accordingly, path loss variations may be encountered which are on the
order of over 80 dB in a cell having a radius of five miles.

The satellite channel typically experiences fading that is
characterized as Rician. Accordingly the received signal consists of a direct
component summed with a multiply reflected component having
Rayleigh fading statistics. The power ratio between the direct and reflected
component is typically on the order of. 6-10 dB, depending upon the
characteristics of the mobile unit antenna and the environment about the
mobile unit.

Contrasting the satellite channel with the terrestrial channel, the
terrestrial channel experiences signal fading that typically consists of the
Rayleigh faded component without a direct component. Thus, the
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strength signal to control processor 46 indicative of the strongest signals
and relative time relationship. Processor 46 provides control signals
to digital data receivers 40 and 42 for each to process a different one of
the strongest signals. On occasion another cell-site transmitted pil ot
signal is of greater signal strength thap the current cell-site signa
strength. Control processor 46 then would generate a control message for
transmssion to the systemcontroller via the current cell-site requesting

a transfer QErxteQ&xﬂaérhartzfél gﬁﬂ@s@ﬁﬂsl a hbee @eve@smnd% r@\tmomlmenstthmgm pi | ot
?I’

el s tos. satelie ShRTRR 108 15 Brifast dng f%é*‘én?%é rerem

diversity conbi neTh@Rd ttegh)dedmg tharacteristits xﬁhtélechevmsmxalyckmmrtﬁl

circuit t

SRRy by vy e onY T
addi tion propiepsicatesnvirormenteedsd basublilat signgl mgquealnmt@mwegys :
hunber corregpbonding,:fo ﬁﬁlﬁ rekat e‘x‘efxsdrﬂn%aﬁ?r 1188 dtsord mtentm)ﬁg;g,ﬁans

This operati‘on can be consi dered a_naxi

e) dlverS| y CcOo r
resul ting compnsmissiingdalayst raathe JHE ﬂB%WeHaﬂéﬁ Hﬁué Iy & rTJE‘I;Y gtfﬂé’am
mobile radio communications, including those of cellular mobile

telephone systems, significant phase differences in signals traveling on
different paths may occur. The possibility for destructive summation of
the signals may result, with on occasion deep fades occurring.

Terrestrial channel fading is a very strong function of the physical
position of the mobile unit. A small change in position of the mobile unit
changes the physical delays of all the signal propagation paths, which
further results in a different phase for each path. unit through the
environment fading process. For example, Thus, the motion of the
mobile can result in a quite rapid in the 850 MHz cellular radio frequency
band, this fading can typically be as fast as one fade per second per mile per
hour of vehicle speed. Fading on this order can be extremely disruptive' to
signals in the terrestrial channel resulting in poor communication quality.
However, additional transmitter power can be used to overcome the
problem of fading.

The terrestrial cellular mobile telephone system typically requires a
full-duplex channel to be provided in order to allow both directions of the
telephone conversation to be simultaneously active such as provided by
the conventional wired telephone system. This full-duplex radio channel
is normally provided by using one frequency band for the outbound link,
i.e. transmissions from the cell-site transmitter to the mobile unit
receivers. A different frequency band is utilized for the inbound link, i.e.
transmissions from the mobile unit transmitters to the cell-site receivers.
According, this frequency band separation allows a mobile unit
transmitter and receiver to be active simultaneously without feedback or
interference from the transmitter into the receiver.

In the conventional cellular telephone system, the available
frequency band is divided into channels typically 30 KHz in bandwidth
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error detection decoder also contained within circuitry 48, In the
exenpl ary enbodi nent convol utional encoding is utilized. The convol uti onal
encodi ng has a constraint length 9 and a code rate 1/3, i.e. three encoded
synbol s are produced and transmtted for every

20 information bit to be transmtted. The opti num decoder for this type of
code is of the soft decision Viterbi al gorithm decoder design. The
resulting decoded information bits are passed to the user digital baseband

while analog FM modulation techniques are used. The system service
area is divided geographically into cells of varying size. The available
frequency channels are divided into sets with each set usually containing
an equal number of channels. The frequency sets are assigned to cells in
such a way as to minimize the possibility of co-channel interference. For
sxample, consider a system in which there are seven frequency sets and
the cells are equal size hexagons. A frequency set used in one cell will not
be used in the six nearest or surrounding neighbors of that cell.
Furthermore, the frequency set in one cell will not be used in the twelve
next nearest neighbors of that cell.

In the conventional cellular telephone system, the handoff scheme
implemented is intended to allow a call to continue when a mobile
telephone crosses the boundary between two cells. The handoff from one
cell to another is initiated when the cell-site receiver handling the call
notices that the received signal strength from the mobile telephoné falls
below a predetermined threshold value. A low signal strength indication
implies that the mobile telephone must be near the cell border. When the
signal level falls below the predetermined threshold value, the cell-site
asks the system controller to determine whether a neighboring cell-site
receives the mobile telephone signal with better signal strength than the
current cell-site.

The system controller in response to the current cell-site inquiry
sends messages to the neighboring cell-sites with a handoff request. The
cell-site neighboring the current cell-site employs special scanning
receivers which look for the signal from the mobile unit on the specified
channel. Should one of the neighboring cell-sites report an adequate
signal level to the system controller, then a handoff will be attempted.

Handoff is then initiated when an idle channel from the channel
set used in the new cell-site is selected. A control message is sent to the
mobile telephone commanding it to switch from the current channel to
the new channel. At the same time, the system controller switches the call
from the first cell-site to the second cell-site. In the conventional system a
break-before-make scheme is utilized such that no diversity reception is
possible in overcoming fades.
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circuitry 50. Baseband circuitry 50 typically includes a digital
vocoder (not shown). Baseband circuitry 50 further serves as an interface
Wi th a handset or any other type of peripheral device. Baseband circuitry
50 accommpdates a variety of different vocoder designs. Baseband circuitry
50 provides output information signals to the user in accordance with the
i nformati on provided thereto fromcircuitry 48. User anal og voice
signals typically provided through a handset are provided as an input to

baseband circuitr Baseband itr 5 |n | udes an analog to djgital
(A D) converter (ﬁ&f'q'%eh' v@ﬁ]"éﬁ F{%b fe egﬁRPG@es:}Qﬁaltot ge&i"gf“f‘%l
formCI ghe ﬂl mMaﬁdg&ahwu&hptmm&m the Haad@:cfglwm émcoetﬁtrtumep@rarﬁndrs '
encode ey r_ oyt | 0 orward error coryfect

encoding ci r%’fﬁ?%g?ﬁﬁ gﬁg%ses cSﬁgt ﬂag}djocfg faél:'ﬂe&n OCEHT s IRERUERY dW 3D zed
voi ce si gnal questionspine rféhahllij}aﬁljhadystem;w try 50 to transmit nodul ator 52.

han TN moateat otn Sthd O Arfifotd)® ENEREC R GRBYe Oy Shell SUh! SR O™

whose PN sequence |s c osen accor to the SI gnhe
the cal|. ThéelRterdeysignafferts mmlﬁwon@ tqapl cause disruption in call

service. It is therefore an object of the present invention to provide, in a
cellular telephone system, a receiver design which fadilitates reception and
processing of the strongest signals transmitted from one or more cell-sites,
these signals being multipath signals from a single cell-site or signals
transmitted by multiple cell-sites.

SUMMARY OF THE INVENTION

In a CDMA cellular telephone system, the same frequency band is
used for communication in all cells. The CDMA waveform properties
that provide processing gain are also used to discriminate between signals
that occupy the same frequency band. Furthermore the high speed
pseudonoise (PN) modulation allows many different propagation paths to
be separated, provided the difference in path propagation delays exceed the
PN chip duration, or one/bandwidth. If a PN chip rate of 1 MHz is
employed in a CDMA system, the full spread spectrum processing gain,
equal to the ratio of the spread bandwidth to system data rate, can be
employed against paths that differ by more than one microsecond in path
delay from the desired path. A one microsecond path delay differential
corresponds to differential path distance of 1,000 feet. The urban
environment typically provides differential path delays in excess of one
microsecond, and up to 10-20 microseconds are reported in some areas.

In narrowband modulation systems such as the analog FM
modulation employed by conventional telephone systems, the existence of
multiple paths results in severe multipath fading. With wideband CDMA
modulation, however, the different paths may be discriminated against in
the demodulation process. This discrimination greatly reduces the
severity of multipath fading. Multipath fading is not totally eliminated in
using CDMA discrimination techniques because there will occasionally
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processor 46 fromcall setup information that is transmitted by the
cell-site and decoded by receivers 40 and 42. In the alternative, control
processor 46 nay determ ne the PN sequence through prearrangenent with the
cell-site. Control processor 46 provides the PN sequence information to
transmt nodul ator 52 and to receivers 40 and 42 for call decoding. The
out put of transmt nodulator 52 is proviaed to transmt power control
circuitry 38. Signal transm ssion power is controlled by the anal og pomer

trol d f t ' d
contTol 51 gk Gl RO SEFLNGERYy BRTLGRL ML A alATLL o8,
data recei véps the partcular spnemoxﬁegnaajhagm@mﬂbdmmObn shxas;urdebyanmt roI

processor 4 Hxs%?fﬁdr{égea ap:%‘efifl th @Vﬂmb&u% | ¢ iﬁ“kﬂer%f&ng %%afrﬂnat In

response to this comand ontrol processor generates a

control sigriae systamshopld pravider diversity ot fugthes redure tag effﬁﬂérqfréﬂ‘iimg on the
interrelati OnShI'pI‘p)é deeter RAB! ¥FE&s A6) ﬁﬂﬂnél?can be controlled somewhat by

controlling transmitter power in the CDMA system. A system for cell-site
and mobile unit power control is disclosed in copending U.S. Patent
Application entitled “METHOD AND APPARATUS FOR CONTROLLING
TRANSMISSION POWER IN A CDMA CELLULAR MOBILE
TELEPHONE SYSTEM", Serial No. 07/433,031, filed November 7, 1989, by
the inventors hereof and assigned to the Assignee of the present
invention. Furthermore the effect of multipath fading can be reduced in
the handoff mode when the mobile unit is transitioning between cell-site
service area with the mobile unit communicating cell-sites during the
handoff process. The handoff scheme is disclosed in copending
U.S. Patent Application entitled “SOFT HANDOFF IN A CDMA
CELLULAR TELEPHONE SYSTEM”, Serial No. 07/433,030, filed
November 7, 1989, by. the inventors hereof and assigned to the Assignee of
the present invention.

The existence of multipaths can provide path diversity to a
wideband PN CDMA system. If two or more paths are available with
greater than one microsecond differential path delay, two or more PN
receivers can be employed to separately receive these signals. Since these
signals will typically exhibit independence in multipath fading, i.e., they
usually do not fade'together, the outputs of the two receivers can be
diversity combined. Therefore a loss in performance only occurs when
both receivers experience fades at the same time. Hence, one aspect of the
present invention is the provision of two or more PN receivers in’
combination with a diversity combiner.

Another aspect of the present invention is that as a mobile unit
moves through the physical environment, the number of multiple paths
and their signals strengths constantly vary.. The present invention
therefore utilizes a spedal receiver, called a searcher receiver, which
constantly scans the time domain of the channel to determine the
existence, the location in the time domain, and the relative signal
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21 control processor 46 and transmt power control circuitry 38 are also
further described in the above-nentioned copending patent application.
Transmt power control circuitry 38 outputs the power controlled nodul ated
signal to transmt power anplifier circuitry 36. Crcuitry 36 anplifies and
converts the IF signal to an RF frequency by mxing with a frequency

synt hesi zer out put signal which tunes thé signal to the proper output
frequency. Circuitry 36 includes an anplifier which anplifies the power to

AL Uk NG of LIS R R AURIEE PR RIR e oThOSesteRE
for transni Seceiveroprawides|qondrglegver the ‘ffﬁénﬁc@?viﬂsoﬁbg‘éﬁk‘ﬂg %\esge?ts '
capabl e of ggpeiI3tdvadaBlRNéA QUffERRE paEss.

In a CDMA cellular telephone system, each cell-site has a plurality
of modulator-demodulator units or spread spectrum modems. Each
modem consists of a digital spread spectrum transmit modulator, at least
one digital spread spectrum data receiver and a searcher receiver. Each
modem at the cell-site is assigned to a mobile unit as needed to fadilitate
communications with the assigned mobile unit. Therefore in many
instances many modems are available for use while other ones may be
active in communicating with respective mobile units. A soft handoif
scheme is employed.for a CDMA cellular telephone system in which a
new cell-site modem is assigned to a mobile unit while the old cell-site
continues to service the call. When the mobile unit is located in the
transition region between the two cell-sites, the call can be switched back
and forth between cell-sites as signal strength dictates. Since the mobile
unit is always communicating through at least one cell-site, no disrupting
effects to the mobile unit or in service will occur. The present invention
utilizes multiple receivers at the mobile unit which are also used in a
diversity function when in the handoff process or firmly in a single cell.

In the CDMA cellular telephone system, each cell-site transmits a
“pilot carrier” signal. This pilot signal is used by the mobile units to
obtain initial system synchronization and to provide robust time,
frequency and phase tracking of the cell-site transmitted signals.

Each cell-site also transmits a “setup” channel comprised of spread
spectrum modulated information, such as cell-site identification, system
timing, mobile paging information and various other control signals. The
pilot signal transmitted by each cell-site is of the same spreading code but
with a different code phase offset. Phase offset allows the pilot signals to
be distinguished from one another resulting in distinguishment between
cell-sites from which they originate. Use of the same pilot signal code
allows the mobile unit to find system timing synchronization by a single
search through all pilot signal code phases. The strongest pilot signal, as
determined by a correlation process for each code phase, is readily
identifiable. The identified pilot signal corresponds to the pilot signal
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such as cell-diversity node requests and cell-site communi cation

term nati on conmands. These comrands are provided to transmt nodul ator 52
for transm ssion. Control processor 46 is responsive to the data received
fromdata receivers 40, 42 and search receiver .44 for maki ng deci si ons
relative to handoff and diversity conbining. Figure 3 illustrates in
bl ock di agram form an exenpl ary enbodi meht of the cell-site equiprment. At
the cell-site, two receiver systems are utilized with each having a
separate antenna an r..for space diversity reception. In each

recei ¥
of the receif@¥ g a}qqgeasrle&n Es%ﬁe processed identically until the
si gnal s undergo é'UﬁDMel’asqtz)SInonbldfatthen sprarcgest. pihet eligneht d.ewi thitmalt he

dashed | t

Dot neen | o SyBERTETRRAGN St B MEbiRe (BT SRR Irbfgbl pPRATRIBEE raNS
receivers arrnoailscurpt searhbds tfor dhheapmmsiampdthamwrﬁhﬂladaﬁlbmew th
ot her nobi | en nel is Eﬂﬁﬂft?erﬁb the e‘enrs%fe ﬁﬁﬁg'dﬁéo?!?l@falltz

corrprl sed of an% en a , dadna recel V , Searc recelv
digital dat aﬂx:rec@mmreéstewn@ r é@é?%rsag/%trum figdest soln Al (RIETRRI adm i onal

digital datamssginent @8- thzhpré@ﬁ@ri@hvreae@nyetrwmtm idi¢fereRE codesrdar@ 70,

anal og recel usec 7éowse%%xr',cxt Should be understood that more or less codes could be
used in the setup channel as determined by system parameters. The
mobile unit then begins a search through all of the different codes used in
the setup channel.

When the mobile unit identifies the appropriate setup code for that
cell-site, system information is received and processed. The mobile unit
further monitors the setup channel for control messages. One such
control message would indicate a call is waiting for transfer to this mobile
unit.

The mobile unit continues to scan the received pilot carrier signal
code at the code offsets corresponding to neighboring cell-site transmitted
pilot signals. This scanning is done in order to determine if the pilot
signal emanating from neighboring cells is becoming stronger than the
pilot signal first determined to be strongest. If, while in this call inactive
mode, a neighbor cell-site pilot signal becomes stronger than that of the
initial cell-site transmitted pilot signal, the mobile unit will acquire the
stronger pilot signals and corresponding setup channel of the new cell-site.

When a call is initiated, a pseudonoise (PN) code address is
determined for use during the course of this call. The code address may be
either assigned by the cell-site or be determined by prearrangement based
upon the identity of the mobile unit. After a call is initiated the mobile
unit continues to scan the pilot signal transmitted by cell-sites located in
neighboring cells. Pilot signal scanning continues in order to determine if
one of the neighboring cell-site transmitted pilot signals becomes s't-ronger
than the pilot signal transmitted by the cell-site the mobile unit is in
communication with. When the pilot signal transmitted by a cell-site
located in a neighboring cell becomes stronger than the pilot signal
transmitted by a cell-site in the current cell, it is an indication to the
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receiver 64 and digital data receiver 66. Also utilized in signal
processing and control for handoff and diversity is cell-site control
processor 78: Both receiver systens are coupled to diversity conbi ner and
decoder circuitry 50. Digital link 82 is utilized to communicate signals to
and fromthe MISO (Figure 4) with cell-site transmt nodul ator 84 and
circuitry 80 under control of control prlécessor 78.

22 Signal s received on antenna 60 are provided to anal og receiver

62. mobile unit that a new cell has been entered and that a handoff should be

initiated. In response to this pilot signal strength determination, the
mobile unit generates and transmits a control message to the cell-site
presently servicng the call. This control message, indicative that a new
cell-site transmitted pilot signal is now stronger than the current cell-site
transmitted pilot signal, is provided to the system controller. The control
message further contains information identifying the new cell-site and PN
code. The control message as relayed to the system controller is
interpreted that a handoff in mobile unit communications to the
identified new cell-site is to begin.

The system controller now begins the handoff process. It should be
understood that during handoff the PN code address of the particular
mobile unit which is to undergo the handoff process need not change.
The system controller begins the handoff by assigning a modem located in
the new cell-site to the call. This modem is given the PN address
associated with the call in communications between the mobile unit and
the current cell-site modem. The new cell-site modem assigned to service
the call searches for and finds the mobile unit transmitted signal. The cell-
site modem also begins transmitting an outbound signal to the mobile
unit. The mobile unit searches for this outbound signal in accordance
with the signal and sétup channel information provided by the new cell-
site. When the new cell-site modem transmitted signal is acquired, the
mobile unit switches over to listening to this signal.. The mobile unit then
transmits a control message indicating that handoff is complete. The
¢ontrol message is provided by either or both of the old and new cell-site
modems to the system controller. In response to this control message the
system controller switches the call over to the new cell-site modem alone
while disconﬁnuing the call through the old cell-site modem. The old
cell-site modem then enters a pool of idle modems available for
reassignment.

However, when the mobile unit is within a single cell service area
in which the cell-site signals are multipath signals, the corresponding
cell-site transmitted signals are stronger than any other cell-site
transmitted signals which may be received at the mobile unit. In the
single cell mode of operation, the searcher receiver monitors the
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Recei ved signals anplified by an anplifier in receiver 62 and translated to
an |F frequency by mxing with a frequency synthesi zer output signal. The
F signals are bandpass filtered and digitized in a process identical to
that described with reference to the nobile unit anal og receiver. The
digitized IF signals are provided to digital data receiver 66, optional
data recei ver 68 and searcher receiver & and are processed respectively in
a manner simlar to that as disclosed with reference to the digital data

receivers and;RMteNQEnERCAIY ¢derPifibd ChéBRionGesNkt reBeibedUs® the JHoVRNMET
the processing By the“digital data receivers and searcher receivers are
different f&RUMHRARShI | BNQIMERIGNETCEBEqRIXEE Pnqvides (this (indprmabgm focthe -
cell-site tongwid hinit icBtriol prev&sat wikitheitistructs the dalatreeeivebotndradk

mobile unit to cell-site Link, the bi[,e ugit does not transmt i | ot
si gnal that R&FERALHRPY esﬁéﬁm@%h&’e & SEPSTE tit‘}ﬁns?‘btf?é’ltahgm
processi ng ake data cedelivers tveherétthey aré @rovidedetouaidiversityeddmisiree | i nk

or thogonal 51 gnal THIGE cat tindat el SERLALLAREETRAIESBEY 1

ti me domai ncatgicﬂitest kse subjest tedpathgdivensityensiheset hommunicationsi aneedlsd gi t al

data recei veroffsse@®y the multiple receivers at the mobile unit for diversity
combination. Furthermore the signals transmitted through the various
cell-sites are combined in a diversity combiner at the system controller.
The present invention further permits what is referred to herein as the
cell-site diversity mode at times other than a handoff. In this mode the
mobile unit is permitted to communicate with various cell-sites on an
ongoing basis.

In the cell-site diversity mode the call is allowed to linger in the
in-between state as described above with reference to the call being
processed by two cell-sites. In the exemplary embodiment described herein
with reference to the mobile telephone of the present invention, a total of

- three demodulator processors or receivers are utilized. One of the
receivers is used for the scanning function, while the two other receivers
are used as a two channel diversity receiver. During operation in a single
cell, the scanning receiver attempts to find the cell-site transmitted signal
travelling upon multiple paths to the mobile unit. These multipath
signals are typically caused by reflections of the signals by the terrain,
buildings and other signals obstructions. When two or more such
reflections are found, the two receivers are assigned to the two strongest
paths. The scanning receiver continues to evaluate the multiple paths to
keep the two receivers synchronized with signals on the two strongest
paths as path conditions change. '

In the cell-site diversity mode, the strongest paths from each
cell-site is determined by the search receiver. The two receivers are
assigned to demodulate the signals on the strongest two paths of the paths
available from the original cell-site and from the new cell-site. The data
demodulation process uses information from both of these receivers in a
diversity combining operation. The result of this diversity combining

REPLACEMENT SHEET

2 6 FEB 1997




—

data receiver 68 if used, are tracking and processing the strongest
available tinme domain signal.. This tracking process is identical to that
described with reference to the nobile unit. Searcher receiver 64 provides
a signal to cell-site control processor 78 which provides control signals
to digital data receivers 66 and 68 for selecting the appropriate received
signal for processing. In the 64-4ry orthogonal signalling process,
the nobile unit transmtted synbols has one of 64 different possibilities.
A 6 bit synbol is encoded into one of 26, i.e. 64, different binar
sequences. TIRET3BONGS 3 BERAIYC HEPTHELTesitants tRudelatenighs Haging thiieay the

opt i mum r ecehoear fiinglel @ulfipatt Belulét sdlephohbervasdnriiedenard Transform
(FHT). In searcher receiver 64 and digl al data reﬁei.verF 66 rﬁ@d 6§V t he
Felf et q rEETHOGRT

input signal is cot% AT&FERE RVERNQI,SSEY WiV ERATENEo uni t

receivers, widvarichehequatitatand rliapilityfefdedmmaurfitatiqrisoire asmobild lrell €T

D OCeSOr DT A 7 Sert 8 M BLIR b SRk S T

recei ver. Thembining is utilized. The signal-to-noise ratio is determined for both
paths being combined with the conthibutions from the two paths weighted
accordingly. Combining is cohererit since pilot signal demodulation
allows the phase of each path to be determined.

In the path from the mobile unit to the two cell-sites, path diversity
reception is also obtained by having both cell-sites demodulate the mobile
unit transmitted signals. Both cell-sites forward their demodulated data
signals to the system controller along with an indication of signal quality
in the cell-sites receiver. The system controller then combines the two
versions of the mobile unit signal and selects the signal with the best
quality indication. It should be understood that it is possible to transmit
the undecoded or even the undemodulated signals to the system
controller in order to allow a better diversity combining process to be
utilized.

The system controller responds by connecting the call to a modem
in the new cell-site. The system controller then performs diversity
combining of the signals received by the two cell-sites while the mobile
unit performs diversity combining of the signals received from the two
cell-sites. The cell diversity mode continues as long as signals received
from both cell-sites are of a level sufficient to permit good quality
demodulation.

The mobile unit continues to search for signals transmitted from
other cell-sites. If a third cell-site transmitted signal becomes stronger than
one of the original two cell-site signals, the control message is then
transmitted by the mobile unit via at least one current cell-site to the
system controller.- The control message indicates the identity of this cell-
site and a request for handoff. The system controller then discontinues
the call being communicated via the weakest cell-site signal of the three
while providing the call through the two strongest cell-sites. Should the
mobile units be equipped with additional receivers, such as three
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23 weighting function is linked to measured signal strength. The wei ghted
data is then provided as an output to diversity conbiner and decoder
circuitry 80. The second recei ver system processes the received
signals in a manner simlar to that discussed with respect to the first
recei ver systemof Figure 3. The weighted 64 synbols output fromreceivers
66 and 76 are provided to diversity conti3ner and decoder circuitry 80.
Circuitry 80 includes an adder which adds the wei ghted 64 synbols from

receiver 66 to the weighted 64 sg_rrbol,s from recetiev,er 76. Thg resulting 64
coef fici ent Fespivers, a triple cell-site diversity mode may be implemented.

The cell-site diversity mode is terminated when the mobile unit
determines that only one cell-site is providing adequate signals for quality
demodulation. The mobile unit then sends a control message indicative
of the cell-site to remain in communication upon termination of the cell-
site diversity mode. The cell-site diversity mode may also be terminated
by the system controller if the system were to become overloaded with an
insuffident number of modems available to support all mobile unit
requests for this mode of operation. The cell-site diversity mode as
discussed is implemented by decisions being made at the mobile unit to
operate in the cell-site diversity mode. However, it should be understood
that the cell-site diversity mode can be implemented with the dedsions for
operation in this mode being made at the system controller. It should also
be understood that the cell-site receiver can employ the above described
multiple receiver architecture to provide diversity reception when signals
arrive at the cell-site from a mobile unit after travelling with greater than
one PN chip differental delay.

The present invention provides a substantial improvement over
conventional cellular telephone systems with respect to resistance to
signal fades by coherently combining multipath signals.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the present invention will become
more apparent from the detailed description set forth below when taken
in conjunction with the drawings in which like-reference characters
correspond throughout and wherein:

Figure 1 is a schematic overview of an exemplary CDMA cellular
telephone system in accordance with the present invention;

Figure 2 is a block diagram of a mobile unit telephone configured
for CDMA communications in a CDMA cellular telephone system; .

Figure 3 is a block diagram of a cell-site equipment in a CDMA
cellular telephone system; and '

Figure 4 is a block diagram of a mobile telephone switching office
equipment. '
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conpared with one another in order to determ ne the |argest coefficient.
The magni tude of - the conparison result, .together wwth the identity of the
largest of the 64 coefficients, is used to determne a set of decoder

wei ghts and symbols for use within a Viterbi algorithm decoder inplenented
in circuitry 80. The Viterbi deco? Is preferably of a constraint

|l ength 9, and of a code rate 1/2. The V’?er bi decoder is utilized to
determ ne the nost likely information bit sequence. For each vocoder data

bl ock, noni nal | y #fFTAILED!DES EREPFION ORTHE PREFBRRED obt ai ned

and transmtted as nobi [ e uni t command along with data
to the mobile unit. Further mfoEﬁgﬂ%é . Seneratlon of this quality
esti mat edl sbdl scussed in further detail in the co-pending application
ment i oned above. IS t r 8 l; ratio
over the 15 msec ﬁf‘%’ﬁ?ﬁ{‘r& %lgﬁﬁérfgaggstbg} }axtpgﬂﬁ%ﬁ F%cilc)@a’?1 mf,pnﬁleﬁig _

recei ver 68 envtgodledlmdlludcdtad)nnlﬁtgnwéd M%ﬁﬁfﬁ\cd @ﬁfﬁtﬁé igy Eige This
addi ti onal gxg} SCEBIMA rdAN&HBh t&h@@a@w%l @dmm&xhcagshtbmeﬁ qRei vers

can track a recel ve ot her. possi at hs of . nobi |
si gnal s. Théystemudnobide HHtS or mo 1le t?erorE es, and the cell-sites. tCet,E&nsm tted

systems in large cities may have hundreds of cell-site stations serving
hundreds of thousands of mobile telephones. The use of CDMA
teéhniques readily facilitates increases in user capacity in systems of this
size as compared to conventional FM modulation cellular systems.

In Figure 1, system controller and switch 10, also referred to as
mobile telephone switching office (MTSO), typically includes interface and
processing circuitry for providing system control to the cell-sites.
Controller 10 controls the routing of telephone calls from the public
switched telephone network (PSTN) to the appropriate cell:site for
transmission to the appropriate mobile unit. Controller 10 also controls
the routing of calls from the mobile units, via at least one cell-site to the
PSTN. Controller 10 may direct calls between mobile users via the
appropriate cell-site stations since such mobile units do not typically
communicate directly with one another. '

Controller 10 may be coupled to the cell-sites by various means such
as dedicated telephone lines, optical fiber links or by microwave
communication links. In Figure 1, two such exemplary cell-sites 12 and 14,
along with mobile units 16 and 18 each including a cellular telephone are
illustrated. Arrows 20a-20b and 22a-22b respectively define the possible
communication links between cell-site 12 and mobile units 16 and 18.
Similarly, arrows 24a-24b and arrows 26a-26b respectively define the
possible communication links between cell-site 14 and mobile units 16
and 18. Cell-sites 12 and 14 nominally transmit using equal power.

The cell-site service areas or cells are designed in geographic shapes
such that the mobile unit will normally be closest to one cell-site. When
the mobile unit is idle, i.e. no calls in progress, the mobile unit constantly
monitors the pilot signal transmissions from each nearby cell-site. As
illustrated in Figure 1, the pilot signals are respectively transmitted to
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operation of this receiver is simlar to that described with reference to
the digital data receivers 66 and 76. Receiver 68 is utilized to obtain
addi tional diversity nodes. Optional additional digital data receivers
providing additional diversity nodes are extrenely useful in those
cell-sites which are | ocated in dense urban areas where nany possibilities
for nmultipath signals occur. - Signals fromthe MISO are coupled to the
appropriate transmit nodulator via digital link 82 under the control of

| proces 78. S , L 24
control pr mobile unit 16 by cell-sites 12 and 14 upon communication links 20a

and 26a. The mobile unit then determines which cell it is in by comparing
signal strength of pilot signals transmitted from these particular cell-sites.

Mobile unit 16 measures the total received power in pilot signals
transmitted by cell-sites 12 and 14 upon path 20a and 26a. Similarly,
mobile unit 18 measures the total received power in pilot signals as
transmitted by cell-sites 12 and 14 upon paths 22a and 24a. In each of
mobile units 16 and 18, pilot signal power is measured in the receiver
where the signal is a wideband signal. Accordingly, this power
measurement is made prior to correlation of the received signal with a
pseudonoise (PN) spectrum spreading signal.

When mobile unit 16 is closer to cell-site 12, the received signal
power will be dominated by the signal traveling path 20a. When mobile
unit 16 is nearer to cell-site 14, the received power will be dominated by
the signal traveling on path 26a. Similarly, when mobile unit 18 is closer
to cell-site 14, the received power will be dominated by the signal on
path 24a. When mobile unit 18 is closer to cell-site 12, the received power
will be dominated by the signal traveling on path 22a.

Each of mobile units 16 and 18 use the resultant measurement,
‘together with knowledge of the cell-site transmitter power and the mobile
unit antenna gain, in estimating the path loss to the closest cell-site. The
estimated path loss, together with knowledge of the mobile antenna gain
and the cell-site G/T (receive antenna gain G divided by receiver noise
level T) is used to determine the nominal transmitter power required to
obtain the desired carrier-to-noise ratio in the cell-site receiver. The
knowledge by the mobile units of the cell-site parameters may be either
fixed in memory or transmitted in cell-site information broadcast signals,
such as in the setup channel, to indicate other than nominal conditions
for a particular cell-site. '

In the example illustrated in Figure 1, mobile unit 16 may be
considered closest to cell-site 12. When mobile unit 16 initiates a call, a
control message is transmitted to the nearest cell-site, cell-site 12.
Cell-site 12 upon receiving the call request message, signals system
controller 10 and transfers the call number. System controller 10 then
connects the call through the PSTN to the intended recipient.
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Transmt nodul ator 84 spread spectrum nodul ates, according to a
predeterm ned spreading function as assigned by control processor 78, the
data for transmi ssion to the intended recipient nobile unit. The out put of
transmt nodulator 84 is provided to transmt power control circuitry 86
where under the control of control processor 78 the-transm ssion power may
be controlled. The output of circuitry 8 is provided to transmt power
anplifier circuitry 88. Circuitry 88 includes a sumer for summi ng

th t put of t ' t.QF,. ' : t of h t '
modul at ors ar ¢ nengnlq 2cpeik b Rdife it e B cBhuBlef 1oAY o,
summi ng t he thé icall isfaymeatiosutepall the gail-piﬂeaﬁnshgmg{ea.géﬁm calbsit@inrethrm he -
summed trangy tsnﬁ?‘i”h%i‘ﬁr %E?é%e £ %@'ir?ran@a&%ciﬁﬁén??né‘tﬁ? urii€! Yeifen @
digital to anal 0g_ Cco rtter, Trequency upconversi‘on circuitry and an

anmpl i fier fdhe rmopiet unitl eathhdePABHE dnessgigealit siegpandsowailt angPoigoki gnal |

converting thgshfe thACLCRENHSDRIGNRHS tRE rRdtddicellcqrR.t Mhid BASG mdBepe at or s
to an RF frequer] d to the RF signal. The géjﬁgut fro
T

circuitry 8§igna 5?/@?3@132% ;Eglga'%yegzt br st Pagticadant derobi I units
Wi thin the communication with the mobile unit. Controller 10 then routes the call
through this cell-site to the mobile unit. |

Should mobile unit 16 move out of the coverage area of the initial
cell-site, cell-site 12, an attempt is made to continue the call by routing the
call through another cell-site. In the handoff process there are two
different methods of initiating the handoff of the call or routing through
another cell-site.

The first method, called the cell-site initiated message, is similar to
the handoff method employed in the original first generation analog
cellular telephone systems currently in use. In the cell-site initiated
method, the initial cell- site, cell-site 12, notices that the signal transmitted
by mobile unit 16 has fallen below a certain threshold level. Cell-site 12
then transmits a handoff request to system controller 10. Controller 10

- relays the request to.all neighboring cell-sites, including cell-site 14. The
controller transmitted request includes information relating to the
channel, including PN code sequence used by mobile unit 16. Cell-site 14
tunes a receiver to the channel being used- by ‘the mobile unit and
measures the- signal strength, typically using digital techniques. If
cell-site 14 receivers report a stronger signal than the initial cell-site
reported signal strength, then a handoff is made to this cell-site.

The second method of initiating a handoff is called the mobile
initiated handoff. The mobile unit is equipped with a search receiver
which is used to scan the pilot signal transmission of neighboring
cell-sites, in addition to performing other functions. If a pilot signal of
cell-site 14 is found to be stronger than the pilot signal of cell-site 12,
mobile unit 16 transmits a control message to the current cell-site,
cell-site 12. This control message contains information identifying the
cell-site of greater signal strength in addition to information requesting a
handoff of this cell-site. Cell-site 16 transfers this_control message to
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cell-site service area. Cell-site control processor 78 has the
responsibility for assignnment of digital data receivers and nodulators to a

particular call. Control processor 78 also nonitors the progress of the

call, quality of the signals and initiates teardown on | oss of signal. The
cell-site comunicates with the MISO via link 82 where it is coupled by a
standard tel ephone wire, optical fiber, 1@ microwave link. . Figure 4

illustrates in block diagramformthe equipnment utilized in the MISO The
MI'SO typi cal | Y. fgl%l L{@ES a systemcontroller or control processor 100,
digital sw t€ fversity conbiner 104, digital vocoder 106 and digital
sw tch 108. AI t hdﬂwmuuxlei imuaterdaheddoéfddvjeth@dh&{asdiraa&bﬁi ta)vaQIﬁig'eIBedS\Serand'

i gi h 102 d 108
hon the. oorERYTE HiuRaPhesas] MEHOL! FhiThoblte Gl bel 00t g bt

cel | -sites, chaoges hat peﬂ'gnhbgwmn litsetfr and the Maexd\dﬁS@efgltbnrmmg ecellhsitesone
cel | -site wh-nopbRA bydt %@FFH@}?ENE{ lﬂﬁ cellRRY e %‘?ﬁ%‘i‘fﬁf%fouftgd' ng

and interference on the in romt
cel | -sites, Iﬂwesegrtmpeafor@m webile dnitiated \hapsloff, dashtmoebijeatrnit gnushde t he

si gnal provided with a searching receiver to perform the scan function. In the
exemplary embodiment described herein of a mobile unit with CDMA
communications capability, the search receiver has additional functions
which require its presence.

When mobile unit 16 is within the coverage area of cell-site 14, such
that the transmitted signals of cell-site 14 are the strongest, mobile unit 16
searcher receiver utilizes multipath signals of strongest strengtn for
processing in the multiple data receivers.

Should mobile unit 16 move out of the coverage area of the initial
cell-site, cell-site 12, an attempt is made to continue the call by routing the
call through another cell-site. In the cell diversity mode the call is routed
through multiple cell-sites. The use of the diversity receiver system of the
present invention enables communications between mobile unit 16 and
cell-sites 12, 14 and various other cell-sites.

Figure 2 illustrates in block diagram form the mobile unit. The
mobile unit includes an antenna 30 which is coupled through diplexer 32
to analog receiver 34 and transmit power amplifier 36. Antenna 30 and
diplexer 32 are of standard design and permit simultaneous transmission
and reception through a single antenna. Antenna 30 collects transmitted
signals and provides them through diplexer 32 to analog receiver 34.
Receiver 34 receives the RF frequency signals from diplexer 32 which are
typically in the 850 MHz frequency band for amplification and frequency
downconversion to an IF frequency. This translation process is
accomplished using a frequency synthesizer of standard design which
permits the receiver to be tuned to any of the frequencies within the
receive frequency band of the overall cellular telephone frequency band.

The IF signal is then passed through a surface acoustic wave (SAW)
bandpass filter which in the preferred embodiment is approximately

25 MHz in bandwidth. The characteristics of the SAW filter are chosen
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25 at the other cell-site. Digital swtch 102 is used in routing the
I nformati on stream corresponding to a given nobile unit fromone or nore
cell-sites to diversity conbiner 104 or the corresponding diversity

conbi ner as determ ned by a signal from systemcontrol processor 100. Wen
the systemis not in the cell-diversity node, diversity conbi ner 104 may be
ei ther bypassed or fed the sane infornmatil®n on each input port.

to match the waveform of the signal transmitted by the cell-site which has
been direct sequence spread spectrum modulated by a PN sequence ciocked
at a predetermined rate, which in the preferred embodiment is 1.25 MHz.
This clock rate is chosen to be an integer multiple of a number of common
data rates such as 16 Kbps, 9.6 Kbps, and 4.8 Kbps.

Receiver 34 also performs a power control function for adjusting
the transmit power of the mobile unit. Receiver 34 generates an analog
power control signal that is provided to transmit power control
crcuitry 38.

Receiver 34 is also provided with an analog to digital (A/D)
converter (not shown) for converting the IF signal to a digital signal with
conversion occurring at a 9.216 MHz clock rate in the preferred
embodiment which is exactly eight times the PN chip rate. The digitized
signal is provided to each of two or more signal processors or data
receivers, one of which is a searcher receiver with the remainder being
data receivers. : _

In Figure 2, the digitized signal output from receiver 34 is provided
to digital data receivers 40 and 42 and to searcher receiver 44. It should be
understood that an inexpensive, low performance mobile unit might
have only a single data receiver while higher performance units may have
two or more to allow diversity reception.

The digitized IF signal may contain the signals of many on-going
calls together with the pilot carriers transmitted by the current and all
neighboring cell-sites. The function of the receivers 40 and 42 are to
correlate the IF samples with the proper PN sequence. This correlation
process provides a property that is well-known in the art as “processing
gain” which enhances the signal-to-interference ratio of a signal matching
the proper PN sequence while not enhancing other signals. Correlation
output is then synchronously detected using the pilot carrier from the
closest cell-site as a carrier phase reference. The result of this detection
process is a sequence of encoded data symbols.

A property of the PN sequence as used in the present invention is
that discrimination is provided against multipath signals. When the
signal arrives at the mobile receiver after passing through more than one
path, there will be a difference in the reception time of the signals. This
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A nmultiplicity of serial coupled diversity conbiners and vocoders are
provided in parallel, nomnally, one for each call to be processed. .

Bi versity conbi ner 104 conpares the signal quality indicators acconpanyi ng
the information bits fromthe two or nore cell-site signals. Diversity
conbi ner 104 selects the bits correspond'h]gg to the highest quality
cell-site on a franme-by-franme basis of t i nformation for output to
vocoder 106. Vocoder 106 converts the format of the digitized voice

signal to st ?él‘é%'&x@n%@tlﬂ?‘e?g\éet é’dr?é%%ﬂﬁs ftBrtHEtdxrf%P?r{cggx;nr Qlst&ibe %{'h‘?éfb 6 to

standard forpat, The resultant signals are trans om voco
digital switeN thengﬁ]@zﬂlghhelﬁzem fane ditfergacapxeasas ale pigosecnd. 1) t he

call is routgk E@rﬁe'fﬁxd?s'ﬁﬁocess will D5 &@m$h HBL SaiRGHMoNG &r QH% pRhESHYe

i ntended for_the nobile unit, . are prow I t 108 to an
appropri ate HGH Y& Ao whethezd %aﬂéf‘dlrﬁée’gﬁd&e %HFF & laterspatfem
control procHssen fdiRiverscare rd@x@iedncw&hSai heceivieré 40 antdi 2ed theh a&vo
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control directs tBearshendeckivien 441 undhe control of control processor 46, is for
continuously scanning the time domain around the nominal time of a
received pilot signal of the cell-site for other multipath pilot signals from
the same cell-site and for other cell-site transmitted pilot signals.
Receiver 44 will measure the strength of any reception of a desired
waveform at times other than the nominal time. Receiver 44 compares
signal strength in the received signals. Receiver 44 provides a signal
strength signal to control processor 46 indicative of the strongest signals
and relative time relationship.

Processor 46 provides control signals to digital data receivers 40
and 42 for each to process a different one of the strongest signals. On
occasion another cell-site transmitted pilot signal is of greater signal
strength than the current cell-site signal strength. Control processor 46
then would generate a control message for transmission to the system
controller via the current cell-site requesting a transfer of the call to the
cell-site corresponding to the stronger pilot signal. Receivers 40 and 42
may therefor handle calls through two different cell-sites.

The outputs of receivers 40 and 42 are provided to diversity
combiner and decoder circuitry 48. The diversity combiner circuitry
contained within circuitry 48 simply adjusts the timing of the two streams
of received signals into alignment and adds them together. This addition
process may be proceeded by multiplying the two streams by a number -
corresponding to the relative signal strengths of the two streams. This
operation can be considered a maximal ratio diversity combiner. The
resulting combined signal stream is then decoded using a forward stream
error detection decoder also contained within circuitry 48.

In the exemplary embodiment convolutional encoding is utilized.
The convolutional encoding has a constraint length 9 and a code rate 1/3,
i.e. three encoded symbols are produced and transmitted for every
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cell-site or cell-sites to which the nobile unit is comunicating. If the
Is in a handoff nbde communi.cating to nmultiple cell-sites or

nobil e unit

—

a cell diversity node, digital switch 102 routes the call to the

appropriate cell-sites for transm ssion by the appropriate cell-site
transmtter to the intended recipient nobile unit. However, if the nobile
unit is conmunicating with only a singlegell-site or not in a cell
diversity node, the signal is directed only to a single cell-site.
System control processor 100 provides control over digital swtches 102 and

106 for routinfermation bit tmgefremsmittedvrdde epimam cacoder farF shissv@e 2o

al so determ ngs {5he tAs ShAMEMioR Vitdbl Slddtithiiedecoder design. The resulting

decoded information bits are passed to the user digital baseband
drcuitry 50.

Baseband circuitry 50 typically includes a digital vocoder (not
shown). Baseband circuitry 50 further serves as an interface with a
handset or any other type of peripheral device. Baseband drcuitry 50
accommodates a variety of different vocoder designs. Baseband circuitry
50 provides output information signals to the user in accordance with the
information provided thereto from drcuitry 48.

User analog voice signals typically provided through a handset are
provided as an input to baseband circuitry 50. Baseband drcuitry 50
includes an analog to digital (A/D) converter (not shown) which converts
the analog signal to digital form. The digital signal is provided to the
digital vocoder where it is encoded. The vocoder output is provided to a
forward error corre¢tion encoding drcuit (not shown) for error correction.
This encoded digitized voice signal is output from baseband circuitry 50 to
transmit modulator 52. '

Transmit modulator 52 modulates-the encoded signal on a PN

carrier signal whose PN sequence is chosen according to the assigned .

address function for the call. The PN sequence is determined by control
processor 46 from call setup information that is transmitted by the cell-site
and decoded by receivers 40 and 42. In the alternative, control processor 46
may determine the PN sequence through prearrangement with the
cell-site. Control processor 46 provides the PN sequence information to
transmit modulator 52 and to receivers 40 and 42 for call decoding. The
output of transmit modulator 52 is provided to transmit power control
circuitry 38. Signal transmission power is controlled by the analog power
control signal provided from receiver 34. Control bits are transmitted by
the cell-sites in the form power adjustment command and are processed
by data receivers 40 and 42. The power adjustment command is used by
control processor 46 in setting the power level in mobile unit
transmission. In response to this command, control processor 46
generates a digital power control signal that is provided to drcuitry 38.
Further information on the interrelationship of the receivers 40 and- 42,
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26 cell-sites and to the vocoders at the MISO. Furthernore, system control
processor 100 conmunicates with each cell-site control processor about the
assignment of particular calls between the MISO and cell-site, and the

assignment of PN codes for the calls. It should-be further understood that

as illustrated in Figure 4 digital switches 102 and 106 are illustrated as
two separate sw tches, however, this funcijon may be perfornmed by a single
physi cal switching unit. When the cell-diversity node is in use, the
mobile unit will use the searcher receiver to find and trap the strongest

mul ti pat h 5| oprettolf poncesach 46 anfetrensmit/poveen égntrvhemmtgutt)aloBdWaalso
recei vers dn%@ &g bghhﬁ%tay HOVE-MERHGRED cb &eam%r 2iaht t liegir ol

processor as to ul ate e strongest si nal s. en t

receivers | s | essTransmit ROweBRRtraf CHERIrYi38eQUIRULH tPPW&’lq‘?F‘Hroﬁl&fjl on-in

parallel, a &\@d&ﬁfﬂeagszghxﬁﬁélr}ahs%@a@weﬁ ¥miplifRaséirabiery Ber emm:&ye .>6W|th
only a S|ngle data re

iver eII testran mtti.n
searcher wi|#m F@“fﬁr%g?% ergn\N? toa fre uency Dy mixin with &
rrequency synthesxzer output signal which tunes the signal to the proper

output frequency. Circuitry 36 includes an amplifier which amplifies the
power to a final output level. The intended transmission signal is output
frobm circuitry 36 to diplexer 32. Diplexer 32 couples the signal to
antenna 30 for transmission to the cell-sites.

Control processor 46 also is capable of generating control messages
such as cell-diversity mode requests and cell-site communication
termination commands. . These commands are provided to transmit
modulator 52 for transmission. Control processor 46 is responsive to the
data received from data receivers 40, 42 and search receiver 44 for making
decisions relative to handoff and diversity combining.

Figure 3 illustrates in block diagram form an exemplary
embodiment of the cell-site equipment. At the cell-site, two receiver
systems are utilized with each having a separate antenna and analog
receiver for space diversity re'céption. In each of the receiver systems the
signals are processed identically until the signals undergo a diversity
combination process. The elements within the dashed lines correspond to
elements corresponding to the communications between the cell-site and
one mobile unit. The output of the analog receivers are also provided to
other elements used in communications with other mobile units.

In Figure 3, the first receiver system is comprised of antenna 60,
analog receiver 62, searcher receiver 64 and digital data receiver 66. This
receiver system may also include an optional digital data receiver 68. The
second receiver system includes antenna 70, analog receiver 72, searcher
receiver 64 and digital data receiver 66. Also utilized in signal processing
and control for handoff and diversity is cell-site control processor 78. Both
receiver systems are coupled to diversity combiner and decoder
circuitry 50. Digital link 82 is utilized to communicate signals to and from
the MTSO (Figure 4) with cell-site transmit modulator 84 and circuitry 80
under control of control processor 78 .
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both cell-sites and choose the strongest signal for the receiver to

denodul ate. In this enbodi nent the choice can be nade as frequently as
every vocoder frame, or about every 15 nsec. The previous description
of the preferred enbodi ments are provided to enable any person skilled in
the art to make or use the present invention various nodifications to these
embodi ments will be readily apparent to22hose skilled in the art, and the
generic principles defined herein nay be applied to other embodi ment s

e thout the U0 ke SR 37 ah R0 fF Ym0 6 SRR YR 8212 e

t he wi dest sRm:pB/ecdmgnaisenm;ahhedi Hyhan rampia:ﬁxqu irsremeiverdiZeknd esnstasd to

di scl osed hepy etfnfrequency by mixing with a frequency synthesizer output signal. The
[F signals are bandpass filtered and digitized in a process identical to that
described with reference to the mobile unit analog receiver. The digitized
IF signals are provided to digital data receiver 66, optional data receiver 68
and searcher receiver 64 and are processed respectively in a manner
similar to that as disclosed with reference to the digital data receivers and
searcher receiver of the mobile unit in Figure 2. However, the processing
by the digital data receivers and searcher receivers are different for the
mobile unit to cell-site link from that used in the cell-site to mobile link in
several respects.

In the inbound, or mobile unit to cell-site link, the mobile unit does
not transrmit a pilot signal that can be used for coherent reference purposes
in signal processing at the cell-site. Thus, the mobile unit to cell-site link
utilizes a non-coherent modulation and demodulation scheme using
64-ary orthogonal signalling.

Searcher receiver 64 is again used to scan the ime domain about the
received signal to ensure that the associated digital data receiver 66, and

" data receiver 68 if used, are tracking .and processing the strongest available
time domain signal. This tracking process is identical to that described
with reference to the mobile unit. Searcher receiver 64 provides a signal
to cell-site control processor 78 which provides control signals to digital
data receivers 66 and 68 for selecting the appropriate received signal for
processing.

In the 64-ary orthogonal signalling process, the mobile unit
transmitted symbols has one of 64 different possibiliies. A 6 bit symbol is
encoded into one of 26, i.e. 64, different binary sequences. The set of
sequences chosen are known as Walsh functions. The optimum receive
function for the Walsh is the Fast Hadamard Transform (FHT). In
searcher receiver 64 and digital data receivers 66 and 68, the input signal is
correlated as discussed with reference to the mobile unit receivers, with
the correlator output fed to a FHT processor. The FHT processor produces
a set of 64 coefficients for every 6 symbols. the 64 symbols are then
multiplied by a weighting function generated in the receiver. The
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27 CLAI M5 1. A spread spectrum

recei ver subsystem conpri sing: searcher neans for, receiving
nultiple pilot signals each travelling upon a different propagation path
and having a resultant tine difference with respect to one anot her,

determ ning signal strength of each received pilot signal and correspondi ng
time relationship with respect to one arfdt her, and providing a searcher
control signal indicative of received pilot signals of greatest signal

strength and, &g@&% PRIHIN Is! fIRKEE @ Irhedsilten: sxgﬂgl srrengti eqwevarexgeve@as for

receiving sp re spectrum nodul ated i nformatj o each corr ondi ng
to a di fferé?ntfadﬁetf@ﬂ Béﬁ‘ﬁdS'ﬂHﬁt ag| ghay, t%éﬂﬂerﬁéWeFQ’é‘P“l‘ﬁa% r‘é%'i%ﬁ’%i ve'to
sai d searchegy ol signal for denodul ating one of said spread spectrum

modul at ed i nfor i on S|r%1al S . . : ,
he secorid receiver system processes the received signals in a

manner similar to that discussed with respect to the first receiver system
of Figure 3. The weighted 64 symbols output from receivers 66 and 76 are
provided to diversity combiner and decoder circuitry 80. Circuitry 80
includes an adder which adds the weighted 64 symbols from receiver 66 to
the weighted 64 symbols from receiver 76. The resulting 64 coefficients are
compared with one another in order to determine the largest coefficient.
The magnitude of the comparison result, together with the identity of the
largest of the 64 coeffidents, is used to determine a set of decoder weights
and symbols for use within a Viterbi algorithm decoder implemented in
drecuitry 80.

The Viterbi decoder is preferably of a constraint length 9, and of a
code rate 1/2. The Viterbi decoder is utilized to determine the most likely
information bit sequence. For each vocoder data block, nominally 15
msec. of data, a signal quality estimate is obtained and transmitted as a
mobile unit power adjustment command along ith data to the mobile
unit. Further information on the generation of this quality estimate is
discussed in further detail in the co-pending application mentioned above.
This quality estimate is the average signal-to-noise ratio over the 15 msec.
interval.

In Figure 3 optional digital data receiver 68 may be included for
impro.ved'performance of the system. This additional data receiver alone
or in combination with additional receivers can track and receive other
possible delay paths of mobile unit transmitted signals. The structure and
operation of this receiver is similar to that described with reference to the
digital data receivers 66 and 76. Receiver 68 is utilized to obtain additional
diversity modes. Optional additional digital data receivers providing
additional diversity modes are extremely useful in those cell-sites which
are located in dense urban areas where many possibilities for multipath
signals occur. '

Signals from the MTSO are coupled to the appropriate transmit
modulator via digital link 82 under the control of control processor 78.
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corresponding to one of said pilot signals of greatest signal strength and
for providing an encoded out put signal bearing information. 2. The
rrecei ver subsystemof Claim 1l wherein said receiver nmeans is further
responsive to said searcher control signal for denodul ating at |east one
addi ti onal one of said spread spectrun1nDduIated I nformati on signals each
corresponding to a respective other one2¥ said pilot signals of next to
greatest signal strength, and providing corresponding additional output

si gnal s eachpké?ltg 1'?gm%%1'uqafcﬂf QHC nﬂg% spectrum %noduwteésrec b¥§iglg?i§ stem

of laim 2 er conmprisin means for I’ECEIVII‘] ently
conbi ni ng s#rE @tﬁrpuneélsgr@adxagdusam@m admssxgoadlbyomrmol pr@maw &haheor

di t [ S Lngtion.
providing a @5;@?;&%@9%&89@%@%&%&1 re&ﬁ%ﬁrm%ﬁé Uit "I’h‘é nx%tfp%tr@

4. The receiv tem_of Clalm conpri sing ner neans

for receivi rfﬁa’éﬁfﬂ“c’é‘ﬁéu?fﬁtﬁb 84ds ProvidRd t%lwm‘ém%ﬁcwwobéiréu’é&dﬁﬁl onal
out put si gnalhard updey itHe R@nérol &FUtdrifél FRIERESRTZ8 the transmission power

may’ be controlled. The output of circuitry 86 is provided to transmit
power amplifier circuitry 88.

Circuitry 88 includes a summer for summing the output of transmit
moedulator 84 with the output of other transmit modulators at the cell-site.
Circuitry 88 further includes a summer for summing the pilot signal
output from pilot signal generator 90 with the summed transmit
modulator output signals.” Circuitry 88 also includes a digital to analog
converter, frequency upconversion circuitry and an amplifier for
respectfully converting a digital signal to an analog signal, converting the
IF frequency signals as output from the transmit modulators to an RF
frequency, and amplifying. to the RF signal. The output from circuitry 88 is
provided to antenna 92 where it is radiated to mobile units within the
cell-site service area.

Cell-site control processor 78 has the responsibility for assignment
of digital data receivers and modulators to a particular call. Control
processor 78 also monitors the progress of the call, quality of the signals
and initiates teardown on loss of signal. The cell-site communicates with
the MTSO via link 82 where it is coupled by a standard telephone wire,
optical fiber, or microwave link. :

Figure 4 illustrates in block diagram form the equipment utilized in
the MTSO. The MTSO typically includes a system controller or control
processof 100, digital switch 102, diversity combiner 104, digital
vocoder 106 and digital switch 108. Although not illustrated, additional
diversity combiners and digital vocoders may be coupled between digital
switches 102 and 108.

When the cell-diversity mode is active, the call is processed by two
cell-sites, such that signals will arrive at the MTSO from more than one
cell-site with nominally the same information. However, because of
fading and interference on the inbound link from the mobile unit to the

cell-sites, the signal at one cell-site may be of better quality than the signal-
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out put signal . 28 5.
The receiver subsystem of Caim4 wherein said conbi ned out put signal
bears said information in an error correction coded format and further
conpri ses decoder neans for receiving and error correction decoding said
conbi ned out put signal. 6. The receiver subsystemof Caiml
wherei n each one of said 25

at the other cell-site.

Digital switch 102 is used in routing the information stream
corresponding to a given mobile unit from one or more cell-sites to
diversity combiner 104 or the corresponding diversity combiner as
determined by a signal from system control processor 100. When the
system is not in the cell-diversity mode, diversity combiner 104 may be
either bypassed or fed the same information on each input port.

A multiplicity of serial coupled diversity combiners and vocoders
are provided in parallel, nominally, one for each call to be processed.
Diversity combiner 104 compares the signal quality indicators
accompanying the information bits from the two or more cell-site signals.
Diversity combiner 104 selects the bits corresponding to the highest quality
cell-site on a frame-by-frame basis of the information for output to
vocoder 106.

Vocoder 106 converts the format of the digitized voice signal to
standard 64 Kbps PCN telephone format, analog, or any other standard
format. The resultant signals are transmitted from vocoder 106 to digital
switch 108. Under the control of system control processor 100, the call is
routed to the PSTN.
| Voice signals coming from the PSTN intended for the mobile unit,
are provided to digital switch 108 to an appropriate digital vocoder such as
vocoder 106 under control of system control processor 100. Vocoder 106
encodes the input digitized voice signals and provides the resulting
information bit stream directly to digital switch 102. Digital switch 102
under system control processor 100 control directs the encoded data to the
cell-site or cell-sites to which the mobile unit is communicating. If the
mobile unit is in a handoff mode communicating to multiple cell-sites or
in a cell diversity mode, digital switch 102 routes the call to the appropriate
cell-sites for transmission by the appropriate cell-site transmitter to-the
intended recipient mobile unit. However, if the mobile unit is
communicating with only a single cell-site or not in a cell diversity mode,
the signal is directed only to a single cell-site. '

System control processor 100 provides control over digital
switches 102 and 106 for routing data to and from the MTSO. System
control processor 100 also determines the assignment of calls to the
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multiple pilot signals results froma single cell-site transmtted pil ot
signal travelling different propagation.paths to reception by said searcher
reans, each one of said nultiple pilot signals is of a sane spreadi ng code
offset in tinme corresponding to its propagation path. 7. The
receiver of Claim1l1 wherein said nultiple pilot signals result from
different cell-sites each transmtting a26ingle pilot signal spread
spectrum nodul ated by a sanme spreading code with each cell-site transmtted
single pilot signal travelling different propagati on paths to receptigon by
sai d sear cherelinsitgs anshin theviocaders atr Ws%?&?-ng‘:%tge%@f?ecsﬂ’ﬁﬁé“ %‘[Cg

pil ot signal g%ce%sgi' 1 6@ c8RHm GRIEteBNARR dabh@ll-Mel ForitesiPpfdcet Draautahler -

e e A Aes S IaLe Bl oL Al oRee LSS CaALLRL ol 2
bei ng of a sasfchfieeABf RN cRdes ¢bf ted calls. t Itrshotdd besfurtitirngndersidorl that
i o user RardpsieginFignas 4 YieBal B 10ZFHOI s TR B
user by a cekepaiate syeitchpsshrwerers ghist fumdtioomay det perfosirgdaby, 2 wireglei n
said physical switching unit.

When the cell-diversity mode is in use, the mobile unit.will use the
searcher receiver to find and trap the strongest multipath signal from each
of the two cell-sites. The digital data receivers will be controlled by the
searcher receiver and the control processor so as to demodulate the
strongest signals. When the number of receivers is less than the number
of cell-sites transmitting information in parallel, a switching diversity
capability is possible. For example, with only a single data receiver and
with two cell-sites transmitting, the searcher will monitor the pilots from
both cell-sites and- choose the strongest signal for the receiver to
demodulate. In this embodiment the choice can be made as frequently as
every vocoder frame, or about every 15 msec.

The previous description of the preferred embodiments are
provided to enable any person skilled in the art to make or use the present.
invention. various modifications to these embodiments will be readily
apparent to those skilled in the art, and the generic principles defined
herein may be applied to other embodiments without the use of the
inventive faculty. Thus, the present invention is not intended to be
limited to the embodiments herein, but is to be accorded the widest scope
consistent with the principles and novel features disclosed herein.
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cell-site transmts a spread spectrumpilot signal of a predeterm ned code
phase, and wherein said cell-site transmtted spread” spectrun1c cation
signals and pilot signal are susceptible to nultipat ‘““Mﬂ mﬂ!‘
reci pient user spread spectrumreceiver conprising: ans
for receiving an input signal which includes nmultiple path propagatlons of
a pilot signal transmtted by a cell-sitZ wherein each multiple path
propagation pilot signal travels a different propagation path and has a
correspondi ng path dependent offset k?% hase, for scanning at

di fferent code phases so as to detec nce of at |east one of said
mul tiple path propagation pilot signals, for neasuring signal strength of

each detected nmul{ipl eaApgirBa@speaniahi RReiviet YhibsHsR! cofrPrising:

searcher means for, receiving multiple pilot signals each travelling
upon a different propagation path and having a resultant time difference
with respect to one another, determining signal strength of each received
pilot signal and corresponding time relationship with respect to one
another, and providing a searcher control signal indicative of received
pilot signals of greétest signal strength and corresponding time
relationship; and

receiver means for receiving spread spectrum modulated
information signals each corresponding to a different one of said pilot
signals, said receiver means responsive to said searcher control signal for
demodulating one of said spread spectrum modulated information signals
corresponding to one of said pilot signals of greatest signal strength and for
providing an encoded output signal bearing information.

2. The receiver subsystem of Claim 1 wherein said receiver
means is further responsive to said searcher control signal for
demodulating at least one additional one of said spread spectrum
modulated information signals each corresponding to a respective other
one of said pilot signals of next to greatest signal strength, and providing
corresponding additional output signals each bearing said informaton.

3. The receiver subsystem of Claim 2 further comprising
combiner means for receiving and coherently combining said output
signal and said additional output signals and for providing a
corresponding combined output signal bearing said information.

4. " The receiver subsystem of Claim 2 further comprising
combiner means for receiving and combining said output signal and each
of said additional output signal and providing a resultant combined
output signal.
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29 determ ning code phase of each detected nultiple path propagation pilot

si gnal ,

nmul ti pl e path propagation pilot signals of greate

and for providing searcher control signal s resentaﬁ#e—ef

corréspondi ng code pha;se; a.nd ! receiver rrean "g’mw,mgmr;l d

searcher control signals, for receiving said input 5|gn

whi &h furt her

I ncludes nultiple path propagations of spgead spectrum conmuni cation

signals transmtted by said cell-site each corresponding to a respective
mul tiple path propagation pilot signal, for, in response to said searcher
signal's, Spreadhepreseivemswbsketes f Claifmitnwheseirosaichicampined pl e

contr ol

path prOpagaghﬁg@S %giﬁ'ogaz%o agﬁ%&ﬁﬁit'ié'ﬁnxﬁoﬁ“éﬁd}aédr?@ct%ﬂQ%H% format

correspondi ng

EIFOF . Eomrection

i nformation gegsdihg dali@cehitfed alighutdigR4lovi di ng correspondi ng out put
signal s representarlive

6. The receiver subsystem of Claim 1 wherein each one of said
multiple pilot signals results from a single cell-site transmitted pilot signal
travelling different propagation paths to reception by said searcher means,
eath one of said multiple pilot signals is of a same spreading code offset in
time corresponding to its propagation path.

7. The receiver of Claim 1 wherein said multiple pilot signals
result from different cell-sites each transmitting a single pilot signal spread
spectrum modulated by a same spreading code with each cell-site
transmitted single pilot signal travelling different propagation paths to
reception by said searcher means, each cell-site transmitting its respective
single pilot signal at a different code phase offset with respect to each other
cell-site transmitted single pilot signal, ones of said multiple pilot signals
resulting from a same cell-site transmitted single pilot signal being of a
same spreading code offset in time corresponding to its propagation path.

8. In a cellular communication system in which wuser
information signals are communicated to an intended recipient user by a
cell-site using spread spectrum communication signals, wherein said
cell-site transmits a spread spectrum pilot signal of a predetermined code
phase, and wherein said cell-site transmitted spread spectrum
communication signals and pilot signal are susceptible to multipath
propagation, a recipient user spread spectrum receiver comprising:

searcher means for receiving an input signal which includes
multiple path propagations of a pilot signal transmitted by a cell-site
wherein each multiple path propagation pilot signal travels a different
propagation path and has a corresponding path dependent offset in code
phase, for scanning at different code phases so as to detect a presence of at
least one of said multiple path propagation pilot signals, for measuring
signal strength of each detected multiple path propagation pilot signal, for

and

ation | ot S|$na S O reat est
signal strengn@ fgthes t:@m@ktsea@teceéerr Esq@aﬁdfmgrqcm%ﬂaew

2 6 FEB 1897

REPLAGEMENT SHEET



—

of said extracted intended recipient user information signals. 9.
The receiver of Claim 8 wherein said receiver neans conprises—a plurality

of data receiver neans each for, receiving a diff Hm“m,mw” ﬂm, searcher
control signals, receiving in said input signal s
propagations of spread spectrum comunication si gnal S, spre’étd pé’ctrum

processing a different selected one of saed nultiple path propagations of
sai d spread spectrum communi cation signals in response to said searcher
control signals at a synchronization provided by a corresponding nultiple
path propagatdeserTpiniog eodgnphaseapidegnhodeigcirg mtﬂ&@d%w@hcﬁrﬁgasﬁ@o@fpt%

out put si gnalsgonal, HBnbes&ir¢Rer o n@l'é‘l' RSndlgrt ERMRIVeSIgTY
conmbi ner neans r\a and ﬁeﬁ{}VIpl’rl.o saflg ! T %r(l)hgr eé?res I NI

Qut pyt s
sai d recei ved"‘B[NH)lﬁt paj @épﬁa&?féprblﬂﬂﬂtoﬁlgﬁafé egr&@%ﬁ@éhéi%@a c%"ﬁ?ﬂ "Bdaaat put

si gnal . corrkl nd;ﬂgecé@é:phy@: afl d ai m 8 further conprising input
recei ver neans for r.ecei IT eqcna .S 2 predex;t er m ned fregutencfy band,
receiver mea s torr ewmg Safd ReSfcher fontrol signals, for

receiving said input signal which further. includes multiple path
propagations of spread spectrum communication signals transmitted by
said cell-site each corresponding to a respective multiple path propagation
pilot signal, for, in response to said searcher control signals, spread
spectrum processing certain ones of said multiple path propagations of
said spread spectrum communication signals corresponding to said
multiple path propagation pilot signals of greatest signal strength so as to
extract corresponding intended recipient user information signals
therefrom, and for providing corresponding output signals representative
of said extracted intended redpient user information signals. '

9. The receiver of Claim 8 wherein said receiver means
comprises a plurality of data receiver means each for, receiving a different
one of said searcher control signals, receiving in said input signal said
multiple path propagations of spread spectrum communication signals,
spread spectrum processing a different selected one of said multiple path
propagations of said spread spectrum communication signals in response
to said searcher control signals at a synchronization provided by a
corresponding multiple path propagation pilot signal, and providing a
corresponding one of said output signals.

10.  The receiver of Cla1m 8 further comprising combiner means
for, receiving said output signals, coherently combining said received
output signals and providing a corresponding combined output signal.

1. The receiver of Claim 8 further comprising input receiver
means for, receiving RF signals in a predetermined frequency band,
amplifying said RF signals, frequency downconverting said amplified
RF signals to an intermediate freq'uency range so as to produce
corresponding IF signals, ﬁltenng said IF signals, dxgmzmg said IF signals,
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anplifying said RF signals, frequency downconverting said anplified RF
signals to an internediate frequency range so as to—preduce_correspondi ng

| F signals, filtering said IF signals, digitizing spj ' s
30 wherein said digitized |F signals correspond toff , Nﬂ!ﬂg& !"I
"€ .

pr opagati ons
pr opagat i ons

of said pilot signal and corresponding huldip
of said spread spectrumco I cation signals, and providing

said IF signals to said searcher nmeans and said receiver nmeans as said

i nput signal .

wherein said digitized IF signals correspond to multiple path propagations
of said pilot signal and corresponding multiple path propagations of said
spread spectrum communication signals, and providing said IF signals to

said searcher means and said receiver means as said input signal.

122 In a cellular communication .system in which user
information signals are communicated to an intended recipient user by at
least one cell-site using spread spectrum communication signals, wherein
edch cell-site transmits a spread spectrum pilot signal of a same spreading
code and predetermined different code phase, and wherein each cell-site
transmitted spread spectrum communication signals and pilot signal are
susceptible to multipath propagation, a recipient user spread spectrum
receiver comprising:

searcher means for receiving an input signal including multiple
path propagations of at least one pilot signal wherein each pilot signal is
transmitted by a respective one of a plurality of cell-sites and wherein each
multiple path propagation pilot signal travels a different propagation path
and has a corresponding path dependent offset in code phase, for scanning
at different code phases so as to detect a presence of at least one of said
multiple path propagation pilot signals, for measuring signal strength of
each detected multiple path propagation pilot signal, for determining code
phase of each detected multiple path propagation pilot signal, and for
prbviding searcher control signals representative of multiple path
propagation pilot signals of greatest signal strength and corresponding
code phase; and

receiver means for receiving said searcher control signals, for
receiviﬁg said input signal which further includes multiple path
propagations of spread spectrum communication signals transmitted by at
least one of said.plurality of cell-sites wherein each multiple path
propagation of said spread spectrum communication signals corresponds
to a respective multiple path propagation pilot signal, for, in response to
said searcher control signals, spread spectrum processing certain ones of
said multiple path propagations of said spread spectrum communication
signals corresponding to said multiple path propagation pilot signals of

eatest signal strength so as to extract espondin ntmdechm(yfenr‘“‘—‘
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12. In a cellular-conmuni-eati-on-system in which user informtion

signals are co ' lagit ended reci pi ent user by at | east one
cell-site usi nﬂﬂ"ﬂﬁ"@l%ﬂm:m, onmruni cati on signals, wherein each
cell-site transmit*s & sprewmd spectrum pilot signal of a sane spreadi ng code
and predeterm ned difféerent code phase, and wherein each cell-site
transmtted spread spectrum comunicatiogysignals and pilot signal are
susceptible to nmultipath propagation, a recipient user spread spectrum
recei ver conpri sing: searcher neans for receiving an input signal

i ncl udi ng nuisépliafqratdtion ogiggalsi tmerefforat andador grroviding coirgrsponghag ei n
each pilot signal is transm r egld n 134 PLdiE bt o RE
cell-sites aﬂg?ﬂ\)ﬁbﬁﬁgr}?l%a{gﬁ}% ??tg?lee%éaﬁap%%%%é [ g.lntgélaﬁgt }%&F%r?gf >{’ts(réavel S
a different pmfopegaicrosigraiss and has a correspondi ng path dependent of f set
I n code phase, for scanning at different code phases so as to detect a

presence of at |east one of said nmultiple path propagation pilot si gnal S,
for measuring sigi&l silihengeeriger ctlc -latmede v henein psaidp IeRRIYRE pRGATF on

pilot signal coﬁﬁé@?taegm}ﬂiiﬂgo?aﬁ& plrefRrahesns Badlef@G recimilg b liffereatth

propagation pilot, signal, and for . e . s . i
one of said searcner control signals, receiving in said input signal said
multiple path propagations of spread spectrum communication signals,
spread spectrum processing a different selected one of said multiple path
propagations of said spread spectrum communication signals in response
to said searcher control signals at a synchronization provided by a
corresponding multiple path propagation pilot signal, and providing a
corresponding one of said output signals.

14.  The receiver of Claim 12 further comprising combiner means
for, receiving said output signals, coherently combining said received
output signals and providing a corresponding combined output signal.

15. The receiver of Claim 12 further comprising input receiver
means for, receiving RF signals in a predetermined frequency band,
amplifying said RF signals, frequency downconverting said amplified RF
signals to an intermediate frequency range so as to produce corresponding
IF signals, filtering said IF signals, digitizing said IF signals, wherein said
digitized IF signals correspond to multiple path propagations of said pilot
signal and corresponding multiple path propagations of said spread
spectrum communication signals, and providing said IF signals to said
searcher means and said receiver means as said input signal.
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providing searcher _control signals representative of nultiple path
propagation pil ot al s of “greatest si.gnal strength and correspondi ng
code phase; and um l ’meﬂi M’ﬂ“ns for receiving said searcher control
signals, for recei si gnal which further includes multiple
pat h propagati ons of spread spectrun1connun|cat|on signals transmtted by
at least one of said plurality of cell-sites wherein each multiple path
propagation of said spread spectrum comification signals corresponds to a
respective nultiple path propagation pilot signal, for, in response to said

searcher control $69najss, a SReBdaPPESHIHIMRASASSE n?@téiﬁ”xﬁ" Ry RS Qéeéa' d
mul tiple path propagatlon of said sBread spectrunf conmuni cation signals-

cor r espondi n§PFMEHPR SigRAlF 3re COMMUPIGHR I ABHntendRd seQipiens user dyeat est
signal strenpHalt dfeasliistteerdingospred spepelifi BOmMIMLANABAN" READSEWherein

each cell-site transmits a spread spectrum pilot signal of a same spreading
code and predetermined different code phase, and wherein each cell-site
transmitted spread spectrum communication signals and pilot signal are
susceptible to multipath propagation, a method for acquiring and
processing intended recipient user spread spectrum communication
signals comprising the steps of: _

receiving input signals incdluding (a) multiple path propagations of
at least one pilot signal wherein each pilot signal is transmitted by a
respective one of a plurality of cell-sites and wherein each multiple path
propagation pilot signal travels a different propagation path and has a
corresponding path dependent offset in code phase and (b) multiple path
propagations of spread spectrum communication signals transmitted by at
least one of said plurality of cell-sites wherein each multiple path
propagation of said spread spectrum communication signals corresponds
to a respective multiple path propagation pilot signal;

scanning said input signals at different code phases so as to detect a
presence of at least one of said multiple path propagation pilot signals;

measuring signal strength of each detected multiple path
propagation pilot signal;

determining code phase of each detected multiple path propagation
pilot signal;

providing a searcher signal representative of multiple path
propagation pilot signals of greatest signal strength and corresponding
code phase;

spread spectrum processing, in response to said searcher signal, ones
of said multiple path propagations of said spread spectrum
communication signals corresponding to said multiple path propagation
pilot signals of greatest signal strength so as to extract corresponding
intended recipient user information signals therefrom; and

providing corresponding output signals representative of said

extracted intended recipient user information signals.
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31 user informati-on-stgrats—therefrom and for providing correspondi ng
output signals re " aid extracted intended recipient user
i'nformation si gnaqmﬂﬂ'mm"mwr Imhe receiver of daim 12 wherein said
recei ver nmeans conprisesta bl ural*ity of data receiver neans each for,
receiving a different one of said searcher control signals, receiving in
said input signal said nultiple path prggagations of spread spectrum

comuni cation signals, spread spectrum processing a different sel ected one
of said nmultiple path propagations of said spread spectrum comuni cation

Si gnal S in responge t%&ahdt}ﬁjaabf:t[ﬁ]npmtfuﬁheﬁlcgﬂ%x%lﬁ ﬁe%Yé{fshéD”' zation
provided by a correspondi r}gdrmltlp in gropagatlon ot si gnal and -
provi ding a combining said output signals;

providing a corresponding combined output signal. -

18 The method of Claim 16 further comprising the steps of:

receiving RF signals in a predetermined frequency band;

amplifying said RF signals;

frequency downconverting said amplified RF signals to an
intermediate frequency range so as to produce corresponding IF signals;

filtering said IF signals;

digitizing said IF signals; and

providing said IF signals to said searcher means and said receiver
means as said input signals.
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correspondi ng one of said output signals. " 14. The receiver of Caim
12 further conprising conbiner neans for, receiving said output signals,
coherently conbining said received output signals and providing a
correspondi ng conbi ned out put signal. 15. The receiver of Caiml2
further conprising input receiver nean or, receiving RF signals in a
predeterm ned frequency band, anplifying said RF signals, frequency
downconverting said anplified RF signals to an internedi ate frequency range

so as to produsevERSIPeEEHIVER TNSA LS CELLULAR PELEREONE FsyHaael S,
digitizing said IF signals, wherein said digitized IF signals correspond to

mul ti ple path propagations of said pilot signal and corresponding nultipfe
pat h propagati ons of said spread spectrum conmuni cation signals, and
providing said IF signals to said searcher neans and said receiver neans as

said i nput signal.
ABSTRACT

A spread spectrum receiver subsystem for utilization in a CDMA cellular
telephone having a searcher receiver (44) for scanning the time domain so
as to use the PN processing gain and time discrimination properties of
spread spectrum coding to determine the location in the time domain and
the received signal strength of multiple receptions of a pilot signal
traveling upon one or more phys'ical"propagaﬁon paths to reception. The
searcher receiver (44) provides a control signal indicative of the received
pilot signals of greatest strength and corresponding time relationship. A
data receiver (40, 42) receives spread spectrum communication signals
accompanying each received pilot signal and is responsive to the searcher
control signal for acquiring and demodulating a spread spectrum
communication signal, concomitant with the pilot signal of greatest signal
strength, and thus providing a corresponding encoded output signal
bearing information.

FIGURE 2
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32 16. In a cellular comunication system in which wuser
information signals are comrunicated to an intended recipient user by at
l.east one cell-site using spread spectrum conmuni cation signals, wherein
each cell-site transmts a spread spectrum pilot signal of a same spreading
code and predeterm ned different code phase, and wherein each cell-site
transmtted spread spectrum comruni cation signals and pilot signal are
susceptible to nmultipath propagation, a nethod for acquiring and processing
i nt ended recipient user spread spectrum conmuni cation signals conprising

t he steps of: receiving input signals including (a) nultiple path

pr opagat i ons of

TO FROM o TO FRCM_OTHER
PSTN\ / CELL-SITES
~ SYSTEM
CONTROLLER .
& SWITCH -
14

24q
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at | east one pilot signal wherein each pilot signal is transmtted by a
respective one of a plurality of cell-sites and wherein each nultiple path
propagation pilot signal travels a different propagation path and has a
correspondi ng path dependent offset in code phase and (b) nultiple path
propagati ons of spread spectrum comuni gation signals transmtted by at

| east one of said plurality of cell-sites wherein each nmultiple path
propagation of said spread spectrum conmuni cation signals corresponds to a

respective nultiple path propagation pilot signal; scanni ng said
input signals at different code phases so as to detect a presence of at
| east one of said nultiple path propagation pilot signals; nmeasuri ng

signal strength of each detected nmultiple path propagation pilot signal;
det erm ni ng code phase of each detected nmultiple p&&h propagation pil ot
si gnal ; provi @lhg a searcher signal jve of multiple path
propagation pilot /Aignals of greatest si r@é,mtd,_qeégth and correspondi ng
code phase; | ANTENN &Yl spectrum pr in In resppgse to said searcher

g,
si gnal , ones RECEIVER
a2 /48
32 :
/ il DIGITAL - DIVERSITY
DIPLEXER | DATA COMBINER
: —=1 RECEIVER —' & DECODER
34 /40
DIGITAL S0
ANALOG o paTa |
RECEIV
EIVER RECEIVER USER
DIGITAL
DATABAND
46| CONTROL |=—
PROCESSOR |
36 l 3
Vi a 1/
TRANSMIT TRANSMIT TRANSMIT
. POWER |*—— POWER |=
AMPLIFIER CONTROL MODULATOR

FIG. 2
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of said nmultiple path propagations of said spread spectrum comuni cation
signals corresponding to said nultiple path propagation pilot signals of
greatest signal strength so as to extract correspondi ng intended r-ecipi ent
user information signals therefrom and- provi di ng correspondi ng

out put signals representative of said.esgtracted intended recipient user
I nformati on signals.

33
17. The method of Caim 16 further conprising the steps of:
ENRErEre
60 ~g DIGITAL b e === ==~ -
ANTENNA| | = DATA |
I ! RECEIVER le—~— o ,
: Lo o - - - | |
62 64 I !

Y/ ‘I [ ! |
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RECEIVER | RECEIVER } !

l 8o !

70 (52 ; ) ¥

/ DIGITAL ] DIVERSITY
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RECEIVER : > 8 DECODER
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|
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DIGITAL |
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° ' - DATA : |
RECEIVER RECEIVER | ,
|
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I
: /74 I \ Y
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—™1 RECEIVER | LINK
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I
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ANTENNA |e— POWER |e——— SIGNAL
AMPLIFIER GENERATOR
TO/FROM MTSO  [orocrad aper '
FIG. 3 DIGITAL SWITCH ] THEPEREEMENT SHEET

2

6

FER 1997




——

conbi ni ng sai d output signals; and provi di ng a correspondi ng

conbi ned out put signal. 18 The nmethod of Claim 16 further
conprising the steps of: receiving RF signals in a predeterm ned
frequency band,; anplifying said RF signals; frequency
downconverting said anplified RF signalsgto an internedi ate frequency range
so as to produce corresponding |IF signals; filtering said |IF signals;
digitizing said IF signals; and . providing said IF signals to said
searcher neans and said receiver means as said input signals.

TO/ FROM TO/FROM OTHER FROM CELL-SITE
psIN CELL-SITES CONTROL PROCESSOR
100
/ .
SYSTEM TO/FROM
CONTROL | CELL-SITE
08 l PROCESSOR . DisITAL
) | LAFK
DIGITAL
SWITCH
3
06 104 102
/ [ N\ Y
DIGITAL |e—— DIVERSITY he—— DIGITAL
VOCODER COMBINER SWITCH
3
_ TO OTHER
TO/FROM OTHER DIVERSITY COMBINERS ™ —
VOCODERS ‘
. FROM OTHER
, VOCODERS
TO/FROM OTHER

CELL-SITES

FIG. 4
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cell-sites and to the vocoders at the MTSO. Furthermore, system control
processor 100 communicates with each cell-site control pracessor about the
assignment of particular calls between the MTSO and cell-site, and the
assignment of PN codes for the calls. It should be further understood that
as illéstrated in Figure 4 digital switches 102 and 106 are illustrated as two
separate switches,however, this function may be performed by a single
physical switching unit.

When the cell-diversity mode is in use, the mobile unit.will use the
searcher receiver to find and trap the strongest multipath signal from each
of the two cell-sites. The digital data receivers will be controlled by the
searcher receiver and the control processor so as to demodulate the
stronges-t s_ignals. When the number of receivers is less than the number
of cell-sites transmitting information in parallel, a switching diversity
capability is possible. For example, with only a single data receiver and
with two cell-sites transmitting, the searcher will monitor the pilots from
both cell-sites and- choose the strongest signal for the receiver to
demodulate. In this embodiment the choice can be.made as frequently as
every vocoder frame, or about every 15 msec.

The previous description of the preferred embodiments are
provided to enable any person skilled in the art to make or use the present.
invention. various modifications to these embodiments will be readily
apparent to those skilled in the art, and the generic principles defined
herein may be applied to other embodiments without the use of the
inventive faculty. Thus, the present invention is not intended to be
limited to the embodiments herein, but is to be accorded the widest scope
consistent with the principles and novel features disclosed herein.
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