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MOBILE ASSISTED HANDOVER USING CDMA

BACKGROUND

In mobile radio telephone systems, the
capability is provided to transfer the handling of
communications with a mobile station from one base
station to another, as the mobile station changes its
position and so moves out of the coverage range of one
base station and into the coverage area of another base
station. This process is commonly termed handover or
handoff.

To smoothly complete a handover, the network
controlling the base stations must first determine, for
each mobile station, whether the need for handover is
imminent and secondly determine to which new base station
handover should be effected. In making the latter
decision it is desirable that the network controller know
either how well each base station can receive signals
from a mobile station in question, or how well the mobile
station in question can receive signals from each baée
station, or both. The present invention'provides a
method for the base station to acquire this information
using a code division multiple access (CDMA) transmission
method.

Conventional mobile telephone systems were
based largely on Frequency Division Multiple Access
(FDMA), in which each mobile station transmits on a
unique frequency within its current base station area.
The mobile station is thus unaware of signals on other
frequencies from surrounding bases. In FDMA systems it
would be too costly to equip mobile stations with an
extra receiver that could be used to scan other base
frequencies. Instead, it is established practice that
base stations are equipped with a scanning receiver that
looks out for the signals of approaching mobile stations.
The network then hands over a mobile from a base station
covering an area it is leaving to the base station that
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6.6 mS) that are cyclically used by different mobile
stations. Thus, a first mobile station transmits in the
first timeslot in each period, a second mobile station
10 transmits in the second timeslot in each period and so
on. Likewise the base station transmits to one mobile
station in the first timeslot, another mobile station in
the second slot and so on. By offsetting the allocation
of timeslots in the two communicétions directions, base
15 to mobile (the downlink) and mobile to base (the uplink},
it can be arranged that a first mobile transmits in the
first timeslot and receives in the second timeslot:; a
second mobile transmits in the second timeslot and
receives in the third, while a third mobile transmits in
20 the third timeslot and receives in the first timeslot.
An advantage of this arrangement is that a mobile station
does not need to transmit and receive simultaneously,
which facilitates sharing a single antenna.
In the above three~timeslot example, each
25 mobile station is active to transmit or receive in two of
the three timeslots and idle in the remaining timeslot.
Therefore it is possible for TDMA mobile stations to use
this idle time to search for signals from other base
stations and measure their signal strength. By repofting
30 these signal strength measurements to the base station
using a slow speed data channel multiplexed with the
traffic (i.e., voice), the network is informed about the
base stations each mobile station can receive. The
network can use this information to effect . handover to
35 the best base station, and such a system is termed mobile
assisted handover (MAHO). When the base stations scan
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base station trﬁguld be termed base assisted handover (BAHO).
Systems providing MAHO also have access to the
base station measﬁrements, and so are able to effect
5 smoother and more reliable handovers because both uplink
and downlink signal strengths are taken into account,
instead of just uplink strengths in the case of BAHO.
However, these conventional systems have a number of
_ limitations. For example, MAHO has conventionally only
10 been used in TDMA systems. TDMA systems, however,
involve a certain waste of capacity due to the need for
guard spaces between timeslots during which the mobile
stations' transmitters power up and down. Moreover, in
these TDMA systems with MAHO, fast frequency switching is
15 needed to scan channels on which other base stations are
transmitting during the short idle periods, which is
technically difficult and adds both complexity and cost
to the system. The available time in the idle slot
combined with the difficulty in switching frequency
20 rapidly permit only one neighboring base frequency to be
scanned per 20 mS frame. In FDMA systems, MAHO has not
been implemented because base stations in FDMA systems
use different frequencies to transmit control channels
than those being used by mobile stations for
25 transmissions and FDMA mobiles cannot change frequency
without loss of traffic.
The present'invention uses Code Division
Multiple Access (CDMA) to permit neighboring base
stations to share the same frequency channel, and thus
30 permit the mobile to assess their signal strength without
changing frequency or losing traffic. Another feature of
the present invention is that the signals generated by
the neighboring base station to which the mobile station
is being handed over comprise a diversity transmission
35 which can be combined with the transmissions from the
base station originally connected to the mobile station
to improve reception quality.
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each radio frequency ed into a nunber (e.g., 3) of short
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timeslot in each period, a second nobile station 10 transmts in the
second tineslot in each pesheéntidhaDly, suchndiveksityecttdeshissishation

station in  Eetpdedh previded i oy, SFariad it TRMSMHEERY oL Ton
of tineslots irsidmal whichmisientoded and cnodwelatedain eﬁactlmtlnebsaue
(the downlink) 6%5‘&@*%&& éPiQfﬁgl(éﬂgngflﬁf%ﬂ1a relative delay of one
5 or more chips or bits. These overlapping signals can
then be combined in an echo-integrating type of receiver
such as a Viterbi equaliser or a RAKE receiver.
' A disadvantage of these conventional

macrodiversity systems is the need to transmit from one
10 base station the codes that are allocated being used to
transmit to the mobile station to one or more other base
stations. In a subtractive CDMA system, this also
involves informing all of the mobile stations in a cell
when a diversity transmission for any mobile is initiated
| 15 of the exact code that will be used.
This problem is overcome according to the
¢ present invention by using different codes for the
diversity transmissions so that an originally connected
base station need not transmit an allocated code to other
20 base stations. This takes advantage of the fact that a
CDMA mobile receiver is able to simultaneously receive
and decode both its normally coded signal and the
diversity coded signal.

25 BRIEF DESCRIPTION OF THE DRAWINGS
These and other objects, features, and’
advantages of the present invention will become more
apparent by reading the.following detailed description in
conjunction with the drawings in which:
30 Figure 1 illustrates a block diagram of a
transmitter/receiver according to the present invention;
Figure 2 illustrates the control unit of Figure 1 in
more detail; and
Figure 3 shows a network control'system for
35 performing handovers between base stations according to
the invention.
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hereby incorporated by reference. However, those skilled
in the art will readily appreciate that the present

10 invention is applicable to any system in which adjacent
base stations operate on the same frequency and use
signals with coded features enabling them to be
distinguished.

In the above mentioned application, a system is

15 described in which coded signals are scrambled with
unique scrambling codes and then transmitted on the same
frequency. A plurality of overlapping signals received
on a single frequency channel include a number of signals
within the same cell as well as a number of signals

20 transmitted from base stations in neighboring cells.
Despite overlap in time and frequency, individual signals
can be selected for decoding by first descrambling the
received signal with the appropriate scrambling code and
then decoding the underlying information bearing code.

25 Undesired interfering signals do not descramble to a form
that correlates with the decoding and so are suppressed
to a certain degree called the processing gain. An
exemplary underlying information coding is bi-orthogonal
or orthogonal coding using Walsh-Hadamard functions. The

30 suppression of interference caused by the other signals
transmitted on the same frequency is enhanced by the
subtractive CDMA demodulation system disclosed in the
aforementioned patent application by descrambling and
decoding signals in signal strength order from strongest

35 to weakest and subtracting each signal from the received
composite signal as it is decoded. 1In that way, stronger
signals do not substantially interfere with weaker ones
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and it is easier to then decode the weaker signals, such
as might be received from more distant stations.
The general arrangement of an exemplary
transmitter/receiver according to the invention is shown
5 in Figure 1. A CDMA decoder 10 receives a composite
signal via an antenna 11, suitable amplifying, filtering
and downconverting by signal processing circuitry 12 and
A to D convertor 13. The A to D convertor 13 produces
complex number outputs and can operaté, for example,

10 according to the logpolar principle described in U.S.
Patent No. 5,048,059, which is hereby incorporated by
reference. The CDMA decoder is programmable by means of
control unit 14 with any of a number of unique
descrambling codes corresponding to the overlapping

15 signals contained in the composite received signal.
These descrambling codes are presented to the deécoder in
descending order of signal strength of the associated
signal. The decoder furnishes decoded information and
signal strength measurement information back to the

20 control unit. Signal strength information can include
amplitude and phase information, not only for the direct
ray received from any station but also for delayed
echoes. The direct ray and echo information is
processed, for example by filtering and summing, to

25 determine the total received energy in each signal. If
signals are detected to have altered their position in
signal strength sorted order, or are predicted to be
about to do so, the control unit can alter the order of
decoding in the next period. Decoded information

30 contained in at least one of the decoded signals informs
the control unit about the scrambling codes and/or
frequencies of the cell from which that signal was
generated and/or the codes and frequencies of neighboring
cells. Similarly, outgoing traffic is encoded by CDMA

35 encoder and modulator 19;.upconverted for transmission by
upconvertor 15 and amplified by power amplifier 16 before
being transmitted from antenna 11. The output power
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(e.g. 7) of base station ID codes to one of a number

(e.g. 32)'of traffic channel ID codes, as described in

10 U.S. Patent Application Serial No. 07/866,865, entitled
"Multiple Access Coding", which was filed on April 10,
1992 and is hereby incorporated by reference. Moreover,
one of the traffic channel ID codes can be reserved in
each cell for use as a broadcast channel, calling channel

15 or pilot channel as described in U.S. Patent Application
Serial No. 07/868,335, entitled "Calling Channel in CDMA
Communications System", filed on April 13, 1992 and is
hereby incorporated by reference. The signal using this
code is always the strongest signal so the mobile

20 receiver knows it shall attempt decoding of that signal
before any other signals from the same cell.

The seven base station ID codes can be
allocated to cells in a so-called 7-cell pattern such
that no two adjacent cells use the same ID code.

25 However, the use of codes will generally be repeated two
cells or more away, so there can be ambiguity due to
propagation anomalies as to whether a signal decoded
using a particular code is from an adjacent cell or

~ further away. Upon successfully decoding a broadcast

30 channel, further information is obtained on the station
ID to resolve this ambiéuity. An advantage of
réstricting the number of base station ID codes is that
the receiver only need attempt decoding with this limited
number of codes, thereby accelerating the decoding

35 process.

' Normally, a receiver only need decode and
subtract signals in descending signal strength order
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traffic signal will be one of the stronger signals
5 demodulated early, as will the calling channel of an
adjacent cell, so it is not necessary to decode many

signals in order to acquire the desired information. If,
on the other hand, the mobile station is near the center
of its own cell, the base station will allocate less

10 downlink power to signals sent to the mobile and its
signal will be among the weaker ones received. When this
situation arises, the mobile station can deduce that it
is not on the edge of its current cell and thus not about
to require handover.

15 The mobile station can nevertheless attempt to
demodulate the calling channel of a neighboring cell,
even when the signal strength of such a calling channel
is below that of the mobile station's traffic channel, by
continuing to decode received signals after extracting

20 its own traffic signal. In this way, the system can
predict when the received signal strength of a relatively
strong calling channel of a neighboring base station will
exceed the signal strength of the mobile station's own
signal, so that the stronger signal will be subtracted

25 first.

When the mobile receiver detects from relative
signal strengths that it is nearing a point where a
handover might be appropriate, the base station is
informed by data message from the mobile station about

30 the other base stations the mobile station can hear and
their relative signal strengths. This process of signal
strength reporting can also be continuous even when .
handover is not imminent. In order for such control-type
messages not to interrupt traffic flow, it is

35 conventionally known to multiplex a low bit rate data
stream called the Slow Associated Control Channel (SACCH)
with the higher bit rate traffic. It is also possible,
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message. ~ Conventionally, such a priority message channel
is known as a Fast Associated Control Channel (FACCH).

5 In exemplary embodiments of the present
invention, the base station or fixed network includes
processing circuitry to decide, for each mobile station,
when handover is necessary and to implement handover at
such times. At least three forms of handover can be

10 executed by a mobile station under control of the
intelligent network controller as follows.

A first form, called an internal handover,
occurs when the network decides to keep the mobile
station connected to its current base station for traffic

15 sharing or capacity optimization reasons, but to switch
transmissions from the mobile station to another
frequency or code. If a frequency change is commanded, a
slight interruption in traffic will occur while the
mobile station acquires synchronization on the new

20 frequency. |

A second form of handover is the transfer of a
mobile station to another base station without a
frequency change. This handover has the potential to be
a so-called glitch-free or seamless handover that

25 involves no interruption of traffic whatsoever. 1In fact,
as discussed below, according to one exemplary embodiment
of the invention a single mobile receiver establishes
reception of the new base station before relinquishing
the signal from the old base station. During thié period.

30 where the mobile station is receiving its intended signal
from both base stations, the receiver can use both
decoded signals to obtain diversity gain. This type of
system is also known as soft handover, macro-diversity,
or transmit space diversity. _ |

35 To establish communication with the second base
station, the second base station is informed by the

network to begin transmitting a signal for the mobile
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This process can also be used when a call is set up from
scratch and is known in this context as random access.
Until handover is complete, the old base station remains
in control of the mobile station's behavior, particularly
10 with respect to controlling the mobile station's

transmitter output power. In implementing powef control
during macro-diversity or soft handover, the controlling
base station can receive information from the other base

station or stations regarding the signal strength with

15 which they receive the signal transmitted from the mobile
station. Completion of handover occurs when control of
the mobile station, including the power control function,
is transferred from the old base to the new base. Macro-
diversity operation can continue for a while, with the

20 new base now as the master and the old base as the slave,
until the mobile station is no longer at the boundary of
the two cells and the old base station is informed that
it can terminate transmission to that mobile, thereby
releasing the code which can then be used for

25 establishing a new call. As the sudden disappearance of
a signal among the strongest could also disturb ongoing
traffic, the signal is preferably ramped slowly down to a
minimum power level before being turned off.

A third type of handover that can be effected

30 " is a frequency change upon changing base station. In-
this case, a seamless handover or macro-diversity
operation cannot be achieved unless an internal handover
of the first-described type had previously been made to
the new frequency. The latter is preferable, but may not

35 always be possible depending on the traffic locad on the
various frequencies in the two cells. Frequency and code
allocation algorithms can be provided that attempt to
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distribute these resources to mobile stations according
to position so as to achieve desirable loading patterns.
Using such algorithms an advantage is provided by means
of CDMA coding permitting many calls to take place on the
5 same frequency, so that the mean time between new call
set-up or clear-down requests is reduced to a few '
seconds. It then becomes possible for a handover sysfem
to request reservation of capacity on any frequency for
use by a mobile station that is about to enter the cell,

10 and such a request will normally be granted within a few
seconds. The intelligent network controller also strives
at call set-up to allocate frequencies so as to even out
the loading on each frequency channel. Frequencies can
be allocated or re-assigned by means of internal '

15 ~ handovers based on which channel will suffer the least
from interference from more distant stations. Using such
adaptive channel allocation, the network can effectively
transfer capacity on any channel from surrounding cells
having light demand to a cell with a peak demand, thus

20 achieving averaging of capacity demand over more than one
cell, which provides an increase 'in useable capacity
without risk of momentary overload becoming unacceptable.

The implementation of these above-described -
types of handovers according to the present invention is

25 effected in the mobile station by control unit 14.
Further details of control unit 14 are illustrated in
Figure 2. Demodulation results are fed from the CDMA
decoder 10 to a demultiplexer or selector 20 in control
unit 14. The demultiplexer is controlled by the control

30 processor 23 to select either only data from the current
base station with which the mobile station is in
communication or data from both the current base station
and a new base station to which handover is imminent.
Selected data is fed to the traffic decoder 22 and the-

35 message decoder 21 which are also controlled by the
control processor 23 to accept either data only from the
current (old) base station or from both the old and new
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on a sing e frmw@% i caie Q:J‘Ltfm@rc&ftfﬂlg'ﬁ&cessor 23v thin the
same cel| aS\Maﬂe€§Z£igﬂg mobfg Eﬂégtlon shall operate in normal mode,
(i.e. decoding traffic and messages from the current
base station only), whether it shall operate in diversity
mode, (i.e. decoding messages and traffic based on data
10 received from the current base and another base station),
or whether the mobile station shall execute a frequency
change or transmit code change. Similarly, the control
unit includes a message encoder 24 and a traffic encoder
25 for outgoing transmissions. The control processor 23
15 selects an output from either of these encoders by way of
multiplexer 26 which is sent to the CDMA encoder/
modulator 19.
The preferred type of handover is the above-
described soft handover which does not involve even a
20 momentary loss of traffic. The operation of a receiver
in executing soft handovers according to the present
invention will now be described.
_ A control message is transmitted from the
current base station to the mobile station, indicating
25 the CDMA code that a neighboring base station will use to
transmit data to the mobile station. This is processed
in control unit 14 as further detailed in Figure 2
causing the mobile receiver to look for and demodulate
the signal from the new base station. Because it is
30 undesirable to suddenly start new transmissions at a high
power level, the new base station preferably starts
transmitting to the mobile at low power and gradually
increases the power level to a predetermined value. The
mobile station continues for the time being to transmit
35 using the original CDMA code, but includes data
indicating how well it is receiving the new base station.
When the old base station determines from this data that
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substantiallyig&éagé¥§a€g££&na éfg ﬁEEﬁ power transmission, the old
base station preferably gradually reduces the power level
of that CDMA code transmission to a low power level

10 before ceaéing transmission and returning that code to a
pool available for establiéhing new communications.

The operation of the mobile transmitter during
soft handover is preferably analogous to that of the base
station network. Initially, the mobile station continues

15 to transmit using its original CDMA code. The current

' pase station informs the new base station to look for and
demodulate the mobile station's transmission using this
code. When employing subtractive CDMA demodulation in
which all signals are demodulated and subtracted in

20 signal strength order, the new base station would most
likely already have been demodulating the mobile signal.
The new base station can exchange demodulated data with
the old base, for the purposes of using the data
diversity to obtain better error correction decoding.

25 This exchange preferably takes place by means of
fiber-optic data links between the base stations,
carrying multiplexed data pertaining to a plurality of
mobile stations, but can also take place via any other

_ tYpe of communication links such as coaxial landlines,

30 trunks or dedicated microwave radio data links.

_ When the mobile station receives a message from
its old base station notifying it to regard the new base
station as its current base station, the mobile station
starts transmitting to the new base station using the new

35 base station's CDMA code. Since it is undesirable to
start a transmission suddenly at high power, the mobile
station preferably ramps up the power level of the new



- 6- and it iseasier to then decode the weaker signals, such
-as mght be recei ved thi Sheei ok Betl Reglaat ‘st at i ons. The

general arrangenment of transmtter/receiver according to
e 1. A CDVA decoder 10 receives a

the invention is shown ,
conposite si gnal enna 11, suitable anplifying, filtering

and downconverting by signal processing cﬁ%ﬁﬂtry 12 and

code from a low power level to the desired power level.
The desired power level can, for example, be determined
according to the method disclosed in U.S. Patent
Application Serial No. 07/866,554, entitled "Duplex Power

5 Control" which was filed on April 10, 1992 and is hereby
incorporated by reference. Therein, the power level is
adjusted based on the relative signal strength the mobile
station receives on its code from the néw base station
compared to other codes from that base station.

10 A preferred modulation method is a linear
modulation method including both amplitude and phase
modulation for best spectral containment. The mobile
transmitter power amplifier for such modulation is thus
of linear type, such as class-A, class-B or class-AB.

15 Such an amplifier is not constrained to being able to
transmit only one CDMA coded signal, but is able to
transmit a plurality of superimposed signals, so long as
their sum never exceeds the amplifier peak power
capability. This ability can be employed by the mobile

20 transmitter to permit initiation of transmission to the
new base station using a new access code before
terminating transmission to the o0ld base station using
the old access code. Since sudden termination of
transmission using the old code is undesirable, the

25 mobile station can gradually reduce the power level of
transmission using the old CDMA code at the same time as
it gradually increases the power level of transmission
using .the new code, in such a way that the sum of the two
signals never exceeds the peak power capability of the

30 transmitter. At the crossover point where both
superimposed transmissions are of equal power, the peak
signal amplitude of each must be halved for the sum never
to exceed unity, and the power in each transmitted code
signal is thus 1/4. The total power transmitted from the

35 mobile station is thus halved, but since both base
stations receive transmissions using both codes,
quadruple diversity is in effect provided, more than
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information, and, conversely, the mobile CDMA
transmitter's ability to transmit two CDMA coded signals
10 bearing the same information.

When handover requires a frequency change
because the new base station cannot provide a signal for
the mobile station on the old frequency, it is not as
feasible to achieve a handover without interruption of

15 traffic flow. This is partly due to cost constraints in
fabrication of the mobile station which dictate that only
one frequency synthesizer be used jointly by both the
transmitter and receiver. Given this limitation, it is
not possible for the transmitter and receiver to change

20 frequency at different times. If, on the other hand, two
~synthesizers are considered acceptable from a cost
standpoint, the receiver frequency could be switched at a
time when the downlink side of the conversation is
silent, and the transmit frequency could be switched at a

25 time when the uplink side of the conversation is silent.

In situations where a mobile station has a
single frequency synthesizer it is, of course, desirable
to take advantage of an opportunity to switch freqﬁency
when both sides of the conversation are silent. If this

30 is not possible, however, the least perceived disruption
in a conversation will occur if the frequency is switched
just at the time one side or the other of the
conversation becomes silent, as there can be a delay
before the other party.commences talking.

35 If such an opportunity does not arise before
handover becomes urgent however, a handover is forced by
transmitting from the current base station a channel



about to do so, the..contrel-—unit—canalter the order of decoding in
the next period. Decoded Infopmati.gn..s0 contained in at |east one of the

decoded signal s i nf orl ontrol unit about the scranbling codes
and/ or frequenc H“H Him {lgﬂl]l fromwhich that signal was

generated and/or the c enci es of nei ghboring cells.
Simlarly, outgoing traffic is encoded by CDjd 35 encoder and nodul at or
19, upconverted for transm ssion by upconvertor 15 and anplified by

power anplifiercHéndefcsmmand to théngobidasimhtprdcér o apéechattdffibe
out put - power the channel change command being a data message
containing details of the frequency, new base station ID
and new CDMA traffic code that the mobile station shall
5 use. The mobile station then terminates transmission on
the old frequency during a pause in conversation as
described above, changes frequency, and then starts
transmission on the new frequency. Meanwhile, the new
base station is informed by the old base station to
10 expect the mobile station's signal. 1In the event that
both base stations are able to receive on both the old
and new frequencies, space diversity reception, as
previously described, can be provided on both the old and
new frequencies to improve reception quality while the
15 mobile station is in the handover region.

There is no point in the old and new base
stations transmitting to the mobile station
simultaneously on different frequencies however, as the
‘mobile station, in contrast to the base station, is only

20 equipped to receive on one frequency at a time. Ramping
up the power level of the transmission from the new base
using the new CDMA code can nevertheless be done before,
or in parallel with, ramping down the power level of the
0ld transmission so that both will in fact overlap for a

25 short while and the interruption in traffic as the mobile

- changes frequency is not unnecessarily prolonged by
having to wait for the new base station's transmission to
appear.

A base station network for implementing

30 handover as described above is illustrated in Figure 3.

A first base station 32 having an antenna system 30 and a



-7- | evel ean—be- cent%e%ked—by control unit 14 at both the

‘encoder 19 and pomgﬁ fier oyer control bus 18. The control
unit 14 can al so per programm ng for both received
signals and transm m ﬁmﬁgﬁnals over control bus 9. -

One way i n which th codes can be constructed is to

bi tw se nodul 0-2 add one of a nunber £.9. 7) of base station ID
codes to one of a nunber (e.g. 32) of traffic channel 1D codes, as
described in 1(cpMa Wt¥andiniebérpeteivéer osyseen a1l Nbs 68ﬁ1866t865byent itled

"Mul ti pl A Cod " 2 [
hereL;piﬁcofgg§%?8WPé£E%%ﬁ%?%n@%xﬁib t%ﬁe?ghméfg él%ﬁir?ﬁt}ﬁelé?gff gg a
channel | D codesneaor moreskasedstation controhlers|36or Assegend basedcast

channel, call 1 | | n U S Patent
Appl 1 cat i o LA L havifl Bh' ShaPEEHES! aRterifiz 54 Defa!

transmitter/receiver 34, to which a mobile statlon in
communication with the first base station will now
communicate is also connected by similar links to the
base station controller.
The base station controller can simply switch
10 data through from one base to another under command of a
switching center. If the controller operates in this
manner, the diversity combination described above can be
implemented in the first or second base station or both.
Alternatively, the base station controller itself can
15 perform the diversity combination or selection of data
from two or more base stations. Moreover, error
correction decoding subsequent to diversity combination
can reside at base stations 32 and 35, at base station
controller 36, or at the switching center. Likewise any
20 digital speech decoding subsequent to error correction
decodiﬁg can reside in any of these locations.

While the present invention has been described
with reference to exemplary embodiments thereof, these
exemplary embodiments are intended to be merely

25 illustrative of the present invention rather than
limitive. For éxample, although the above-described
exemplary embodiments have been described in terms of
mobile stations, the present invention can be implemented
using any type of remote station (e.g., portable units).

30 ' Moreover, while these exemplary embodiments implement

macrodiversity using two differently coded CDMA '
transmissions in the context of the handover process,
those skilled in the art will appreciate that such
diversity transmissions can be provided during any stage
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the receiver only need attenpt decoding with this [imted nunber of
codes, thereby accelerating the decoding 35 process. '



Normal |y, a recei ver—onky-need-decode and subtract signals in

~descendi ng si gnal sfy der
REPLACEMENT SHEET 'Seﬂg%tt nascHeen Re

laced = 8-_until
it decodes its own t”‘m[UH,ﬂﬂumm’ If the nobile _ station is near the
edge of its cell and about to requi n
adj acent cel I, its S 1111 04
. * ¢ L N s *
CLAIMS:
1. In a cellular mobile radio communications
system including at least one mobile station and at
least two base stations, a method of transferring
S : communication with said mobile station from a first
to a second of said base stations comprising the
steps of:
transmitting a signal on a first frequency from
said first base station to said mobile station using
10 a waveform encoded with a first code:
sending a transfer indication from said first
base station via a fixed network to said second base

station:;
upon receipt of said transfer indication,
15 transmitting a signal on said first frequency from

said second base station to said mobile station
using a waveform encoded with a second code; and
receiving at said mobile station said signals
transmitted on said first frequency from said first
20 and second base stations and decoding said signals
using said first and second codes to produce a first
and second demodulated signal.

2. In a cellular mobile radio communications

25 system including at least one mobile station and at
least two base stations, a method of transferring
communication with said mobile station from a first
to. a second of said base stations comprising the

_ steps of:

30 transmitting a control signal on a first
frequency from said first base station to said
mobile station using a waveform encoded with a first
code to inform said mobile station of a second
frequency and second code;

35



traffic signal witi~be one of the stronger signals 5 denodul ated early,
as will the calli fgs §RaMaeBecR Rephded adj acent cel Is—so—t—s-not_______

necessary to decod gnals in order to acq re the desired
Jinformation. j'“m[ﬂ!m er hand, the nobile s m'"ﬂn ’m”m
center of It base station will.

downl i nk power to signals sent to the anJzn4ﬂuj|ts - S|gnal Wilt be
anong the weaker ones received. Wen this situation arises, the
nobi |l e station can deducesdrdingta transfer rmndmattitmamnoéaidsftnstent

cell and thus not al%%tge tlérga‘g,feg%rﬁ,pg&c}pé@;%ﬂ}%&l s3id secon ﬂgse

mobi | e station can NEVerthal eas the ca

channel of a nelghmﬁﬂatyqnﬂl even when the signal strength of such
a calling channel dodifl el it oF ddia r@i&ﬂ@réfaﬁm&tiaﬁfflc
channel , by contan|n t o decode received si na s a ter extractlng 20
its own Braffic si gr%ansmw%m% 51N @ fhe,8eePnd frequency  EHPRN t he
received signal strepiid sdcond Badé Etation to séarmgnwiierwtshmel of a
nei ghbor | ng base statlon will oo Sceold ol W8] SIESNOTELEL, 1 08a

nobil e station's o
upon receipt by said mobile of said control

signal, receiving said signal on said second
10 frequency and decoding it with said second code to
produce a demodulated signal.

3. A method according to claim 1, wherein said
first code includes a first base station code .

15 combined with a first access code and said second
code includes a second base station code combined
with a second access code.

4. The method according to claim 1, further
20 including the step of:
error correcting said demodulated signals.

5. The method according to claim 4, wherein said
error correcting step comprises performing diversity

25 selection of symbols from said first and second
demodulated signals.

6.. The method according to claim 4, wherein said
error correcting step comprises performing diversity

30 _ combination of said first and second demodulated
signals.

7. In a cellular mobile radio communications

system including at least one mobile station and at
35 least two base stations, a method of transferring

communication with said mobile station from a first
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signal, so that fﬁ‘"étronger 5|gnal wi |l be subtracted 25 __first.
‘When the nobi | e remgwr}ﬂeﬁ@@iT‘E mrelative signal strengths that

it is nearing a poi handover nightul n t he
base station is j m data nmessage frcl mmmuwm w i on
about 30 t he ot her base stations the nnbg%g stati*on®cah htar® arfd

their relative signal strengths. This proce of signal strength

reporting can al so b, coNiLouAHSofV81a"Blse statiBARIBYREIBIAY dhgl nent.

In order for such coRtrol nmessages not to interrupt “traffic

flow, it is 35 oﬁt@hﬁleﬁally known to nultiplex a low bit rate data
stream called the Slow Asagebaifg, Cae! saliaChepatk 68465bh, signa1w th the
hi gher bit rate traffic. Is,a i g055|

recelved simultaneous y from said at least two base

5 stations on a first frequency and quantifying their
relative signal strengths;
transmitting a signal from said mobile station
indicating said relative signal strengths;
receiving at one of said at least two base
10 stations said signal indicative of signal strengths
and sending said signal to a network controller; and
processing said indicated signal strengths in
said network controller and selecting one of said at
least two base stations to maintain communication
15 with said mobile station.

8. A method according to claim 7, wherein said

network controller commands said selected base

station to initiate a transmission to said mobile
20 station using an available access code.

9. A method according to claim 7, wherein said
access code is composed of a base station code
combined with a traffic channel code.

25
10. In a cellular mobile radio communications
system including at least one mobile station and at
least two base stations, a method of transferring
communication with said mobile station from a first

30 to a second of said base stations comprising the
steps of:

transmitting traffic on a first frequency from

said first base station to said mobile station using
a waveform encoded with a first code:;

35 transmitting a control message on said first
frequency from said first base station to said
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-9- I f the need for.handover—becones nore urgent, to steal
capacity fromthe trafflc channel to end a high prrofr%y-—w—«_mnﬁssage.

Conventional |y, suchTm e channel known as a Fast
Associ ated Control Ulm mﬂmﬂtﬂmmm
enbodi ments of the pr entlon t he bas d

net wor k i ncl udes proceSS|ng C|rCU|try229 deci de, for edch*mobile
station, when handover is necessary and to inplenent handover at
such tines. At | eastmohike &tatrionf usindowrcwayvefiotm ebcodedxwdtrthea by a
nobil e station undersggghaogogg t he intelligent network controller as

folloms
sending a transfer indication from said first

base station via a fixed network to said second base
5 station;
upon receipt of said indication, transmitting a
signal on said first frequency from said second base
station to said mobile station using a waveform
encoded with a third code; and
10 receiving at said mobile station said signals
transmitted on said first frequency from said first
- and second base station and decoding these signals
using said first, second and third codes to obtain a
first demodulated traffic signal, a decoded control
15 message and a second demodulated traffic signal.

11. A method according to claim 10, wherein said
first code includes a combination of a first base
station code with a first traffic channel access

20 code and said second code includes combination of
said first base station code with a control channel
code.

12. A method according to claim 11 in which said
25 third code includes a combination of a second base
station code with a second traffic channel code.

13. A method accbrding to claim 11 in which said
third code includes combination of a second base
30 station code and a control channel code.

14. A cellular mobile radio telephone system using
'Code Division Multiple Access to facilitate handover
between a first and second base station comprising:
35 antenna, filtering, amplifying and downconverting
means for producing an analog signal representative of



A_firSt form call ed-an-internral—handoever, occurs when the network
decides to keep the ation connected to its current base

e - S
station for traffic Shect pRged . apacity optim ' ut to
SW t ch transms ulmk ﬂ mobi | e station tummmm;mmmi@u , _.
frequency or code. I|f ange is,gonmmanded* a¢ L Sls

interruption in traffic will occur while the . nobile station acquires

synchroni zation on @f‘% 2Q.eceivdE U :faid first and sécoff0NFaderm
of handover is the transfer of a nobi | e stati on to anot her base

station without a sStatiopmchhe SaBAgEreqReRCYiandover has the potentia
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i nt ended si gnal secondeede itoacketaint demedulated cdatacsignalsse both
received from said first and second base station
_ transmitters and measurements of their relative
10 signal strengths or qualities;
encoding means to encode said signal strength
or qualities into a data message; and
| CDMA transmitting means to transmit said data
message.
15
15. A mobile station according to claim 14, wherein
said first code includes combination of a first base
station code with a first access code and said
second code includes combination of a second base
20 station code with a second access code.



decoded signals to ohtain diversity gain. This type of systemis

“al so known as soft handover, macro-diversity, or transmt space
diversity. 35 ~To estabhish comunication with the second base
station, the second BasSheatid BRRRiSINf or med by the network to begin
transmtting a signal |

[T -

ABSTRACT

A method and system for facilitating handover

in mobile radio communication systems are disclosed. The
5 mobile unit assists in making handover decisions by
monitoring the signal strength of control channels
transmitted by base stations in neighboring cells.
During the handover, the mobile station can receive the
same information from and/or transmit the same
10 information to a plurality of base stations to provide

diversity combination and improve transmission quality.
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use by a nobile-station that is about to enter the_cell 10 and such a
request wl| nornally be granted within a few | £ ;_l&%Hpr SG
i nt el Ifi EPE kogontrot strives g" lj ' ‘““t N
al | oc Dfr'e ge ﬁ|e§“§U s to 8ven put thﬁ;#bad , ghg frei rﬁqf
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channéL aPreeht i oprsed he -netrwardk..ca effectlvely oy transfer capacity on
any channel Ofr BRCEEFT oundi.ng..cel.ls. havi ng..Li-ght: JerendPio. #¥el.l...
with a peak denand, thusS 20 acnreving aver agi ng of capacity demand over

.a?{ﬁohPan one cell, #i §%§¥56E5 ﬁﬂuﬁ&@ﬁiﬁﬁgﬁﬁd1dﬁﬂiable capacity

( risk of nonmentary over €com ng unaccepta
The inplenentati on of these above-descri bed types of handovers
according to the present invention is Zﬁhcxcndﬂmacted in the nobile station

by control unit 14. i t eare
illustrated in Irneg'thgﬁegg%ﬂ) ? g{s?eul S)gt%?% ‘t€d fromthe CDVA
decoder 105to a mﬂmtlriﬁwe)éér Pé’P"ééF@cf—@rtWﬁFrcdmer $andling of

communications with a mobile station from one base
station to another, as the mobile station changes its
position and so moves out of the coverage range of one
base station and into the coverage area of another base

10 station. This process .is commonly termed handover or
handoff.

To smoothly complete a handover, the network
controlling the base stations must first determine, for
each mobile station, whether the need for handover is

15 imminent and secondly determine to which new base station
handover should be effected. In making the latter
decision it is desirable that the network controller know
either how well each base station can receive signals
from a mobile station in question, or how well the mobile

20 station in question can receive signals from each base
station, or both. The present invention provides a
method for the base station to acquire this information
using a code division multiple access (CDMA) transmission
method.

25 Conventional mobile telephone systems were
based largely on Frequency Division Multiple Access
(FDMA), in which each mobile station transmits on a
unique frequency within its current base station area.
The mobile station is thus unaware of signals on other

30 frequencies from surrounding bases. In FDMA systems it
would be too costly to equip mobile stations with an
extra receiver that could be used to scan- other base
frequencies. Instead, it ié estiﬁlishfi a Eice that
base stations are equipped- With éfséa ng* recet%er that

35 looks out for the signals of approaching mobile stations.
The network then hands over a mobile from a base station
covering an area it is leaving to the base station that



R ]

unit 14. The denultiplexer is control | ed by the control 30
fo select either only data fromthe current bage
the nmobile station is in conmuni cation or datajf

base station and a new base station to which h'n‘over *@@
Selected data is fed to the traffic decoder 22 and thd : éggt
decoder 21 which are also controlled by the co trol processor—423
accept either data only fron1the current (old) base station or f

both the old and new

23
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ent
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reports the best reception of the mobile station's
signal.
More recent cellular telephone standards employ
Time Division Multiple Access (TDMA) in which a fixed
S time period (e.g., 20 mS) on each radio frequency is
divided into a number (e.g., 3) of short timeslots (e.g.,
6.6 mS) that are cyclically used by different mobile
stations. Thus, a first mobile station transmits in the
first timeslot in each period, a second mobile station
10  transmits in the second timeslot in each period and so
on. Likewise the base station transmits to one mobile
station in the first timeslot, another mobile station in
the second slot and so on. By offsetting the allocation
of timeslots in the two communications directions, base
15 to mobile (the downlink) and mobile to base (the uplink),
it can be arranged that a first mobile transmits in the
first timeslot and receives in the second timeslot; a
second mobile transmits in the second timeslot and
- receives in the third, while a third mobile transmits in
20 the third timeslot and receives in the first timeslot.
An advantage of this arrangement is that a mobile station
does not need to transmit and recefve simultaneously,
which facilitates sharing a single antenna.
In the above three-timeslot example, each
25 mobile station is active to transmit or receive in two of
' the three timeslots and idle in the remaining timeslot.
Therefore it is possible for TDMA mobile stations to use
this idle time to search for signals from other base
stations and measure their signal strength. By reporting
30 these signal strength measurements to the base station
using a slow speed data channel multiplexed with the
traffic (i.e., voice), the network is informed about the
base stations each mobile station can receive. . The
network can use this infomat:.oﬁ: to effect .handover to
35 the best base station, and such a system is termed mobile
assisted handover (MAHO). When the base stations scan
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-12- base stations. The nmessage decoder 21 3

data so as to reduce transm ssion er?ors usi ng ba ﬁi@i’& @W@NTSSH orrectlon
decodi ng and diversity conbi nati on techni ques : and passes d ed
messages to control processor 23. 5 These nesshgps 25 ANUEa1996t of the
control processor 23 whet her the nobile stati pn shall. operafe}in

nor mal node, (i.e. decoding traffic and nesga romthe curyent
base station only), whether it shall operate in diversity ode, (i.e.
decodi ng nmessages and traffic based on data 10 received fromthe current
base and anot her base station), or wh&ther the nobile station shal

execute a frequency chan e or tran ode. change imlarly, the
control ufior’ the gdenal §§%@@‘éﬁ€&ﬁ&? 4 SEAGE g?réﬁﬁ
25 for out goi ng dovads bies $etmed Basge cask istedheodoyer ZBAHOG) . selects an

tput f ith f th . t ] i ch
output from either of !hesgageagodstsyiidfiotio also ndvb!4BbEET Gl C

base station measurements, and so are able to effect
5 smoother and more reliable handovers because both uplink
and downlink signal strengths are taken into account,
instead of just uplink strengths in the case of BAHO. -
However, these conventional systems have a number of
limitations. For example, MAHO has conventionally only
10 been used in TDMA systems. TDMA systems, however,
involve a certain waste of capacity due to the need for
guard spaces between timeslots during which the mobile
stations!' transmitters power up and down.  Moreover, in
these TDMA systems with MAHO, fast frequency switching is
1s needed to scan channels on which other base stations are
transmitting during the short idle periods, which is
technically difficult and adds both coﬁplexity and cost
to the system. The available time in the idle slot
' combined with the difficulty in switching frequency
20 rapidly permit only one neighboring base frequency to be
scanned per 20 mS frame. In FDMA systems, MAHO has not
been implemented because base stations in FDMA systems
use different frequencies to transmit control channels
than those being used by mobile stations for
25 transmiséions and FDMA mobiles cannot change frequency
without loss of traffic.
The present.invention uses Code Division
Multiple Access (CDMA) to permit neiéhboring base
stations to share the same frequency channel, and thus
30 permit the mobile to assess their signal strength without
changing frequency or losing traffic. Another feature of
" the present invention is that the signals generated by
the neighboring base station to which the mobile station
is being handed over comprise a diversity transmission
35 which can be combined with the transmissions from the
base station originally connected to the mobile station
to improve reception quality.
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nodul at or 19. ’ The preferred type of handover is the above-
tlescri bed soft handover which does not involve ev - y | oss
of traffic. The operation of a receiver [ \ndover s
according to the present i nvention will no
A control nessage is transmtted fromthe

the nobile station, indicating 25 t he CDVA code] tha

JESCr | bed.

?tS R@ge‘” atlian to

a nei ghborji ng base

station will use to _ transmit data to the nopi . igis
pr ocessed in control unit 14 as further detpiled in Figure 2
causing the nobile receiver to | ook for angd€denodulate the signal
fromthe new base station. Because it is 30 undesi rabl e to suddenly

start new transm ssions afoavenghonally, sushediveveitytweanmmssdoRsst ation
preferably startfave been pravsdedt iNoCHMA tdystEnsi bg Grahoui fioMry aand

OrSUAILY -+ on SRHESISRS) 15, BRRARL S ndRLaIShELAALER, Al S
ori gi nal CDVA ca®y asutthenerddiépaliasignal with gdredativehdelae|qf one s
recei ving ¢he ney¥ ki@ ThdpsOBr bits. These overlapping signals can
then be combined in an echo-integrating type of receiver
such as a Viterbi equaliser or a RAKE receiver.
A disadvantage of these conventional
macrodiversity systems is the need to transmit from one
10 base station the codes that are allocated being used to
transmit to the mobile station to one or more other base
stations. In a subtractive CDMA system, this also
involves informing all of the mobile stations in a cell
when a diversity transmission for any mobile is initiated
15 of the exact code that will be used.

' ' This problem is overcome according-to the
present invention by using different codes for the
diversity transmissions so that an originally connected
base station need not transmit an allocated code to other

20 base stations. This takes advantage of the fact that a
CDMA mobile receiver is able to simultaneously receive
and decode both its normally coded signal and the
diversity coded signal. '

25 ) BRYIEF DESCRIPTION OF THE DRAWINGS
These and other objects, features, and
' advantages of the present invention will become more
apparent by reading the following detailed description in
conjunction with the drawings in which:
30 Figure 1 illustrates a block diagram of a
transmitter/receiver according to the présent invention;
Figure 2 illustrates the control unit of Figure 1 in
more detail; and
Figure 3 shows a network control system for
35 performing handovers between base stations according to
the invention.



Vheh the old base station determines fromthis data that
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nmessage instructing the nobile station to , regarfd
as its current base station.
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DETAILED DESCRIPTION

The present invention will now be described in
the context of a subtractive CDMA demodulation systenmn,

5 such as that disclosed in U.S. Patent No.

5,151,919

granted Septeﬁber 29, 1992, entitled “CDMA Subtractive
Demodulation" which was filed on December 17, 1990 and is

hereby incorporated by reference. However,

in the art will readily appreciate that the present
10 invention is applicable to any system in which adjacent
base stations operate on the same frequency and use

signals with coded features enabling them
distinguished.

to be

those skilled

In the above mentioned application, a system is
15 described in which coded signals are scrambled with
unique scrambling codes and then transmitted on the same

frequency. A plurality of overlapping signals received
on a single frequency channel include a number of signals
within the same cell as well as a number of signals
20 transmitted from base stations in neighboring cells.
Despite overlap in time and frequency, individual signals

can be selected for decoding by first descrambling the

- received signal with the appropriate scrambling code and

then decoding the underlying information bearing code.

25 Undesired interfering signals do not descramble to a form

to a certain degree called the processing

gain. an

that cprrelates with the decoding and so are suppressed

exemplary underlying information coding is bi-orthogonal

or orthogonal coding using Wa1$h4Hadamard

functions.

The

30 suppression of interference caused by the other signals
transmitted on the same frequency is enhanced by the
subtractive CDMA demodulation system disclosed in the
aforementioned patent application by descrambling and
decoding signals in signal strength order from strongest

35 to weakest and subtracting each signal from the received
composite signal as it is decoded. 1In that way, stronger
‘signals do not substantially interfere with weaker ones



5 The ol d base station can then cease transm sSSi on usi ng th

original CDVA code. Because it is undesirable to REMACERIPNY gHEET pate a
hi gh power transm ssion, the old base station|pt jal |y
reduces the power | evel of that CDMA code tra? I ssion to_a | pw power
| evel 10 bef ore ceasing transm ssion and returni h '
pool available for establishing new comruni cati ons. : The
operation of the nobile transmtter during sqft handover is

pref erably anal ogous to that of the base st atli . =t ally,
t he nobil e station continues 15 to tranémt using its original CDVA
code. The current , . base station infornms the new base station to | ook
for and Yotk i eaHeThS thedt derote the HeakedssIANaLsngSEfh s

code. Wien enplayimiglstie acideidsre@Difikotienoriel| disteant stations.whi ch al |
signal s are denodul at ed aﬂf’a%@?{e&% t | t of I h order, the
new base station woul d nost SI?Egkﬂggﬁ%%aééf%gegm%ggggggnndulating

3 . a
the nobile si g‘naansmltterfm&eﬁéwrbassogéaw P Ehe SRVeREdendARBRPYR ed
data withs intFinatel basey, DMA Beeofear phe esecdives g cohpodita

diversity to ObLahihPel{Lrar dritentd 18C! LR ASLOdUMA i fying, filtering
and downconverting by signal processing circuitry 12 and
A to D convertor 13. The A to D convertor 13 produces
conplex number outputs and can operate, for example,

10 according to the logpolar principle described in U.S.
Patent No. 5,048,059, which is hereby incorporated by
reference. The CDMA decoder is programmable by means of
control unit 14 with any of a number of unique
descrambling codes corresponding to the overlapping

1s signals contained in the composite received signal.
These descrambling codes are presented to the decoder in
descending order of signal strength of the associated
'siénal. The decoder furnishes decoded information and
signal strength measurement information back to the

20 * control unit. signallstrength information can include
amplitude and phase information, not only for the direct
ray received from any station but also for delayed
echoes. The direct ray and echo information is
processed, for example by filtering and summing, to

25 determine the total received energy in each signal. If

' signals are detected to have altered their position in
signal strength sorted érder, or are predicted to be
about to do so, the control unit can alter the order of
decoding in the next period. Decoded information

30 contained in at least one of the decoded signals informs
the control unit about the scrambling codes and/or
frequencies of the cell from which that signal was
generated and/or the codes and frequencies of neighboring
cells. Similarly, outgoing traffic is encoded by CDMA

35 encoder and modulator 19, upconverted for transmission by
upconvertor 15 and amplified by power amplifier 16 before
being transmitted from antenna 11. The output power



25 This exchange preferably takes place by neans

of Her-

-«data |inks between the base stations, carryinQEﬁM“EW§N@£§§iga a
pertaining to a plurality of nobi |l e stationg, [but can al so {ake
pl ace via any ot her type of conmuni cation |iinKs C 9K axi
| andl i nes, 30 trunks or dedicated m crowave radijo da?g ﬁlﬁks.'

“When the nobile station receives a nessage from —t-s~—ott—as tation
notifying it to regard the new base stationjfas its current bage
station, the nobile station starts transnittrmg to the new base

station using the new 35 base station's-fGDMA code. Since it is

undesirable to

nobi | e
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start a transm ssion suddenly at high power, the

stletiedncpneber abhyrokess hyp ddntrpdwaniteV€| abfbatie thaw

encoder 19 and power amplifier 16 over control bus 18.
The control unit 14 can also perform frequency
programming for both received signals and transmission
signals over control bus 9.

One way in which these sctambling codes can be
constructed is to bitwise modulo-2 add one of a number
(e.g. 7) of base station ID codes to one of a number
(e.g. 32) of traffic channel ID codes, as described in
U.S. Patent Application Sserial No. 07/866,865, entitled
"Multiple Access Coding", which was filed on April 10,
1992 and is hereby incorporated by reference. Moreover,
one of the traffic channel ID codes can be reserved in
each cell for use as a broadcast channel, calling channel
or pilot channel as described in U.S. Patent Application
Sérial No. 07/868,335, entitled "Calling Channel in CDMA
Communications System", filed on April 13, 1992 and is
hereby ihcorporated by reference. The signal using this
code is always the strongest signal so the mobile
receiver knows it shall attempt decoding of that signal
before any other signals from the same cell.

The seven base station ID codes can be
allocated to cells in a so-called 7-cell pattern such
that no two adjacent cells use the same ID code.
However, the use of codes will generally be repeated two
cells or more away, so there can be ambiguity due to
propagation anomalies as to whether a signal decoded
using a particular code is from an adjacent cell or
further away. Upon successfully decoding a broadcast
channel, further information is obtained on the station
ID to resolve this ambiguity. 2an advantage of :
restricting the number of base station ID codes is that
the receiver only need attempt decoding with this limited
nunber of codes, thereby accelerating the decoding
process. _

Normally, a receiver only néeed decode and
subtract signals in descending signal strength order

bptic



- 14- code froma | ow power level to the d
‘The desired power |evel can, for exanple, be det¢rREmAGEMENT sﬂggto ding to

the nethod disclosed in U S. Patent Applicati

07/ 866, 554, entitled "Duplex Power 5 Control " N Apri

10, 1992 and is hereby I ncor porated by ref he power
| evel is adj usted based on the relative si obi | e
station receives on its code fromthe new base sttati on red to

ot her codes fromthat base station. 10 dul ati on
method is a |linear nDduIation met hod*8mcl udi ng both anplitude and
phase nDduI on ectral cantai nment._ The nobi

transmtter powdPtd hpFFf$%?° i [PWR FFREEAGnChanpels If the mobile

station is near the edge of its cell and thus possibly
about to require handover to an adjacent cell, its
traffic signal will be one of the stronger signals

5 demodulated early, as will the calling channel of an
adjacent cell, so it is not necessary to decode many
signals in order to acquire the desired information. 1If,
on the other hand, the mobile station is near the center
of its own cell, the base station will allocate less

‘10 downlink power to signals sent to the mobile and its
signal will be among the weaker ones received. When this
situation arises, the mobile station can deduce that it
is not on the edge of its current cell and thus not about
to require handover.

15 The mobile station can nevertheless attempt to
demodulate the calling channel of a neighboring cell,
even when the signal strength of such a calling channel
is below that of the mobile station's traffic channel, by
continuing to decode received signals after extracting

20 its own traffic signal. In this way, the system can
predict when the received signal strength of a relatively
strong calling channel of a neighboring base station will
exceed the signal strength of the mobile station's own
signal, so that the stronger signal will be subtracted

25 first. '

When the mobile receiver detects from relative
signal sﬁrengths that it is nearing a point where a
handover might be appropriate, the base station is
informed by data message from the mobile station about

30 the other base stations the mobile station can hear and
their relative signal strengths. This process of signal
strength reporting can also be continuous even when
handover is not imminent. 1In order for such control-type
messages not to interrupt traffic flow, it is

3s conventionally known to multiplex a low bit fate data
stream called the Slow Associated Control Channel (SACCH)
with the higher bit rate traffic. It is also possible,
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invention, the base station or fixed network includes
processing circuitry to decide, for each mobile station,
when handover is necessary and to implement handover at
such times. At least three forms of handover can be
executed by a mobile station under control of the
intelligent network controller as follows.

A first form, called an internal handover,
occurs when the network decides to keep the mobile
station connected to its current base station for traffic
sharing or capacity optimization reasons, but to switch
transmissions from the mobile station to another
frequency or code. If a frequency change is commanded, a
slight interruption in traffic will occur while the
mobile station acquires synchronization on the new
frequency.

A second form of handover is the transfer of a
mobile station to another base station without a
frequency change. This handover has the potential to be
a so-called glitch-free or seamless handover that
involves no interruption of traffic whatsoever. 1In facﬁ,
as discussed below, according to one exemplary embodiment
of the invention a single mobile receiver establishes
reception of the new base station before relinquishing
the signal from the old base station. During this period
where the mobilé station is receiving its intended signal
from both base stations, the receiver can use both
decoded signals to obtain diversity gain. This type of
system is also known as soft handover, macro-diversity,
or. transmit space diversity.

To establish communication with the second base
station, the second base station is informed by the
network to begin transmitting a signal for the mobile
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station. Since it could be disturbing for other mobile
receivers already connected in the new cell if a new.
signal suddeniy appeared as one of the higher signal
strengths, the new signal is preferably slowly ramped up
from a lowest signal strength to a desired power level.
This process can also be used when a call is set up from
scratch and is known in this context as random access.
Until handover is complete, the old base station remains
in control of the mobile station's behavior, particularly
with respect to controlling the mobile station's
transmitter output power. In implementing power control
during macro-diversity or soft handover, the controlling
base station can receive information from the other base
station or stations regarding the signal strength with
which they receive the signal transmitted from the mobile
station. cCompletion of handover occurs when control of
the mobile station, including the power control function,
is transferred from the old base to the new base. Macro-
diversity operation can continue for a while, with the
new base now as the master and the old base as the slave,
until the mobile station is no longer at the boundary of
the two cells and the old base station is informed that
it can terminate transmission to that mobile, thereby
releasing the code which can then be used for
establishing a new call. As the sudden disappearance of
a signal among the strongest could also disturb ongoing
traffic, the signal is preferably ramped slowly down to a
minimum power level before being turned off.

A third type of handover that can be effected
is a frequency change upon changing base station. In
this case, a seamless handover or macro-diversity
operation cannot be achieved unless an internal handover
of the first-described type had previously been made to
the new frequency. The latter is preferable, but may not
always be possible depending on the traffic load on the
various frequencies in the two cells. Frequency and code
allocation algorithms can be provided that attempt to
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Of oner al. I an Lan be
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set~up or clear-down requests is reduced to a few
seconds. It then becomes possible for a handover system
to request reservation of capacity on any frequency for
use by a mobile station that is about to enter the cell,
10 and such a request will normally be granted within a few
seconds. The intelligent network controller also strives
at call set-up to allocate'frequencies so as to even out
the loading on each frequency channel. Frequencies can
be allocated or re~assigned by means of internal
1s handovers based on which channel will suffer the least
from interference from more distant stations. Using such
adaptive channel allocation, the network can effectively
transfer capacity on any channel from surrounding cells
having light demand to a cell with a peak demand, thus
20 achieving averaging of capacity demand over more than one
cell, which provides an increase -‘in useable capacity
without risk of momentary .overload becoming unacceptable.
The implementation of these above-described
types of handovers according to the present invention is
25 effected in the mobile station by control unit 14.
Further details of control unit 14 are illustrated in
Figure 2. Demodulation results are fed from the CDMA
decoder 10 to a demultiplexer or selector 20 in control
. unit 14. The demultiplexer is controlled by the control
30 processor 23 to select either only data from the current
base station with which the mobile station is in
comnunication or data from both the current base station
and a new base station to which handover is imminent.
Selected data is fed to the traffic decoder 22 and the
35 message decoder 21 which are also controlled by the
control processor 23 to accept either data only from the
current (dld) base station or from both the old and new
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transmit frequency could be switched at a 25 tinme
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‘possi bl e, however, the |east perceived disruption N a conversat] on
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station a channelorrection decoding and diversity combination technlques
and passes decoded messages to control processor 23.
S These messages indicate to the control processor 23
whether the mobile station shall operate in normal mode,
(i.e. decoding traffic and messages from the current
base station only), whether it shall operate in diversity
mode, (i.e. decoding messages and traffic based on data
10 received from the current base and another base station),
or whether the mobile station shall execute a frequency
change or transmit code change. Similarly, the control
unit includes a message encoder 24 and a traffic encoder
25 for outgoing transmissions. The control processor 23
15 selects an output from either of these encoders by way of
multiplexer 26 which is sent to the CDMA encoder/
modulator 19. '
The preferred type of handover is the above-
described soft handover which does not involve even a
20 momentary loss of traffic. The operation of a receiver
in executing soft handovers according to the present
invention will now be described.
A control message is transmitted from the
current base station to the mobile station, indicating
25 the CDMA code that a neighbdring base station will use to
transmit data to the mobile station. This is processed
in control unit 14 as further detailed in Figure 2
causing the mobile receiver to look for and demodulate
the signal from the new base station. Because it is
30 undesirable to suddenly start new transmissions at a high
power level, the new base station preferably starts
transmitting to the mobile at low power and gradually
increases the power level to a predetermined value. The
mobile station continues for the time being to transmit
as using the original CDMA code, but includes data
indicating how well it is receiving the new base station.
When the old base station determines from this data that

-



- 16- change command to the nobile in place of speech traffic,
.the channel change command bei ng a data nessage :

t he frequency, new base station ID and ne ] that the
nobi |l e station shall 5 use. The nobile statibng

transm ssion on the old frequency during aipau iﬂ“¥qgup bali on as
descri bed above, changes frequency, and then stakt* %fs ranans Il on on

t he new frequency. Meanwhil e, the new base’ | QD51 d by the
ol d base station to 10 expect the nobile stati he event

t hat ' -13-

the mobile station is receiving the new base station
transmission sufficiently reliably, the old base station
initiates a message instructing the mobile station to
regard the new base station as its current base station.

5 The old base station can then ceasé transmission using
the original CDMA code. Because it is undesirable to
suddenly terminate a high power transmission, the old
Sase station preferably gradually reduces the power level
of that CDMA code transmission to a low power level

10 before ceasing transmission and returning that code to a
pool available for establishing new communications.

The operation of the mobile transmitter during
soft handover is preferably analogous to that of the base
station network. Initially, the mobile station continues

15 to transmit using its original CDMA code. The current
base station informs the new base station to look for and
demodulate the mobile station's transmission using this
code. When employing subtractive CDMA demodulation in’
which all signals are demodulated and subtracted in

20 signal strength order, the new base station would most
likely already have been demodulating the mobile signal.
The new base station can exchange demodulated data with
the old base, for the purposes of using the data
diversity to obtain better error correction decoding.

25 This exchange preferably takes place by means of '
fiber-optic data links between the base stations,
carrying multiplexed data pertaining to a plurality of
mobile stations, but can also take place via any other
type of communication links such as coaxial landlines,

30 trunks or dedicated microwave radio data links.

When the mobile station receives a message from
its old base station notifying it to regard the new base
station as its current base station, the mobile station
starts transmitting to the new base station using the new

35 base station's CDMA code. Since it is undesirable to
start a transmission suddenly at high power, the mobile
station preferably ramps up the power level of the new



both base stations are able to receive on both the oId ' and new

frequenci es, space diversity reception, as d, can
be provided on both the old and new frequen |85Hﬂ$EMﬁﬂfd9EEIe eption
quality while the 15 nobile station is in the :

There is no point in the old and new base tati t ng to
the nobile station si mul t aneously on diffe e tzgyeque CI hpwever ,
as the nobile station, in contrast to the . o.Iy 20
equi pped to receive on one frequency at a tine. ! up he
power 1evel of the transn155|on fromthe ™47 base u5|ng ttre—~new CDVA
code can neverthele be ne hefore | yanpin
down t he power n: ts Ow pover, I'lﬁvﬁ"ansm %ld(;enﬁ?(’) k’ egn gﬁv m:)i )
fact overlap deh@.@EBlreQJRQWenM%qwslanénthﬁorrﬁxﬂmnkﬁn be ﬂﬁtﬁraiﬂﬁé as the
hrmb! le t _tcaeageﬁlﬁ d B e/ mea:utaat d4BBE6ESS AN Ity.snr Q’la%ﬁed by

avi ng to wai or e_hew base | r
A base station B?%&ﬁ%?*?ﬂ 4) Qﬁ&ﬁ%: §3/§6% égiadﬁb %Ffbggaggove
is illustmsated cqnﬁrgm"ewmnch was filed on April 10, 1992 and is hereby

incorporated by reference. Therein, the power level is
adjusted based on the relative signal strength the mobile
station receives on its code from the new base station
compared to other codes from that base station.

10 A preferred modulation method is a linear
modulation method including both amplitude and phase
médulation for best spectral containment. The mobile
transmitter power amplifier for such modulation is thus
of linear type, such as class-A, class-B or class-AB.

15 Such an amplifier is not constrained to being able to
transmit only one CDMA coded signal, but is able to
transmit a plurality of superimposed signals, so long as
their sum never exceeds the amplifier peak power
capability. This ability can be employed by the mobile

20 transmitter to permit initiation of transmission to the
new base station using a new access code before
terminating transmission to the old base station using
the old access code. Since sudden termination of
transmission using the old code is undesirable, the

25 mobile station can gradually reduce the power level of
transmission using the old CDMA code at the same time as
it gradually increases the power level of transmission
using the new code, in such a way that the sum of the two
signals never eXceeds the peak power dapahility of the

30 transmitter. At the crossover point where both ' _
superimposed transmissions are of equal power, the peak
signal amplitude of each must be halved for the sum never
to exceed unity, and the power in each transmitted code
signal is thus 1/4. The total power transmitted from the

3s mobile station is thus halved, but since both base
stations receive transmissions using both codes,
quadruple diversity is in effect provided, more than



A first base station 32 having an antenna system 30 and a

-'17- COVA transmtter/receiver system 31l is cPngact et
communi cations links, for exanple fiber-optic lines,{t "ﬁﬁgmg%%é*%ET re
base station controllers 36. A second base stajipn 35, having
anal ogous antenna 33 and { 23 AUG 1995
-15-

compensating for this 3dB reduction in mobile power. For
this reason, it can be advantageous to prolong the period
during which soft handover is in operation as long as a
mobile station is near the edge of two cells. This mode
5 of operation can be termed macrodiversity, and takes
advantage of the CDMA receiver's ability to receive two
or more CDMA codes simultaneously bearing the same
information, and, conversely, the mobile CDMA
transmitter's ability to transmit two CDMA coded signals
10 bearing the same information. .

When handover requires a frequency change
because the new base station cannot provide a signal for
the mobile station on the old frequency, it is not as
feasible to achieve a handover without interruption of

15 traffic flow. This is partly due to cost constraints in
fabrication of the mobile station which dictate that only
one frequency synthesizer be used jointly by both the
transmitter and receiver. Given this limitation, it is
not possible for the transmitter and receiver to change

20 frequency at different times. If, on the other hand, two
synthesizers are considered acceptable from a cost
standpoint, the receiver frequency could be switched at a
time when the downlink side of the conversation is
silent, and the transmit frequency could be switched at a

25 time when the ﬁplink side of the conversation is silent.

In situations where a mobile station has a
single frequency synthesizer it is, of course, desirable
to take advantage of an opportunity to switch frequency
when both sides of the conversation are silent. If this

30 is not possible, however, the least perceived disruption
in a conversation will occur if the frequency is switched
just at the time one side or the other of the
conversation becomes silent, as there can be a delay
before the other party.commences taiking.

35 If such an opportunity does not arise before
handover becomes urgent however, a handover is forced by
transmitting from the current base station a channel



5 " transnmitter/receiver 34, to which a nobile station in

.communi cation with the first base station wll no S

al so connected by simlar links to the base pt%ﬁp'-ﬂ

The base station controller can sinply switch 10 Hat a through fJr dm one
base to another under command of a swi tchi ng Fet3AUG f9950¢
controller operates in this manner, the divergity conbinati

descri bed above can be i npl emented in the f}rSt—or—secomt—bage
station or both. Al ternatively, the base sthtion controller sel f
can 15 performthe diversity conbinati orltéor sel ection of data

fromtwo or nore base stations. Myreover, erro correction decoding

subsequent to diShange FommaRAn4e She mobile cip, Prlééﬁedefaﬁpﬁﬁ% WafifiGhs 32
and 35, at base tdieaichamnel changentomhand B&ingra @atbhmessagehi ng center.

Li kew se any 20 dxéihghtrﬁl ?l%‘i%@ ché‘ﬁénﬂr 1€ Rlew! Bagér&aﬁ:%{% on

decodi ng can resi ese locatio Il e the
present inventi df%h d‘oe‘bé@ﬁ“dgé‘lfrfbédc°de tha’%\ntc‘}? mepdlenetat P ahdilar y
enbodi nents t henexd. tIhes@aobile stakdon! thien erdrmdinatess tearsnidsiutedi o be

merely the old frequency during a pause in conversation as

described above, changes frequency, and then starts
transmission on the new frequency. Meanwhile, the new
base station is informed by the old base station to

10 expect the mobile station's signal. In the event that
both base stations are able to receive on both the old
and new frequencies, space diversity reception, as
previously described, can be provided on both the old and
new frequencies to improve reception quality while the

15 mobile station is in the handover region.

There is no point in the old and new base
stations transmitting to the mobile station
simultaneously on different frequencies however, as the
mobile station, in contrast to the bése station, is only

20 equipped to receive on one frequency at a time. Ramping
up the power level of the transmission from the new base
using the new CDMA code can nevertheless be done before,
or in parallel with, ramping down the power level of the
old transmission so that both will in fact overlap for a

25 short while and the interruption in traffic as the mobile
changes frequency is not unnecessarily prolonged by
having to wait for the new base station's transmission to
appear.

A base station network for implementing

30 handover as described above is illustrated in .Figure 3.

A first base station 32 having an antenna system 30 and a



25 ° il lustrative of the present invention rather than limtive.

.For exanpl e, although the above-descri bed ex eppl-ary—enbodi-aeat-§ have
been described in terns of mobi | e stations, theREPLAGEMENT SHEER ijon
can be i npl enent ed usi ng any type of renote st agt . o p r tjabl e
units). 30 Mor eover, while these exenplary enbodi 19 e t
macr odi versity using two differently coded CDVA b t?éhgﬁbégpgns ifn t he
context of the handover process, t hose skillep ; [
appreci ate that such diversity transm ssions fan be provided during
any stage -17- —

CDMA transmitter/receiver system 31 is connected by
communications links, for example fiber-optic lines, to
one or more base station controllers 36. A second base
station 35, having an analogous-antehna 33 and
5 transmitter/receiver 34, to which a mobile stafion in
communication with the first base station will now
communicate is also connected by similar links to the
‘base station controller.
The base station controller can simply switch
10 data through from one base to another under command of a
switching center. If the controller operates in this
manner, the diversity combinaﬁion described above can be
implemented in the first or second base station or both.
Alternatively, the base station controller itself can
15 perform the diversity combination or selection of data
from two or more base stations. Moreover, error
correction decoding subsequent to diversity combination
can reside at base stations 32 and 35, at base station
controller 36, or at the switching center. Likewise any
20 digital speech decoding subsequent to error correction
decodiﬁg can reside in any of these locations.

While the present invention has been described
with reference to exemplary embodiments thereof, these
exemplary embodiments are intended to be merely

25 illustrative of the present invention rather than
limitive. For example, although the above-described
exemplary embodiments have been described in terms of’
mobile stations, the present invention can be implemented
using any type of remote station (e.g., portable units).

30 Moreover, while these exemplary embodiments implement
macrodiversity using two differently coded CDMA '
transmissions in the context of the handover process,
those skilled in the art will appreciate that such
diversity transmissions can be provided during any stage



- 18- of CDVA communi cation, including normal .
.comuni cation. Thus, the present invention enconpas
nodi fications which are within the spirit and

i nvention as set forth in the 5 appended cl ai ns.
-19-

-]18~

of CDMA communication, including normal traffic

communication. Thus, the present invention encompasses

any and all modifications which are within the spirit and

scope of the present invention as set forth in the '
5 appended claims.



CLAI VE: 1. In a cellul ar

.least one nobile station and at | east two base stations, a nethod of
transferring communication with said nobile station froma first to a
second of said base stations conprising the steps of: transmtting

signal on a first--frequency fromsaid first base station to said nobiTe
a waveform encoded with a first code;

IR SOL RPN 2 o et e ot 1l -

station using
i ndi cation fro
base station;

nobi |l e radi o conmuni cati ons system i ncl udi ng at

a

signal on sai d first ?requency fromsaid sgeand base statl
station using a waveform encoded with a second code; and rece|V|ng at
sai d nobil e statctaaMsai d signal s

10

15

20

25

30

35

1. In a cellular mobile radio communications
system including at least one mobile station and at
least two base stations, a method of transferring
communication with said mobile station from a first
to a second of said base stations comprising the
steps of:

transmitting a signal on a first frequency from
said first base station to said mobile station using
a waveform encoded with a first code;

sending a transfer indication from said first
base station via a fixed network to said second base
station; .

upon receipt of said transfer indication,
transmitting a signal on said first frequency from
said second base station to said mobile station
using a waveform encoded with a second code; and

receiving at said mobile station said signals
transmitted on said first frequency from said first
and second base stations and decoding said signals
using said first and second codes to produce a first
and second demodulated signal.

2. In a cellular mobile radio communications
system including at least one mobile station and at
least two base stations, a method of transferring
communication with said mobile station from a first
to. a second of said base stations comprising the
steps of:

transmitting a control signal on a first
frequency from said first base station to said
mobile station using a waveform encoded with a first
code to inform said mobile station of a second .
frequency and second code;

REPLACEMENT SHEET
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transmitted on said first frequency fromsaid first and second base
_stations and decoding said signals using said first and second codes to
produce a first and second denodul ated signal wherein said first code—

i ncl udes -a-f-irst..base-stati.on code conbined with a first access code and -
sai d second code includes a second base station codeTmcﬂbﬁ

e econd
access codtﬂlllllﬂllu“lmmull ular nmobile radio comrunl
i ncl udi ng | e station and at | east t

met hod of tran&fefrihg *coffmuni cation with said nobile statlon froma flrst
to.a second of said base stations conprisi-2g-t he steps of:

transmtting a control signal on a first frequency fromsaid first base
station to said nobile stsendingsantranskerfindicetiodefiromtsrid ffimst code

to informsaid nobil ¢ 3edlsitaRioh 2i8€&£0fiked network to said second base
station;
upon receipt of said transfer indication,
5 transmitting a signal on the second frequency from
~said second base station to said mobile station
using a waveform encoded with the second code; and
upoh receipt by said mobile of said control
signal, receiving said signal on said second
10 frequency and decoding it with said second code to
produce a demodulated signalc

3. A method according to claim 1, wherein said
first code includes a first base station code

15 ' combined with a first access code and said second
code includes a second base station code combined
with a second access code.

_ 4. The method according to claim 1, further
20 including the step of:
' error correcting said demodulated signals.

.5. _:rhgéhethod according. to claim 4, wherein said
e:for ccirecting step comprises perfdrming diversity
25 " .  selection of symbols from said first and second
' demodulated signals. - '

6.. The method according to claim 4, wherein said
error correcting step comprises performing diversity

30 combination of said first and second demcdulated
signals.

7. In a cellular mobile radio communications
system including at least one mobile station and at
35 least two base stations, a method of transferring
communication with said m?hi;ghggation from a first
REPLACEMENT SHEET

23 AUG 1996




frehuency and second code; -20- . sending a transfer
dndication fromsaid first base station via a fixed network to said second

base station; upon recei pt of said transfer |nd|caf|o‘_‘TTan3ﬁ%%%kng a
signal on t he second _frequency from said second base stﬂﬁslsg&tth%g

station using a “wavef orm encoded with the second code: mnﬂm

O I A e

to a second of said base stations comprising the
steps of: '

=21~

decoding, at said mobile station, signals
received simultaneously from said at least two base
5 stations on a first frequency and quantifying their
relative signal strengths;
transmitting a signal from said mobile station
indicating said relative signal strengths;
receiving at one of said at least two base
i0 stations said signal indicative of signal strengths
and sending said signal to a network controller; and
processing said indicated signal strengths in
said network controller and selecting one of said at
least two base stations to maintain communication
15 with said mobile station.

8. A method according to claim 7, wherein said

network controller commands said selected base

station to initiate a transmission to said mobile
20 station using an available access code.

9. A method according to claim 7, vherein said
access code is composed of a base station code
combined with a traffic channel code.
25 '
10. In a cellular mobile radio communications
system including at least one mobile station and at
least two base stations, a method of transferring
communication with said mobile station from a first
30 to a second of said base stations comprising the
steps of:
transmitting traffic on a first frequency from
said first base station to said mobile station using
a waveform encoded with a first code;
35 transmitting a control message on said first
frequency from said first base station to said

- REPLACEMENT SHEET
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sighal, receiving said signal on said second frequency and decoding it with
.sai d second code to produce a denodul ated signal wherein said first code
includes a first base station code conbined with a first access code and
sai d second code includes a second base station code conbi ned W th—a—second
access code -——-3.~--Fhe nethed-according to claim1, ﬁhlimétHaﬂﬁéeHﬂg a%qf]
error correcting said denodul at ed S|gnal thod

ste

accordl ng tol u “ﬂlﬂ' Hm said error correcting st
performng .d n of synbols fromsaid flrst
denodul at ed S|gnars -22-

mobile station using a waveform encoded with a
second code;
sending a transfer indication from said first
base station via a fixed network to said second base
5 station; -
upon receipt of said indication, transmitting a
signal on said first frequency from said second base
station to said mobile station u51ng a wavefornm
encoded with a third code; and
10 ' receiving at said mobile station said signals
transmitted on said first frequency from said first
and second base station and decoding these signals
using said first, second and third codes to obtain a
first demodulated traffic signal, a decoded control
15 message and a second demodulated traffic signal.

11. A method according to claim 10, wherein said
first code includes a combination of a first base
station code with a first traffic channel access

20 code and said second code includes combination of
said first base station code with a control channel
code. '

12. A method according to claim 11 in which said
25 i third code includes a combination of a second base
station code with a second traffic channel code.

13. A method according to claim 11 in which said
third code includes combination of a second base
30 : station cpde and a control channel code..

14. A cellular mobile radio telephone system using

Code Division Multiple Access to facilitate handover

between a first and second base station comprising:
35 antenna, filtering, amplifying and downconverting

means for producing an mpzfﬂ!ﬂ* gWEifedentative of

23 AUG 1996




5. ‘The nethod according to claim3, wherein said error correcting step
conprises performng diversity conbination of said first and second
denodul at ed signal s. 6. In a cellular nobile Fﬁ&h&fmﬂmﬂrcaﬁ—cms system

i ncl uding_at_1east.-one-obite station and at |easty S eiAbhRES.
net hod of transferri ni comuni cation with said m)bl lm ﬁ m a f| rst

AR [T

signals received from said first and second base
station on the same frequency:

-23~-

analog to digital conversion means for converting
said analog signal to a sequence of numerical values;
5 CDMA processing means for processing and
decoding said numerical values using a first and
second code to obtain demodulated data signals
received from said first and second base station
transmitters and measurements of their relative
10 signal strengths or qualities;
encoding means to encode said signal strength
or qualities into a data message; and
CDMA transmitting means to transmit said data
message.
15 _
15. A mobile station according to claim 14, wherein
said first code includes combination of a first base
station code with a first access code and said
second code includes combination of a second base
20 station code with a second access code. -

REPLACEMENT SHEET
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-21- to a second of said base stations conprising the steps of:

decodi ng, at said nobile station, signals received sinultaneously from said
at | east two base stations on a first frequency and quantifying their

rel ative signal strengths; transmtting a signal fromsaid nobile
station indicating said relative signal strengths; - recei ving at one
of said at |east two base stations said sign i ndi cative of signal
strengths and sending said signal to a ne?gork controller; and

processing said indicated signal strengths in said network controller and
sel ecting one of said at ast _two base stations to _maintain comrunication

with said nobile stappgﬁLﬁh§§§FﬁT§9|HAHBPMEFKU§5H§rSPF€r commands said

sel ected base station to initiate a transm ssion to said nDblle station
usi ng an avail abl e access code. ABSTRACT

A method and system for facilitating handover

in mobile radio communication systems are disclosed. The

5 mobile unit assists in making handover decisions by
monitoring the signal strength of control channels
transmitted by base stations in neighboring cells.
.During the handover, the mobile station can receive the
same information from and/or transmit the same

10 information to a.plurality of base stations to provide
diversity combination and improve transmission quality.

Figure 3 N
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7. A nmethod according to claim6, wherein said access code is conposed of
a base station code conbined with a traffic channel code. 8. In a
cellular nmobile radio comunications systemincluding at | east one nobile
station and at |east two base stations, a nethod of transferring

comuni cation with said nobile station froma first to a second of said

base stations conprising the steps of: transmtti I rst
frequency fromsaid first base station to said nobile snanmﬁﬂw -
wavef orm encoded with a first code; iygansnmittinglageontTo on

said first frequency fromsaid first base station to
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sending a

indication fromsaid first base station via a fixed network to

nmobil e station using a waveform encoded with a second code;

tT ansfer

‘ upon recei pt of said indication,
on said first frequency fromsaid second base station

sai d second base station;
transmtting a signal

and,

to said nobile station using a waveform encoded w t h a-thitrd-code;
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transn1tted on said first frequency fromsaid first and second base station
.and decodi ng these signals using said first, odes to

obtain a first denodulated traffic signal, a deBERGACEMENT SHEETE}Sage and a

second denodul ated traffic signal. 9. A nmetth laim 8,
wherein said first code i ncludes a conmbinatio tation code
with a first traffic channel access code and igncl udes
conmbi nation of said first base station code w el code.
10. A nethod according to claim9 in mhdghssa dthird code i nclgudes a
conbi nati on of a second base station co t Fa~second—t+atfi-d channel
code.
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11. A ne{—hﬁd—*a'crc‘r"ér"h'g’_t_ﬁitci aim 9 in jwhi

_conbi nation
A cqllular

Access “to f
conpri si ng:
for produci
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E station code‘pf \ﬁf /Cﬁannef‘code 12.
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| tewhandover between a ifi'r st and secvhd -ba¥el & 4t-i-on

antenna, filteri agg_arrpl i fyi ng---'and Bk conirePag: “fg--MeANS
ng an anal og signal representative of

CLAIMS:

Shutonn i BN 1 s WO

1. In a cellular mobile radio communications

system including at least one mobile station and at
least two base stations, a method of transferring
communication with said mobile station from a first
to a second of said base stations comprising the
steps of:

transmitting a signal on a first frequency from
said first base station to said mobile station using
a waveform encoded with a first code;

sending a transfer indication from said first
base station via a fixed network to said second base
station;

upon receipt of said transfer indication,
transmitting a signal on said first frequency from
said second base station to said mobile station
using a waveform encoded with a second code; and

receiving at said mobile station said signals
transmitted on said first frequency from said first
and second base stations and decoding said signals
using said first and second codes to produce a first
and second demodulated signal wherein said first code
includes a first base station code combined with a
first access code and said second code includes a
second base station code combined with a second access
code.

2. In a cellular mobile radio communications
system including at least one mobile station and at
least two base stations, a method of transferring
communication with said mobile station from a first
to. a second of said base stations comprising the
steps of:

transmitting a control signal on a first
frequency from said first base station to said
mobile station using a waveform encoded with a first
code to inform said mobile station of a second

frequency and second code;



-23- signals.received fromsaid first and second base station on the sane
frequency; anal og to digital conversion neans for converting said

anal ag SJgnaI ﬂ“ nunerical val ues; CDMA processi ng neans
for processi a lmam lﬂ id nunerical values using a first and second
code to obtain dénptulmt a signals received fromsaid first and second

base station transmtters and neasurenents of their relative signa
strengths or qualitsesding a ermmfiery imddcstioneficadessiad dfirggnal strength

or qualities 'B&QeasgéEﬁoHE§§§g£ ffﬁyé netwo t%@f§r%éé&AHJ s to
transmt said gggglggssage A cellul ar e radi o tel ephone system

upon receipt of said transfer indication,
transmitting a signal on the second frequency from
said second base station to said mobile station
using a waveform encoded with the second code:; and

upon receipt by said mobile of said congrél
signal, receiving said signal on said second
frequency and decoding it with said second code to
produce a demodulated signal wherein said first code
includes a first base station code combined with a
first access code and said second code includes a
second base station code combined with a second access
code.

3. The method accerding to claim 1, further
including the step of:
error correcting said demodulated signals.

4, The-:-method according. to claim 3, wherein said
error correcting step comprises performing diversity
selection of symbols from said first and second
demodulated signals. -

5. The method according to claim 3, wherein said
error correcting step comprises performing diversity
combination of said first and second demodulated
signals.

6. In a cellular mobile radio communications
system including at least one mobile station and at
least two base stations, a method of transferring
communication with said mobile station from a first
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according to claim12, wherein said first code includes conbination of a
first base station code with a first access code and said second code
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to a second of said base stations comprising the
steps of:

decoding, at said mobile station, signals
received simultaneously from said at least two base
stations on a first frequency and quantifying their
relative signal strengths;

transmitting a signal from said mobile station
indicating said relative signal strengths; -

receiving at one of said at least two base
stations said signal indicative of signal strengths
and sending said signal to a network controller; and

processing said indicated signal strengths in
said network controller and selecting one of said at
least two base stations to maintain communication
with said mobile station wherein said network
controller commands said selected. base station to
initiate a transmission to said mobile station using
an available access code.

A A method according to claim 6, wherein said
access code is composed of a base station code
combined with a traffi¢ channel code.

8

system including at least one mobile station and at

. In a cellular nmobile radio communications

least two base stations, a method of transferring
communication with said mobile station from a first
to a second of said base stations comprising the
steps of:

transmitting traffic on a first frequency from
said first base station to said mobile station using
a waveform encoded with a first code:;

transmitting a control message on said first
frequency from said first base station to said
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mobile station using a waveform encoded with a

onwnd

second code;

- sending a transfer indication from said first
base station via a fixed network to said second base
station:

upon receipt of said indication, transmitting a
signal on said first frequency from said second base
station to said mobile station using a wavefarm
encoded with a third code; and

receiving at said mobile station said signals
transmitted on said first frequency from said first
and second base station and decoding these signals
using said first, second and third codes to obtain a
first demodulated traffic signal, a decoded control
message and a second demodulated traffic signal.

9. A method according to claim 8, wherein said
first code includes a combination of a first base
station code with a first traffic channel access
code and said second code includes combination of
said first base station code with a control channel
code.

10. A method according to claim 9 in which said
third code includes a combination of a second base
station code with a second traffic channel code.

11 A method according to claim 9 in which said
third code includes combination of a second base
station code and a control channel code.

12. A cellular mobile radio telephone system using
Code Division Multiple Access to facilitate handover
between a first and second base station comprising:

- antenna, filtering, amplifying and downconverting
means for producing an analog siQnal representative of




j
* ¢ L K s %

signals received from said first and second base

-23-

station on the same frequency:

analog to digital conversion means for converting
said analog signal to a sequence of numerical values;

CDMA processing means for processing and
decoding said numerical values using a first and
second code to obtain demodulated data signals
received from said first and second base station
transnitters and measurements of their relative
signal strengths or qualities;

encoding means to encode said signal strength
or qualities into a data message; and

CDMA transmitting means to transmit said data
message.

13. A cellular mobile radio telephone system

according to claim 12, wherein said first code

includes combination of a first base station code

with a first access code and said second code includes
combination of a second base station code with a second
access code.

REPLACEMENT SHEET

07 MAY 1999




