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NON-CONTINUOUS TRANSMISSION FOR SEAMLESS HANDOVER
| IN DS-CDMA SYSTEMS %

FIELD OF INVENTION
The present invention relates to the use of Code Division Multiple

Access (CDMA) communications techniques in cellular radio telephone

communication systems, and more particularly, to a method and apparatus

for seamless handover of call links between frequencies by non-continuous
" transmission in a Direct Sequence-Code Division Multiple Access (DS-

CDMA) communication technique.

BACKGR \

CDMA or spread spectrum communications have been in existence

- since the days of World War II. Early apblicatidns were predominantly

military oriented. However, today there has been an increasing interest in
using spread spectrum systems in commercial applications. Some examples
include digital cellular radio, land mobile radio, satellite systems, and indoor
and outdoor personal communication networks referred to herein collectively
as cellular systems. _

_ Currently, channel access in cellular systems is achieved using
Frequency Division Multiple Access (FDMA) and Time Division Multiple

‘Access (TDMA) methods. In FDMA, a communication channel is a single

radio frequency band into which a signal’s transmission power is
concentrated. Interference with adjacent channels is limited by the use of
band pass filters which only pass signal energy within the specified
frequency band. Thus, with each channel being assigned a different

" frequency, system capacity is limited by the available frequencies as well as

by limitations imposed by channel reuse.
In TDMA systems, a channel consists of a time slot in a periodic

" train of time intervals over the same frequency. Each period of time slots is

copy
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collectively as cellular systems. Currently, channel access_l_%ulaé\
systens is achi eved using Frequency Division Miultiple Access (FDMA) an

Time Division Miultiple 20 Access (TDVA) nethods. |n FDVA d‘htsslmulusg

channel is a single radio frequency band intg which a si gnal '

power is concentrated. Interference with adj4céent channels is I B”ﬂ”'ﬂ"l
the use of band pass filters which only pass signal energy wthi

specified frequency band. Thus, with each channel being assi gned a

different 25 frequency, systemcapacity is linted by the available
frequenci es as wetalledsa frame. A given signal’s energy is confined to one of these time

slots. . Adjacent channel interference is limited by the use of a time gate or
other synchronization element that only passes signal energy received at the
proper time. Thus, the problem of interference from different relative signal

5  strength levels is reduced o

With FDMA or TDMA systems or hybrid FDMA/TDMA systems,

the goal is to insure that two potentially interfering signals do not occupy the
same frequency at the same time. In contrast, Code Division Mulﬁple '
Access (CDMA) allows signals to overlap in both time and frequency.

10  Thus, CDMA signals share the same frequency spectrum in present day
systems. In the frequency or the time domain, the multiple access mgnals
appear to be on top of each other.

There are a number of advantages associated with CDMA
~communication techniques. The capacity limits of CDMA-based cellular

15 - systems are projected to be several times that of existing analog technology

" as a result of the properties of a wide band CDMA system, such as
improved interference diversity, voice activity gating, and reuse of the same
spectrum in interferénce diversity. |

In principle, in a CDMA system the informational data stream to be

20 transmitted is impressed upon a much higher rate data stream known as a |
signature sequei\ce. Typically, the signature sequence data are binary,
providing a bit stream. One way to generate this signature sequence is with
a pseudo-noise (PN) process that appears random, but can be replicated by
an authorized receiver. The informational data stream and the high bit rate

25  signature sequence stream are combined by multiplying the two bit streams
together, assuming the binary values of the two bit streams are represented
by +1 or -1. This combination of the higher bit rate signal with the lower
bltmtedatastreammealled sprea&ngmemfomauonaldatastream signal.
Each informational data stream or channel is allocated a unique spreading
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code (signature sequence). The ratio between the signature sequence bit rate
and the information bit rate is called the spreading ratio.
A plurality of coded information signals modulate a radio frequency

carrier, for example by quadrature phase shift keying (QPSK), and are

5 jointly received as a composite signal at a receiver. Each of the coded
signals overlaps all of the other coded signals, as well as noise-:eiated
signals, in both frequency and time. If the receiver is authorized, then the
composite signal is correlated with orie of the unique codes, and the
corresponding information signal can be isolated and decoded.

10 One CDMA technique, here called "traditional CDMA with direct
spreading®, uses a signature. sequence to represent one bit of information.
Recexvmg the u'ansmltted sequence or its complement (the transmitted binary
sequence values) indicates whether the information bit is a *0" or "1". The

signature sequence usually comprises N bits, and each bit is called a “chip”.
15  The entire N-chip sequence, or its complement, is referred to as a
transmitted symbol. The receiver correlates the received signal with the
known signature sequence of its own signature sequence generator to
produce a normalized value ranging from -1 to +1. When a large positive
correlation results, a *0* is detected; when a large negative correlation
20  results, a "1" is detected. |
Another CDMA technique, here called "CDMA with direct
spreading” allows each transmitted sequence to represent more than one bit
of information. A set of code words, typically orthogonal code words or bi-
orthogonal code words, is used to code a group of information bits into a
25  much longer code sequence or code symbol. A signature seqtience or
“scramble mask is modulo-2 added to the binary code sequence before
transmission. At the receiver, the known scramble mask is used to
descramble the received signal, which is then correlated to all possible code |
words. The code word with the largest correlation value indicates which
30  code word was most likely sent, indicating which information bits were most
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Mil tiple Access (CDMA) all ows sign: tldﬁaépén pladad bot h tinme
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present day systems. In the frequen domain, the nultiple
access signals appear to be on top- of each ot "There are a nunber of
advant ages associated with CDMA conmuni cati on technl gues. The capacity
limts of CDVA-based cellular 15 systens are projected to be several
times that of existing anal og technol ogy a8 -a result of the properties of a
w de band CDVA system such as inproved interference diversity, voice
activity gating, and reuse of the sane spectrumin interference diversity.
In principle, in a COVA systemthe informational data streamto be

likely sent. One common orthogonal code is the Walsh-Hadamard (WH)

code.
In CDMA, also referred to as direct sequence CDMA (DS-CDMA)
o distinguish it from frequency hopping CDMA, the “information bits"

5  referred to above can also be coded bits, where the code used is a block or
convolutional code. One or more information bits can form a data symbol.
Also, the signaiure sequenée or scramble mask can be mﬁch longer than a
single code sequence, in which case a sﬁb—sequ'ence of the signature Sequence
or scramble mask is added to the code sequence. |

10 For future cellular systems, the use of hierarchical cell structures will
prove valuable in even further increasing system capacity. In this cell
structure, part of the wave-band of a larger cell or macro cell is devoted to
smallercellsornucrocellsexlsungmthmthemacrocell Formstance,
micro cell base stations can be placed at a lamp post level along urban

15 - streets to handle the increased traffic level in congested areas. Each micro
cell might cover several blocks of a street or a tunnel, for instance. Even in
CDMA systems, the different types of cells (macro and micro) would or will
operate at different frequencies so as to incrwe' the capacity of the overall
system. See, H. Eriksson et al., "Multiple Access Options For Cellular

20  Based Personal Comm.," Proc, 43rd Vehic. Tech. Soc. Conf., Secaucus,
1993. Reliable handover procedures must be supported between the different
cell types, and thus between different frecjuenéies. -

In a cellular communication system such as disclosed in U.S. Patent
No. 5,101,501 to Gilhousen et al. (herein incorporated by reference),

25  reliable handover between base stations is viable if the carrier frequency is
not changed. The procedure used is called soft handover through macro-
diversity, whereby the mobile station is connected to more than one base
station simultaneously. | '

| In this conventional CDMA cellular telephone system, each cell has
30  several modulator-demodulator units or spread spectrum mediums. Each
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20 “‘transnitted is inpressed upon a rmuch hi g'her rate data stream known as
d signature sequence. Typical.ly, the signature sequence data are binary,
providing a bit stream One way to generate this signature sequence is with

a pseudo- %33?'?‘?2? Vprocess t hat appears random but can be r gty

an aut hori ze er. The informational data streamand the high bit rate

25 signature sequence stream are conbined by nultiplying the two bit
streans together, assuming the binary values of the two bit StThe®hStBisSeen R

represented by + 1 or -1. This conbination of the higher bit r ag"ﬁll cplaced
with the lower bit rate data streamis cal+é8d spreading the inf Imgmlmm‘ f
data stream signal. Each informational data stream or channel i I
a uni que spreading ' _
modem consists of a digital spread spectrum transmit modulator, at least one
digital spread spectrum data receiver and 4 searcher receiver. Each modem
at the base station can be aSsigned to 2 mobile station as needed to facilitate
communications with the assigned mobile station. In many instances many
5  modems are available for use while other ones may be active in
communicating with respective mobile stations. In the Gilhousen system a
handoff scheme is employed for a CDMA cellular telephone system in which
a new base station modem is assigned to a mobile station while the old base
station continues to service the call. When the mobile station is located in
10 | the transition region between the two base stations, it communicates with
both base stations. |
When mobile station communications are established with the new
 base station, e.g., the mobile station has good communications with the new
cell, the old base station discontinues servicing the call. This soft handoff is
15  in essence a make-before-break switching function. The mobile station
determines the best new base station to which communications are to be
transferred to from an old base station. Although it is preferred that the
mobile station initiate the handoff request and determine the new base
station, handoff process decisions may be made as in conventional cellular
20 telephone systems wherein the base station determines when a handoff may
be appropriate and, via the system controller, request neighboring cells to
search for the mobile station signal. The base station receiving the strongest
signal as determined by the system controller then accepts the handoff.
In the CDMA cellular telephone system, each base station normaily
25  transmits a "pilot carrier” signal. This pilot signal is used by the mobile
- stations to obtain initial system synchronization and to provide robust time,
frequency and phase tracking of the base station transmitted signals. )
In conventional DS-CDMA systems the mobile station is continuously
occupied with receiving information from the network. In fact, DS-CDMA
30 nOrmaily uses continuous reception and transmission in both link directions.
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overlaps all of the other coded signals, as well as noise-tTelated signats,
in both frequency and tine. If the receiver is authorized, €Lk Been Replaced
correspondi ng i nformati on signal can be i sofat ed and decoded m Il lll
One CDMA technique, here called "traditional CDVA with direct

uses a signature sequence to represent one bit of information. Recei VI ng

the transmitted sequence or its conplenent (the transnmitted binary
Unlike TDMA ‘there are no idle time slots available to switch to other

carrier frequencxes, creating two problems related to handover between

conposite signal is correlated with one of the unique codes

frequencies.
The first is reliable handover evaluation, i.e., the procedure of
5  deciding whether to handover to a given base station on a given frequency is
-appropriate at a particulir instant. Since the mobile station can not provide
any inter-frequency measurements to a handover evaluation algorithm in the
network or the mobile station, the handover decision will be made without
full knowledge of the situation of the mobile station, and therefore can be
10  unreliable. _
The second problem is the handover execution. When a decision has
- been made to handover a call to another base station on another carrier
frequency, the mobile station must drop the existing link (or links when the
system is operating with macro-diversity), switch to the new carrier
15 -frequency, and initiate a new link. When the mobile station and the new
base station are establishing synchronization, information will be lost and the
call quality will degrade.
These problems could be solved by implementing two receivers in the
mobile station, but this would involve an undesirable increase the amount of
20  RF hardware needed. |

SUMMARY OF THE INVENTION
To solve the problems outlined above, the present invention

introduces discontinuous transmission into CDMA communications
techniques. This is achieved by using a compressed mode wherein a lower
25 spreading ratio is used such that the spread information only fills a part of a
frame, referred to as the information part herein (also referred to herein as a
first part). The information is compressed into the information part of the
frame in this compressed mode, leaving a part of the frame, referred to
herein as an idle part (also referred to as a second part herein), in which to
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execution of seamless handover wherein a user does not detect the handover.

The use of normal and compressed mode frames provides the ability
to exploit the advantages of slotted transmission/reception in hierarchical cell
structures while using DS-CDMA. It is possible to measure on other carrier
frequencies, thereby providing reliable handover decisions. Further,
handover execution between carrier frequencies can be made seamless by
establishing a new link before releasing the old one. This can be done
without the need of two receivers.. '

The features and advantages of the present invention will become
apparent from the detailed description set forth below when taken in

* conjunction with the drawings, in which:

Figure 1 is a schematic representation of c_oﬁ:munic’mtion links in a
portion of a cellular communications system;
~ Figures 2A and 2B are examples of a normal mode transmission and
a compressed mode transmission, 'respecti'vely, during four frames; and
Figure 3 is a block diagram of pertinent parts of the receiver and
transmitter structure of the _m_obile' and base stations.

F1gure 1 xllusu-anes a small pomon ofa cellula.r communications
system including a mobile station MS and a first bas_e station BS1 and a
second base station BS2. In a practical system, there is a multiplicity of
mobile stations and many base stations. The base stations BS1 and BS2 are
interconnected by land lines T, and T, to a radio network controller RNC.
The radio network controller RNC may include several layers of hierarchical
structure, such as a mobile sw1tchmg center (MSC) and base station

controller.
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code wor dWO0 %R89%810de vvo gest correl ati on val ue PCR(NES4/00583

whi ch 30 code word vva ent, indicating which information
bits were npst -4 - likely sent One common orthogonal code is the

Wal sh- Hadanard (WH) code. In CDVA, also referred to as direct _sequence CDVA
(DS-CDVA)' to di stl nguish it fromf requencyshoppl ng COVA, the "information

bits

- Normally in CDMA s’yste’ms, information is transmitted in a structure
of frames with fixed length, e.g., 5-20 ms. Information to be transmitted -
within a frame is coded and spread together. The maximum allowable
spreading ratio is conventidnally used, resulting in continuous transmission

5  during th_e whole frame, such as shown in Figure 2A. Full frame
transmission is denoted the normal mode transmission herein.
The present invention introduces discontinuous transmission into
CDMA systems for, e.g., reliable handover evaluation and execution. This
is achieved by using a lower spreading ratio, whereby the spread information
10  only fills an information part of a frame in a compressed mode, leaving 2
residual, idle part idle in which no power is transmitted, as shown in Figure
2. | | - |
In the inventive method, this slotted code division multiple access
communication technique impresses an informational data stream to be
15  -transmitted at a higher rate data signature sequence to produce coded
information signals. The coded information signals are transmitted on a
channel according to a frame structure comprising frames, each frame being
of a specific time duration (e.g., 5-20 ms). In contrast to previous CDMA
* techniques, the coded information signal is transmitted discontinuously in the
20 compressed mode wherein the frame includes an information part containing
the coded information slgnal and an idle part wherein the coded information
signal is not transmitted. '
The evaluation of other carrier frequencies for bésing handover
decisions is easily performed by using the compressed mode in the down-link
25 from a base station to a mobile station on a regular, predetermined basis.
After switching to another frequency, the evaluation of the other carrier
frequency can be carried out in any suitable fashion, e.g., such as disclosed
in U.S. Patent No. 5,175,867 to Wejke et al. The mobile station MS
performs measurements in the down-link (MAHO) and the evaluation can be
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frequencies during the idle part of the compressed mode frame since during
5 this time it is not required to listen to the base station to which it is currently
linked. The measurements are relayed to the radio network controller RNC
(through the currently linked base station or base stations), providing the
means for mobile assisted handover (MAHO). The mobile assisted handover
may be otherwise done in a manner derived from the teachings of U.S.
10  Patent Nos. 5,175,867 or 5,042,082, or other suitable MAHO technique.
The compressed mode is used intermittently at a rate determined by
the radio network controller RNC in the preferred embodiment. The radio
network controller RNC can determine the frequency of use of the
compressed mode based on a variety of factors, such as the radio

15  propagation conditions, the mobile station MS speed, interference factors
(e.g., interference Toad) the relative call density, and the proximity to cell
boarders where handover ié more likely to be needed. Most frames still use
normal mode transmission in typical situations.

Execution of a call handover is also handled in the compressed mode

20  in a preferred embodiment of the present invention. After deciding on
handover to a new base station broadcasting on another carrier frequency,
the compressed mode is entered. Communication with the old base station(s)
is maintained while establishing a new link during the idle part of the frame.
Thereby complete synchronization with the new base station is obtained,

25  establishing a new link. The handover is completed by dropping the old
link(s) and returning to normal mode transmission. By keeping the old
link(s) also after the new fink is synchronized, communication to the new
and the old base stations simultaneously can be employed (establishing
macro-diversity on two carrier frequencies) making the scheme a make-



operate at di fferent frequencies so as to increase the capacity of the . -

overall system See, H -+Eriksson et al., "Miltiple Access Options For
Cel | ul ar . d Personal Comm ," Proc. 43rd Vehic. Tech. ISESD
Secaucus, 2‘?8 el i abl e handover procedures nust be supportegeget vveenss% he

~different cell 'types and thus between different frequencies—in_a cellular

comuni cati on system such as disclosed in U S. Patent No. 5,101,501 to
G | housen et al. (herein incorporated by reference), 25 reF’?'W@&W@RT

bet ween base stations is viable if the catrjger frequency is n Tmm
The procedure used is called soft handover through macro- d|v
whereby the nobile station is connected to nore than one base station
simul taneously. In this conventional CDVA cellul ar tel ephone system each
cell has 30 SeYghAl viBl Methdd.” TREPAHEAL 3br Wlkids HrerRbGRAcy B
can be used for both up- and down-links.
The duty cycle is the ratio of ‘the information part of a frame to the
framé duration and is controlled on a frame by frame basis. For
S  measurements on other frequencies, the duty cycle can remain relatively high
(e.g., 0.8) since only a short period of time is needed for the'mwsurement.
For execution of macro diversity between two frequencies, the same o
information is sent on both. Therefore, the duty cycle should be
approximately 0.5. The compressed mode is used only intermittently and the
10  normal mode (duty cycle = 1) is used the remainder of the time because it is
more efficient due to the larger spreading ratio. The radio network
_.controller RNC controls the compressed mode scheme for each individual
_ connection in a preferred embodiment.
_ The duty cycle can be varied according to the requirements for
15 - obtaining synchronization of the link between the mobile station MS and the
base station BS. However, if simultaneous communication (macro-diversity)
is used, a duty cycle of about 50% is preferred. In this way, the
communication channels to the two BS are of equal duty cycle.
To control the transmission quality, the transmission power used
20  during the information part of the frame is a function of the dufy cycle, in
the preferred embodiment of the present invention. For exarhple,

P=__PB__ ™
Duty Cycle

wherein P; = power used for normal mode transmission.

25 This increased power is needed to maintain transmission quality in the
| detector if the duty cycle and thus the spreading ratio is reduced. During the
rest of the frame, i.e., the idle part, the power is turned off when the
compressed mode is used for measuring other carrier frequencies, for

example.
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_many instances many 5 nodens are avail abl e ot her ones may
be active in comunicating with respective nmobile stations. In the

G | housen system a handoff schene is enployed for a CDVA cellular tel ephone
systemin which a new base station nmodem_ifg assigned to a nobile station

while the old base station continues to service the caII When the nobile
station is located in _ )

The variation in total transmitted power from a base station BS can
be smoothed by staggering (spreading in time) the deployment of compressed
mode over a number of users in a certain time span. - Since signal strength
measurement on another carrier frequency is likely to require only a fraction

5 ofa frame, the duty cycle can be made high, thereby reducmg the variation
in the power transmission. _

If the mobile station MS is in macro-diversity mode, i.e., the mobile
station MS is connected to more than one base statidn_, it is necessary that all
connected base stations BS1 and BS2 employ the same transmission mode

10  and duty cycle for any given frame. Macro-diversity may be used to
improve call quality, as well as for call handover. This synchronization can
be achieved in any suitable fashion, and in a preferred embodiment it is
achieved through the radio network controller RNC connecting the base
stations BS1 and BS2. For instance, the synchronization can be achieved as

15  taught in U.S. Patent Application No. 08/075,893 to Teder et al. filed
concurrently herewith.

The present invention can be implemented in any suitable system such
as illustrated in Figure 3. The same basic type of transmitter and receiver
can be used in both the mobile station MS and the base station BS. On the

20  transmitter side 30, information data is input to a spreading and framing unit

31 wherein the information is slotted coded according to the DS-CDMA
technique of the present invention. The spread and framed data is then
transferred to a transmitter 32 and thereafter transmitted. The duty cycle
and the frame timing are controlled by a mode controller 33 in accordance

25  with the above method. The duty cycle of the relative power of the carrier
frequency is also controlled by the mode controller 33 as_. described above.
The mode controller 33 is controlled according to a measurement/handover
algorithm. This algorithm can be implemented through software in either
the mobile station MS or in the radio network controller RNC, or both, as a

30 given situation makes advantageous. | '
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This soft handoff is 15 I n essenc e break sw tching

function. The nobile station determ nes the best new base station to which
comuni cations are to be transferred to froman old base station. Although
it is preferred that the nobile station |n152ate t he handoff request and
determ ne the new base station, handoff process decisions nmay be nade as in
conventional cellular 20 telephone systens wherein the base station
deternm nes when a handoff may be appropriate and, via the system

c_ont roller, request nejgh r| ns cell ??é glefrﬁﬁéégqr{tgﬂe} gg cg}x)golﬁhg%gtyl on

signal. The base stati
cycle of the carrier frequency or frequencies and the frame timing of a radio

frequency receiver 37. The radio frequency receiver 37 receives an
incoming radio signal and demodulates it according to the duty cycle as
5 controlled by the mode controller 36. The demodulated signal is input to an
information decoder 38 the duty cycle and frame timing of which is
controlled by the mode controller 36. The mobile station MS also includes a
decoder 39 for channels having fixed spreading such as the pilot channel on
which measurement of the signal strengﬂ: of neighboring base stations BS is
10  carried out. ‘The mode controller 36 controls the duty cycle, frame timing
(which part of the frame is active), a carrier frequency (or frequencies in the
receiver, if receiving from two different frequencies) and the relative power
level. _
The decision to eater the compresséd mode can be made by using the
15  algorithm in the radio network controller RNC. Alternatively, the network
may command that every down-link frame should be in the compressed
mode, and this command is communicated to the mobile stations MS. Other
methods of governing when the compressed mode is used can be easily
- envisioned. | - |
20 The present invention’s use of normal and compressed mode frames
provides the ability to exploit the édvantages of slotted |
transmission/reception in hierarchical cell structures (see also the
aforementioned article by H. Eriksson et al) while using DS-CDMA. It is
possible to measure other carrier frequencies, thereby providing reliable
25 handover decisions. Further, handover execution between carrier
frequencies can be made seamless by establishing a new link before releasing
the old one. This can be done without the need for two receivers.
The preceding description of the preferred embodiments are provxded
to enable any person skilled in the art to make and use the present invention.
30  Various modifications to these embodiments will bé; readily apparent to those



signal’ as determ ned by the system controller then accepts the handoff. In:
the CDVA cel lul ar tel ephone system each base station normally 25

transnmits a "pilot carrier" signal. This pilot signal is used by the &%gzil.e'
stati.ons tWQ)&”&Pﬂ initial system synchronization and to provi Héf

time, frequency.and phase tracking of the base station transmtted signals.
I n conventional DS-CDVA systens the nobile station is continuously occupied
with receiving information fromthe network. In fact, DS-CDVA 30 normal | 'y

uses continuous reception-and transm ssion |§ both |ink directions. - 6-
Unlike TDVA, there are no idle tine slots a\} ilable to switch to other

skilled in the art, and the principles described herein may be applied without
departing from the scope and spirit of the present invention. Thus, the
present invention is not limited to the disclosed embodiment, but is to be
accorded the widest scope consistent with the claim below.
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carri er freqUenci es, creating two problens related to handover between.
frequencies. The first is reljable handover evaluation, i.e., the procedure

of 5 deci di ng whet her to handover to a gi ven base station on_a |ve®§
frequency i‘goégﬁ?ﬂérl ate at a particular instant. Since the rmmlg‘:%“( 8on
can not provide any inter-frequency neasurenents to a handover eval uation

algorithmin the network or the nobile station, the hando S| wi | |
be made without full know edge of the situation of the m)bl I e station, and
therefore can be 10 unreliable. The secong,problemis t hel lBeenR laced
execution. Wen a decision has been nade to %andover a call

station on another carrier frequency, the nobile station rrus
existing link (or links when the systemis operating with macro- d| verS|
switch to the new carrier,
1. A method of code division multiple access in cellular
communications, said method comprising steps of:
impressing an informational data stream to be transmitted on a
‘higher rate data signature sequence to produce a coded information signal;
and -
, transmitting said coded information signal on a channel
according to a frame structure comprising frames, each frame having a
specific time duration, -
said transmitting step includes intermittently transmitting said
coded information signal in a compressed mode, using a lower spreading
ratio, wherein a frame transmitted in said compressed mode includes a first
-part havmg a time duration less than said specific time duration and
containing a complete coded information signal, and a second part.

2. A method according to claim 1, comprising a further step of
| increasing a transmission power level used during a first part of a |
compressed mode frame as a function of a duty éycle, defined as a ratio of
the time duration of said first part to said specific time duration, of said
compressed mode frame.

3. A method in accordance with claim 1, wherein no power is
transmitted during said second part.

4. A method according to claim 1, wherein said compressed mode is
~ used in one radio link without coordination with use of compressed mode in
other radio links. '

* c L ] S *
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15 ~ ‘frequency, and initiate a new | i nk—Wen the mhile station and the
new base station are est,ablishing synchronization, information wll be

| ost-and the call quality will degrade. ie Skeetifag Béep Repleedi| d _be sol ved by
i npl enentWRP4R2B1r ecei vers in the nobil e:aqﬁm mu Rgp i s wWOSTEERINS e an

undesi rabl e i ncrease the anmount of 20 ed. SUWARY COF THE
| NVENTI ON To sol ve the problens outlined above, the present invention

i ntroduces di scontinuous transm ssion into CDMA communi cations techni ques.
This is achieved by using a conpressed nodg wherein a |ower 25 spr eadi ng
ratio is used such that the spread information only fills a part of a
frame, referred to as the information part herein (also referred to herein
as a first part). The information is conpressed into the information part

of the : _
5. A method according to claim 2, further comprising the step of
smoothing variations in total transmitted power by spreading in time use of
compressed mode frames over a number of users in a determined time span.

6. A method according to claim 1, wherein a frequency of use of
said compressed mode is based on one or a combination of one or more of
the following factors: mobile station speed, interference load, relative call
density, and proximity to cell boarders. ' o

7. A method according to claim 1, wherein the compressed mode
is used in a down-link. :

8. A method according to claim 1, wherein the compressed mode
is used in both a down-link and an up-link. '

9. A method according to claim 1, wherein the compressed mode

is used in an up-link.

10. A method according to claim 7, comprising the further step of
performing measurements, in a mobile station, of carrier frequencies during
a second part of a down-link compressed mode frame.

11. A method according to claim 8, comprising the further step of
performing measurements, in a mobile station, of carrier frequencies during
a second part of a down-link compressed mode frame.

12. A method according to claim 8, comprising the further step of
utilizing said compressed mode when synchronizing on a new carrier
frequency and establishing a new radio link during said second part of a

e W




frame in this conpressed node, |6dvir|g apart of the frame, referred to
herein as an idle part (also referr asgeen (mgd part herein), in which
to -7 - PRI it her functlons on of other doreetin0sses
and execution of seanl ess handover oes not detect the
handover. The use of normal and conp nmes provides the ability
to exploit the advantages of sl otted transm ssi on/ recept lon in hierarchical
cell 5 structures whil e using DS- CDVA. is possible to neasure on other
carrier frequencies, thereby providing reI | alllée- handover deci si ons.
Furt her, handover execution bet ween carrier frequencies can be nade
seam ess by -
13. A method according to claim 12, comprising the further step of
maintaining communication on both a presently used radio link and said new
radio link, using said second 'part of a compressed mode frame for

communicating on said new radio link.

14. A method according to claim 13, comprising the further step of
dropping said presently used radio link and retuming to a normal mode
frame transmission, wherein a normal mode frame consists of only said
coded information during the entirety of said specific time duration.

15. A method according to claim 11, comprising the further steps of
- utilizing said compressed mode when synchronizing communication on a new
_ carrier frequency and establishing a new radio link during said second part
of a compressed mode frame.

16. A method according to claim 15, comprising the further step of
maintaining communication on both a presently used radio link and said new
radio link using said second part of a compressed mode frame for

- communicating on said new radio link.

~ 17. A method according to claim 16, comprising the further steps of
dropping said presently used radio link and returning to normal mode frame
transmission, wherein a _nomial mode frame consists of only said coded
information during the entirety of said specific time duration.

18, A method according to claim 10, comprising the further step of
performing handover evaluation using said measurements of a carrier
~ frequency differing in frequency from a camer frequency upon which a
present link is estabhshed

e



est.abl i shing a new |ink before—LeLeasJ—ng;t;he old one. This can be done
W t hout the need of two receivers. ’ BRI EF .DESCRI PTI ON CF

THE DRAW eat ures cef the present invent] |
become ap%’é 9&romtheﬁweﬁmﬂm ption set forth bel OM%#‘{‘J&%n in
conjunction wth the draw Figure 1 is a schematic
representation of communication links in a 15 portion of a cellular
comuni cations system Figures 2A and 2B are exanples of a normal node
transm ssion and a conpressed node transni fpion, respectively, during four
frames; and Figure 3 is a bl ock diagram of pertinent parts of the receiver
and transmtter structure of the nobile and base stations. 20

DETAI LED DESCRI PTI ON OF PREFERRED. EMBODI MENTS
19. A method according to claim 11, comprising the further step of
performing handover evaluation using said measurements of a carrier
frequency differing in. frequency from a carrier frequency upon which a
present link is established. |

20. A method according to claim 19, comprising the further steps of
utilizing said compressed mode when synchronizing communication on a new
carrier frequency and establishing a new link, based on said handover
evaluation, during said second part of a compressed mode frame.

21. A method according to claim 20, comprising the further step of
maintaining communication on both a presently used radio link and said new
radio link, using said second part of a compressed mode frame for
conimunicating on said new radio link.

22. A method according to claim 21, comprising the further steps of
~ dropping said presently used radio link and rétuming to a normal mode
frame transmission, wherein a normal mode frame consists of only said
coded information during the entirety of said specific time duration.

23. A method according to claim 8, comprising the further step of
utilizing said compressed mode when executing seamless handover by'

performing communications on a present radio link during said first
patt, l B

synchronizing communication on a new carrier frequency during said-
second part, '

establishing a new radio link during said second part,

dropping the present hnk when communication on said new radio link

| NN RV




Figure 1 illustrates a snmall portion of a cellular comuni cations system
incltuding a mobile station M5 and a first base station BS1 and a second

base stativpp 9@degy! N a practical system there is a nultiplic SE;:té |l e
stations and nmany base stations. The base stations BSl1 and B ar

A

i nterconnected by land lines T[err] and T[err] to a radi o-metwork
controller RNC. The radio network controller RNC nmay incl everal |ayers

of hierarchical structure, such as a nobile sw tching cent mﬁmwmf

station controller. -8 - Normally in GDNA-systens, infor
transmtted in a structure '
performing communications on the new radio link using a normal
_ mode transmission, wherein a normal mode frame consists of only said
coded information during the entirety of said specific time duration.

24. A method according to claim 11, comprising the further step of
utilizing said compressed mode when executing seamless handover by
performing communications on a present radio link during said first
part,
synchronizing communications on a new carrier frequency during said
second part,
establishing a new radio link during said second part,
- dropping the present link when communication on said riew radio link
has been established, and
performing communications on the new radio link using a normal
_mode t:ansnussxon wherein a normal mode frame consists of only sa1d
coded mformauon during the entirety of said specific time duration.

25. A method according to claim 19, comprising the further steps of
utilizing said compressed mode when executing seamless handover by

performing communications on a present link during said first part,

 selecting a new carrier frequexicy based on said handover evaluation,

synchronizing communication on said new carrier ﬁ'equency during
sald second part,

establishing a new radio link during said second part,

dropping the present link when communication on said new radio link
has been established, and

performing communications on the new radio link using a normal
mode transmission, wherein a normal mode frame consists of only said
coded information during the entirety of said specific time duration.

A




i of frames with flxed_P_engJ_hT_e_g_——S—ge ms. Information to be transmtted

wi-thin a frane is coded and spread toget her. The nmaxi mum al | owabl e
‘'spreading ratio is cdﬁwxmw¢ , resulting in continuous
transmweisreegs: duri n ﬂﬁa me, such as shown in RMOK/SES4RASS3Ful |
frame transm ssion is mal node transm ssion herein. The
present invention |ntro uces di'sconti nuous transm ssion into CDVA systens
for, e.qg., reliable handover .eval uation and execution. This is achieved by
~using a | ower spreading ratio, whereby the spread information 10 only-
fills an information part of a frame ini&-conpressed node, |eaving a
residual, idle part idle i.-n which no power is transmtted, as shown in

Figure 2B. In the inventive nmethod, this slotted code di vi si on mul tiple
access conmuni cation technique inpresses an informational data streamto be

26. .Anzuumnunsibruwnmnhﬁnginﬂnnmuknxhlacodedmnmon
multiple access system transmxmng information in frames of specific time
duration, saxd apparatus comprising:

means for spreading and__frammg data in either a normal mode,
wherein a normal mode frame consists of only said coded information during
_the entirety of said specific time duration, or, a compressed mode, wherein

" frames include a first part of less than said specific time duration, said first
mecaNﬁhhgaummnmuccbduihﬁmnmﬁons@mﬂ,amihsaxmd;mn,sﬁd
qmnmﬁngandfhmﬁngnmmmsﬁmmnmganiqmnandanouqmn

1naumibrmmnnﬂﬁngvﬂﬂdiofsﬁdcmmpns&ulnmdeamisﬂd
normal mode is used in said spreading and framing means; and

means for transmitting said coded xnformatxon signal output of said
spreading and frammg means.

27. The apparatus according to claim 26, further comprising:

means for receiving radio frequencies;

an information decoder, operatively connected to said means for
receiving, aqmbhcﬁkkcmhngln&nnmnonxnauxumnwevnﬁzﬂud
compressed mode and said normal mode; and

means, operatively connected to said information decoder, for
controlling which of the compressed mode and the normal mode is used in
said information decoder.

28. TheappaxamsaccotdingtoclaimZ‘? wherein said mode
control means selects a mode aocordmg toa measmementlhandover

algorithm.

29. The apparatus accordmg to clann 26, whetem said apparatus

forms part of a ‘mobile station. :
i (0] AR




15 transmitted at a higher rate data signature sequence to produce coded
i nformation signals. The coded information signals are transmtted on a -

channel aqg@ogihgegrto a frane structure conprising franmes, eacpcf/Ses0ses N0
of a specific tine duration (e.g., 5-20 ns). In contrast Lo‘we\/iop\usCDrhl\/A\
techni ques, the coded information signal is transmtted discontinuously 1n
the 20 conpressed node wherein the frame includes an inf dﬂmmneemasm@gntRelced
containing the coded information signal and an idle part vvh {

information signal is not transmitted. The2@val uation of ot 'iﬂ
frequenci es for basing handover decisions is easily perforne

conpressed node in the down-link 25 froma base station to a m)blle
station on a regular, predeterm ned basis. After switching to another

frequency, the eval uagg, oqhefapﬁmmetabwmﬁgrtblcﬁimfzgemymﬁamﬁ@ fddnsed out.
in any suitable fashion, e. such as drscl os

for decodmg channels with fixed spreading ratIos

31.  The apparatus according to claim 26, wherein said apparatus
is part of a base station.

32. The api;aratus according to claim 28, wherein part of said
algorithm is implemented in a mobile station and part of said algorithm is

implemented in a base station.

33.  The apparatus according to claim 26, wherein one of said
apparatus is located in a mobile station and another of said apparatus is
located in a base station.

34, The apparatus according to claim 26, wherein power supplied to
said means for transmitting during a first part of a frame is controlled by
said mode control means.

| 35. The apparatus according to claim 27, wherein frame timing of
said receiver means is controlled by said mode control means.

36. The apparatus according to claim 28, wherein a duty cycle of the
compressed mode frame of said receiver means is controlled by said mode
control means.

37. A method of code division multiple access in cellular
commummuons, said method comprising steps of: _
impressing an informational data stream to be transmitted on a
higher rate data signature sequence to produce a coded information signal;

T .




|n U.S. Patent No. 5,175,867 to Wjke et al. The nobife station M5 performs
nmeasurenents in the down-lLink (MAHO and the eval uation can be -9 -

‘perforwg‘*@’t’g{e nobile station M5 and/or the radio netvvoré?_f& @J r RNC.
The no ion M5 perforns -neasurenents on other carri 5‘{1 é ci es
during the idle part of the conpressed node frane since during 5 this ‘
time it is not required to listen to the base station to which it is
currently linked. The neasurenents are relayed to the radi o network

controller RNC (through the currently ]ppked base station or base
stations), providing the

transmitting sa1d coded information signal on a channel
aecordmg toa frame structure comprising frames, each frame having a
specific time duranon,

said transrmttmg step includes transmitting said coded
mfonnauon signal in a compressed mode, using a lower spreading ratio,
wherein said compressed mode frame includes a first part containing all of
said coded information signal and a second part.
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\ medns for nobile assisted handover NAHO) The nobil e assisted handover may
be ot herwi se done in a nmanper deriyved fromthe teachings of US. 10

~Patent Nos. 5,175,867 or 5,042,082, or other suitable MAHO tg ,-z;-_ que. The
conpressed node is used int ermttently at a rate determ ned gdlFe radio

net wor Kk con}zggt‘: RNC i ned41% ﬁhﬁh@ﬁf&ﬂmﬁﬁ?ﬁ’&dﬁﬂmﬂ'he r adi QOUES

controller n determ.ne the finegoed8yanf use of the conpressed node
based INTERNXAONALYAFPLIE AEON BUBIISHED QmﬁmﬂAmﬁﬁ COOPERRTION TREATY (PCT)
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to perform other functions, such as evaluation of other frequencics and execution of scamless handover between frequencies.
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hahdover to a new base station broadcasting on another carrier frequency,
t he. conpressed npde is entered. Confrunication with the .old b Lan(s)
i s mai nt VAR e establishing a new link during the idle giiﬁi%$%¢ﬁg
frame. Thereby conplete synchronizatronﬂ?§r1the new base station is
obt ai ned, 25 establishing a new |link. The handover is conpl eted by
dropping the old link(s) and returni | node transm ssion. By
keeping the old link(s) also after tlhe gﬁwglin i s synchroni zed,
conmuni cation to the new and the olﬁ.ba tat] ons sinultaneously can be
enpl oyed (establishing macro-diversi arrier frequencies) making
t he schene a nmake- - 10-
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_bef ore-break nethod. This schenme for seamnl ess inter- frequency handover can
be. used g 4&9!58? up- and down-links. The duty cycle is the ipgiiskofbosshe
Jipformation part of a frane to the frame duration and is controlled on a
“frame by frame basis. For 5 measur erpgpt s .on ot her f-requencies, the duty
-cycle can remain relatively high (e.g., 0.8) since only a short period of
time is needed for the neasurenent. For execution of nmacro diversity

. between two frequencies, the sane i sent on both. Therefore,
the duty cycle should be apprOX| mat quﬂ]&?corrpressed hode is used
only intermttently and th nor ma (duty cyclg, = 1) is used the

remai nder of the time beca e |.t is nore efficient due the | arger

spreading rati o. The radro—tretwork—qgontroll er t he conpressed
node schene for each indi vi@REIMENection in preffgrred lenbodi nent
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The duty cycle can be varied accordlng tother for 15
-obt aj ni ng synchroni zation of the |ink between the rTBEPlLACEME

base station DS. However, if sinultaneous conmnui |gdﬂesonp1ﬁamc;5@ag ..... V&b Sbég)é
is used, a duty cycle of about 50%is preferred !ErClhim(s)wa Ypa g@e#

comeni cati on channels to the two BS are of equhll Mbhwity$| Spad® 16 nt@gl’d':,_'ﬁ
the transm ssion quality, the transm ssion lpowe} ﬁlggﬁ_l %Y iy
information part of the frane is a function of }he duty cycl |‘n tt%é:aged -----
preferred enbodi nent of the present i nvention. §F P err]
[W Duty Cycle wherein P[err] = power used for D 4&@] Hﬂ's-m 5544‘2% 25
Thi s i ncreased
detector if themcwwéﬁ%Sﬁ@%ﬂ@m?Sngﬁ rlng
the | IN DS-CDMA SYSTEMS

FIELD OF INVENTION

The present invention relates to the use of Code Division Multiple
5  Access (CDMA) communications techniques in cellular radio telephone
communication systems, and more particularly, to a method and appaxatus
for seamless handover of call links between frequencies by non-continuous
transmission in a Direct Sequence-Code Division Multiple Access (DS-
CDMA) communication technique.

10 BACKGROUND OF THE INVENTION
CDMA or spread spectrum communications have been in existence
 since the days of World War II. Early applications were predominantly
military oriented. However, today there has been an increasing interest in
using spread spectrum systems in commercial applications. Some examples
15 include digital cellular radio, land mobile radio, satellite systems, and indoor
and outdoor personal communication networks referred to herein collectively
as cellular systems. | |
Currently, channel access in cellular systems is achieved using
Frequency Division Multiple Access (FDMA) and Time Division Multiple
20  Access (TDMA) methods. In FDMA, a communication channel is a single
radio frequency band into which a signal’s transmission power is
concentrated. Interference with adjacent channels is limited by the use of
band pass filters which only pass signal energy within the specified
‘frequency band. Thus, with each channel being assigned a different
25  frequency, system capacity is limited by the available frequencies as well as
'by limitations imposed by channel reuse.
In TDMA systems, a channel consists of a time slot in a periodic
. train of time intervals over the same frequency. Each period of time slots is

This is the replacement sheet
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rest of the frame, i.e., the idle part, the power is turned off when the
coapressed node is used for measuring other carrier frequencies, for .
exanpl e. The variation in total transmtted power froma base station BS
can be snoothed by staggering (spreading in tine) the depl oynent of
coripr essed node over a nunber.of users in a certain tinme span. Since signal
strength nmeasurenent on another carrier frequency is likely to require only
a fraction 5 of a frame, the duty cycle2can be nade high, thereby
reducing the variation in the power transmission. If the nobile station M
Is in macro-diversity node, i.e., the nobile '
called a frame. A given signal’s energy is confined to one of these time
slots. Adjacent channel interference is limited by the use of a time gate or
other synchronizéﬁon element that only passes signal energy received at the
proper time. Thus, the problem of interference from different relative signal
5  strength levels is reduced. |
With FDMA or TDMA systems or hybrid FDMA/TDMA systems,
the goal is to insure that two potentially interfering signals do not occupy the
same frequency at the same time. In contrast, Code Division Multiple
Access (CDMA) allows signals to overlap in both time and frequency.
10  Thus, CDMA signals share the same frequency spectrum in present day
' systems. In the frequency or the time domain, the muluple access signals
appear to be on top of each other.
There are a number of advantages associated with CDMA
~“communication techniques. The capacity limits of CDMA-based cellular
. 15 - systems are projected to be several times that of existing analog technology
as a result of the properties of a wide band CDMA system, such as
improved interference diversity, voice activity gating, and reuse of the same
spectrum in interference diversity. :
In principle, in a CDMA system the informational data stream to be
20  transmitted is impressed upon a much higher rate data stream known as a
signature sequence. Typically, the signature sequence data are binary,
providing a bit stream. One way to generate this signature sequence is with
a pseudo-noise (PN) process that appears random, but can be replicated by
an authorized receiver. The informational data stream and the high bit rate
25  signature sequence stream are combined by multiplying the two bit streams
together, assuming the binary values of the two bit streams are represented
by +1 or -1. This combination of the higher bit rate signal with the lower
bit rate data stream is called spreading the informational data stream signal.
Each informational data stream or channel is allocated a unique spreading
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station M5 is connected to nore than one base station, it is necessary that
all connected base stations BS1 and BS2 enploy the same transm ssion node
10 and duty cycle for any given frane. Macro-diversity may be used to

i mprove call quality, as well as for call handover. This synchronization
can be achieved in any suitable fashion, and in a preferred enbodi nent it

I s achieved through the radi o network contyoller RNC connecting the base
stations BSI and BS2. For instance, the §§L6hronization can be achieved as
15 taught in U S Patent Application No. 08/075,893 to Teder et al. filed
concurrently herewith. The present invention can be inplenented in any

sui tabl e systemsuch as illustrated in Figure 3. The sanme basic type of

transnitter angodesigraturessequence),s dhe;ratip betweendhesignature sequeaee METalgd t he
bast stal | on Bigd e blfihfion b s thde g A o1 0n deta 1 ot

A plurality of coded information signals modulate a radio frequency
carrier, for example by quadrature phase shift keying (QPSK), and are

5  jointly received as a composite signal at a receiver. Each of the coded
~ signals overlaps all of the other coded signals, as well as noise-related
signals, in both frequency and time. If the receiver is authorized, then the
unnpoﬁnsﬁgmﬂisconehmulwﬂhcmeffwhehnMNecomn,andthe
corresponding information signal can be isolated and decoded.

10 One CDMA technique, here called *traditional CDMA with direct
spreading”, uses a signature sequence to represent one bit of information.
Receiving the transmitted sequence or its complement (the transmitted binary
sequence values) indicates whether the information bit is a "0" or "1*. The
signature sequence usually comprises N bits, and each bit is called a "chip".

15  The entire N-chip sequence, or its complement; is referred to as a
transmitted symbol. The receiver correlates the received signal with the
known signature sequence of its own signature sequence generator to
produce a normalized value ranging from -1 to +-1. When a large positive

. correlation results, a "0* is detected; when a large negative correlation '

20  results, a "1 is detected. .

Another CDMA technique, here called "CDMA with direct
spreading” allows each transmitted sequence to represent more than one bit
of information. A set of code words, typically orthogonal code words or bi-
orthogo:ial code words, is used to code a group of information bits into a

25 much longer code sequence or code sjmbol. A signature sequence or
scramble mask is modulo-2 added to the binary code sequence before
transmission. At the receiver, the known scramble mask is used to
deécramble the received signal, which is then correlated to all possible code
words. The code word with the largest correlation value indicates which

30 code word was most likely sent, indicating which information bits were most
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31 wherein the information is slotted coded according to the DS- CDVA
techni que of the present invention. The spread and framed data is then
transfefred to a transmtter 32 and thereafter transmtted. The duty cycle
and the frame timng are controlled by a node controller 33 in accordance
25 + with the above nethod. The duty cycle of the relative power of the
carrier frequency is also controlled by the node controller 33 as descri bed
- above:. The node controller 33 is controlldgd according to a
measur enent / handover al gorithm This algorithmcan be inplenented through
software in either the nobile station M5 or in the radio network controller
RNC, or both, as a 30 gi ven situation nakes advant ageous.

likely sent. One common orthogonal code is the Walsh-Hadamard (WH)
code. .
In CDMA, also referred to as direct sequence CDMA (DS-CDMA)
~ to distinguish it from frequency hopping CDMA, the "information bits"

5  referred to above can also be coded bits, where the code used is a block or
convolutional code. One or more information bits can form a data symbol.
Also, the signature sequence or scramble mask can be much longer than a
single code sequence, in which case a sub-sequence of the signature sequence

~ or scramble mask is added to the code sequence.

10 For future cellular systems, the use of hierarchical cell structures will
prove valuable in even further increasing system capacity. In this cell
structure, partofthewav&bandofalargerdellormacrocellisdevotedto :
smaller cells or micro cells existing within the macro cell. For instance,
micro cell base stations can be placed at a lamp post level along urban

15 - streets to handle the increased traffic level in congested areas. Each micro

“cell might cover several blocks of a stréet or a tunnel, for instance. Even in
CDMA systems, the different types of cells (macro and micro) would or will
operate at different frequencies so as to increase the capacity of the overall
system. See, H. Eriksson et.al., “Multiple Access Options For Cellular

20  Based Personal Comm.,"” Proc. 43rd Vehic. Tech. Soc. Conf., Secaucus,
1993. Reliable handover procedures must be supported between the different
cell types, and thus between different frequencies.

In a cellular communication system such as disclosed in U.S. Patent
No. 5,101,501 to Gilhousen et al. (herein incorporated by reference),

25  reliable handover between base stations is viable if the carrier frequéncy is
not changed. The procedure used is called soft handover through macro-
diversity, whereby the mobile station is connected to more than one base

_ station simultaneously.

In this conventional CDMA cellular telephone system, each cell has

30  several modulator-demodulator units or spread spectrum mediums. Each
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- 12 - On the receiver side 35, the node controller 36 controls the duty
cycle of the carrier frequency. or frequencies and, the frane timng of a
ratli o frequency receiver 37. The radio frequency receiver 37 receives an

i ncom ng radi o signal and denodul ates it according to the duty cycle as 5
~controlled by the node controller 36. The denodul ated signal is input to an

I nformati on decoder 38 the duty cycle and frane timng of whichis

controlled by the node controller 36. Thgsqnbile station M5 al so includes a
decoder 39 for channels having fixed spreadi ng.such as the.pilot channel on °
whi ch neasurenent of the signal strength of nei ghboring base stations BS is
10 carried out. The node controller 36 controls the duty cycle, frane

timng (which part of the franpe.is actjve a carrier f uen
frequenci es i _rFRP%“r"QBgﬁto‘é?{a H"E“F@M F&‘#‘T" 3 "".iﬂq@fag?ﬁ’ aﬂ?&ﬁéﬂ%i es)
and the relatigigiiOfieéad spectrum data receiver and a searcher receiver. Each modem
at the base station can be assigned to a mobile station as needed to facilitate
communications with the assigned mobile station. In many instances many

5 modems are available for use while other ones may be active in
communicating with respective mobile stations. In the Gilhousen system a
handoff scheme is employed for a CDMA cellular telephone system in which
a new base station modem is assigned to a mobile station while the old base
station continues to service the call. When the mobile station is located in

10 the transition region between the two base stations, it communicates with
both base stations. |
When mobile station communications are established with the new
base station, e.g., the mobile station has good communications with the new
cell, the old base station discontinues servicing the call. This soft handoff is
15  in essence a make-before-break switching function. The mobile station
" determines the best new base station to which communications are to be
transferred to from an old base station. Although it is preferred that the
mobile station initiate the handoff requesf and determine the new base
station, handoff process decisions may be made as in conventional cellular
20  telephone systems wherein the base station determines when a handoff may
be appropriate and, via the system controller, requesi_neighboﬁng cells to
search for the mobile station signal. The base station receiving the strongest
signal as determined by the system controller then accepts the handoff.
In the CDMA cellular telephone system, each base station normally
25  transmits a "pilot carrier* signal. This pilot signal is used by the mobile
stations to obtain initial system synchronization and to provide- robust time,
frequency and phase tracking of the base station transmitted signals.
In conventional DS-CDMA systems the mobile station is continuously
. occupied with receiving information from the network. In fact, DS-CDMA
30  normally uses continuous reception and transmission in both link directions.
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| evel . The decision to enter the conpressed node can be nmade by using the
15. algorithmin the radio network controller RNC. Alternatively, the
network may command that every down-1link franme should be in the conpressed
node, and this command is conmunicated to the nobile stations Ms. O her
met'hods of governi ng when the conpressed node is used can be easily
envi si oned. 20 The present invention's use of normal and conpressed
nmode franmes provides the ability to expkd&d+ the advantages of slotted
transm ssion/reception in hierarchical cell structures (see also the
aforenentioned article by H Eriksson et al) while using DS-CDVA. It is
possi ble to nmeasure other carrier frequencies, thereby providing reliable

25 handover Uitk TN, thefe! d18no 1RO RN 4OBbIOD RefUER other 1 i e
carrier frequencies, creating two problems related to handover between
frequencies. |

The first is reliable handover evaluation, i.e., the procedure of
5  deciding whether to handover to a given base station on a given frequency is
| appropriate at a particular instant. Since the mobile station can not provide
any inter-frequency measurements to a handover evaluation algorithm in the
network or the mobile station, the handover decision will be made without
full knowledge of the situation of the mobile station, and therefore can be
10  unreliable. . :
The second problem is the handover execution. When a decision has
been made to handover a call to another base station on another carrier
frequency, the mobile station must drop the existing link (or links when the
system is operating with macro-diversity), switch to the new carrier
15  -frequency, and initiate a new link. When the mobile station and the new
" base station are establishing synchronization, information will be lost-and the
call quality will degrade. ) '
These problems could be solved by implementing two receivers in the

mobile station, but this would involve an undesirable increase the amount of
20  RF hardware needed.

SUMMARY OF THE INVENTION
To solve the problems outlined above, the present invention

introduces discontinuous transmission into CDMA communications

techniques. This is achieved by using a compressed mode wherein a lower
25  spreading ratio is used such that the spread information only fills a part of a

frame, referred to as the information part herein (also referred to herein as a

first part). The information is compressed into the information part of the

frame in this compressed mode, leaving a part of the frame, referred to

herein as an idle part (also referred to as a second part herein), in which to
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frequenci es can be made seam ess by establishing a new |ink before

rel easing the old one. This can be done wi thout the need for two receivers.
The precedi ng description of the preferred enbodi nents are provided to
enabl e any person skilled in the art to nmake and use the present invention.
-30. Various nodifications to these enbodinments will be readily apparent to
t hose - 13 - skilled in the art, and fhe principles described herein may
be applied w thout departing fromthe scope and spirit of the present

i nvention. Thus, the present rnvention is not limted to the disclosed
enbodi ment, but is to be accorded the w dest scope consistent with the

clai m bel oW, sorform other functions, such as evaluation of other frequencies and

execution of seamless handover wherein a user does not detect the handover.
The use of normal and compressed mode frames provides the ability
to exploit the advantages of slotted transmission/reception in hierarchical cell
5  structures while using DS-CDMA. It is-possible to measure on other carrier

frequencies, thereby providing reliable handover decisions. Further,
handover execution between carrier frequencies can be made seamless by
establishing a new link before releasing the old one. This can be done
without the need of two receivers.

10 | BRIEF DESCRIPTION OF THE DRAWING |
The features and ;,dvanmges of the present invention will become
apparent from the detailed description set forth below when taken in
conjunction with the drawings, in which: | '
Figure 1 is a schematic representation of communication links in a
15  portion of a cellular communications system;
Figures 2A and 2B are examples of a normal mode transmission and
a compressed mode transmission, respectively, during four frames; and
Figure 3 is a block diagram of pertinent parts of the receiver and
transmitter structure of the mobile and base stations.

20 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Figure 1 illustrates a small portion of a cellular communications
system including a mobile station MS and a first base station BS1 and a
second base station BS2. In a practical system, there is a multiplicity of
| mobile stations and many base stations. The base stations BS1 and BS2 are

25  interconnected by land lines T, and T, to a radio network controller RNC.
The radio network controller RNC may include several layers of hierarchical
structure, such as a mobile switching center (MSC) and base station
controller.
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- 14 - What is clained is: 1. A nethod of code division nultiple access in
cel lular comuni cations, said nethod conprising steps of: inpressing an

i nformati onal data streamto be transmtted on a higher rate data signature
sequence to produce a coded information signal; and transmtting said coded

I nformati on signal on a channel according to a frame structure conprising
frames, each frame having a specific tinme duration,

-8-

Normally in CDMA systems, information is transmitted in a structure
of frames with fixed length, e.g., 5-20 ms. Information to be transmitted
within a frame is coded and spread together. The maximum allowable

-spreading ratio is conventionally used, resulting in continuous transmission
5  during the whole frame, such as shown in Figure 2A. Full frame
transmission is denoted the normal mode transmission herein.

Thepnsaninwmﬁonhumﬂmxsdkaxﬁnmnmtﬁmankﬁonhmo
CDMA systems for, e.g., reliable handover evaluation and execution. This

. is achieved by using a lower spreading ratio, whereby the spread information
10  only fills an information part of a frame in a compressed mode, leaving a
residual, idle part idle in which no power is transmitted, as shown in Figure
2B. | '

In the inventive method, this slotted code division multiple access
communication technique impresses an informational data stream to be

15 -transmitted at a higher rate data signature sequence to producé coded
information signals. The coded information signals are transmitted on'a

-dmuuwlaummﬁngudafhnmsﬂnumuecompﬁdngﬁmnms,aumihnnebdng

of a specific time duration (e.g., 5-20 ms). In contrast to previous CDMA
techniques, the coded information signal is transmitted discontinuously in the

20 compressed mode wherein the frame includes an information part containing
the coded information signal and an idle part wherein the coded information-
signal is not transmitted.

The evaluation of other carrier frequencies for basing handover
decisions is easily performed by using the compressed mode in the down-link

25  from a base station to a mobile station on a regular, predetermined basis.
After switching to another frequency, the evaluation of the other carrier
frequency can be carried out in any suitable fashion, e.g., such as disclosed
in U.S. Patent No. 5,175,867 to Wejke et al. The mobile station MS
performs measurements in the down-link (MAHO) and the evaluation can be
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said transmtting step includes intermttently transmtting said coded
information signal in a conpressed node, using a |ower spreading ratio,
whérein a frane transmtted in said conpressed node includes a first :part
having a tine duration |less than said specific tinme duration and cont ai ni ng
a conpl ete coded information signal, and a second part. 2. A nethod
according to claiml1, conprising a furth _step of increasing a
transm ssi on power |evel used during a fiTst part of a conpressed node
franme as a function of a duty cycle, defined as a ratio of the tine
duration of said first part to said specific tine duration, of said
conpressed node frame. 3. A nmethod in accordance ith claiml, wherein no

power is tranmm@%@%é@eﬁmw o RetWeRk cantrollat g ¢ o
claim1l, V\hereﬁﬁcsai d conpressed node is

The mobile station MS performs measurements on other carrier
frequencies during the idle part of the compressed mode frame since during
5 this time it is not required to listen to the base station to which it is currently
linked. The measurements are relayed to the radio network controller RNC
(through the currently linked base station or base stations), providing the
means for mobile assisted handover (MAHO). The mobile assisted handover
may be otherwise done in a manner derived from the teachings of U.S.
10  Patent Nos. 5,175,867 or 5,042,082, or other suitable MAHO technique.
The compressed mode is used intermittently at a rate determined by
the radio network controller RNC in the preferred embodiment. The radio
network controller RNC can determine the frequency of use of the
compressed mode based on a variety of factors, such as the radio
15  propagation conditions, the mobile station MS speed, interference factors
| (e.g., interference load) the relative call density, and the proximity to cell
boarders where handover is more likely to be needed. Most frames still use
normal mode trarismission in typical situations. |
-Execution of a call handover is also handled in the compressed mode

20  in a preferred embodiment of the present invention. After deciding on
handover to a new base station broadcasting on another carrier frequency,
the compressed mode is entered. Communication with the old base station(s)
is maintained while establishing a new link during the idle part of the frame.
Thereby complete synchronization with the new base station is obtained,

25  establishing a new link. The handover is completed by dropping the old
link(s) and returning to normal mode transmission. By keeping the old
link(s) also after the new link is synchronized, communication to the new
and the old base stations simultaneously can be employed (establishing
macro-diversity on two carrier frequencies) making the scheme a make-
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used in one radio |link w thout coordination with use of conpressed node in
ot her radio |inks. - 15 - 5. A nethod according to claim2, further
conprising the step of snoothing variations in total transmtted power by
spreading in tinme use of conpressed node frames over a nunber of users in a

determned tine span. 6. A met hod according to claim1, wherein a
frequency of use of said conpressed node i§s, based on one or a conbination
of one or nore of the follow ng factors: Brie station speed, interference

| oad, relative call density, and proximty to cell boarders.

" before-break method. This scheme for seamless inter-frequency handover
can be used for both up- and down-links.
The duty cycle is the ratio of the information part of a frame to the
frame duration and is controlled on a frame by frame basis. For
S  measurements on other frequencies, the duty cycle can remain relatively high
(e-g., 0.8) since only a short period of time is needed for the measurement.
For execution of macro diversity between two frequencies, the same
information is sent on both. Therefore, the duty cycle should be |
approximately 0.5. The compressed mode is used only ihtennittenﬂy and the
10  normal mode (duty cycle = 1) is used the remainder of the time because it is
more efficient due to the larger spreading ratio. The radio network
_controller RNC controls the compressed mode scheme for each individual
_ connection in a preferred embodiment.
The duty cycle can be varied éccording to the requirements for
15 - obtaining synchronization of the link between the mobile station MS and the
base station BS. However, if simultaneous communication (macro-diversity)
is used, a duty cycle of about 50% is preferred. In this way, the
communication channels to the two BS are of equal duty cycle.
To control the transmission quality, the transmission power used
20  during the information part of the frame is a function of the duty cycle, in
the preferred embodiment of the present invention. For example,
P = P, W]
Duty Cycle
" wherein P, = power used for normal mode transmission.
25 This increased power is needed to maintain transmission quality in the
detector if the duty cycle and thus the spreading ratio is reduced. During the
rest of the frame, i.e., the idle part, the power is turned off when the

compressed mode is used for measuring other carrier frequencies, for
example.
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7. A nmet hod according to claim11l, wherein the conpressed node is used in
a down-1link. 8. A nethod according to claim1l, wherein the conpressed
node is used in both a down-link and an up-link. 9. A nmet hod accordi ng
to claim1, wherein the conpressed node is used in an up-link.-10. A nethod
accerding to claim?7, conprising the further step of performng
nmeasurenents, in a nobile station, of car“' er frequencies during a second
part of a down-link conpressed node frame:*11. A method according to claim
8, conprising the further step of perform ng neasurenents, in a nobile
station, of carrier frequencies during a second part of a down-Ilink
conpressed node frapme. 12. A'nethod according to _claim8, conprising the
further step of The variation in total transmitted power from a base station BS can

be smoothed by smggeﬁng (spreading in time) the deployment of compressed
mode over a number of users in a certain time span. Since signal strength
measurement on another carrier frequency is likely to require only a fraction

5 of a frame, the duty cycle can be made high, thereby reducing the variation
in the power transmission.

If the mobile station MS is in macro-diversity mode, i.e., the mobile
station MS is connected to more than one base station, it is neceésary that all
connected base stations BS1 and BS2 employ the same transmission mode

10  and duty cycle for any given frame. Macro-diversity may be used to
improve call quality, as well as for call handover. This synchronization can
be achieved in any suitable fashion, and in a preferred embodiment it is
achieved through the radio network controller RNC connecting the base
stations BS1 and BS2. For instance, the synchronization can be achieved as

15 tatight in U.S. Patent Application No. 08/075,893 to Teder et al. filed
concurrently-herewith.

The present invention can be implemented in any suitable system such
as illustrated in Figure 3. The same basic type of transmitter and receiver
can be used in both the mobile station MS and the base station BS. On the

20  transmitter side 30, information data is input to a spreading and framing unit
31 wherein the information is slotted coded according to the DS-CDMA
technique of the present invention. The spréad and framed data is then
transferred to a transmitter 32 and thereafter transmitted. The duty cycle
and the frame timing are controlléd by a mode controller 33 in accordance

25  with the above method. The duty cycle of the relative power of the carrier
frequency is also controlled by the mode controller 33 as described above.
The mode controller 33 is controlled according to a measurement/handover
algorithm. This algorithm can be implémented through software in either
the mobile station MS or in the radio network controller RNC, or both, as a

30 -given situation makes advantageous.
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utilizing said conpressed node when synchroni zing on a new carrier
frequency and establishing a new radio link during said second part of a
coripr essed node frane. -16- 13. A nmethod according to claim12, "
conprising the further step of maintaining conmunication on both a
presently used radio link and said new radio |link, using said second part

of a conpressed node franme for comrunicating on said new radio |ink.
nmet hod according to claim 13,

conprisinglhe further step of dropping said

presently used radio link and returning to a normal node

10

15

20

30

On the receiver side '35 , the mode controller 36 controls the duty
cycle of the carrier frequency.or frequencies and the frame timing of a radio
frequency receiver 37. The radio frequency receiver 37 receives an
incoming radio signal and demodulates it according to the duty cycle as

- controlled by the mode controller 36. The demodulated signal is input to an

information decoder 38 the duty cycle and frame timing of which is

. controlled by the mode controller 36. The mobile station MS also includes a

decoder 39 for channels having fixed spreading such as the pilot channel on
which measurement of the signal strength of neighboring base stations BS is
carried out. The mode controller 36 controls the duty cycle, frame timing -

. (which part of the frame is active), a carrier frequency (or frequencies in the

receiver, if receiving from two different frequencies) and the relative power
level. - .

- The decision to enter the compressed mode can be made by using the
algorithm in the radio network controller RNC. Alternatively, the network
may command that every down-link frame should be in the compressed
mode, and this command is communicated to the mobile stations MS. Other
methods of governing when the compressed mode is used can be easily
envisioned.

The present invention’s use of normal and compressed mode frames
provides the ability to exploit the advantages of slotted
transmission/reception in hierarchical cell structures (see also the
aforementioned article by H. Eriksson et al) while using DS-CDMA. Itis
possible to measure other carrier frequencies, thereby providing reliable
handover decisions. Further, handover execution between carrier
frequencies can be made seamless by establishing a.new link before releasing
the old one. This can be done without the need for two receivers.

“The preceding description of the preferred embodiments are provided
to enable any person skilled in the art to make and use the present invention.
Various modifications to these embodiments will be readily apparent to those
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frame transm-ssion, wherein a normal node frame consists of only said coded
information during the entirety of said specific tine duration. 15. A

nmet hod according to claim 11, conprising the further steps of utilizing
sai d conpressed node when synchroni zi ng communi cation on a new carrier
frequency and establishing a new radio |ink during said second part of a
conpressed node frame. 16. A nethod acco_rij%gg to claim15, conprising the
further step of maintaining conmuni cati on™on both a presently used radio
link and said new radio |ink using said second part of a conpressed node
frame for communicating on said newradio link. 17. A nethod according to
claim 16, conprising the further steps of dropping,said presently used
radi o |ink andskilied im theyantpand thespringiples dmnbefhmmim r‘%ﬂ“’u&

normal mode fr aenga:ﬁr?gn %}osntl e gco%gla}’\dssihﬂ Se ?ament invention. Thus, the
present invention is not limited to the disclosed embodiment, but is to be
accorded the widest scope consistent with the claim below.
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i nformation during the entirety of said specific tinme duration. 18. A

met hod according to claim 10, conprising the further step of performng
handover eval uation using said nmeasurenments of a carrier frequency’ _
differing in frequency froma carrier frequency upon which a present |ink
I s established. - 17 - 19. A nethod according to claim 11, conprising
the further step of perform ng handover eval uation using said neasurenents

of a carrier frequency differing in frequdney froma carrier frequency upon
which a present link is established.

What is claimed is:
1. A method of code division multiple access in cellular
communications, said method comprising. steps of: '
impressing an informational data stream to be transmitted on a
higher rate data signature sequence to produce a coded information signal;
and
transmitting said coded information signal on a channel
according to a frame structure comprising frames, each frame having a
speciﬁc time duration, '
said transmitting step includes intermittently transmitting said
coded information signal in a compressed mode, using a lower spreading
ratio, wherein a frame transmitted in said compressed mode includes a first
-part having a time duration less than said spécific time duration and
containing a complete coded information signal, and a second part.

2. A method according to claim 1, comprising a further step of
increasing a transmission power level used during a first part of a
compressed mode frame as a function of a duty cycle, defined as a ratio of |
the time duration of said first part to said specific time duration, of said
compressed mode frame.

3. A method in accordance with claim 1, wherein no power is
transmitted during said second part.

4. A method according to claim 1, wherein said compressed mode is
used in one radio link without coordination with use of compressed mode in
other radio links.
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20. A nmethod according to claim19, conprising the further steps of
utilizing said conpressed node when synchroni zi ng conmuni cati on on a new
carrier frequency and establishing a new |ink, based on said handover
eval uation, during said second part of a conpressed node frame. 21. A
met hod according to claim 20, conprising the further step of maintaining
communi cation on both a presently used radio |link and said new radio |ink,
usi ng sai d second part of a conpressed mBUe frame for communicating on said
new radio link. 22. A method according to claim 21, conprising the further
steps of dropping said presently used radio link and returning to a nornal
node frame transm ssion, wherein a normal node frame consists of only said
coded information §urAngethbd acevrdingtto cldins2] furthee comprisingrthe dtepeafi on. 23, A
met hod according to clajm 8, ,conprising the fur{)her st.ep .of,

smoothing variations in total transmitted power by sprwsmg in time use of

compressed mode frames over a number of users in a determined time span.

6. A method according to claim 1, wherein a frequency of use of
said compressed mode is based on one or a combination of one or more of
the following factors: mobile station speed, interference load, relative call
density, and proximity to cell boarders.

7. A method according to claim 1, wherein the compressed mode
is used in a down-link. '

8. A method according to claim 1, whérein the compressed mode
is used in both a down-link and an up-link. |

9. . A method according to claim 1, wherein the compressed mode .
is used in an up-link.

10. A method according to claim 7, comprising the further step of
" performing measurements, in a mobile station, of carrier frequencies during
a second part of a down-link compressed mode frame.

11. A method according to claim 8, comprising the further step of
performing measurements, in a mobile station, of carrier frequencies during
a second part of a down-link compressed mode frame.

12. A method according to claim 8, comprising the further step of
utilizing said compressed mode when synchronizing on a new carrier
frequency and establishing a new radio link during said second part of a

compressed mode frame. |
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utilizing said conpressed node when executing seanl ess handover by
perform ng conmuni cations on a present radio link during said first part,

synchroni zi ng conmuni cation on a new carrier frequency during said second

.part, establishing a newradio link during said second part, dropping the
present |ink when conmuni cation on said new radio |ink has been

- establ i shed,

and

perform ng comunications on the new radio |ink using a

normal node transnission, wherein a nornallémode frame consists of only said

13. A method according to claim 12, comprising the further step of

maintaining communication on both a presently used radio link and said new
radio link, using said second part of a compressed mode frame for
communicating on said new radio link.

14. A method according to claim 13, comprising the further step of

dropping said presently used radio link and returning to a normal mode
frame transmission, wherein a normal mode frame consists of only said
coded information during the entirety of said specific time duration.

15. A method according to claim 11, comprising the further steps of

ixtilizing said compressed mode when synchronizing communication on a new

. _carrier frequency and establishing a new radio link during said second part

of a compressed mode frame.

16. A method according to claim 15, comprising the further step of

maintaining communication on both a presently used radio link and said new
radio link using said second part of a compressed mode frame for

- communicating on said new radio link.

17. A method according to claim 16, comprising the further steps of

dropping said presently used radio link and returning to normal mode frame
transmission, wherein a normal mode frame consists of only said coded
information during the entirety of said specific time duration.

18. A method according to claim 10, comprising the further step of

performing handover evaluation using said measurements of a carrier
frequency differing in frequency from a carrier frequency upon which a
present link is established.
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coded information during the entirety of said specific tinme duration. 24. A
met hod according to claim 11, conprising the further step of utilizing said
conpressed node when executing seam ess handover by performng

comuni cations on a present radio link during said first part,

synchroni zi ng conmuni cations on a new carrier frequency during said second
part, establishing a newradio |ink duripgafaid second part, dropping the
present |ink when communication on said neWw radio |ink has been

establ i shed, and perform ng comruni cations on the newradio |ink using a

- normal node transm ssion, wherein a normal node franme consists of only said

coded i nformation durln’g the entirety of said specific tine. duratlon
method according to claim 11, comprising the further step of

performing handover evaluation using said measurements of a carrier
frequency differing in frequency from a carrier frequency upon which a
present link is established.

20. A method according to claim 19, comprising the further steps of
utilizing said compressed mode when synchronizing communication on a new
carrier frequency and establishing a new link, based on said handover
evaluation, during said second part of a compressed mode frame.

21. A method according to claim 20, comprising the further step of
maintaining communication on both a presently used radio link and said new
radio link, using said second part of a compresSed mode frame for
communicaﬁnﬁ on said new radio link.

22. A method according to claim 21, comprising the further steps of
dropping said presently used radio link and returning to a normal mode
frame transmission, wherein a normal mode frame consists of only said
coded information during the entirety of said specific time duration.

23. A method according to claim 8, comprising the further step of
utilizing said compressed mode when executing seamless handover by

performing communications on a present radio link during said first
part,

synchronizing communication on a new carrier frequency during said
second part,

establishing a new radio link during said second part,

_ dropping the present link when communication on said new radio link

has been established, and

This is thi ! '
LT ST P soemam et



25. A nethod according to claim19, conprising the further steps of
utilizing said conpressed node when executing seanl ess handover by
perform ng comruni cations on a present |ink during said first part,
selecting a new carrier frequency based on sai d handover eval uation,
synchroni zi ng conmuni cation on said new carrier frequency during said
second part, establishing a newradio [ink during said second part,
droppi ng the present |ink when comunicati8f on said new radio |ink has
been established, and perform ng comuni cations on the new radio |ink using
a normal node transm ssion, wherein a normal node franme consists of only
sai d coded information during the entirety of said specific time duration.

performing communications on the new radio link using a normal
mode transmission, wherein a normal mode frame consists of only said
coded information during the entirety of said specific time duration.

24. A method according to claim 11, comprising the further step of
utilizing said compressed mode when executing seamless handover by
performing communications on a present radio link during said first
part, .
synchronizing communications on a new carrier frequency during said
second part,
establishing a new radio link during said second part,
. di'opping the present link when communication on said new radio link
has been established, and
performing communications on the new radio link using a normal
_mode transmission, wherein a normal mode frame consists of only said
coded information during the entirety of said specific time duration. |

25. A method according to claim 19, comprising the further steps of
utilizing said cémpmsed mode when executing seamless handover by

performing communications on a present link during said first part,

selecting a new carrier frequency based on said handover evaluation,

synchronizing communication on said new carrier frequency during
said second part, '

establishing a new radio link during said second part,

" dropping the present link when communication on said new radio link

has been established, and

performing communications on the new radio link using a normal
mode transmission, wherein a normal mode frame consists of only said
coded information during the entirety of said specific time duration.

-
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- 19 - 26. An apparatus for transmtting information in a code division
mul tiple access system transmtting information in frames of specific
time duration, said apparatus conprising: neans for spreading and fram ng
data in either a nornal node, wherein a normal node frame consists of only
said coded information during the entirety of said specific time duration,
or, a conpressed node, wherein frames include a first part of |ess than
said specific tine duration, said first-f8rt containing a conplete coded

i nformation signal, and a second part, said spreading and fram ng neans

i ncluding an input and an output; nmeans for controlling which of said
conpressed node and said

26. An apparatus for transmitting information in a code division
multiple access system transmitting information in frames of specific time
duration, said apparatus comprising:

means for spreading and framing data in either a normal mode,
wherein a normal mode frame consists of only said coded information during
the entirety of said specific time duration, or, a compressed mode, wherein
frames include a first part of less than said specific time duration, said first
part containing a complete coded information signal' and a second part, said
spreading and frammg means mcludmg an input and an output;

means for controlling which of said compressed mode and said
normalmodexsusedmsaldspteadmgandﬁ'ammgmeans and

means for transmitting sald coded information signal output of sald
spreading and framing means.

27. The apparatus according to claim 26, further comprising:

means for receiving radio frequencies;

an information decoder, operatively connected to said means for
receiving, capable of decoding information in accordance with said
compressed mode and said normal mode; and

means, operatively connected to said information decoder, for

controlling which of the compressed mode and the normal mode is used in
said information decoder.

28. The apparatus according to claim 27, wherein said mode
control means selects a mode accordmg to a measurement/handover
algorithm.

29.  The apparatus according to claim 26, wherein said apparatus
forms part of a mobile station. '
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normal node is used in said spreading and fram ng nmeans; and nmeans for
transmtting said coded information signal output of said spreading and
fram ng neans. 27. The apparatus according to claim26, further conprising:
means for receiving radio frequencies; an information decoder, operatively
connected to said nmeans for receiving, capable of decoding information in
accordance with said conpressed node and | d normal node; and neans,
operatively connected to said information “ecoder, for controlling which of
t he conpressed node and the norrmal node is used in said information
decoder. 28. The apparatus according to claim 27, wherein said node

control neans selects a node according to a nmeasurenent/handover
30." The apparatus according to claim 29, further comprising means

for decoding channels with fixed spreading ratios.

31.  The apparatus according to claim 26, wherein said apparatus
is part of a base station.

32. The apparatus according to claim 28, wherein part of said
algorithm is implemented in a mobile station and part of said algorithm is
implemented in a base station. ' ‘

33. The apparatus according to claim 26, wherein one of said
apparatus is located in a mobile station and another of said apparatus is
Jocated in a base station.

34. The apparatus according to claim 26, wherein power supplied to
said means for transmitting during a first part of a frame is controlled by
said mode control means.

35. The apparatus according to claim 27, wherein frame timing of
said receiver means is controlled by said mode control means.

36. The apparatus according to claim 28, wherein a duty cycle of the
compressed mode frame of said receiver means is controlled by said mode
control means. |

37. A method of code division multiple access in cellular
communications, said method comprising steps of:
impressing an informational data stream to be transmifted on a
higher rate data signature sequence to produce a coded information signal;
and :

<
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al gorithm 29. The apparatus according to claim 26, wherein said
apparatus forns part of a nobile station. - 20 - 30. The apparatus
according to claim 29, further conprising neans for decoding channels with
fi xed spr.eading ratios. 31. The apparatus according to claim 26, wherein
sai d appairatus is part of a base station. 32. The apparatus according to
claim 28, wherein part of said algorithmis inplenmented in a nobile station
and part of said algorithmis

-21-

transmitting said coded information signal on a channel
according to a frame structure compﬁsing frames, each frame having a
specific time duration,

said transmitting step includes transmitting said coded
information signal in a compressed mode, using a lower spreading ratio,
wherein said compressed mode frame includes a first part containing all of
said coded information signal and a second part.

* [ L | .S *
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i npl enented in a base station. 33. The apparatus according to clai m 26,
wherein one of said apparatus is |ocated in a nobile station and anot her of
said apparatus is located in a base station. 34. The apparatus according to
claim 26, wherein power supplied to said neans for transmtting during a
first part of a frame is controlled by said node control neans. 35. The
apparatus according to claim27, wherein frane timng of said receiver
means is controlled by said node control nmeans. 36. The apparatus according
to claim28, wherein a duty cycle of thgaconpressed node franme of said
receiver neans is controlled by said node control neans. 37. A nethod of
code division nmultiple access in cellular

NON-CONTINUOUS TRANSMISSION FOR SEAMLESS HANDOVER IN

DS-CDMA SYSTEMS

ABSTRACT

Introduction of discontinuous transmission in CDMA
communications techniques is achieved by using a lower spreading
ration, whereby the spread information only fills an information
part of a frame in a compressed mode, leaving an idle part of the
frame in which to perform other functions, such as evaluation of
other frequencies and execution of seamless handover between
frequencies. '

FIG 2B
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communi cations, said nmethod conprising steps of: inpressing an

i nformati onal data streamto be transmtted on a higher rate data signature
sequence to produce a coded information signal; and -21 - transmtting
said coded information signal on a channel according to a frame si{ructure
conprising franmes, each frame having a specific tinme duration, said
transmtting step includes transmtting said coded information signal in a
conpressed node, using a | ower spreadingijyitx
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wherein said conpressed node franme includes a first part containing all of
said coded information signal and a second part.
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