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The present woewE#MsPbn rel ates to the use of Code Division MilPFEPEIT8E48ss
(CDVR) conmuni cations techniques in cellular radio tel ephone comuni cation
systens, .and nore particularly, to a nethod and systemrel ated to handover
of connections between frequencies using non-continuous Direct

Sequence- Code Division Miltiple Access (DS-1EDVA) transm ssions. 10

DS-CDVA is on .type of spread spectrum comruni cations. Spread spectrum
conmuni cations have baspLTI-CGDE COMPRESSED MODE BSCCDMAISYSFEMS . Early
applications were predomnantly mlitary oriented. However, today there has
been an increasing interest in using sé&h DSm systems i n comerci al
applications. Sone exanples include digital cellular radio, |and nobile
radio, satellite systens and 15 indoor and outdoor personal conmmunication
networks referred to herein collecti vem]%%mmr systens. Currently,
channel access in cellular systems is achieved using Frequency Division
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substanti al si énergy o Wi thi'n the specified frequency band. Thus,
wi th each chancannettionsghetesngfreguencies using non-connnuous Dlrect Sequence-Code Division

Multiple Access (DS-CDMA) transrmssnons _

10 DS-CDMA is on type of spread spectrum communications. Sprwd 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 iﬁ using spread spectrum systems in commercial applications.
Some examples include digital cellular radio, land mobile radio, satellite systems and

15 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

20  which a signal’s transmission power is concentrated. Interference with adjacent
channels is limited by the use of band pass filters which pass substantial signal energy
only within the specified frequency band.. Thus, with each channel being assigned a
different frequency band, system capacity is limited by the number of available
frequency bands as well as by limitations imposed by frequency reuse.

25 In TDMA systems which do not employ frequency hopping, a channel consists
of a time slot in a periodic train of time intervals over the same frequency band.
Each period of time slots is called a frame. A given signal’s energy is confined to
one of these time slots. Adjacent channel interference is Iimited by the use of a time
gate or other synchronization element that passes signal energy received at the proper

30 time. Thus, the problem of interference from different relative signal strength levels
is reduced.
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10 In a CDMA system the data stream to be transmitted (i.e., a symbol stream
which has undergone channel encoding etc.) is impressed upon a much higher rate

data stream known as a signature sequence. Typically, the signature sequence data
(commonly referred to as "chips") are binary or quaternary, providing a chip stream
which is generated at a rate which is commonly referred to as the “chip rate”. One
15 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 symbol stream
and the signature sequence stream are combined by multiplying the two streams
together, assuming the binary values of the two streams are represented by +1 or -1.
This combination of the signature sequence stream with the symbol stream is called
20  spreading the symbol stream signal. Each symbol stream or channel is typically
allocated a unique spreading code. The ratio between the diii) rate and the symbol
rate is called the spreading ratio. | |
A plurality of spread signals modulate a radio frequency carrier, for example
by quadrature phase shift keying (QPSK), and are jointly received as a composite
25 signal at a receiver. Each of the spread signals overlaps all of the other spread
signals, as well as noise-related signals, in both frequency and time. If the receiver is
authérized, then the composite signal is correlated with one of the unique codes, and
the corresponding signal can be isolated and decoded.
For future cellular systems, the use of hierarchical cell structures will prove
30  valuable in even further increasing system capacity. In hierarchical cell structures,
smaller cells or micro cells exist within a larger cell or macro cell. For instance,
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There are several conventional techniques for determining which new
frequency and cell should be selected among plural handover candidates. For
example, the mobile station can aid in the determination of the best handover
candidate (and associated new base station) to which communications are to be

15 transferred. This process, typically referred to as mobile assisted handover (MAHO),
involves the mobile station periodically (or on demand) making measurements on each
of several candidate frequéricies to help determine a best handover candidate based on
some predetermined selection criteria (e.g., strongest received RSSI, best BER, etc.).
In TDMA systems, for example, the mobile station can be directed to scan a list of

20 candidate frequencies during idle time slot(s), so that the system can determine a
reliable handover candidate if the signal quality on its current link degrades beneath a
predetermined quality threshold. _

In conventional CDMA systems, however, the mobile station is continuously
occupied with receiving information from the network. In fact, CDMA mobile

25  stations normally continuously receive and transmit in both uplink and downlink
directions. Unlike TDMA, there ae no idle time slots available to switch to other

_ carrier frequencies, which creates a problem when considering how to determine
whether handover to a given base station on a given frequency is appropriate at a
particular instant. Since the mobile statxon cannot provide any inter-frequency

30  measurements to a handover evaluation algorithm operating either in the network or
the mobile station, the handover decision will be made without full knowledge of the
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for exanple, t listroduringediséontinoousctranshrissitn inté CDMA contusication’s tédhniques. For
10  example, a compressed transmission mode is provided using a lower spreading ratio
(i.e., by decreasing the number of chips per symbol) such that with a fixed chip rate
the spread information only fills a part of a frame. This leaves part of each frame,

referred to therein as an idle part, during which the receiver can perform other
functions, such as the evaluation of candidate cells at other frequencies for purposes
15  of handover. |
This solution is readily applicable to CDMA systems wherein non-orthogonal .
code words are used to spread the information data sequence. In these types of
systems, commonly referred to as "long code” systems, one signamre sequence is
much longer than one symbol (often billions of symbols long). Since these codes are
20  non-orthogonal to begin with, temporarily changing the spreading ratio of one or
several channels to provide compressed mode transmissions does not create extra
inter-code interference. |
The solution proposed in the parent application becomes problematic,
) however, for DS-CDMA systems where orthogonal code words are used to spread
25  data streams. In so-called "short” code systems, a short code set (e.g., including 128
codes of length 128 chips) is chosen so that ail codes are orthogonal to each other
over'one symbol interval, i.e., over the length of the code. If the spreading factor is
altered for a transmissions in the downlink to a user in this type of system, that user’s
code would no longer be orthogonal to the other users over a symbol interval. This,

30 in turn, would create potentially undesirable inter-channel interference.
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interference situation experienced by the nobile station, and therefore can
be unreliable. One possi ble solution to this problemis the provision of an

additional receiver in the nobile unit Mbe used to take
measurenments on candi date frequencies. ’ nother possibility is to use a
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information within a frame. For example, in a system which normally uses one

10  spreading code to spread data over the entire frame period, two or more codes can be
used in a compressed transmission mode. By using two or more codes to spread the
data stream associated with a frame, the coded 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 for use in handover

15 between frequencies. _ )

According to one exemplary embodiment of the present invention, compressed

mode transmission can be accomplished by dividing a frame’s worth of data into two

or more portions. Each portion can then be sent to a different short code modulator,.
wherein it is modulated and spread with a different code. :

20 : Alternatively, the prqvision of multiple codes can occur within the short code
modulator. A mode control'device can, for example, determine whether a frame
output from a modulator is processed according to a normal mode of transmission or
a compressed mode of transmission. If processed according to the compressed mode,
the modulated frame output is divided into two or more portions. Each portion is

25  spread using a different code. | By using one or more additional codes for a frame of
data, the time it takes to transmit that frame is reduced, leaving an idle period during
which the receiver of 2 mobile station can tune to one or more different frequencies to

| take measurements. These measurements can then be used to implement handovers
according to known techniques.

30
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with one exemplary embodiment of the present invention;

FIGS. 3A and 3B are examples of a normal mode transmission and a
compressed mode transmission, respectively, during four frames; and
FIG. 4 is a block diagram of an alternate embodiment of the short-code
15 modulator which can provide both normal mode and compressed mode transmissions.

DETAILED DESCRIPTION
In the following description, for purposes of explanation and not limitation,
specific details are set forth, such as particular circuits, circuit components,

20  techniques, etc. in order to provide a thorough understanding of the invention. For
example, various details are provided relating to exemplary modulation and
transmitting techniques. However it will be apparent to one skilled in the art that the
present invention may be practiced in other embodiments that depart from these
specific details. In other instances, detailed descriptions of well-known methods,

25  devices, and circuits are omitted so as not to obscure the description of the present
invention with unnecessary detail.

| An exemplary cellular radio communication system 100 is illustrated in FIG.
1. As shown in FIG. 1, a geographic region served by the system is subdivided into
a number, n, of smaller regions of radio coverage known as cells 110a-n, each cell

30 having associated with it a respective radio base station 170a-n. Each radio base

station 170a-n has associated with it a plurality of transmit and receive radio antennas
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systemin which transm ssion and recepti on was di sconti nuous but which did

not .rely on a reduction in the spreading ratio to provide idle tine for the
receiver to neasure on different frequencies. 5 SUMVARY | ntroduction of

di sconti nuous transm ssion in CDVMA comuni cations techniques is achieved by
sel ectively using additional spreading codes to spread information within a

I rane. For exanBhen. Mot thatthe We'bf E&dg@ﬁﬂedhh?edl’&ﬂs 120£n%9 emplvyeddisizg code
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mobile stations is much greater than the number, n, of cells. Base stations 170a-n
comprise infer alia a plurality of base station transmitters and base station receivers
(not shown) which provide two-way radio communication with mobile stations 120a-m

10  located within their respective calls. As illustrated in FIG. 1, base stations 170a-n are
coupled to the mobile telephone switching office MTSO) 150 which provides inter
alia a connection to the public switched telephone network (PSTN) 160 and
henceforth to communication devices 180a-c. The celiular concept is known to those
skilled in the art and, therefore, is not further described here. _

15 According to the present invention radio communications between the base
stations and the mobile stations are effected using direct sequence code division
multiple access (DS-CDMA). In the following, the term downlink, or forward
channel, refers to the radio transmission of information bearing signals from base
stati_ons 170a-n to mobile stations 120a-m. Similarly, the term uplink, or reverse

20  channel, refers to the radio, transmission of information bearing signals from mobile
stations 120a-m to base stations 170a-n.

Today, radio communication systems are being used for an ever increasing
array of applications. Traditional voice communications now coexist with the radio
transmission of images, and a mix of other medium and high speed data applications.

25  Such applications require a radio channel capable of conveying a variable mix of low,
medium, and high bit rate information signals with a low transmission delay. To
make efficient use of the radio spectrum, only that bandwidth which is needed for a

" particular application should be allocated. This is know as "bandwidth on demand."
Accordingly, the following exemplary systems describe a multi-rate, DS-CDMA
30 system.
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2A, variable rate downlink traffic information data 205 such as, for example, speech

or image information originating from an information source (not shown), is received

10 by framing buffer 220 in the form of a variablé rate digital bitstream. The
information source may be, for example, an ordinary telephone 180a, a computer
180b, a video camera 180c_, or any other suitable information source which is linked
via PSTN 160 to MTSO 150, or to MTSO 150 directly, and henceforth coupled to
base stations 170a-n according to known methods.

15 The bitrate (i.e., number of kilobits per second (kbps)) of the variable rate
bitstream received by framing buffer 220 is dependent upon the type or amount of
information to be transmitted to mobile stations 120a-m. The bitrate may be defined
bya

20 Bitrate = (BasicBitrate)* k; k = 0,1,2,..N

- where (Basic Bitrate) *N is the maximum bitrate.

In an exemplary embodiment having a Basic Bitrate of 32 kbps and an
25 information frame time interval of 10 ms, each information frame comprises 320 bits.
For bitrates higher than 32 kbps, more than one information frame per 10 ms time
interval is produced. Suppose, for example, that the bitrate is 128 kbps. Then, four
information frames, each comprising 320 bits, are produced for each 10 ms time
interval. In general, the number M of information frames is the same as the number
30  k of multiples of the Basic Bitrate.
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10  210a and the other information frame is coupled to short-code modulator 210b.
Similarly, higher received variable rate bitstream produce a greater number of
information frames per predetermined time interval. Each information frame resulting
from high bitrate information data is separately coupied to a separate short-code
modulator resulting in a plurality of so-called parallel short-code channels.

15 Arranging the information data bitstream into a sequence of information frames
allows the information data to be proéessed conveniently in short-code modulators
210a-M. Referring now to Figure 2B, a schematic illustration of the short-code
modulators 210a-M, is generally shown as 210. Prior to channel coding in
convolutional encoder 230, the first overhead bits (X,) comprising, for example, a

20  portion of the cyclic redundancy check (CRC) bits are added to the information frame
in time multiplexer 220. The frame comprising the information bits and the first
overhead bits is coupled to convolutional encoder 230 and subjected to channel coding
using, for example, a rate 1/3 convolutional encoder which adds redundancy to the |
frame. The encoded frame is then coupled to bit interleaver 240 where the encoded

25 frame is subjected to block-wise bit interleaving. After interleaving, the second
overhead bits X, are added to the encoded and interleaved frame in time multiplexer
250. Downlink power control bits are also added to the encoded/interleaved frame in
time multiplexer 260. The downlink power control bits instruct the mobile station to

increase or decrease its transmitted power level. After the insertion of the power
30 control bits, each frame is coupled to quadrature phase shift keying (QPSK) modulator
270. Those skilled in the art will appreciate that modulations other than QPSK could
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1X0a-n is enployed as a graphically convenient way of illustrating areas of

f-adie coverage associated with a particular base station 170a-n. In
aetwal ity, cells 110a-n may be irregularly sha_Q%d, over | appi ng, and not
‘neceéssarily contiguous. Each cell 11 QCa-n may be‘further 5 subdi vided into

i ural 1ty om ol i B8 e RN ognlafor 480 et the anpul S, of sy mBRlS, b seduence
m of nobile stati Sﬂéoﬂlﬁleﬂ%?ﬂbgfseah%oﬁ af'of QPS atoPis Q&ﬁﬁiek%eqmééof

stations 170a-n conprise inter alia a ptfurality o ase statlo
transnitters and bsymbaols aepresenteddy, \for example, Cartesidn odurdinates dv thkcusuabfosayl + jQ.

Tl i S e ik i
iC(r_)ltjgreal }[g 1(:;1 goﬁe%??ﬁ%@bmEgévﬂl%elg&tﬁgf@g%’?ﬁg%ﬁg?mr@f‘g@%@d}@@m

and henceforth to possibleii cati on devices 180a-c. The cellular concept is

known to those skilled in the art and, therefore, is not further described
here. 15 According to the present invention radi o conmunications
between the base s§RppsdeaNd the nobile stations are effected using direct
sequence code division nultiple access (DS-CDVMA). In the follow ng, the

term downl i nk, or forwaReferring back to Figure 1, each radio base station 170a-n transmits a unique

10  downlink signal to enable mobile terminals 120a-m to separate the signals transmitted
in adjacent cells or adjacent sectors (i.e., inter-cell signals) from the downlink signals
received in the cell where the mobile terminal is located. Further, signals transmitted
to individual mobile terminals in a particular cell, are orthogonal to one another to
separate the signals of multiple mobile stations 120a-m operating in the same cell

15  (.e., intra-cell signals). According to the present invention, downlink transmissions
to multiple users in the same cell, or same sector, are separated. by spreading the
modulated signal with different orthogonal short-codes.

Parallel short-code channels representing a high bitrate signal are separated
from each other in the same way downlink traffic signals to mobile terminals

20  operating in the same cell are separated, namely by assigning different short codes
- Sy(real) to each parallel CDMA channel.
" In one embodiment, the short orthogonal codes are real-valued orthogonal

'Gold codes with a length of one symbol interval. For example, with a 120 kbps total

. ‘bit'rate (60 kbps on each quadrature branch) and a chip rate of 7.68 Mcps, the code

25 length is 128 chips. Oﬁhogonal Gold codes are ordinary Gold codes of length 2°- 1,
‘where a zero (or one) is added to the end of all code words producing 2* orthogonal
code words, each of length 2™. Gold codes are known to those of skilled in the art.
Referring again to Figure 2A, the Gold codes are provided by short-code generator
207 to each of the short-code modulators 210a-M. Although only one signal line is

30 illustrated between short-code generator 207 and each short-code modulator 210,
according to exemplary embodiments of the present invention, plural sets of short




channel, refers to the radio transm ssion of information bearing signals
from base stations 170a-n to nobilé stations 120a-m Simlarl gﬁe t
uplink, or ™MQ&M4¥9%0 channel, refers to the radio transni§§T1 7

i nformati on bearing signals fromnobile stations 120a-mto base stations
170a-n. Today, radio communication systens are being used for an ever

I ncreasing array of applications. Traditional voice communicati ons now
coexist with the radio transm ssion of inebks, and a nm x of other nedi um
and hi gh speed data applications. 25 Such applications require a radio

channel capablgdes canobe supplied 3o each mtslator210ftoloreate disdontinuoas trahsnyission tas
rate information signals wth a |ow transm ssion del ailqmgémake ef fi CI ent

use of the radd chelewy The quiputof eagh shertreademodula MM ds coupled to
. |
Barmnd - AceoeE o9 ROt dnSidlhf shied! sighils o, ok Bt iion ARV Forita

mul ti-rate, Dﬁnﬁl/&ngli: compositemgnal WO 97/ 40592
PCT/ SE97/ 0Q645 -8- Downlink FIG 2A illustrates a schematic bl ock di agram
of a downlPnk traffic information processor 200. Downlink traffic

i nformation pr 5f08es200 i s part of the base station transmitter. Each
downl i nk connecti®n requires the resources of at |least 5 one downl i nk

traffic informati orRefemrimpsasw (@ Figurd 203 the sdmpbsie sighialsfrom elichaiowndink draffic
information processor 200A-K, are coupled to base station transmitter 150. The
signals from each downlink traffic information processor are added in block 290. In

10 order to separate downlink signals transmitted from different base stations, each base
station 170a-n is assigned a unique long code. In one embodiment of the present
invention the long code may be complex-valued: for example, an ordinary Gold code
of length 2¥-1 chips. After scrambling (at blocks 300 and 302) the composite signal
with the long-codes, the signal is generated by long code generator 285 filtered
15 converted (blocks 308, 310), summed (block 312), amplified and transmitted

according to known techniques.

Discontinuous Transmission
Normally in CDMA systems, information is transmitted in a structure of

20 frames with fixed length, €.8., 5-20 ms. Information to be transmitted within a frame

is coded and spread together, This information is spread over each frame, resulting

~ in continuous transmission during the whole frame at a constant power level, as-
shown for example in FIG. 3A. This type of full frame, continuous transmission is
denoted herein as "normal mode transmission”.

25 As described above, the present invention iniroduces discontinuous
transmission into CDMA systems for, e.g., reliable handover candidate ‘evaluation.
According to exemplary embodiments of the present invention, this is achieved by
using additional spreading codes to transmit a frame of data. This results in coded
information which is compressed into 2 portion of a frame, leaving a residual, idle

30 interval in which no power is transmitted, as shown in FIG. 3B. This is referred to



to supply a nunmber K of sinultaneous downlink connections should have at

| east an equeiogngbrr K of downlink traffic information pr ocepeisko s
Referring to FIG 2A, variable rate dowlink traffic information data 205
such as, for exanple, speech or image information originating froman-

i nformati on source (not shown), is received 10 by framng buffer 220 in the
formof a variable rate digital bitstream ,JThe informati on source may be,
for exanple, an ordinary tel ephone 180a, e'il onput er 180b, a video canera
180c, or any qther syjtabl es%ff or.mation, source wWhich is linked yia PSTN 160
to MISO 150, Y1 qempressest mode iransmission e, trative fxample wilh sepve to

stations 170a- J s : t 'r&ed : ' ITY=3
nunber of kil OEI ts giéghgg’ggﬁwggps% %ﬁq)t%hce var F%"B’F%‘“%Q@W&Z%“nﬁ“ﬁm
received by frani ngAbeoring t8 dneiexeniplacy émbbdineent of the present inveation, ddditional
information to be jransmtted to bile stations 120a-m The bitrate may be

defined by a HBiPreaging codes£an dpjusedyiQ:frangmit p frame of data Ry \ysing<merethag one short-

Bitrate) *I i | ' Eﬂihaﬂaﬁ Wa ry- | . '

Basi c Bi trgt es%*iggg%tgyg}gk%n tl ntormati on falw&%g\%%&fb

s, each i nforFigureo2Af framing buffer 2205cdi2d bbidirected a0 divide a frame vitinforniafion intd
kbps, nore than one .information fra per 10 ns, tinme interval is_ produced.
Suppose, for &WopoTtons gach of high are, %l“f"@d%@aaﬂ ent shest-cog 38k i on

cofle; od
e ST SRR, PRt S AR S ool B e
nunmber 30 Kk duratior wheh étsis afanbinitteBaasi the Butputis@) in Figure 2C. Those skilled in the
10  art will appreciate that if more idle time is needed, the framing buffer 220 can be
instructed to divide the frame into three or more portions and send the frame portions
to three or more short code modulators.
Another way in which additional codes can be used to create a compressed
transmission mode is by modifying the short-code modulators 210 to selectivély use
15  either a primary code set M (for normal mode) or both the primary code set M and a
secondary code set N (for compressed mode) to spread a modulated frame of data, as
illustrated in Figure 4. Therein, the output of QPSK modulator 270 is input to mode
control device 400. Mode control device 400 will decide whether normal
transmission mode is appropriate for a particular frame of data received from QPSK
200 modulator 270 or whether compressed mode is appropriate. The selection of normal
or compressed mode transmission is made, based upon the frequency at which mobile
" stations are required to make measurements on candidate handover channels. This
frequency is determined based upon various factors known to those skilled in the art
including, for example, the particular handover algorithni implemented within the
25 system. If mode control device 400 determines that the received frame is to be
transmitted using the normal mode, then ail of the modulated bits for that frame are
sent to block 280 where they are spread with one or more short codes supplied from
short code generator 207 from a primary set M of short codes. The spread
information sequence is then directed to adder 215 where it is added with similar
30 sequences from other short-code modulators.



WO 97/ 40592 PCT/ SE97/ 00645
-9- Referring again to FIG 2A, each |nforrrat|on frame is coupled to one of
a plurality wiowmesel | ed short-code nmodul ators 210a-M for subPEREIT0064S
processi ng. The nunber M of short-code nodul ators 210a-Mis equal to the
nunber N of possible nmultiples of the Basic Bitrate. According to the first
exenpl ary enbodi nent of the 5 present invention, when the received
information data bitrate is the Basic Bitragge (e.g., 32 kbps) only one
information frame is produced for each 10nms tinme interval which is coupled
to short-code nodul \ e sl
two tines the Basic |tra%%ﬁter%@ %ﬁﬂig § ltﬁ’#mﬁﬂﬁ&ﬁ’?ﬁg fare s

produced for ege l&'aﬁﬁﬂitteﬁllmcompmwhhmde,mhen tiieobitsaresepiratedeintostwoopquitions.t
short-code nodul ator 10 210a and the other . ipformation frane is c | ed
to short-code fi5F¥ mmlsﬂmswdsp% f “EF’@HH ‘F@B@P@é‘ﬁ"\/ﬂ?‘? S mere g’!‘g‘ codes

ime i ntor val - AEPURA TGRSR WHE aﬁé%i‘m RS CHIS IRCh 0P YRR e

i nf or mat i orf daspread withpenecoremprecshopt emties aem\&dmmmtshoﬂmde-gemmﬂﬂﬂlthztds
resulting in a plurality of so-cal]ed rallel short- ode annel.s. 15
Arrangi ng the Patofset Nof sgeandapy FEQ"P'S&?FF éﬁ’é’@ed‘& of?Fa?"laH'rPle’
frames al |l ows rptﬁ!de

short - code m)di at or saﬁﬁa- g?ﬁelr nng now to @?gur a sc+1 rratlsc’ For

i 1l ustration okxdnles therfirst Z/2:bitodf am Zbbit fihiacak] be sengmblmklmsmdvthe last Z/2

210. Prior to channe| coding,i nvol uti onal encoder 230, the first
overhead bits bits gan e e B, W-for exanple, a
10 In this way, the compressed mode operates to spread the data over half of the

frame period by using two codes. Those skilled in the art will appreciate that if more
time is necessary for a mabile receiver to tune to other frequencies for measurement
purposes, more codes could be used to further reduce the ambunt of time used to
transmit a frame in the compressed mode.

15 The mobile station can be alerted to the compressed mode transmissions by
way of a message provided on an associated control channel (e.g:, the FACCH).
This message can be transmitted using the primary code so that it is read first.

_ Idle Time Usage :

20 Having created idle time for a mobile station’s receiver, this idle time can be
put to a number of advantageous uses. First, the receiver can use this time to scan
other frequencies. The evaluation of carrier frequencies other than that which a
mobile station is currently allocated for basing handover decisions is performed by
using the compressed transmission mode in the downlink or uplink on a regular,

25  predetermined basis. The mobile station performs measurements (e.g., carrier signal
strength, pilot channel signal strength or bit error rate) on other carrier frequencies
during the idle part of the compressed mode frame since during this time it is not
required to listen to the base station to which it is currently linked. After switching to
another frequency, the evaluation of that frequency can be carried out in any suitable

30 fashion, e.g., such as disclosed in U.S. Patent No. 5,175,867 to Wejke et al. The



20 portion of the cyclic redundancy check :(CRCy bits are added to the

i nformation ywpaddReded tiMe nultiplexer 220. The frame conpri si ' 0064
information bits an’g the first overhead bits is coupled to coggg’%gﬁ ona51

encoder 230 and subjected to channel coding using, for exanple, a rate 1/3
convol uti onal encoder which adds redundancy to the frane. The encoded franme
is then coupled to bit interleaver 240 where the encoded 25 frame is

subj ected to bl ock-wise bit interleaving. “Mter interleaving, the second
overhead bits X2 are added to the encoded and interleaved franme in tine

nul ti pl exer 250easprments krepkelayed ¢o ther setwork ¢hrough shescurmentiydinkedtbiage station or

ded/ i I R | Rt L tipl 60. I d lJ
control bits i G0F sipnfy roviding T MipimifhoR 56 SrcnoBiSpsd, habbelier Biario).
transnitted power |eNEbomplebid hbde issed internitbniy Q%aeéﬂxﬁ(%gg%me'mobﬂe

bits,.each frame is coupled to quadrature phase shift keying
nmodul at or 270. statiosser sétivotlein this exemplary embadiment; bowener, itmay be grefetablynfor

ot her than QPSK coul d 9.7(,40592 . e : .
PCT1 SE07) 086ace FvGHk 18 RO 5 USREECRE sATmRTEss, moss rapspission.foF e dowplizk.
or symbols, infRe mobflé $RHER of neGRITR caN deteriitieSthe u&ié&mftusefof Q?es&m?ressed
nodul ator is a conpl ex sequence of synbols represented by, for exanple,

Cartesi an coormpdebasedion a Mariety of factorsisuch:as the ratio propagationt conditions; thet  of
0 o e b A b o, B S G3,
possi bl e. proximity to cell boarders where handover is more likely to be needed. This
10 information, in conjunction with the details of the measurement and handover -
algorithm used in the system, can be used by mode control device 400 to determine
whether normal transmission mode or compressed transmission mode is to be
selected. _
Execution of a call handover can also be handled in the compressed mode in
15 an exemplary embodiment of the present inver;tion. Two different handover processes
can be implemented using the idle time provided by the compressed mode, specifically
seamless handover and soft handover. For the purposes of seamless handover, the
mobile station’s receiver can use the idle time to receive time slots from the new base
station and use known synchronization techniques to synch to the new base station
20  before the handover occurs, thereby speeding up the handover process by establishing
| communication with the new base station before dropping its connection with the old
base station. ' '
For soft handover, after deciding on handover to a new base station (or base
stations) broadcasting on another carrier frequency, the compressed mode is entered.
25 Communication with the old base station(s) is maintained while establishing a new
link during the idle part of the frame. By maintaining the old link(s) after the new
link is synchronized, communication to all base stations simultaneously can be
employed (establishing macro-diversity on two or more carrier frequéncies) making
the scheme a make-before-break method. This scheme for soft inter-frequency
30 handover can be used for both up- and down-links. The handover is completed by
dropping the old link(s) and rétuming to normal mode transmission.



Short-Codes Referring back to Figure 1, each radi o base station 170a-n
transmts a unique 10 ‘downlink signal to-enable nobile termnals 120a-m
to separatewhersesgpal s transmitted in adjacent cells or adj a®CRISESUHEET s
(i.e., inter-cell signals) fromthe downlink signals received in the cell
where the nmobile termnal is located. Further, signals transmtted to

I ndi vidual nobile terminals in a particular cell, are orthogonal to one
another to separate the signals of nultiplgghobile stations 120a-m
operating in the sane cell 15 (i.e., intra-cell signals). According to the

resent invention, | N r l: S&l [ Sfrd

(F:)el_l , Oor same sect of‘?éﬂg?‘é’ és%a@gﬁ??&g%?’%mat%ﬁ%ﬁﬁ ate etgiagar%ﬁr% th
di fferent orthoataakd DAQ frae ®9Srarhe badis.c [Fos lexedutiondsf miczo divessityehetwsem twog
a high bibtrate signal are separated fromeach Qthgr in th s‘ﬁ]rre wzié

downl i nk tr af firequencies the samadnformatien i seat on both. S}iﬁﬁt‘—gﬁan@lei ty G¥clS should
cel'l are separgted.. .an ' iR R et al)
to each paral I%a@mﬁ%ﬁr??ﬁ. a‘?‘%‘%ﬁ*ﬁ%ﬁ%ﬁ%ﬁ??‘%@“&ﬁm otre?;lggg&ngé
codes are real porfial abde’ (HigUsRR =) id wsed tte wndinderlofnile imef{ one synbol

interval. For exanple, with a 120 kbps total bit rate (60 kbps on, each
quadr ature branch) Tesontrehths tragsmission qualityythe trapsiaiss P"!’SP“F‘@@FH‘E theq g

there a vero (BrommEph pER 8 Haatl 4 Bkl bf A8y cHic, BTA exdmiby -
2[err] ort hogogabodifiat $OhEpresearinvetion:nFoh eRimple] theGrimmissitrspewer R canbe

to those of skilled in the art. Referring again to Figure 2A, the Gold
codes are provéelemnined asior t - code generator 207 to each of the short-code

nodul at or 510210a- M Al though only one signal line is 30 illustrated between
short-code generator 207 and each short-code nodul ator 210,
Duty Cycle

wherein P, = power used for normal mode transmission. This increased power is
15 needed to maintain transmission quality in the detector if the duty cycle is reduced.
During the rest of the frame, i.e., the idle part, the power is turned off. '

Alternatively, the base station of Figure 2C could be implemented such that
each Downlink Traffic Information Processor 200A-200K has its own associated I-Q
modulator, the outputs of which are summed together. In such an embodiment,

20 power control would be inherent to the process. _

The variation in tota} transmitted power from a base station 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 of a frame, the duty cycle can be made

.25 by high, thereby reducing the variation in the power transmission.

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 while using DS-CDMA but without reducing the spreading ratio. This
makes it possible to measure other carrier frequencies, thereby providing reliable

30 : 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.



according to exenplary enbodi ments of the present invention, plural sets of
short VO W 9716552 PCT/SE97/00645

PCT/ SE97/ 00645 -11- codes can be supplied to each nodul ator 210 to create

di sconti nuous transm ssion as descri bed bel ow. The output of each. ~
short-code nodul ator 210a-Mis coupled to adder 215 where the individually
spread signals of each information frane qﬁg_forned into a single conposite
signal. 5 Long-Codes Referring nowto Figure 2C, the conposite signals from

Ctati on'trans t{ or 108 SRPBEJeRHERoR AR prdthig) S Rifhep e Hotified B Eratls,
processor are aa\fpershn skilleg in #RCart tomhle and s the! SreSenp ariveheortl O Wairiobk

signals transmtted fromdifferent base stations, each base station 170a:n

i ?] alssi gnedda meﬂtf;paﬁom@l' t@mmquhpn?tsmﬂdm veadily apparent tp thaseskilled in the 6?
gt b r or 7 - S pieceritiile et Rbf Rereind g b EBpfd Wilpflc dcaihs o i€ Sopk

conposite s gngﬁd Whiki of B prevet sRdRtion. Thus, MB3redefit BIRBRIGH B hob Yiniid2oqhsle
generator 285 filtered 15 converted (bl ocks 308, 310), summed (bl ock

312), anplifi edisclosed embediimentsdbuicis do beragcorded thewidestcscope gonsistent with the
Di sconti nuous Iﬁfmnssgélg% on




Normally in CDVA systems, information is transmitted in a structure of 20
frames with fixed length, e.g., 5-20 ns. Information to be transmt?gg

Wi thin a fr wW®91/4058 dedrhay Bhes mkw@dher Thi's informationf§¢ES
ts

over each frane, resulti | transm ssi on during the whole
frane at a constant powe

wn for exarrple in FIG 3A This type
of full franme, continuou

1ransm ssi on i s’ denot-ed—heret éﬁﬂ | node
transm ssion". 25 - As described aboyg, HH'&)IS@E’ mng on _
i ntroduces discontinuous transmission into systBE%LACED e.a{, reliable

handover candi ¢aga A MeRD Wacording to ex Iy enbodi ments of the
present invent 'S 1s_achieved by using additional spreading codes to
transmit a frame of data. This results in coded information which I's
conpressed into a portion of .a.fr eavin e I
I n which no power i3 tra facrggeéih rﬂ'l&%a%ﬁ%gqﬁ'ﬁﬂlﬂ%ﬁ erer %ﬁzﬂ‘!%
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rising the steps of:
-12- herein assa"conept?%dsg%lgp oge transm ssion”. An illustrative exanple wl

serve to further expl ai mmpmssmg,anmnwmdlmocban fmn@pédetedo&@dmm@eQWPhe

present invention. Accordin exe t of the present

i nventi on, AaddSERYHE %F‘é@g r%ﬁ'ﬁ%? sgg%dt}éf'@gg&?gﬁ? Ansmt a frame of

data by using nore than %ﬁr&ﬁﬂ%tm PcomprRERJINA6dE, Wfr&ixeomafarmmxwo
er

frame of data. For exanple, with reference to Fi gure 2A, fram ng buf
coul d be di r ecsaphencesswherbin § fsrgmenﬂ\anrﬂ,dprmodm & epmpressed spread information

signal; and

transmitting one of said spread information signal and said compressed
10 spread information signal;
wherein a frame transmitted in said compressed mode includes a first
part having a time duration less than said specific time duration and containing a
complete coded information signal, and a second part during which said transmitter is

idle.
15
2, A method according to claim 1, comprising a further step of increasing
a transmission power level used during said 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.
20

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
25  in one radio link without coordination with use of compressed mode in other radio
~ links. '

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

* [ L M s *




two portions each of which are delivered to a different short-code

nodul at or 21WO9F4eso2 the data is divided into two portions, ipcikEd70068UPY
only one half of the frame duration when it is transmtted as the output
s(t) in Figure 2C. Those skilled in the 10 art will appreciate that 7if
nore idle tine is needed, the fram ng buffer 220 can be instructed to
divide the frame into three or nore portiong and send the frame portions to
three or nore short code nodul ators. Anothér way in which additional codes
can be used to create a conpressed transm ssion node is by nodifying the
short-code nodul ators 210 to selectively use 15 .either a primary code set
M (for normal node) or- both the primary code set M and a secondary code set
N (for conpressed node) to spread a nodul ated frame of data, as illustrated
in Figure 4. Therein, the output of QPSK nodul ator 270 is input to node
control device 400. Mde control device 400 will decide whether nornal
transm ssion node i§, appPAOREhad Acédrling tBENdimCL! Wh : gto?u%@,ﬁfkédﬁd
from QPSK 20 nodul at or 270 or whet hér conpressed node i's appropriate. The
sel ection of neompressed madepis daseddomone or a £ombination of oge ondwre af ¢he following e

candi dat & handBviors: SROMEHaSGH RS Bt sy 10 rsRule CHL ISR . 8h8 Bl o
vari ous fact orgikpsnters0 those skilled in the art including, for exanple,

the particul ar handover al gorithminplenented within the 25 system |If
nmode contrd device 400 determines that the received frame is to be

transmtted using the nornal de, then all. of the nodul ated bits for that
frane are sent to b?'ock %@e%ggra@éq’h’é‘;r}ﬁr"img‘pi'eﬁ ‘ﬁe(‘}ﬂg‘p P‘ngﬁb\‘ﬁes
codes suppli edinf4 agwiliakt code generator 207 froma primary set M of short

codes. The spread information sequence is then directed to adder 215 where
it is added with simlar

8. A method according to claim 1, wherein the compressed mode is used
10  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.

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

11. A method according to claim 8, comprising the further step of
20 performing measurements, in a mobile station, of carrier frequencies during said
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
25  establishing a new radio link during said second part of a compressed mode frame.

AT



30 sequences from other short-code nodul at ors. WO 97/ 40592

PCT/ SE97/ 00645 -13- If, on the other hand, node control device 400

determ nes thaiond4os92f rane is to be transmtted in conpressed rROWSEITM¥ISt he
bits are separated into two.-portions. Afirst portion is directed to bl ock
280 wherein it is spread with one or nore short codes supplied fromset M
while the second portion is directed to block 402 wherein it is 5 spread
with one or nore short codes received fromghort code generator 207 that is
part of set N of secondary short-codes. Mdde control device 400 can, for
exanpl e, include a denultiplexer (not shown) for dividing the frane into
two portions. For exanple, the first Z/2 bits of an Z bit franme can be sent
to bl ock-402 and the last Z/2 bits can be sent to block 280, 10 In
this way, the conpressed node operates to spread the data over half of the-
frame period by using two codes. Those skilled in the art wll. appreciate
that if nore tinme is necessary for a nobile receiver to tune to other
frequenci es for measl®,enmedmahodaxesdingto elaimd?s comptisinp ¢he: firther gtepuoft her
reduce the amount, of tinme used to transmt a frame in the conpressed mde.
15 The maiptaining campyRication a. bathea pezsently psrd radiolinks and;said gew radio

transm ssi ons . Of @ﬁﬁfiﬂﬁ't i ﬂ@eﬁgd | cont. C I
(e.qg;, the FAC%kmﬂgssa@essage caplfgedo ansm ?‘{bgg?ﬁ'g&ngﬁﬁﬁalempr Enéaurn code
so that it is meadrabicg Khk. _

5

=

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.

10 |

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.

15

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. ' .

20

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.

25
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| dl e Tinme Usage 20 Having created‘idle‘time for a nobile station's

receiver, thygondbsmztine can be put to a nunber of advant ageopé.rlgésﬂ,%o“s
First, the receiver can use this time to scan ot her frequenci es e

eval uation of carrier frequencies other than that which a nobile station is
currently allocated for basing handover deC|5|ons I's performed by using the
conpressed transm ssion node in the domnlgﬂf uplink on a regular, 25
predet erm ned basis. The nobile station p orms neasurenents (e.g.

carrier signal strength, pilot channel signal strength or bit error rate)
on other carrier frequencies during the idle part of the conpressed node
frame since during this tine it is not required to listen to the base
station to which it is currently linked. After switching to another
frequency, the evaluation of that frequency can be carried out in any
suitable 30 fashion, e.g., such as disclosed in U S. Patent No. 5, 175 867

Lo el ke el al. Theyg VO RGbAP3Sariing s shim 10, comECiNOE S BIHEF SR « ne

currently |i nkegfopmify Rindbv@ evaluation Qsing shidomedsurdhiaitd 6f 4 8arriee freabendyat i on
used for nobil e assi sted handover (MAHO . The conpressed node is use

i nt erni tt ent | yiffering im frequrncy franm acapyert fiequeney npons whichapresentdinkdsk i n

this exenplary &gﬁ%m&nt however, it may be preferably for 5 t he
network to corﬁs & usage of corrpressed node transm ssion for the

downl i nk. Fhe nobile station or network can determ ne the frequency of use

of the conpressed . . .
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.
10 |
20. A method according to claim 19, comprising the further steps of
utilizing said coxﬂpressed 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.
15 |
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 communicating on said
new radio link. ' | "
20
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
txahsmission, wherein a normal mode frame consists of only said coded information

during the entirety of said specific time duration.

L



node based on a variety of factors, such as the radi o propagation
conditions, the nobile station's speed-and other interfering factors. .the
rel ative caWoohossaty, and the proximty to cell boarders wh & SER B s
nore likely to be needed. This 10 information, in conjunction with the
details of the neasurenent and handover algorithmused in the system can
be used by node control device 400 to determ ne whether normal transm ssion
node or conpressed transm ssion node is t@ibe sel ected. Execution of a call
handover can al so be handled in the conpressed node in 15 an exenplary
enbodi nent of the present invention. Two different handover processes can
be inplenmented using the idle tinme provided by the conpressed node,
specifically seanl ess handover and soft handover. For the purposes of

seanl ess handover, the nobile station's receiver can use the idle tinme to
receive tinme slots fromthe new base station and use known synchroni zation
techni ques to synch to the new base station 20 bef ore the handover . .
occurs, thereby spesdi ngA uyetlidieadcarding o ciaim 8 sompyisisgtthe fyrther step of utilizing
conmuni cation with the new base station before gégggkﬁ its connection with

the ol d base saigcompressed madeWhen RXsGUHNg sepmicss Yon handover to a
new base station (or basg stat] = %dilgrégéht%hﬁ{k&mx{'ﬁid first
frequency, the conpress F%ID egioéb%)g}l‘ elree . 25 Communi cat i on vvigth the old
base station( s maintained while establishing a new link during the idle
part of the frame. By maintainipng the old lLink(s) after | < oS
synchroni z&8d, communi catﬁ%?h’?@z%%lcqygggmﬁ%ﬂq §"§Wnﬁr?5¢1§§%“‘s}?'§9ggﬁhgg§m
enpl oyed (esta§| :rﬁpb#g macro-diversity on two or nore carrier frequencies)
maki ng the sc a* neke- bef ore-break nethod. This schene for soft

inter-frequency establishing a new radio link during said second part,
dropping the present link when communication on said new radio link
has been established, and
10 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
'15  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, '
20 | 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

25  during the entirety of said specific time duration.

/.
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30 handover can be used for both up- and down-links. The handover is
conpl et ed bywensoppsong the ol d Iink(s) and returning to nornal pepgfe7/00645
transm ssi on. WD 97/ 40592 .

PCT/ SE97/ 00645 -15- The duty cycle of the information part of a frang to
the frame duration is controlled on a frane by frane basis. For execution

of macro diversity between two frequencies,,the eEP Mt s sent on
bot h. TherelﬁﬂrSﬂeetheM eplagCl € shoul d be Qpproimesggép%ggg %IE"FN conpr essed

node is used| ently and the 5 no cle = 1)
I's used the he time. To control the transm ssion quality, the

transm ssi on rlng the information part of the franme is a
function of the duty cycl e, in an exenplary enbodi nent of the present
i nvention. For exanple, the transm ssion _pover P can be determ ned as: 10 P
= Plerr] Duty Cycle wherein Plerr] power used for nornmal node

éLZF?Tyth"?heTﬁ'efectSie g R R e
the frame, i . ailizingesaidicompeessed mdiie whemexecaunglsmﬂessflfandd&drélynat i vel y, the

base statlon of Figure 2 ould be i epent ed such that
g pertporm%ng commugilcaugg}:s on a present l{]rﬁl: during said first part,

selecting a new carrier frequency based on said handover evaluation,
5 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 |
10 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.

'26.  An apparatus for transmitting information in a code division multiple
15  access system transmitting information in frames of specific time duration, said
apparatus comprising: ' |
| means for spreading data m either a normal mode, wherein a normal
. mode frame includes said information spread using at least one spreading code, or a
compressed mode wherein a frame of data is spread using said at least one spreading
20 code and at least one additional spreading code; and wherein a compressed frame
includes a first part of less than said specific time duration, said first part containing a
complete information signal, and a second part;
means for controlling which of said compressed mode and said normal
mode is used in said spreading means; and _
25 means for transmitting an output of said encoding and framing means.
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each Downlink Traffic Information Processor 200A-200K has its own
associated |-Q nodul ator, the outputs of which are sunmed together. |In such
an enbodi menwwo 9240592 power control woul d be inherent to the prBCHSEI7OPHAS
variation in total transmtted power froma base station can be snoothed by
staggering (spreading in tinme) the depl oynent of conpressed node over a
nunber of users in a certain tinme span. Since signal strength nmeasurenent
on another carrier frequency is likely togsequire only a fraction of a
frame, the duty cycle can be nmade 25 by hi gh, thereby reducing the
variation in the power transm ssion. The present invention's use of nornal
and conpressed node franes provides the ability to exploit the advantages
of slotted transm ssion/reception in hierarchical cell structures while
usi ng DS- CDVA but without reducing the spreading ratio. This nakes it

possi ble to neasure other carrier frequencies, thereby providing reliable
30 handover decisions. Further, handover execution between carrier

f requenci es can be2fade Theappaatusiaccerlingto clhinn@6awhesein said neahs far spreading
rel easing the _old one. This can be done without the need for two receivers.

WD 97/ 40592 further comprises: PCT/ SE97/ 00645
The precedi ng descri pti &ﬂﬁm?r =Te) Hg&gtem sdrfdi
enabl e any person skil Ig I'n the ardt%wté% rra usekiﬁﬂg{oglygfs@&@ﬁvent?gn
Vari ous nodi f of tie lﬁlmsaswmmémttearﬁamm firstispreatiing rdexite| thatagepeivesnsaid at least
those skilled in the art and rinci I.es escri bed, herein %rst

appl i ed wi hofhe gefsading code and said compressed mode to send a
: portion of said bits associated with said data frame to said first spreading device and a

second portion of said bits associated with said data frame to a second spreading
device that receives said at least one additional spreading code.

10 28.  The apparatus according to claim 26, wherein said mode control means
selects a mode according to a measurement/handover algorithm.

29.  The apparatus according to claim 26, wherein said apparatus forms part
of a mobile station.
15
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
20  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.

25

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.
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5 and spirit of the present invention. Thus, -the present invention is not
limted to t ' sed enbodi nents, but is to be accorded t ' .ﬁ@gﬁ'
scope consi s?g)nf”‘\%g%zﬁ t he cl ai ns bel ow. -17- WHAT IS CLAI NEET#EQ : 3
nmet hod of code division nmultiple access in cellular conmunications, whierein
i nformati op—+s—t+ansm-tted in franes having a specific tinme duration, said
met hod conpri.sing the steps of: inpressing F-f-rret-rat—sede—a f rane of
data to be lapedsi gnat ure sequn g'cgsTHﬂs) SMESHJ‘U@ BEEN) ead
i nf or mati on i i ing, in a conpress¢d nodREPISLEDR frang of data on
Q signature rein Qis greater thanm P[err] to produce a
conpressed spread information signal; and transmtting one of said spread

i nformati on signal and said conpressed spread i nformation signal; wherein a .
frame transmtted in said conpressed node includes a first part having a
time duration |less than said specific time duration and containing a

conpl ete coded info ti Si and.a rt dur i n C aid

transmtter is idl eé‘{nﬂ the Apﬁé%%ml&g 8" qwlgpo W@Pﬁg‘oéa’d

further step OmeasiCfo? ¥anSHiitting during a first part ofa frame is controlled by said mode
control devme

5 35. The apparatus according to claim 28, wherein a duty cycle of the
compressed mode frame of said receiver means js controlled by said mode contro}
device.

36.  The apparatus according to claim 26, wherein said means for spreading
10  includes: ' ' -
a frame buffer which organizes incoming information into frames and
sends said normal mode frame to a modulator and which divides said compressed
frame into at least two portions, each of which is sent to a respective modulator.

15 37. A CDMA transmitter comprising:
- a channel coder for convolutionally encoding a frame of data bits;
a modulator for modulating said encoded frame of data bits;
a first spreading unit for receiving a first spreading code;
a second spreading unit for receiving a second spreading code; and
20 a mode control device for passing said modulated, encoded frame of
data bits to said first spreading unit when said transmitter is operated in a normal
mode, and for passing a first portion of said encoded frame of data bits to said first
spreading device and a second portion of said encoded frame of data bits to said
second spreading device when said transmitter is operating in a compressed mode.

%* c L N 3 *



a transm ssion power |evel used during said first part of a conpressed node
frame as a function of a duty cycle; defined as a ratio of the tine
duration of YPA874I59%t part to said specific tinme duration, of PEESED7/00645
conpressed node frane. 3. A nmethod in accordance with claim 1, wherein
no power is transnitted during said second part. 4.. "A nmethod according
to claiml1, wherein said conpressed node isl%fed in:one radio link without
coordi nation with use of conpressed node in her radio links. 5. A

met hod according to claim2, further conprising the step of snoothing
variations in total transmtted power by spreading in tine use of
conpressed node frames over a nunber of users in a determned tine span

WO 97/ 40592 PCT/ SE97/ 00645
-18- 6. - A nethod according to claim1l1, 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: nobile station speed, interference |load, relative cal
density, and proximty to cell boarders. 5 7. A met hod according to
claim1l1, wherein the conpressed node is used in a down-Ilink
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8. A nmet hod according to claim11, wherein the conpressed node is used 10
in both a dowgoloymésepnd an up-1link. 9. A net hod accordi ng tBCT/SEN7ODGIS
wherein the conpressed node is used in an up-link. 15 10. A
met hod according to claim7, conprising the further step of perforning
measurenents, in a nobile station, of carrier frequencies during said
second part of a down-link conpressed node frame. 11. A nmet hod according
to claim8, conprising the further step EH 20 22Fforning measurenents, in
a nobile station, of carrier frequenC|eS\d§r|ng d second part of a

down- | i nk conpressed node frame. 12. AEﬁgthod according to claim$8
conprising the further step of utiIizingZﬁgid conpressed node when
synchroni zing on a new carriéer frequencyJ®gd 25 establishing a new radio
| ink during said second part of a conpre d node frane. WO 97/ 40592
PCT/ SE97/ 00645 -19- 13. A met hod accor®hng to claim 12, conprising the
further step of maintai ni ng&@ommuni cationfon both a presently used radio
link and said new radio |inky{ using said $econd part of a conpressed node
frame for conmuni cating Qﬂ‘Sér
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14. A nmet hod according to claim 13, conprising the further step of
droppi ng said presently used radiolink-and returning to a nornal nod

frame transnwe788592wherei n a normal node frame consists of orﬂ?’%‘ﬁ?’ﬂ“&ded
information during the entirety of said specific tine duration. 10 15. A
met hod according to claim 11, conprising the further steps of utilizing
sai d conpressed node when synchroni zi ng cogvgnication on a new carrier
frequency and establishing a new radio |lin uring said second part of a
conpressed node frame. 15 16. A net hod according to claim 15, conprising
the further step of maintaining conmmuni cation.on both a presently used
radio link and said new radio |link using said second part of a conpressed
node frame for comunicating on said new radio link. 20 17. A et hod
according to claim 16, conprising the further steps of dropping said
presently used radio link and returning to normal node franme transm ssion,
wherein a normal node franme consists of only said coded information during
the entirety of said specific tinme duration. 25
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WO 97/ 40592 : PCT/SE97/OO645
-20- 18. A eobwmabssrcording to claim 10, conprising the furt heaysiofoss
per form ng handover eval uation using said neasurenents of a carrier
-frequency differing in frequency froma carrier frequency upon whi ch"a
present link is established. 5 19. A nmeth according to claim11,
conprising the further step of perform ng handover eval uation using said
measurenents of a carrier frequency differing in frequency froma carrier
-frequency upon which a present link is established. 10 20. A et hod
according to claim19, conprising the further steE; of utilizing said
conpressed node when synchroni zi ng comuni cati on a new carrier frequency
and establishing a new |ink, based on said handovegr eval uation, during said
second part of a conpressed node frane. 15 21. met hod according to
clai m 20, conprising thegfuorther step-of marntaintng commmi-eati-on—on toth—
a presently used radio l'ynk and said new radio Ii using said second part;
of a conpressed node frage for communicating o new radio |ink. 20 22
A method according to claim2l, conprising the f g“ st egs of

310
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dropping said presently used radio link and returning to a nornmal node
frame transm ssion, wherein a normal node franme consists of only said coded
|nfornat|onvwmymmﬂmhe entirety of said speC|f|c ti me durati oRCTSEIT/00643D
97/ 40592 - PCT/ SE97/ 00645 - 21-
23. A nmet hod according to claim8,, conpr|5|ng the further step of
utilizing said conpressed node when executlng seanl ess handover by
perfornming communi cations on a present ra¥io |ink during said first part, 5
“synchroni zi ng communi cation on a new carrier frequency during said second
part, establishing a newradio |ink during said second part, dropping the
present |ink when comruni cation on said new radio |ink has been
established, and 10 perform ng comuni cations on the new
radio link using a nornmal node transm ssion, wherein a nornmal node frane
consists of only said coded information duping.th tirety of .said
specific tine duration. 24. A nethod accqﬁcyé Bﬂ]ai m 11, conprising the
further step of 15 -utilizing said conpressed node when executing seanl ess
handover by

FRAME DURATION
INFO R INFO INFO
i
NORNALIZED
POWER
NORMAL MODE TRANSHISSION
FRANE DURATION =
DUTY CYeLE
INF0 I0LE 1 INFO |ILE Y IRFD IWFY
NORKAL /zm%
POWER —

COMPRESSED MODE TRANSHISSION
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perform ng comuni cations on a present radio tink during said first part,
synchroni zi ngwopwaesa2cat i ons on a new carrier frequency duri ngperisgormessnd
part, 20 - establishing a newradio |ink during said second
part, - droppi ng the present |ink when communication”on
said new radio |ink has been established, and perform ng conmmuni cations on
the newradio |ink using a normal node transgygsion, wherein a normal node
frame consists of only said coded infornmation 25 during the entirety of
said specific time duration. -22- 25. A met hod according to claim19,
conprising the further steps of utilizing said conpressed node when
executing seanl ess handover by perform ng conmuni cati ons on a present |ink
during said first part, selecting a new cartier_freguency based on said
handover . eval uation, synchronizing comuni fatf € off sai d” new carri er
frequency during said second part, establishing 'a new radio |ink during
said second part, dropping the présent |ink when communi cation on said new
radi o |link has been established,.and

FIRST
OVERHEAD BITS
X; BITS/FRANE 230 i
{ {
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FRANES FRON —— CONVOLOTIONAL |l TERLEAVER
FRAMING BUFFER i
| 220
) SHORT COOE W | SECOND OVERHEAD BITS
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70 ADDER 215 - 280 vl
|
270
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400
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performnm_ng comunications on the new radio |ink using a _norpal. 0o e%&@&‘-’~é .
t.ransm ssi on, wherein a normal nopde frane consi ¢ ¢ IpRTpded
i nformation during the entirety of said specifi jmmmwgﬂEEES \XPS ‘
apparatus for transmitting information in a codg division nultiplg access
systemtransmtting information in franeg;-of specifi&‘?tﬁ)ﬁ‘ﬁ“?ﬂ?ra I pn, said
appar atus conprising: nmeans for spreading data ifn]either_a_nornal | node,
wherein a noypRAT ISCLAMMED 19c! udes said inforfation spread usi nP at | east
one spreadi Ng code, or a conpressed node wherein . -1 S spread
using said at |edst onfe nidicRhof bedec divisiam ehuddiple exesdss dnecetialdt comaninications,
spreadi ng code; .and wherei.n a conpressed frane includes a first p;%grtn of
| ess than sayhsreipdaformation;igirapsmitied ghirames having & spesHic s Avsfipn.fgidmethod
conpl ete inf ;ngﬁ ' | . and a second part; means for controlling which
of said comgrge sgfggrr@hoez%%a%ﬁd'sai,d normal node is used in said spreading
means; and means for timpsessing; img nenmalumpde, frameiof data tnbe trgnsmited.on P WO
97/ 40592 . . C e PCT/ SE97/ 00645
C23- 27. ThSZHRPUP SPARENERSCO RIPHNFe b sRIray inforgnatinasignal sai d neans for
spreadi ng further coMgirt@Ring?idR¢Bnipraisédlinode) s8 fHeCor t6§Sid id
normal node to send all & ’ &z o' @ Sigrioure
sequences, wherein Q is greater than P, to produce a compressed spread information

signal; and

transmitting one of said spread information signal and said compressed
spread information signal;

wherein a frame transmitted in said compressed mode includes a first
part having a time duration less than said specific time duration and containing a
compléte coded information signal, and a second part during which said transmitter is
idle.

2. A method according to claim 1, comprising a further step of increasing
a transmission power level used during said 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,

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.
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of the bits associated with a frame to a first spreading device that
receives said at least 5 one spreadi ng code and which gperates in said
conpressed node to send a first portion of said i | L th said

data frame to said first spreading device and a |REPhAGEMENT QHEEF said bits
associated wth said data franme to a second spregading et receives

said at |east one additional spreading @2de. 10 éf The} appar at us
according to claim 26, wherein said node control a%gg 49 de
according to a neasurenent/handover al gorithm 29!

according to claim 26, wherein said apparatus fprns part of a nobjile
station. 15 30. The apparatus accordi ng to clarm Z9,—furttrer—ednpri si ng
means for decodi ng channels with fixed spreading ratios. 31. The

apparatus according to claim 26, wherein said apparatus is part of 20 a

base station. 32, The apparatus, accor.ding. to cl ai.m 28, erein part of
said al gorithmi23i npl%ﬁ@ﬁl‘\gmdﬁlgrﬁﬁ‘tﬁlﬂ@‘ g?a?‘?'BPP%ﬂ%I %f‘\imﬁ steps @f

al gorithm i g4 rbdled yleOftine2eeartit rat us

accordi ng t?)mg{g# rgnﬁg?,ﬁséner el ﬂl%g;élg’%h sal ctln para Sgla?;ggYégc ted in a nobile

station and anot her obpesformingepmnainications loacapresent link dabry siidfirstpart,
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.

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

means for spreading data in either a normal mode, wherein a normal
mode frame includes said information spread using at least one spreading code, or a
compressed mode wherein a frame of data is spread using said at least one spreading
code and at least one additional spreading code; and wherein a compressed frame
includes a first part of less than said specific time duration, said first part containing a
complete information signal, and a second part;

means for controlling which of said compressed mode and said normal
mode is used in said spreading means; and

means for transmitting an output of said spreading means.

R —————
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-24- 34.. The apparatus according to claim 26, wherein power supplied to
said means for transmitting during a first part of—a—f+eare—is—eentrolled by
said node controlling means. 35.  The apparatus RERUACHMBNT SHERTHi n a
duty cycle of the conpressed node frane of said rcerver nmeans 13
controlled by said node control neans. 38-  The par&?p;&ggrci ng to
claim 26, wherein said neans for spreading includes: a fffeq whi ch
organi zes inconmng information into frames and s¢gn ' mjde franme
to a nodul ator and which divides said conpressed [frane into at -l eagt two
portions, each of which is sent to a respective nodulrator. 37- A~ CDVA
transmtter conprising: a channel coder for convolutionally encoding a
frame of data bits; a nodulator for nodul ating said encoded frane of data
bits; a first spreading unit for receiving a first spreading code; a second
spreadi ng unit f 3 r eddicvinpgraiuss aeoording 5o edeim §6c vdhereimpowsr rsupliedotet saitl

device for passi Ld: TE. O a bi.ts tp sajd first
spreadi ng uni t er@g‘glﬂﬁﬁ{fg %@ﬁe e}d{iresfﬂéli‘ggﬁ%fer%? érrsgc ".“&mﬂe‘iﬁ}’ ﬁﬂ? “?ﬂﬂ%é;fm NEor
passi ng a fmeahs.porti on of said encoded frame of data bits to said first
spreadi ng device and a second portion of said encoded frane of data bits to
sai d second spreadi ng device when said transmtter is operating in a

conpressed node.
35.  The apparatus of claim 28, wherein a duty cycle of the compressed mode

frame of said receiver means is controlled by said mode control means.

36.  The apparatus according to claim 26, wherein said means for spreading
includes:
a frame buffer which organizes incoming information into frames and
sends said normal mode frame to a modulator and which divides said compressed

frame into at least two portions, each of which is sent to a respective modulator.

37. A CDMA transmitter comprising:

a channel coder for convolutionally encoding a frame of data bits;

a modulator for modulating said encoded frame of data bits;-

a first spreading unit for receiving a first spreading code;

a second spreading unit for receiving a second spreading code; and

a mode control device for passing said modulated, encoded frame of
data bits to said first spreading unit when said transmitter is operated in a normal
mode, and for passing a first portion of said encoded frame of data bits to said first
spreading device and a second portion of said encoded frame of data bits to said
second spreading device when said transmitter is operating in a comp;'essed mode.
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38. . Axrethod of code division nultiple access in cellular comu
said nethod conprising the steps of: inpressing——n.a noroal. nnde

ni cati ons,
a frane

of data to be transmitted on P signature sequen¢REPLACEMPNICSHEET
i nformation signal; inpressing, in a conpressed ; :
: roduce h
sigﬂﬁggﬁgad n

==

Q signature sequences, wherein Qis greater tha
spread information signal; and transmtting onejo
signal and said conpressed spread inforpgtion sig
claim 38, wherein said frane of data is divided{in

a
to three or nor

Qo
A2

| 39 Thetl m

br ead

pf data on
Conpr essed
f ormati on

pt hod of

e portions

ressed

prior to being inpressed on said Q signhature sect

o=y 1
Mmoo LA ] AT U

node. 40. An paratus_.fqr transmiting information i,n,a code diyision
mul ti pl e access ystg‘rﬁneg’gﬁoofla‘ﬁ)g}ﬁr Yi§onc F’I‘% PRGSS %8?}2“1%?‘" URBPIERSTSy  in

a nor mal NpLemethdd’ BMpridingdRé fepsofbe transmitted on P signature s
to produce a spread information.signal; neans for inpressing, in

equences
a

conpr essed nodeimprassing, imamnopmatinmode,on frgmei of rdata febe Oy SHEBAWIR) | S

means for PR fo PR el QIR ERALBRIT or ot on <1 gnal and

: and
sai d

conpressed spr effhprediry; i bicompsdsediPinodd kaid frdme ofl daarcat Qsigatuzt séquedéts,
wherein said neans for inpressing said frame of data on said Qsignature

sequences WheneheQ igignenigethan B, tp prodvee assonapressed prread mirmatipn gignal; and
transmitting one of said spread information signal and said compressed spread

information signal.

39.  The method of claim 38, wherein said frame of data is divided into

three or

more portions prior to being impressed on said Q signature sequences in said compressed

mode.

40.  An apparatus for transmitting information in a code division multiple

access system, said apparatus comprising:

means for impressing, in a normal mode, a frame of data to be transmitted on P

signature sequences to produce a spread information signal;

means for impressing, in a compressed mode, said frame of data on Q signature

sequences, wherein Q is greater than P, to produce a compressed spread information

signal; and

means for transmitting one of said spread information signal and said compressed

spread information signal.

41.  The apparatus of claim 40, wherein said means for impressing said frame

of data on said Q signature sequences further divides said frame of data into three

portions.

QT
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portions.
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