&Ii%‘,ﬂ@\l SYSTEM 1. Field of the Invention The i nVErt/IEIAVEBates to
s a CDI\/A‘P' nsmi ssion systemconprising @ transmtter in a-dat a
sequence is spread by a code sequence, and a receiver i éHr;&f{hga@r{[ ~ﬂal
data sequence is. rfo g% gd by a detector. The invention Ilke\M’“seﬂrrre ‘84 It o
a recei gpMAaIRIST mtter for a CDVA transmi ssion system—2..27 f
Description of the Related Art In a transm ssion system based an R

Code-Di vision Mul - tiple Access (CDMA), the signals of different users are
si mul t aneously switched to a common frequency band and

The invention relates to a CDMA transmission system comprising at least
a transmitter in which a data sequence is spread by a code sequence, and comprising at least
a receiver in which the data sequences are recovered by means of a detector.

The invention likewise relates to a receiver and a transmitter for a COMA
transmission system.

In a transmission system based on Code-Division Multiple Access
(CDMA), the signals of different users are simultaneously switched in a common frequency
band and switched with a common carrier frequency. Code-division multiple access systems
are based on a spread band technique i.e. the signal to be transmitted is spread over a
frequency band which is considerably broader than the least required frequency band for a
signal transmission. The band spreading renders code-division multiple access systems
generally highly resistant to interference. |

For frequency band spreading in code-division multiple access systems
each (payload) bit to be transmitted is multiplied by a codeword agreed upon by transmitter
and receiver. For distinguishing between the bits of the payload data sequence to be coded, a
bit of the codeword is generally referenced a chip. The use of suitable codewords excludes,
in principle, mutual interference of the signals of the individual users.

For obtaining a specific bit error rate with CDMA technology, a given
interference power requires a signal power that is approximately proportional to the transmit
payload bit rate. In CDMA systems, in which the individual users use different payload bit
rates depending on the application, for example, coded speech transmission, facsimile
transmission, and so on, it is desirable for reasons of economic use of frequencies to load the
CDMA transmission system only with the necessary frequency bandwidth.

For example, from WO 92/15164 such a CDMA transmission system is
known in which a programmable clock generator is provided for obtaifiing a variable
bandwidth, by means of which generator the chip clock rate of eﬁch selected codeword is
predefined. The higher the chip clock rate is selected, the broadér is the resultant bandwidth

of the spread transmit signal.
For practical reasons the chip clock rates are selected to be integer
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. This object is achieved in that a frame structure is provided and in that the

’ yload information to be transmitted in a frame is compressed to signal bursts.

The transmit data occurring in a frame can thus be concentrated into a
purst, while the frame length-to-burst duration ratio indicates the attained compression factor.
{n this manner also very different and finely graded compression factors can be achieved.
with very high payload data rates continuous transmission may be effected, as before, thus
the overall frame length can be used as a burst, but, on the other hand, with low-rate
payload data only a section of the frame is used.

A burst in a frame is characterized by frame-relative starting instant t, and
an associated duration t,. These parameters can be selected to depend on the system or on the
* link, due to the selectable spreading, but, in addition, also be variably changed in a link.

Suitable measures such as, for example, controlled predefinition of the starting instant t, by
the fixed-station, or also random selection of the starting instant t, for the sending station
itself, may be achieved in that the frames are filled as uniformly as possible to present thus a
balanced economic use of frequencies.

} In a highly advantageous embodiment of the invention there is provided to
select a spreading factor in dependence on an original payload data rate, It is then possible to
project different payload bit rates on a constant output bit rate, a so-termed chip rate.

When the same payload information is to be transmitted in a condensed
burst, the result is that the bit rate of the time-compressed payload data is increased in

i inverse proportion to the burst length-to-frame length ratio. To achieve the appropriate bit
error rate for this increased bit rate, a further embodiment of the invention proposes to
increase the power accordingly in proportion to the compression factor.

Briefly stated, the fact that spreading factors can be selected or even be
Vanably set is used for exchanging power for burst duration, as required.

J An essential characteristic feature of mobile radio based on CDMA is that
especially in the transmit direction to the fixed station the signals, relating to the same
payload bit rate, are to be received with the same power and the noise power of adjacent
cells may only amount to a part of the total received power. In a link between, for example,
small cells and superimposed large cells, this condition cannot be satisfied, because a
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exactly coincide with the position of the fixed stations of the other operator. In such a case it
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5 il ot be possible to effect a suitable power adaptation, because in each case, at least in a

fixed station, the noise power will be considerably higher than the payload signal power.

To solve this problem the invention proposes to select a position ¢, of a

peginning of a burst in dependence on the cell size. In this manner the burst ranges in which
small cells operate can be separated from the ranges of the frames in which large cells
operate. An interference owing to different transmit powers is then largely excluded. The
imit between the bursts can be defined with the necessary safe distances determined by the
situations, while the radio traffic ratio in the different cell categories (small cell to large cell,
and so on) is the decisive parameter. '

An extremely simple solution is provided if the frames for all the cell
categories are synchronized, which, however, can be guaranteed with the suitable
arrangement (for example, a mobile switching centre such as in GSM) and signalling links.

With different uncoordinated operators there would be impermissible
interference, because a frame synchronization cannot be presupposed then. To solve this
problem the invention proposes to determine a suitable and better usable time domain in a
frame and per cell by measuring a field strength distribution in a frame in the fixed or
mobile station.

Advantageously, the frame is subdivided for this measurement into time
slots to which the measurement is related. The burst is then selected such that it covers, for
example, n successive time slots in dependence on the information to be transmitted. A
special variant is the allocation of exactly one time slot each time.

Mobile radio systems are based on a duplex transmission with the
directions of downlink (fixed station to mobiie' station) and uplink (mobile station to fixed
station). The two directions of transmission may be separated in the frequency domain (FTD)
or in the time domain (TDD). Data services gaining in importance stand out in that the
Payload bit rates in the two directions may show extremely different values (asymmetrical
links), Some of these links are implicitly taken into account in CDMA in that an adapted
Spreading factor is selected and transmission takes place with accordingly adapted power.
However, if the asymmetry holds for entire cell environments, for example, because the
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In a further embodiment the invention proposes to separate directions of
uansmissmn (downlink/uplink) between transmitter and receiver as a function of time, while
element of time can be variably defined for each direction of transmission.

When a separation with time (TDD) is used, it is locally left up to the
individual operator to what extent he uses his frequency band for the two directions of
ission. According to the basic principle it is possible that the burst length is variably

transmi _
adapted in accordance with the mean bit rates for the two directions (while, additionally, the ‘

do
mtO accouﬂt,

necessary bit error rate is taken into account).

This adaptation cannot be performed separately for each individual link,
pecause otherwise overlapping and thus impermissible interference occurs either on the side
of the fixed station or the mobile station. This is not necessary either, because occasional
exceptions are taken into account by a relatively adapted power. An overiapping may also be
impermissible for adjacent cells, because either an adjacent fixed station (in so far it has a
higher transmitter power than a mobile station) can interfere the reception of a mobile
station, or the reception of the fixed station is interfered on the cell boundary by an adjacent-
cell mobile station positioned in the vicinity. Therefore it is appropriate to coordinate a
change of boundaries for the two directions by a suitable common controller as described
hereinbefore. Apart from this, there is still the possibility of regarding neighbouring cells as
uncoordinated and implementing the decentralized measuring method which has also been
described hereinbefore.

It has already been observed that a pure CDMA system is not sufficient to
realize a sufficient separation of the users in all cases. The invention has therefore proposed
to make an additional separation in the time domain. The invention proposes as a further
alternative to communicate temporarily in different frequency domains, for example, for

performing a handover.
By compressing the payload data in at least two bursts having the same

contents, it is possible in this way to transmit in a time-frame the same information both in a

first frequency band and in at least a second frequency band in succession.
The invention will now be further described and explained on the basis of
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Fig. 2a shows a frame structure of the COMA system;

‘5 Fig. 2b shows the correlation between data rate, burst duration and
received power;

Fig. 3 shows burst distribution in a frame in small cells and large cells;
Fig. 4 shows the situation of interference with local superpositioning for
at least two CDMA systems in the same frequency band;

) Fig. 5 shows the occupancy of a frame by bursts in a CDMA system
having different not mutually synchronized users;

Fig. 6 shows an example of an application to asynchronous operation
(different data rates for downlink and uplink);

Fig. 7 shows a situation of interference;

5 Fig. 8 shows the use of separate bursts for payload signal and pilot signal;

Fig. 9 shows the use of a plurality of pilot signals superimposed on the
payload signal in the event of non-synchronized cells;

Fig. 10 shows the use of compression of payload data blocks for the
creation of measuring time slots;

0 Fig. 11 shows the use of two transmitters for transmitting burst signals in
different frequency bands when only a single receiver is needed; and

Fig. 12 shows the use of a single transmitter for iransmitting burst signals
in different freauency bands when two separate receivers are needed.
Fig. 1 shows a CDMA radio system, for example, a radio system for

5§ movi’s communi.ation, comprising a transmitter 1 and a receiver 2. Transmitter 1 and
receiver 2 use a time frame FR (Fig. 2a) which is subdivided into equally long time slots
(not shown). In each time slot a payload data block is transmitted. This presupposes the use
of block-structured data, or the subdivision of a continuous payload data stream (for
example, digitized speech signals) into data blocks having the same length in time.

0 Depending on the data transfer rate of the original payload (for example, speech signal,
facsimile data, alphanumeric messages, and so on), there are thus different-size data blocks
available for transmission for each time slot of the transmit frame.

The payload PLD to be transmitted is applied in digitized form to a frame
generator 11. A data stream arriving at the frame generator 11 can be buffered in blocks by
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Each buffered payload data block can be compressed to a data block DB
having a time duration of t,, in that the frame generator 11 changes the data rate when the
blocks are transferred to the spreader 12. This compressed data block DB will be referenced
burst or CDMA-burst hereinafter to distinguish it from the payload data block.
In known fashion the data bits of the burst are spread in the spreader 12

by a multiplication by a multi-digit code word, so that with a subsequent modulation of the

spread signal in a modulator 13, a signal is developed having an accordingly higher

bandwidth than the signal that is not spread. This spread signal is subsequently subjected to a ‘
power control in a power control stage 14 before it is combined with other channels OCHH

to a sum signal in a summation stage 15 and transmitted over an antenna 16.

The length in time t, of a burst, the instant ¢, referring to the start of a
frame and also the transmitter power p,, with which a burst is transmitted, are predefined
values for the frame generator 11 and the power control stage 14 produced by a control unit
10. The transmitter power p, is controlled such that a specific received power p appears at
the receiver 2. The transmitter power p,, is controlled in such a way that a specific received
power p is found at receiver 2. Advantageously, the transmitter power py is to be selected so
that the received power p is proportional to the selected data transfer rate r of the transmit
burst. This means that if the length in time t, of a burst is selected to be shorter with the
same payload block size, the control unit 10 is to select the transmitter power p accordingly
higher to guarantee an accordingly higher received power p (cf. Fig. 2b). With p’, t’y, and
7", a different received power, a different selected data transfer rate and a different length in
time are indicated, respectively. In the example given, r= 8 kb/s, and r’= 12 kb/s.

In the receiver 2 the signal mixture received via an antenna 21 is
distributed over the individual signal processing circuits by a signal distributor 22. One such
signal processing circuit is provided for each receive channel or subscriber, respectively. In
each signal processing circuit the signal is first demodulated in a demodulator 23 and de-
spread in known fashion in a de-spreader 24. The distinction between channel and subscriber
is made here by the use of the code word used at the transmitter end. In a decoder 25 the
original payload signal PLD is reconstructed from the received bursts.

s An essential characteristic feature of a suitable mobile radio system based
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from adjacent cells, which signals will collectively be denoted noise power in the following,

form only part of the total received power. This condition cannot be maintained in a CDMA

radio system formed by large and small cells, because due to the considerably larger

transmitter power of the large cell, an adequate adaptation of the power in a small cell

located in the neighbourhood of the large cell is not possible.

Here the concept according to the invention can be used for defining, in a
frame FR, at least a coverage area F, of their own for the small cells which are separated
from at least coverage area F, for large cells (see Fig. 3). The payload signals from small
and large cells are thereto compressed to bursts, so that they can be transmitted in the
appropriate sub-frames F, and F,, respectively.

The division into small cell burst and large cell burst causes the noise
power received from a fixed station of a small cell to be restricted exclusively to other small
cells, and the noise power received from 2 fixed station of a large cell to be restricted
exclusively to other large cells. The bursts a, b, ¢ of the small cells are transmitted at a
lower data rate than the bursts X, Y of the large cells, while for the same data rates of the
basic payload signals an accordingly longer burst period is provided, so that the transmission
of the bursts a, b, ¢ of the small cells needs only a relatively small transmitter power. As a
result, the noise power received from other small cells is also smail, even if the small cells
are proximal cells. For the subscribers of the large cells, on the other hand, a higher
compression rate with appropriately higher power can safely be selected, because the
enlargement of a large cell provides an equivalent protection ratio in neighbouring large
cells.

Fig. 4 shows another undesired noise situation in which two different
operators A and B of two independent CDMA radio systems, which are to use the same
frequency band, however, and distinguish the subscribers only by different codes, have
receiver stations located in uncoordinated fashion. A worst-case situation may arise when the
operator B has located his fixed station on the cell boundary of the radio cell of operator A.
As a result, it will not be possible to effect a suitable power matching, because at any rate at
least in a fixed station, the noise power caused by the other operator is considerably higher
than the power of the payioad signal of its own subscribers. An * indicates interference, in
that when the sum of interference power Il is much greater than the sum of payload power
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therefore not always the most practical solution. Without 2 common frame synchronization,

however, interference signals occur that cannot be permitted.

In a further embodiment there is assumed that the individual operators
transmit their data preferably in equally long, but mutually indepehdently selected frames
FR. Preferably, the frames FR are subdivided into equidistant time slots, while each user
operates in the burst mode i.e. uses one or more time slots with an accordingly higher
transmitter power for transmitting the data of its subscribers. A use of the whole frame
length is deliberately dispensed with. In this manner, unused or little-used regions occur in a '
frame. By measuring the field strength distribution in a frame, each fixed station of each
operator and, optionally, also the mobile stations concerned can find unused time slots and
select for transmission a number of successive vacant time slots in dependence on the
information volume to be transmitted (see Fig. §). The selection of data transfer rate and
transmitter power makes it possible to adapt the data volume to be transmitted to the number
of time slots available. An arrow ARI indicates a burst seizing two consecutive time slots,
and arrows AR2 and AR3J indicate seizure after measurement.

In a further embodiment, different payload bit rates are used for the
transmission from fixed station to mobile station (downlink) and from mobile station to fixed
station (uplink) (asymme!rical link). A rather large part of a frame is used for the direction
that requires the higher payload data rate and the other part of the frame is used for the other
direction. Since in this case the time-dependent limits of the sub-frames are preferably given
a fixed value, it is possible, in the sub-frames to adapt the actually necessary payload data
rates again vig the transmitter power. For example, in Fig. 6, in which burst d needs to have
a higher payload bit rate than bursts a, b and ¢, the transmitter power of the burst d for the
downlink is selected such that it is received with an accordingly higher received power. The
received powers of the bursts U, V, W, X for the uplink, on the other hand, are controlled,

' due to the corresponding data rates, so that they are received all with the same receiver
power by the fixed station.

Preferably, the division into downlink and uplink sub-frames within the
whole CDMA system is to be selected to be the same, as it may otherwise lead to
interference situations shown in Fig. 7. In Fig. 7, operator B interferes due to higher
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cell. It is thus also advantageous in this case to have a synchronized subdivision of downlink
and uplink sub-frames within the whole CDMA system or, as already described before with
respect to the simultaneous use of large and small cells, to have a subdivision of the frame
into many time slots with a field strength measurement before a vacant time slot is occupied.
In a further embodiment there are at least several transmitters working
with different frequency bands. For mutually distinguishing the individual radio cells there is
a payload signal provided in certain embodiments which is transmitted by the individual
transmitters. In this embodiment it may be necessary in the course of a call to change
frequency bands, for example:
- If different cell categories have been assigned different frequencies, and during
a call, a handover is to be effected, for example, from a small to a large cell. In that case the
pilot signal of the large cell has a different frequency from the pilot signal just used in the
small cell;
- CDMA frequency bands have a minimum of, for example, 500 kHz, because it
is only there that a sufficient number of subscribers are simultaneously available to make an
efficient use of the code superpositioning possible. For operators of small networks, defined,
for example, by the uncoordinated use of cordless private branch exchanges (of which
certainly a plurality of exchanges can be present in an office building), or, in an extreme
case, defined as simple users of cordless telephones, the assignment of a frequency band to
each operator is not efficient. These operators will then share frequency bands while there

must be a possibility to change dynamically to another frequency band if the noise situation
changes;
- There may also be a situation in which a handover to a neighbouring cell is
desired, but this cell prefers to have a different frequency domain;

- In 2 CDMA system it is generally possible to use the same frequency range in a
station’s own cell and in neighbouring cells. However, this no longer holds if the spreading
factor becomes small as a result of very high payload bit rates. In this case t0o it is

Recessary to change dynamically to other frequencies.
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handover.

. Exchange of signalling information. This may be effected as a so-called forward
handover in which the exchange of information is already effected with the new frequency.
This transition is fast, because from the transition onwards, payload can be transmitted
already at twice the rate of the previous frequency and, in the other direction, when the
handover is received correctly, a termination is effected by a terminated previous link. A
characteristic feature here is that the link exists for a specific period of time with two
frequencies. The advantage is that no payload is lost (seamless handover). The second ‘
possibility is that the signalling is to be carried out as much as possible with the old
frequency. This method is slower, because mobile and new cells are first to be fully matched
before a change-over can take place. The mobile station, besides receiving with the new
frequency, however, is also to send with this new frequency to verify the uplink. This is to
say that paralle} transmission and reception activities are to take place with the new and old
frequencies if the transmission of payload is to be effected seamlessly.

These considerations are analogously valid for the subdivision with respect
to time. The difference is, however, that for the parailel operation of two time slots one
transceiver will suffice, but not for two different frequencies.

However, more than one transceiver is a considerable increase of cost and
current consumption, more specifically, in the mobile station. Therefore, the restriction to a
single transceiver is to be desired at least for simple (telephone) mobiles. For the use as
"cordless telephone” it may also be advantageous to use only one transceiver for the fixed
station. This is considered an additional option. For the moment there is assumed that only
the mobile station is restricted to a single transceiver.
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fixed station transmit its identification code {pilot signal) over a pilot channel. By measuring
the power rgceived from the pilot channels and decoding the identification codes, a mobile
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-different cell categories (small cell tpllarge cell, an -ﬁgg‘&”n“)tfﬂ‘aﬂﬁh"éﬁﬂ 11
deci sive paraneter. An extrenely sinple solution is j r ov] djge.gll;-.,q frrthe é)
cuar ant 4 B BT oot D e Plot N
centre shatnelssAre sommianlysepacatesiby heirecadenred May htherefore; Hiatin thecsamedi nat ed
operators LUy bl B, 9§ described hereinbefore, there are exceptions in this respect: with
different cell sizes and in uncoordinated environments of a plurality of operators. The pilot
channels will then lie in different bands. A solution with only a single transceiver is found

and shown in Fig. 8: payload and pilot information a, b, and ¢, and pil, respectively, is
ransmitted in time consecutive bursts. On the receiver side it should be possible when the
payload is received to change the frequency band to receive pilot signals in different
frequency bands.

The receiver of the mobile of Fig. 8 first receives the payload burst d
from frequency band X and then changes its receiver, so that in the same time-frame it
subsequently receives the pilot signal pil from frequency band Y. In Fig. 8 a relative power
pr is indicated. The upper part of Fig. 8 relates to a transmitting situation in a large cell, the
centre part of Fig. 8 relates to a transmitting situation in a small cell, and the lower part of
Fig. 8 relates to a receiver in a mobile.

The embodiment shown in Fig. 8 is prefei'ably to be used in a fully
synchronized CDMA radio system. With a non-sjnchronized CDMA radio system an
embodiment as shown in Fig. 9 is to be recommended. The pilot signals pil in the radio cells
conveying a pilot signal are superimposed in consecutive bursts on the other payload signal
bursts. The receiver, once it has received its payload signal burst, switches to the other
frequency band to receive a pilot signal burst transmitted consecutively. To receive a
complete pilot signal burst, the time slot provided for receiving the pilot signal burst should

be at least twice as long as a pilot signal burst.

b) Identification of candidates for a change of frequency.

For this purpose, frequencies having the smallest possible field strength
(and thus less expected noise power) are to be found. However, a condition is that the field
strength does not fluctuate too strongly during a frame period (one may consider, for
example, that in Fig. 8 another operator who does not use a pilot signal and happens to be
synchronized) transmits with a certain frequency. There are two solutions:
- The transmitter powers for the two bursts are compared with a maximum. This
is a waste of spectrum, or
) the bursts are adapted dynamically, so that a measurement may be made over
the whole frame.
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i nper mi sgjgyamesst er f erence, because frame synchronization tﬁdlbﬂi&%!t%e“bgrg
.presupposed then. To solve this problem t2he i nvention proposes tgr-det-erm ne i
a suitabl e and better usable time domainf?in a frame and pert.celb-pPy-—-1 oo
measuring a field strgngth djistribution in a frape_in the fixed or nobile

station. Advant ageousﬁg,g lbﬂé!“?‘?’%\ﬁ%eF@WF i} Waighs far expmpleyghe transmission; of
into time s| isWifeeiodidver HFaE & j T ¥

sel ect edPéﬁoﬁgﬁda%[wit covers, for exanp e;e ltgu{r‘?&#g%{riﬂgfr' %tggle”seg%yggtf&n@n@%ts
dependi ng, daa bloth isthen compressedote a bursts 5o tthat dfter\rexptivnodf te buRp therd ist he

al |l ocati on of , exact one tinme slot for each burst. bile radi o systens
are basedmplé UMy fas, { TECPLYEE 10 CAUTY, Aut measurements in other frequency bands for the rest

of the time frame. A direct consequence of the compression of the payload data block is a
higher transmitter power for the burst as is again apparent from Fig 10a. The upper part of
Fig. 10a relates to a transmitter, an arrow AR4 indicating an increased data rate, and the

Jower part of Fig. 10a relates to a receiver, arrows ARS and ARS6 indicating measurement on
other frequencies.
A derived embodiment is shown in Fig. 10b. In the second time frame
both the payload data block for the second time frame and the payload data block for the
third time frame are transmitted instead of the payload data block assigned to the second time ‘
frame, so that for the receiver the third time frame is fully available for measurements from
then on. The upper part of Fig. 10b relates to a transmitter, an arrow AR7 indicating an
increased bit rate, and the lower part of Fig. 10b relates to a receiver, an arrow ARS
indicating measurement.

c) Procedure of a seamless handover.

A transitionally overlapped transmission on the downlink can be achieved
in that the payload of the previous link is concentrated in a part of the frame and is
transmitted vig a first transmitter TA (cf. the embodiment shown in Fig. 11). A second
transmitter TB, which may belong to the same fixed station, but also to a different fixed
station, concentrates the same payload in the complementary part. The use of two
transceivers makes it possible to have the same transmitter powers over the whole frames,
similarly to above. The subdivision of the frame may be variable. This may iead to achieving
that if the former frequency is abandoned owing to, for example, overload, the transmitter
power is to be slightly increased because of a slightly increased compression factor, whereas
the new, still undisturbed frequency, is capable of handling more power and can therefore be
loaded with a very high compression factor.

Uplink considered. In Fig. 11 a receiver R and further optional filler data FDTA are
indicated,
The selection of candidates for the change of cells is omitted here.
-
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servi ces especially conpriscs distribution service -
stations, respectively. The two directions of transmission present an independent behaviour

only when strongly asymmetrical payload bit rates occur. At any rate the noise power with a
frequency for the downlink is to be measured separately. No division with time is necessary
here, because the fixed station is assumed to comprise a separate measuring receiver.

b) Procedure of a seamless handover

In this embodiment shown in Fig. 12 the mobile station transmits during
the handover each consecutive transmit payload data block in a time frame both in the new
frequency band Y and in the old frequency band X, T indicating a transmitting mobile. For
this purpose, the payload data block is compressed accordingly, so that it can be transmitted
twice per time frame instead of once per time frame. The compression in its turn requires

accordingly increased transmitter powers. At the fixed station there is a separate recsiver
RA, RB for each frequency band X, Y, respectively. This twofold transmission is continued
until the change of frequency has taken place at the fixed station. Previous links PLK1, and
PLK2 in frequency band X, and new links NLK! and NLK?2 are indicated in Fig. 12,
respectively.

Based on the motivation described above, the limit between the bursts is
variable. An equalization of the transmitter powers over the whole frame is impossible,
because the missing portion is necessary for the transmission with another frequency. The
result is then a non-uniform distribution of noise power over one frame.

Combined approach to uplink and downlink.

In uncoordinated environments there cannot be excluded that the same
frequency band is used for the downlink by one operator and as an uplink by another
Operator in the neighbourhood. In that case a non-uniform distribution of the noise power is
to be taken into consideration at any rate for the two directions of transmission.

Only one transceiver also in the fixed station.
This may especially be cost-effective for cordless telephones as observed
before. For the evaluation the situation outlined for the mobile is to be transferred to the
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bandwi &8 Saaidesid) the radio resource are to be al'l ocated t oPEMEB4ROISE
. transmi §Si'on”arrangements. Let us assung that FDD is, for exanpiseshBO0HKHAEEN
for the uplink and 4 Miz for the downlink. As frequency domains argpjp-n
general ly subjected to.a - ' ' take a .L--t_-kph—c' €ity of
users i rfixed atatomntne ?ﬁicsmgéwﬁgsﬁéaﬁg{r%grﬁﬁ? Igggllﬁgg €. In a further

enbodi nent the invention proposes to scpa- rate the directions of

transm ssi on (downlink/uplink) between transmtter and receiver as a
funct i orgepktivd superpMFIPRNEN el ement of tine can be variably defined for each

direction of transm gL QBssibility of parallel transmission with two frequencies can also be

extended over a longer period of time. It is then possible to select, on reception, the signal

having the better quality. The transmitter powers may be reduced and even to such an extent
that the sum power averaged with time may become smaller than the transmitter power with
one frequency as a result of diversity recovery. Simultaneous links with more than two

frequencies are possible as an extension.

——
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. Yhen a@esﬁmi on with tinme (TDD) is used, it is |ocallyPCEBIYI the
. 1 ndividual oOperator to what extent he lSses his frequency bgﬂ__d,,i,orm:g-lj%t'gg}fg\f\
. directions of transm ssion. According fo the basic princigle$tsHEst |f§"b‘s"b‘1"eS
that the burst length is variably adapted in accordance wilth thecnedhbbit
rates QLAIME: two directions (while, additionally, the neces~—sary bit

error rate is taken into_account)—TFhi-s—adapt ati on cannot be perforned

separately for each indivj g in . “gmﬁse ot herwi se overl appi ng and thus
| nper m ssi bl e interferencH \s‘ “‘ n the side of the
* c L M $ >

1. CDMA transmission system comprising at least a transmitter in which a
data sequence is spread by a code sequence, _and comprising at least a receiver in which the
data sequences are recovered by means of a detector, characterized in that a frame structure
is provided and in that the payload information to be transmitted in a frame is compressed to
ignal bursts.

', CDMA transmission system as claimed in Claim 1, characterized in that a
preading factor is selected as a function of an original payload data rate.

i, CDMA system as claimed in one of the preceding Claims, characterized
n that a position t, of a beginning of a burst is selected in dependence on a cell size.
' CDMA system as claimed in one of the preceding Claims, characterized

n that a suitable and better usable time domain in a frame and per cell is determined by
neasuring the field strength distribution in a frame.
R CDMA system as claimed in one of the preceding Claims, characterized
n that for the separation of the directions of transmission between transmitter and the
eceiver a separation as a function of time can be made while an element of time can be
ariably defined for each direction of transmission.

CDMA system as claimed in one of the preceding Claims, characterized
1 that there is provided to communicate temporarily and simultaneously in different
'equency domains.

Transmitter for a CDMA transmission system as claimed in one of the
laims 1 to 6.

Receiver for a CDMA transmission system as claimed in one of the
laims 1 to 6.
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system for nobile comunication, conprising a transmtter 1

- 2. Transmitter 1 and receiver 2 use a time frame FR (FIG 2a)_ which-is
subdivided into equally long time slots (not shown). In ep Pq_;\gg\nsmbBF.ﬁET
payl oad data block (PLD) is transmtted. This presupposes}tie_lse-0 -
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es, and so on),

The invention relates to a CDMA transmission system comprising at least

a transmitter in which a data sequence is spread by a code sequence, and comprising at least

a receiver in which the data sequences are recovered by means of a detector.
o The invention likewise relates to a receiver and a transmitter for a CDMA

transmission system.

In a transmission system based on Code-Division Multiple Access

- (CDMA), the signals of different users are simultaneously switched in a common frequency

- band and switched with a common carrier frequency. Code-division multiple access systems
a.re_based on a spread band technique i.e, the signal to be transmitted is spread over a
frequency band which is considerably broader than the least required frequency band for a

signal transmission. The band spreading renders code-division multiple access systems

generally highly resistant to interference.

For frequency band spreading in code-division multiple access systems
each (payload) bit to be transmitted is multiplied by a codeword agreed upon by transmitter
~ and receiver. For distinguishing between the bits of the payload data sequence to be coded, a
bit of the codeword is generally referenced a chip. The use of suitable codewords exciudes,
in principle, mutual interference of the signals of the individual users.
For obtaining a specific bit error rate with CDMA technology, a given
':_interference power requires a signal power that is approximately proportional to the transmit
~ payload bit rate. In COMA systems, in which the individual users use different payload bit
rates depending on the application, for example, coded speech transmission, facsimile
transmission, and so on, it is desirable for reasons of economic use of frequencies to load the

CDMA transmission system only with the necessary frequency bandwidth.

For example, from WO 92/15164 such a CDMA transmission system is
known in which a programmable clock generator is provided for obtaining a variable
baqdwidth, by means of which generator the chip clock rate of each selected codeword is
Predefined. The higher the chip clock rate is selected, the broader is the resultant bandwidth

of the spread transmit signal.

For practical reasons the chip clock rates are selected to be integer
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It is an object of the invention to provide a CDMA transrmssmn system

A e e S o)

hich makes & very great flexibility of the system possible.
This object is achieved in that a frame structure is provided and in that the
payload information to be transmitted in a frame is compressed to signal bursts.

The transmit data occurring in a frame can thus be concentrated into a
purst, while the frame length-to-burst duration ratio indicates the attained compression factor.
In this manner also very different and finely graded compression factors can be achieved.
with very high payload data rates continuous transmission may be effected, as before, thus
the overall frame length can be used as 2 ‘burst, but, on the other hand, with low-rate
payload data only a section of the frame is used.

A burst in a frame is characterized by frame-relative starting instant t, and
an associated duration t,. These parameters can be selected to depend on the system or on the
link, due to the selectable spreading, but, in addition, also be variably changed in a link.
Suitable measures such as, for example, controlled predefinition of the starting instant t, by
the fixed station, or also random selection of the starting instant t, for the sending station
itself, may be achieved in that the frames are filled as uniformly as possible to present thus a
balanced economic use of frequencies.

Ina highly advantageous embodiment of the invention there is provided to
select a spreading factor in dependence on an original payload data rate. It is then possible to
project different payload bit rates on a constant output bit rate, a so-termed chip rate.

When the same payload information is to be transmitted in a condensed
burst, the result is that the bit rate of the time-compressed payload data is increased in

 inverse proportion to the burst length-to-frame length ratio. To achieve the appropriate bit
error rate for this increased bit rate, a further embodiment of the invention proposes to
increase the power accordingly ixi proportion to the compression factor.

Briefly stated, the fact that spreading factors can be selected or even be
variably set is used for exchanging power for burst duration, as required.

An essential characteristic feature of mobile radio based on CDMA is that
especially in the transmit direction to the fixed station the signals, relating to the same
Payload bit rate, are to be received with the same power and the noise power of adjacent

- cells may only amount to a part of the total received power. In a link between, for example,

Small cells and superimposed large cells, this condition cannot be satisfied, because a



arc transferred to the spreader 12. This conpressed d ' l-—-bg
referenced a burst or CDVA-burst here- inafter to distf REBLAGEMANT ERBET
original payload data block. In known fashion the dat“'«-“ pf-t-he o st
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15 and which is t r anpifféreredperairs @ll generally install their radio cells in uncoordinated -
on. This may lead to the following problems, in that the cell boundaries of one operator

fashi
exactly coincide with the position of the fixed stations of the other operator. In such a case it

il not be possible to effect a suitable power adaptation, because in each case, at least in a
fixed station, the noise power will be considerably higher than the payload signal power.
To solve this problem the invention proposes to select a position t, of a

begim‘iﬂg of a burst in dependence on the cell size. In this manner the burst ranges in which
s mall cells operate can be separated from the ranges of the frames in which large cells
operate. An interference owing to different transmit powers is then largely excluded. The
[imit between the bursts can be defined with the necessary safe distances determined by the
situations, while the radio traffic ratio in the different cell categories (small cell to large cell,
and so on) is the decisive parameter.

An extremely simple solution is provided if the frames for all the cell
categories are synchronized, which, however, can be guaranteed with the suitable
arrangement (for example, a mobile switching centre such as in GSM) and signalling links.

With different uncoordinated operators there would be impermissible
interference, because a frame synchronization cannot be presupposed then. To solve this

- problem the invention proposes to determine a suitable and better usable time domain in 2
frame and per cell by measuring a field strength distribution in a frame in the fixed or
. -mobile station.

Advantageously, the frame is subdivided for this measurement into time
slots to which the measurement is related. The burst is then selected such that it covers, for
example, n successive time slots in dependence on the information to be transmitted. A
special variant is the allocation of exactly one time slot each time.

Mobile radio systems are based on a duplex transmission with the
directions of downlink (fixed station to mobile station) and uplink (mobile station to fixed
Station). The two directions of transmission may be separated in the frequency domain (FID)
or in the ime domain (TDD). Data services gaining in importance stand out in that the
Payload bit rates in the two directions may show extremely different values (asymmetrical
links). Some of these links are implicitly taken into account in CDMA in that an adapted
fPreadihg factor is selected and transmission takes place with accordingly adapted power.
However, if the asymmetry holds for entire cell environments, for example, because the

I
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antenna 16. The length in time td of a burst, the instant |
to the start of a frame and al so the transmtter power P[

burst is transmtted, are predefined values for the frame/g
t he power, control stage 14 produced 8 by a control uni 02;}' o 1n
transmtter power Plerr] is control | ed4such that a spemf_c_.rec__el NS f38

p is produced at the rec?l ver 2. Advantageously, . the_t 5
P[ err ] is t g bgrvlces espmlal dlﬁfetﬁnt p,@ P

y compnses distribution services, . \
ot esOUTCE re to be allocated to the two transmlss?c;ﬁ* arraﬁ%émemé Wassume that e -
£0D is, for example, 500 kHz for the uplink and 4 MHLfe“tffe downhnk As frequency
Jomains &7¢ generally subjected to a global planning, which is to take a multiplicity of users
ount, this set-up is not very flexible.
In a further embodiment the invention proposes to separate directions of
mnsmiSSiO“ (downlink/uplink) between transmitter and receiver as a function of time, while
an element of time can be variably defined for each direction of transmission.
When a separation with time (TDD) is used, it is locally left up to the
mdi\:)id;al operator to what extent he uses his frequency band for the two directions of
wansmission. According to the basic principle it is possible that the burst length is variably
adapted in accordance with the mean bit rates for the two directions (while, additionally, the

into acc

necessary bit error rate is taken into account).
This adaptation cannot be performed separately for each individual link,

because otherwise overlapping and thus impermissible interference occurs either on the side
of the fixed station or the mobile station. This is not nécessa.ry either, because occasional

~ exceptions are taken into account by a relatively adapted power. An overlapping may also be
impermissible for adjacent cells, because either an adjacent fixed station (in so far it has a
higher transmitter power than a mobile station) can interfere the reception of a mobile
station, or the reception of the fixed station is interfered on the cell boundary by an adjacent-
cell mobile station positioned in the vicinity. Therefore it is appropriate to coordinate a

' change of boundaries for the two directions by a suitable common controller as described
nereinbefore. Apart from this, there is still the possibility of regarding neighbouring cells as
uncoordinated and implementing the decentralized measuring method which has also been

described hereinbefore.
It has already been observed that a pure CDMA system is not sufficient to

realize a sufficient separation of the users in all cases. The invention has therefore proposed
to make an additional separation in the time domain. The invention proposes as a further
alternative to communicate temporarily in different frequency domains, for example, for

performing a handover.
By compressing the payload data in at least two bursts having the same

Contents, it is possible in this way to transmit in a time-frame the same information both in a

first frequency band and in at least a second frequency band in succession.

The invention will now be further described and explained on the basis of
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21 is distributed over the individual signal process-
receiver,

Fig. 2a shows a frame structure of the CDMA system;

Fig. 2b shows the correlation between data rate, burst duration and
received power;

Fig. 3 shows burst distribution in a frame in small cells and large cells;

Fig. 4 shows the situation of interference with local superpositioning for
at least two CDMA systems in the same frequency band;

’ Fig. 5 shows the occupancy of a frame by bursts in a CDMA system
having different not mutually synchronized users;

Fig. 6 shows an example of an application to asynchronous operation
(different data rates for downlink and uplink);

Fig. 7 shows a situation of interference;

Fig. 8 shows the use of separate bursts for payload signal and pilot signal;

Fig. 9 shows the use of a plurality of pilot signals superimposed on the
payload signal in the event of non-synchronized cells;

Fig. 10 shows the use of compression of payload data blocks for the
creation of measuring time slots;

Fig. 11 shows the use of two transmitters for transmitting burst signals in
different frequency bands when only a single receiver is needed; and

' Fig. 12 shows the use of a single transmitter for iransmitting burst signals
in different frequency bands when two separate receivers are needed.

Fig. 1 shows a CDMA radio system, for example, a radio system for
mooi's commuru.ation, comprising a transmitter 1 and a receiver 2. Transmitter 1 and
receiver 2 use a time frame FR (Fig. 2a) which is subdivided into equally long time slots ,
(not shown). In each time slot a payload data block is transmitted, This presupposes the use
of block-structured data, or the subdivision of a continuous payload data stream (for |
example, digitized speech signals) into data blocks having the same length in time.
Depending on the data transfer rate of the original payload (for example, speech signal,
facsimile data, alphanumeric messages, and so on), there are thus different-size data blocks
available for transmission for each time slot of the transmit frame.

) The payload PLD to be transmitted is applied in digitized form to a frame
generator 11. A data stream arriving at the frame generator 11 can be buffered in blocks by
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occur. For these delays not to become perceptible in speech signals, a frame length of 10 ms
was selected in the exemplary embodiment.

Each buffered payload data block can be compressed to a data block DB
having a time duration of t,, in that the frame generator 11 changes the data rate when the
blocks are transferred to the spreader 12. This compressed data block DB will be referenced
burst or CDMA-burst hereinafter io distinguish it from the payload data block.

In known fashion the data bits of the burst are spread in the spreader 12
by & rr;ultiplication by a multi-digit code word, so that with a subsequent modulation of the
spread signal in a modulator 13, a signal is developed having an accordingly higher

" bandwidth than the signal that is not spread. This spread signal is subsequently subjected to a
power control in a power control stage 14 before it is combined with other channels OCHH
to a sum signal in 2 summation stage 15 and transmitted over an antenna 16.

The length in time t, of a burst, the instant t, referring to the start of a
frame and also the transmitter power p,, with which a burst is transmitted, are predefined
values for the frame generator 11 and the power control stage 14 produced by a control unit
10. The transmitter power p,, is controlled such that a specific received power p appears at
the receiver 2. The transmitter power p, is controlled in such a way that a specific received
power p is found at receiver 2. Advantageously, the transmitter power p, is to be selected so
that the received power p is proportional to the selected data transfer rate 7 of the transmit
hurst. This means that if the length in time t, of 2 burst is selected to be shorter with the
same payload block size, the control unit 10 is to select the transmitter power p, accordingly
higher to guarantee an accordingly higher received power p (cf. Fig. 2b). With p’, t';, and
7', a different received power, a different selected data transfer rate and a different length in
time are indicated, respectively. In the example given, r= 8 kb/s, and r'= 12 kb/s.

In the receiver 2 the signal mixture received vig an antenna 21 is
distributed over the individual signal processing circuits by a signal distributor 22. One such _
signal processing circuit is provided for each receive channel or subscriber, respectively. In
each signal processing circuit the signal is first demodulated in a demodulator 23 and de-
spread in known fashion in a de-spreader 24. The distinction between channel and subscriber
is made here by the use of the code word used at the transmitter end. In a decoder 25 the
original payload signal PLD is reconstructed from the received bursts.

An essential characteristic feature of a suitable mobile radio system based
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to the i E&ﬁﬁ{e&: optfiam seRratAf the individual signals. Furthermore, the signals received

from adjacent cells, which signals will collectively be denoted noise power in the following,
form only part of the total received power. This condition cannot be maintained in a CDMA
radio system formed by large and small cells, because due to the considerably larger
transmitter power of the large cell, an adequate adaptation of the power in a small cell
located in the neighbourhood of the large cell is not possible.

Here the concept according to the invention can be used for defining, in a
framé FR, at least a coverage area F, of their own for the small cells which are separated -

from at least coverage area F, for large cells (see Fig. 3). The payload signals from small

- and large cells are thereto compressed to bursts, so that they can be transmitted in the

appropriate sub-frames F, and F,, respectively.

The division into small cell burst and large cell burst causes the noise
power received from a fixed station of a small cell to be restricted exclusively to other small
cells, and the noise power received from a fixed station of a large cell to be restricted
exclusively to other large cells. The bursts a, b, ¢ of the small cells are transmitted at a
lower data rate than the bursts X, Y of the large cells, while for the same data rates of the
basic payload signals an accordingly longer burst period is provided, so that the transmission
of the bursts a, b, ¢ of the small cells needs only a relatively small transmitter power. As a
result, the noise power received from other small cells is also small, even if the small cells

~re proximal cells. For the subscribers of the large cells, on the other hand, a higher

) compression rate with appropriately higher power can safely be selected, because the

enlargement of a large cell provides an equivalent protection ratio in neighbouring large
cells.

Fig. 4 shows another undesired noise situation in which two different
operators A and B of two independent CDMA radio systems, which are to use the same
frequency band, however, and distinguish the subscribers only by different codes, have
receiver stations located in uncoordinated fashion. A worst-case situation may arise when the
operator B has located his fixed station on the cell boundary of the radio cell of operator A.
As a result, it will not be possible to effect a suitable power matching, because at any rate at
least in a fixed station, the noise power caused by the other operator is considerably higher
than the power of the payload signal of its own subscribers. An * indicates interference, in

that when the sum of interference M;_I___—_Brntldl_greater than the sum of payload power
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independent operators is very costly. A sub-frame for each operator, separate from the other
operators, like the separation described hereinbefore of a frame for small and large cells, is

therefore not always the most practical solution. Without a2 common frame synchronization,

however, interference signals occur that cannot be permitted.

In a further embodiment there is assumed that the individual operators
transmit their data preferably in equally long, but mutually indepehdently selected frames
FR. Preferably, the frames FR are subdivided into equidistant time slots, while each user
opér;tes in the burst mode i.e. uses one or more time slots with an accordingly higher
transmitter power for transmitting the data of its subscribers. A use of the whole frame

" length is deliberately dispensed with. In this manner, unused or little-used regions occur in a
frame. By measuring the field strength distribution in a frame, each fixed station of each
operator and, optionally, also the mobile stations concerned can find unused time slots and
select for transmission a number of successive ‘vacant time slots in dependence on the
information volume to be transmitted (see Fig. §). The selection of data transfer rate and
transmitter power makes it possible to adapt the data volume to be transmitted to the number
of time siots available. An arrow AR indicates a burst seizing two consecutive time slots,
and arrows AR2 and AR3 indicate seizure after measurement.

~ In a further embodiment, different payload bit rates are used for the
transmission from fixed station to mobile station (downlink) and from mobile station to fixed
station (uplink) (asymmetrical link). A rather large part of a frame is used for the direction
that requires the higher payload data rate and the other part of the frame is used for the other
direction. Since in this case the time-dependent limits of the sub-frames are preferably given
a fixed value, it is possible, in the sub-frames to adapt the actually necessary payload data
rates again via the transmitter power. For example, in Fig. 6, in which burst d needs to have
2 higher payload bit rate than bursts a, b and ¢, the transmitter power of the burst d for the
downlink is selected such that it is received with an accordingly higher received power. The
received powers of the bursts U, V, W, X for the uplink, on the other hand, are controlled,
due to the corresponding data rates, so that they are received all with the same receiver
power by the fixed station. '

Preferably, the division into downlink and uplink sub-frames within the
whole CDMA system is to be selected to be the same, as it may otherwise lead to

interference situations shown in Fig, 7. In Fig. 7, operator B interferes due to higher
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other radio cell. In that case a fixed station could interfere its neighbouring fixed station, or
mobile stations on the cell boundary transmitting with more power due to their maximum
distance from their fixed station, could interfere a nearby mobile station of the neighbouring
cell. Tt is thus also advantageous in this case to have a synchronized subdivision of downlink
and uplink sub-frames within the whole CDMA system or, as already described before with
respect to the simultaneous use of large and small cells, to have a subdivision of the frame
into. mrany time slots with a field strength measurement before a vacant time slot is occupied.

In a further embodiment there are at least several transmitters working

" with different frequency bands. For mutually distinguishing the individual radio cells there is

a payload signal provided in certain embodiments which is transmitted by the individual
transmitters. In this embodiment it may be necessary in the course of a call to change
frequency bands, for example:

If different cell categories have been assigned different frequencies, and during
a call, 2 handover is to be effected, for example, from a small to a large cell. In that case the
pilot signal of the large cell has a different frequency from the pilot signal just used in the
small cell;

CDMA frequency bands have a minimum of, for example, 500 kHz, because it
is only there that a sufficient number of subscribers are simultaneously available to make an
efficient use of the code superpositioning possible. For operators of small networks, defined,
Jor example, by the uncoordinated use of cordless private branch exchanges (of which
certainly a plurality of exchanges can be present in an office building), or, in an extreme
case, defined as simple users of cordless telephones, the assignment of a frequency band to
each operator is not efficient. These operators will then share frequency bands while there
must be a possibility to change dynamically to another frequency band if the noise situation
changes;

There may also be a situation in which a handover to a neighbouring cell is
desired, but this cell prefers to have a different frequency domain;

In 2 CDMA system it is generally possible to use the same frequency range ina
station’s own cell and in neighbouring cells. However, this no longer holds if the spreading
factor becomes small as a result of very high payload bit rates. In this case too it is
flecessary to change dynamically to other frequencies.
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measurement, or a measurement of the noise power in a possible frequency domain for the

handover.
- Exchange of signalling information. This may be effected as a so-called forward
handover in which the exchange of information is already effected with the new frequency.
This transition is fast, because from the transition onwards, payload can be transmitted
already at twice the rate of the previous frequency and, in the other direction, when the
hanﬂo:/er is received correctly, a termination is effected by a terminated previous link. A

characteristic feature here is that the link exists for a specific period of time with two

_.~

" frequencies. The advantage is that no payload is lost (seamless handover). The second
possibility is that the signalling is to be carried out as much as possible with the old
frequency. This method is slower, because mobile and new cells are first to be fully matched
before a change-over can take place. The mobile station, besides receiving with the new
frequency, however, is also to send with this new frequency to verify the uplink. This is to
say that parallel transmission and reception activities are to take place with the new and old
frequencies if the transmission of payload is to be effected seamlessly.

These considerations are analogously valid for the subdivision with respect
to time. The difference is, however, that for the parallel operation of two time slots one
transceiver will suffice, but not for two different frequencies.

However, more than one transceiver is a considerable increase of cost and
~“current consumption, more specifically, in the mobile station. Therefore, the restriction to a
o single transceiver is to be desired at least for simple (telephone) mobiles. For the use as
"cordless telephone” it may also be advantageous to use only one transceiver for the fixed

station. This is considered an additional option. For the moment there is assumed that only

i i i

In mobile radio systems there exists a reliable method of having each
ﬁxed station transmit its identification code (pilot signal) over a pilot channel. By measuring

the power received from the pilot channels and decoding the identification codes, a mobile

the mobile station is restricted to a single transceiver.

Downlink considered

a) Identification of candidates for the change of cells.
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different cell sizes and in uncoordinated environments of a plurality of operators. The pilot
channels will then lie in different bands. A solution with only a single transceiver is found
and shown in Fig. 8: payload and pilot information a, b, and ¢, and pil, respectively, is
transmitted in time consecutive bursts. On the receiver side it should be possible when the
payload is received to change the frequency band to receive pilot signals in different
frequency bands.

- ‘The receiver of the mobile of Fig. 8 first receives the payload burst d
from frequency band X and then changes its receiver, so that in the same time-frame it
subsequently receives the pilot signal pil from frequency band Y. In Fig. 8 a relative power
pr is indicated. The upper part of Fig. 8 relates to a transmitting situation in a large cell, the
centre part of Fig. 8 relates to a transmitting situation in a small cell, and the lower part of
Fig. 8 relates to a receiver in a mobile.

The embodiment shown in Fig. 8 is prefei'ably to be used in a fully
synchronized CDMA radio system. With a non-s.ynchronized CDMA radio system an
embodiment as shown in Fig. 9 is to be recommended. The pilot signals pil in the radio cells
conveying a pilot signal are superimposed in consecutive bursts on the other payload signal
bursts. The receiver, once it has received its payload signal burst, switches to the other
frequency band to receive a pilot signal burst transmitted consecutively. To receive a
complete pilot signal burst, the time slot provided for receiving the pilot signal burst should
be at least twice as long as a pilot signal burst.

b) Identification of candidates for a 'change of frequency.

For this purpose, frequencies having the smallest possible field strength
(and thus less expected noise power) are to be found. However, a condition is that the field
strength does not fluctuate too strongly during a frame period (one may consider, for
example, that in Fig. 8 another operator who does not use a pilot signal and happens to be
synchronized) transmits with a certain frequency. There are two solutions: '
) The transmitter powers for the two bursts are compared with a maximum. This
is a waste of spectrum, or
) the bursts are adapted dynamically, so that a measurement may be made over

the whole frame. S
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payload data is effected over a full time-frame in the transmitter. In the next time frame the T
payload data block is then compressed to a burst, so that after reception of the burst there is

ample time for the receiver to carry out measurements in other frequency bands for the rest

of the time frame. A direct consequence of the compression of the payload data block is a

higher transmitter power for the burst as is again apparent from Fig 10a. The upper part of

Fig. 10a relates to a transmitter, an arrow AR4 indicating an increased data rate, and the

jower part of Fig. 10a relates to a receiver, arrows ARS and ARG indicating measurement on

other jrequencies.

A derived embodiment is shown in Fig. 10b, In the second time frame
both the payload data block for the second time frame and the payload data block for the
third time frame are transmitted instead of the payload data block assigned to the second time
frame, so that for the receiver the third time frame is fully available for measurements from
then on. The upper part of Fig. 10b relates to a transmitter, an arrow AR7 indicating an
increaséd bit rate, and the lower part of Fig. 10b relates to a receiver, an arrow AR8

indicating measurement.

c) Procedure of a seamless handover.

A transitionally overlapped transmission on the downlink can be achieved
in that the payload of thé previous link is concentrated in a part of the frame and is
transmitted vig a first transmitter TA (cf. the embodiment shown in Fig. 11). A second

' transmitter TB, which may belong to the same fixed station, but also to a different fixed
~ station, concentrates the same payload in the complementary part. The use of two
transceivers makes it possible to have the same transmitter powers over the whole frames,
similarly to above. The subdivision of the frame may be variable. This may lead to achieving
that if the former frequency is abandoned owing to, for example, overload, the transmitter
power is to be slightly increased because of a slightly increased compression factor, whereas
the new, still undisturbed frequency, is capable of handling more power and can therefore be

loaded with a very high compression factor.

Uplink considered. In Fig. 11 a receiver R and further optional filler data FDTA are
indicated.

' The selection of candidates for the change of cells is omitted here.
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correlations with respect to thc noise power on the uplink or downlink, although large
deviations occur due to the non-reciprocal situation of mutually interfering mobiles or fixed
stations, respectively. The two directions of transmission present an independent behaviour
only when strongly asymmetrical payload bit rates occur. At any rate the noise power with a
frequency for the downlink is to be measured separately. No division with time is necessary

here, because the fixed station is assumed to comprise a separate measuring receiver.

b) Prf)cedure of a seamless handover

In this embodiment shown in Fig. 12 the mobile station transmits during
the handover each consecutive transmit payload data block in a time frame both in the new
frequency band Y and in the old frequency band X, T indicating a transmitting mobile. For
this purpose, the payload data block is compressed accordingly, so that it can be transmitted
twice per time frame instead of once per time frame. The compression in its turn requires
accordingly increased transmitter powers. At the fixed station there is a separate receiver
RA, RB for each frequency band X, Y, respectively. This twofold transmission is continued
until the change of ffequency has taken place at the fixed station. Previous links PLK1, and
PLK2 in frequency band X, and new links NLK1 and NLK2 are indicated in Fig. 12,
respectively.

Based on the motivation described above, the limit between the bursts is
variable. ‘An equalization of the transmitter powers over the whole frame is impossible,

- because the missing portion is necessary for the transmission with another frequency. The

result is then 2 non-uniform distribution of noise power over one frame.

Combined approach to uplink and downlink.

In uncdordinated environments there cannot be excluded that the same
frequency band is used for the downlink by one operator and as an uplink by another
operator in the neighbourhood. In that case a non-uniform distribution of the noise power is

10 be taken into consideration at any rate for the two directions of transmission.

Only one transceiver also in the fixed station.
This may especially be cost-effective for cordless telephones as observed
before. For the evaluation the situation outlined for the mobile is to be transferred to the
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In a further enbodi ment, different payload bit
transm ssion fromfixed station to nobile station
nobile station to fixed station (uplink) (asy.
| arge pan of a frane is used for the dII‘ECtIQH\‘
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adapt the actually necessary payload data rates again via the transmtter
power. For exanple, in FIG 6, in which burst d needs to have a higher

payl oad bigli. it Sugefpositidningst s a, b and c, the transnitter power of the burst

d The possibility of parallel transmission with two frequencies can also be
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extended over a longer period of time. It is then possible to select, on reception, the signal
having the better quality. The transmitter powers may be reduced and even to such an extent
that the sum power averaged with time may become smaller than the transmitter power with
one frequency as a result of diversity recovery. Simultaneous links with more than two

frequencies are possible as an extension.
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for the downlink is selected such that it is received with an accordingly
hi gher reccived power. The received powers of the bursts V, W X for the
uplink, on the other hand, are controlled, due to the cor‘ra A fe—s
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frames within the whol e CDVA system shoul% be"‘T hﬁi\sarrg 53,.54 ? dalt ét?g@;r s
lead to interference situations shown in FRGE 2y g:lgﬁ\.,lfj,gk'

L-Qperator B
interferes guamys: hi gher transmtter power, %ﬂ‘d/b

i ndi cat ed” band
e BRI

T

1. _ CDMA transmission system comprising at least a transmitter in which'a
data sequence is spread by a code sequence, and cbmprising at least a receiver in which the
data sequences are recovered by means of a detector, characterized in that a frame structure
is provided and in that the payload information to be transmitted in a frame is compressed to

signal bursts,

2. CDMA transmission system as claimed in Claim 1, characterized in that a
spreading factor is selected as a function of an original payload data rate.

3. ; CDMA system as claimed in one of the preceding Claims, characterized
in that a position t, of a beginning of a burst is selected in dependence on a cell size.

4, CDMA system as claimed in one of the preceding Claims, characterized

in that a suitable and better usable time domain in a frame and per cell is determined by
measuring the field strength distribution in a frame.

5. CDMA system as claimed in one of the preceding Claims, characterized
in that for the separation of the directions of transmission between transmitter and the
receiver a separation as a function of time can be made while an element of time can be
variably defined for each direction of transmission.

6. CDMA system as claimed in one of the preceding Claims, characterized
in that there is provided to communicate temporarily and simultaneously in different

frequency domains.

7. _ Transmitter for a CDMA transmission system as claimed in one of the
Claims 1 to 6.
8. Receiver for a CDMA transmission system as claimed in one of the
Claims 1 to 6.
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interferes due to proximty. Wth different widths of down- |ink and uplin

sub-franmes there would be an overlap in tinme of a part

sub-frame of a radio cell with apart of the uplink sub- ET@FE;QFA

radio cell. In that case a fixed station could interfer
nei ghbouring fixed station, or nobile stations on the c
transmtting with nore power due to their maxinmum distan
station, could interfere with a nearby nobile station of
cell. It is thus also advantageous in this case to have

of the downlink..
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Abstract

The invention relates a CDMA transmission system comprising
at least a transmitter in which a data sequence is spread
with a code sequence, and comprising at least a receiver in
which the data sequences are recovered by means of a
detector. To load only the frequency portion used having
the necessary frequency bandwidth in CDMA transmission

“systems, a frame structure is proposed in which the payload

to be transmitted in a frame is compressed to a signal
burst. A burst in a frame is then characterized by frame-
relative initial instant t, and a dedicated duration t,.

_Flgure 2a and 2b
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uplink subframes within the whole CDVA system or

before with re
have a subdi vi
nmeasur e-, ment

enmbodi nent t he
frequency band
pil ot signal i
transmtters.

as al ready descri bed

spect to the sinultaneous use of large and gnal | ceIIs_ to
sion of the frane into many tine slots witHh ﬁFﬁtQLQfgﬁJﬁq:;'

before a vacant tine sl ot
re arc at lcast several trans- mtters worHRi
s. For mutu- ally disiinguishing the indivi
s provided which is ttansnmtted by the indi
In this enbodinent it may be necessary in 3

I's occupied. In & er .
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a

frequencies, and during a call, a handover is to be elpee exanpl
froma small to a large cell. In that case the }pibfﬂf‘f- ELAE}T@*EE,J{I}ewgi:‘g
cell has, a different frequency fromthe pLL@T/§I ﬁET ugt-—tsed-i-n.Lhe

smal | cell: (2) CDVA frequency bands h e @‘ﬁ?ﬁ of: ~ f o5 Lexanple, 500
KHz, because it is only then that a sufk |C|en% %Eg%er of qﬁgstrrb%ﬁg Zr
si mul t aneously avail able to make an fflgren%’Use of tfhe—tode-superpos ,
sitioning possible. For operators o net wor ks, ¢haracterized, for
exanpl e, by the uncoordi nated use of "cordl ess private pT 2
which certainly
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a plurality of exchanges can be present in an office buitili 55 %&ﬁﬁyﬁﬂnqadﬂ

extrene case,

frequency band to each operator is not effici
therefore share frequency bands but there - nu%ts
dynan1ca||y to another fre- quency band if the 3}
Situation in which a handover to a nei

sinply by users of cordless tel epho

cell prefers to have a different freq ency domai n;
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12 (4) In a CDVA systemit is generally possible to use the sane frequency
range in a station's own cell and in neighbouring cells. 1' T

| onger holds if the spreading factor becones snall T4
payload bit rates. In this case too it is necesgary: ﬁéﬂm
to other frequencies. The change to anotherw%Q&quaﬁé Hs .ol 7o
require- ncnt: Measuring and identific tlonxﬁbr exay ef/’he recognltlo

possi bl e nei ghbouring fixed stations of the QaSLS”bf t hqg
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pilot signal, with sinultaneous field strength nmeasurenment, or a

measur enent of the noise power in a possible frequency do-.. for. the
handover. Exchange of signalling information. This may ber®FPeetadas: Qﬁri o
so-cal l ed forward handover in which the exchange 9 »1’;@‘?511' _ronn is.all e,a.gl
effected with the new frequency. This transiti-efi{8 V\?\ N b*ac,@ugs? framthe ]
transition onwards, payload can be fgansni f‘@\db al reaﬁ&“‘at i Re dt elof
the previous frequency and, in the ofher |erect|on when tl"ge—handovet:\,lsm -'
received correctly, atermnation is effectéd by a term fated previous
link. A characteristic feature here is that the |link exi -f-0f~a~~spe'c+iwm+
period of time with two
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frequencies. The advantage is that no payload is lost (seap_|es
handover). The second possibility is that the signallirg-{k e be. &
out as nuch as possible with the old freq %F‘Iq

because nobile and new cells are first to|BEWf ]} ( AT ched ! or 8 AT —
change-over can take place. The nobile stgtion,! -eesr c |\2| ﬂg Wtf@"; hlg
new frequency, however, is also to segnd w “TT'T?HS new fre

ney to verlfyj
the uplink. This is to say that para™el transm ssion and receptlon o

activities are to take place with the new and ol d frequenei-es..if_the
transm ssion of -payload is to be effected seanl essly. These consi der atior
are anal ogously valid for the sub- :
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d| vision wwth respect to tinme. The dl\i (@?@r%e"‘q;s ?OWE V&QEHLAQE#"#@ Qﬁﬁgﬁ:
e t

parallel operation of two tine slots one trans- cclver

-not for two different. frequencies. rf’i:s fe than gnd transcel ver
consi derabl e increase of cost and cutlefit cohs nption, re @pggﬁf‘ﬁﬂa
in the nobile station. Therefore, the restri¢t’ion to ajlsijngle transcei

y
e

is to be desired at least for sinple (tel ephone) nobilgs. For the use as

"cordl ess tel ephone” it may al so be advantageous to usq only one

. transcei ver. for the fixed

-1
CDMA TRANSMISSION SYSTEM

" 1. Field of the Invention

The invention relates to a CDMA transmission system
comprising a transmitter in which a data sequence is spread
by a code sequence, and a receiver in which the original data
sequence is recovered by a detector.

The invention likewise relates to a receiver and a trans-
mitter for a CDMA transmission system.

2. Description of the Related Art

In a transmission system based on Code-Division Mul-
tiple Access (CDMA), the signals of different users are
simultaneously switched to a common frequency band and
transmitted with a common carrier frequency. Code-division
multiple access systems are based on a spread band tech-
nique, i.e., the signal t0 be transmitted is spread over a
freguency band which is considerably broader than the least
required frequency band for a signal transmission. The band
spreading renders code-division multiple access systems
generally highly resistant to interference.

For frequency band spreading in code-division multiple
access systems each (payload) bit to be transmitted is
multiplied by a codcword agrced upon by transmitter and
receiver. For distinguishing from the bits of the payload data
sequence to be coded, a bit of the codeword is generaily
referenced a chip. The use of suitable codewords precludes,
in principle, mutual interference of the signals of the indi-
vidual users.

For obtaining a specific bit error rate with CDMA tech-
nology, at a given interference power the signal power must
be approximately proportional to the transmit payload bit
rate. In CDMA systems, in which the individual users use
difTerent payload bit rates depending on the application, for
example, coded speech transmission, facsimilc transmis-
sion, and so omn, it is desirable for reasons of economic use
of frequencies to load the CDMA transmission system only
with the necessary frequency bandwidth.
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I's assuned that only the nobile station is restricted
transcei ver. Downlink Considerati,ons arc as Foll ows a)
Candi dates for a Change of Cells In nobile radio systens
reliable nethod of having each fixed station transmt i
code (pilot signal) over a pilot channel. By neasuring
fromthe pilot channels and decoding the identifi- cati

13 station. This is considered ah addi tional option. F (ERL .
PR o

—

ntrficati on d

h@re ! e 8§68 4
[sjidentificatidn
he power received
n _codes,. .a.mbhil.

t hen..obt-ains the essential information for a change of cells. In a CDMVA

_syst em t he p| | ot channel s
' For example from WO 92/15164 such a CDMA trans--

mission system is known in which 2 programmable clock
generator is provided for obtaining a variable bandwidth, by
means of which generator the chip clock rate of each
selected codeword is predeﬁned. The higher the chip clock

rate is selected, the broader is the resultant bandwidth of the .

spread transmit signal.
. For practical reasons the chip clock rates are selected to
be in multiples of a basic clock rate. In the preferred

-. cmbodiment of said Patent application the bandwidth is

therefore 1.2 MKz or a multiple thereof.

" SUMMARY OF THE INVENTION

It is an object’ of the invention to provide 2 CDMA
transmission system which makes a very great fiexibility of

~ the system possible.

This object is achieved in that a frame structure is
provided and the payload information to be transmitted in a
frame is compressed into signal bursts.

The transmit data occurring in a frame can thus be
concentrated into a burst, while the frame length-to-burst
duration ratio indicates the attained compression factor. This
also permits very different and finely graded compression

-factors to be achieved. For very high payload data rates

continuous transmission may be effected, as before, using
the overall frame length as a burst. However, on the other

- hand, for low-rate payload data only a section of the frame

is uscd.

A burst in a frame is characterized by frame-relative
starting instant t, and an associated duration t,. These
parameters can be selected to depend on the system or on the
link, due to the selectable spreading, but, in addition, also be
variably changed in a link. Suitable measures such as, for
example, controlled predefinition of the starting instant t, by
the fixed station, or also random selection of the starting
instant t,, for the sending station itself, may be applied so that
the frames are filled as uniformly as possible to provide thus
a balanced economic use of frequencies.

Inahighly advantageous embodimeat of the invention the

spreading factor is selected in dependence on an original
payload data rate. It is then possible t0 provide different



frequency band. But, as described herei nbe- fore, t-herg
this respect with different cell sizes and in uncoordi e
“a plurality of operators. The pilot channels will then{ik Q)
bands. A solution with only a single transceiver is fouhd{a
8. payload and pilot information a, b, and c, and pil, 3
transmtted in time consecutive bursts.a On the receiveriside it sh
possi bl e when the payload is received t-’b change the freduercy
recei-ve pilot signals in.different frequency bands. Thé receiver of the
mobil-e of "Fl G 8 Tayffad i Rl With W constant output bit rate, a so-termed
- When the same payload information is to be transmitted
- in a condensed burst, the result is that the bit rate of the
- time-compressed payload data is incrcased in inverse pro-
portion to the burst length-to-frame length ratio. To achieve
the appropriate bit error rate for this increased bit rate,
according to a further embodiment of the invention the
power is increased in proportion to the compression factor.
Bricfly stated, the fact that spreading factors can be
selected or even be variably sel is used to exchange power
' for burst duration, as required.
An essential characteristic feature of mobilc radio based
on CDMA is that especially in the transmit direction to fixed
station the signals, which have to the same payload bit rate,
are to be received with the same power, and the noise power
of adjacent cells should only amount to a part of the total
received power. In a link between, for example, small cells
and superimposed large cells, this condition camnot be
- satisfied, because a sufficient power adaptation of a small
cell in the neighbourhood of the large-cell fixed station is
impossible as a result of the considerably larger send power
of the large cell.
. Different operators will generally install their radio cells
in uncoordinated fashion. This may lcad to problems, if the
cell boundaries of one operator exactly coincide with the
position of the fixed stations of the other operator. In such a
case it will not be possible to effect a suitable power
adaptation, because in each case, at least in a fixed station,
the noise power will be considerably higher than the payload
signal power.
'I:c{ solve this problem the invention proposes to select a
position t, of the beginning of a burst in dependence on the
cell size. In this manner the burst ranges in which small cells
operate can be separated from the ranges of the frames in
which large cells operate. Interference owing to different
transmit powers is then largely precluded. The limit between
the bursts can be defined with the necessary safe distances
determined by the situations, while the radio traffic ratio in
the different cell categories (small cell to large cell, and so
on) is the decisive paramctcr. .




payl oad burst d fromfrequency band X and then changes its_recei -

that in the same tinme-frane it subsequently receives the ihgp\_m[g,ﬁéﬂ SHEET
from frequency band Y. In FIG 8 a relative power pr is ind cated—FF
upper part of FIG 8 relates to a transmtting situation ip b b r gereen,
the centre part of FIG 8 relates to transmtting situatjo 2‘? & shall
cell, and the |lower part of FIG 8 re&ates to a receiver in a-npbi

enbodi ment shown in FIG 8 is preferably to be used in a fully synchronized

COMA radi o syst ém a\ibfye mpl¥ SGBLEREL SV frctirfney fdte! -
teg‘gool'l'-rna_nt ShO\A@ail r[‘helg'ctﬁ Eggﬁsoaregseyr{c%%g cﬂ ch,%@&.%s' gnals pil in

T : be guaranteed with a suitable arrangememt (for example, 2

. mobile switching centre such as in GSM) and signalling

links.

'With different uncoordinated operators there would be
impermissible interference, because frame synchronization
camnot then be presupposed then. To solve this problem the
invention proposes to determine a suitable and better usable
time domain in a frame and per cell by measuring a field
strength distribution in a frame in the fixed or mobile station.

Advantageously, the [rame iy subdivided for this mea-
surement into time slob to which the measurement is related.
The burst is then selected so that it cavers, for examplc, 2
number of successive time slots depending on the informa-
tion to be transmitted. A special variant is the allocation of
exactly one time slot for each burst.

Mobile radio systems are based on a duplex transmission
having the directions of downlink (fixed station to mobilc,
station) and uplink (mobilc station to fixed station). The two
directions of transmission may be separated in the frequency
domain (FTD) or in the time domain (TDD). Data services
gaining in importance stand out in that the payload bit rates
in the two directions may show extremely different values
(asymmetrical links). Some of these links are implicitly
taken into account in CDMA in that an adapted spreading
factor is selected and transmission takes place with accord-
ingly adapted power. However, if the asymmetry holds for
entire cell environments, for example, becanse the range of
services especially compriscs distribution services, different
bandwidths from the radio resource are to be allocated to the
twe-transmission arrangements. Let us assume that FDD is,
for example, 500 kHz for the uplink and 4 MHz for the

downlink. As frcquency domains are generally subjected to
a global planming, which must take a multiplicily of users
into account, this set-up is not very flexible.

In a further embodiment the invention proposes to scpa-
rate the directions of transmission (downlink/uplink)
between transmitter and receiver as a function of time, while
an element of time can be variably defined for each direction
of transmission.




radio cells conveying a pilot signal are superinposed in consecutive hur

on the other payload signal bursts. The receiver, once i bgﬂgﬂy@}{gﬂ's
payl oad signal burst, switches to the other frequency bag rccélive
pilot signal burst transmtted consecutively. To reccivela I e; %ﬁir of
signal burst, the tine slot provided for receiving the piIc [
should be at least twice as long as a pi SOt signal burst. ____;L_Ah_w__-wm—-»

'When a separation with time (TDD) is used, it is locally
left up to the individual operator to what extent he uses his
frequency band for the two directions of transmission.
According to the basic principle it is possible that the burst
length is variably adaptcd in accordance with the mean bit

- rates for the two directions (while, additionally, the neces-
sary bit error rate is taken into account).

. This adaptatlon cannot be performed separately for each
individual link, becanse otherwisc overlapping and thus
impermissible interference occurs either on the side of the
fixed station.or the mobile station. This is not necessary
either, because occasional exceptions are taken into account
by a relatively adapted power. An overlapping may also be
impcrmissible for adjacent cells, because either an adjacent
fixed station (in so far it has a higher transmitter power than
a mobile station) can interfere the reception of a mobile
station, or the rceeption of the fixed station is interfered on
the cell boundary by an adjacent cell mobile station posi-
tioned in the vicinity. Therefore it is appropriate to coordi-
nate a change of boundaries for the two directions by a
suitable common controller as described hereinbefore. Apart
from this, there is still the possibility of regarding neigh-
bouring cells as uncoordinated and implementing the decen-
tralized measuring method which has also been described
hereinbefore.

It has already been observed that a pure CDMA system is
not sufficient to realize a sufficient separation of the users in
all cases. The invention therefore proposes to make an
additional separation in the time domain. The invention also
proposes as a further alternative to communicate temporarily
in diferent frequency domains, for example, for performing
a2 handover.

By compressing the payload data in at least two bursts
having the same contents, it is possible in this way to

transmit in a time-frame the same information both in a first
frequency band and in at least a second frequency band in
succession.



Eb) | dentification of Candidates for a Change of Frequency For this purpose,

frequenci es having the small est possible field strengt ) m I§ﬁ;
‘iexpect ed noi se power) are to be found. However; a condih@ﬂ%{}g‘hﬁ‘ﬂgt e
field strength does not fluctuate too strongly during g4 f

may consider, for exanple, that in FIG _8 another operdtd
6ni zed) transmt|s

a pilot signal and happens to be synchr

—

rame period (pnée
r MpoUdde8%ho! lse

with a_cert

~frequency. There arc two solutions: The transnitter povders for the two
bursts are conpared with.a maximum_This is a waste of [spectrum _or the

burst-s. are adapt ed dynaBRIEFIDESCRIPTION O THE BRvAW]

. whol-e frane.

dbe made over the

. Thé -invention will now be further described and

- explained with reference to the embodimcnts shown in the

‘drawings, in which: '

FIG. 1 shows a CDMA transmission system comprising a

transmitter and a rcceiver;

FIG. 2a shows 2 frame structure of the CDMA system;
FIG. 2b shows the correlation between dam rate, burst

duration and received power;

FIG. 3 shows burst distrdbution in a frame in small cells

and large cells; ‘

FIG. 4 shows the situation of interference with local
superpositioning for at least two CDMA systems in the same

frequency band; .

FIG. 5 shows the occupancy of a frame by bursts in a
CDMA system having different not mutually synchronized

USEers; -

FIG. 6 shows an exaniple of an application to asynchro-
nous opcration (different dam rates for downlink and

uplink};
FIG. 7 shows a situation of interference;

FIG. 8 shows the use of separate bursts for payload signal

and pilot signal;

FIG. 9 shows thc use of a plurality of pilot signals
superimposed on the payload signal in the event of non-

synchronized cells;

FIG. 10 shows the use of compression of payload data

blocks for the creation of measuring time slots;

FIG. 11 shows the use of two transmitters for transmitting
burst signals in different frequency bands when only a single

receiver is needed; and

FIG. 12 shows the use of a single transmitter for trans-
mitting burst signals in diffcrent frequency bands when two

separate receivers are needed.



FIG 10[err] -shows an enbodi nent in which, for exanple, .tlhe—tmn':m' ssion. Qf
payload data is effected over a full tine-frame in the triaRERi ASRAENT BHERE

next tinme frane the payload data block is then conpressdd e—naw-bun.si_,.
that after.reception of the burst there is anple tinme for theqree,l ue,g,j%e
carry out neasurenents in other frequencg bands for the rle F e vF

S

frame. A direct consequence of the conpréssion of the payl t-a~bl-eck
a higher. transmtter power for the burst as is agaln appqrent fromFI G

10[err]. The upperpart of N] MHttret-—af—ar--ow
AR4 indi.cati:ng an increasé rt of FIG 10[err]
rel at es fo.a.receiver, arrows ARS Rati ng

FIG. 1 shows 2 CDMA radio system, for example a radio
~ system for mobile communication, comprising a transmitter
1 and a receiver 2. Transmitter 1 and receiver 2 use a time
frame FR (FIG. 2a) which is subdivided into equally Jong
" time slots (not shown). In each time slot a payload data block
(PLD) is transmitted. This presupposcs the use of block-
structared dam, or the subdivision of 2 continuous payload
data stream (for example digitized speech signals) into data
blocks having the same length in time. Depending on the
data transfer rate of the original payload (for example,
speech signal, facsimile data, alphanumeric messages, and
so on), there are thus different-size data blocks availabie for
transmission for each time slot of the transmit frame.

The payload PLD to bc transmitted is applied in digitized
form to a frame generator 11. A data stream arriving at the
frame generator 11 can be buffered in blocks by storage
means before the data blocks are transferred to a subsequent
frequency spreader 12.

The processing and buffering of the block-structured data
cause delays to occur For these delays not to become
perceptible in speech signals, a frame lcngth of 10 ms was
selected in the exemplary embodiment.

Each buffered payload data block is compressed into a
data block DB having a time duration of t,,, achieved by the
frame generator 11 changing the data rate when the biocks
arc transferred to the spreader 12. This compressed dam
block DB will be referenced a burst or CDMA-burst here-
inafter to distinguish it from the original payload data block.

In known fashion the data bits of the burst are spread in
the spreader 12 by a multiplication by a multi-digit code
word, so that with a subsequent modulation of the spread
signal in a2 modulator 13, a signal is developed having an
accordingly higher bandwidth than the signal that is not
spread. This spread signal is subsequently subjccted to
power control in a power control stage 14 before it is
combined with other channels OCHH to form a sum signal
in a summation stage 15 and which is transmitted over an
antenna 16.

The length in time t, of a burst, the instant t,, referring to
the start of a framc and also the transmitter power P,,, with
which a burst is transmitted, are predefined values for the

) framc generator 11 and the power control stage 14 produced

q
J




measur enent of ot her fr.equenci es. A derived enbodi nent is.shown in EIG
10[err]. In the second tinme frame both the payl oad data pl ALPBENNSHEET
second time frame and the payl oad data block for the thif A e
transmtted instead of the payl oad data bl ock assigned tp thg second i

u Iﬁ‘a\iﬁ%bc f of

frame, so that for the receiver the third tinme franme is
nmeasurenments fromthen on. The upper pars of FIG 10[err
transmitter, an arrow-AR7 indicating-an I'ncreased bit raje, and the | ower
part .of FIG 10[err] relates to a receiver, an arrow AR8Li-pdi-cati-Ag

.n’éa§.ur e.'rr'e'r.lt ©)- Progpiutrdiud 15 e andddREP ¥6Wer P,,, is controlled

such that a specific received power p is produced at the
receiver 2. Advantageously, the transmitter power P, is to be
selected so that the received power p is propojtional to the
selected data transfer rate 7 of the transmit burst. This means
that if the length in time t, of a burst is selected to be shorter
with the same payload block size, the control unit 10 isto
sclect the transmitter power p,, accordingly higher to guar-
antee an accordingly higher received power p (cf. FIG. 2b).
With p', ', and 7, 2 different received power, a different

- . selected data transfer rate and a differcnt length in time are
indicated, respectively. In the example given, =8 kb/s, and
T=12'kb/s.

In the receiver 2 the signal mixture received via an
antenna 21 is distributed over the individual signal process-
ing circuits by a signal distributor 22, One such signal
processing circuit is provided for each receive channel or
subscriber, respectively. In each signal processing circuit the
signal is first demodulated in a demodulator 23 and de-
spread in known fashion in a de-spreader 24. The distinction
between channel and subscriber is made here by the use of
the code word used at the transmitter cnd. In a decoder 25
the original payload signal PLD is reconstructed from the
received bursts.

An essential characteristic feature of a suitable mobile
radio system based on CDMA is that at a fixed station the
signals from the individual subscribers, with reg.ard to t'he
same payload bit rate, are ideally to be rec_:ewed with

_ substantially the same power, to guarantee opuimum Scpa-
ration of the individual signals. However, the signals
received from adjacent cells, which signals will collectively
be denoted noise power in the following, form part of the
total received power. Therefore, the cqual power condition
cannot be maintained in a CDMA radio system formed by
large and small cells, because due to the considerably larger
transmitter power of the large cell, an adequate adaptation of
the power in a small ccll located in the neighbourhood of the
large cell is not possible. ‘

Here the concept according to the invention can be used
for defining, in a frame FR, at least a coverage area F, of
their own for the small cclls which are separated from at
least coverage area F, for large cells (sec FIG. 3). The
payload signals from small and large cells are thereto



A transitionall y ‘over| apped transm ssion on the downlink c
that the payload of the previous link is concentrated in a
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frame and is transnmtted via a first transmtter TA (cf. thg gnbodi ment
“shown in FIG 11). A second transnitter TB, which may bel ong #o0thelshid
fixed station, or to a different fixeg station, concentratep the.sane. . ... .|
payl oad in the conplementary part. Thé use of two traceiverg nmakes it

possi.bl e to have the sane ,tﬂr_agsm'tter powers over the whol elfranes,
si milarly to ‘abovEQmprrssed iflto bursts, so that they can be transmitted in the
S eppropriate sub-frames F, and F,, respectively, '

“The division into small cell burst and large cell burst
© causes the noise power received from a fixed station of 2

~ “small cell to be restricted exclusively to other small cells,
- and the noise power received from a fixed station of a large
‘cell to be restricted exclusively to other large cells. The
bursts 3, b, ¢ of the small cells are transmitted at a lower data
rate than the bursts X, Y of the large cells, while for the same
* data rates of the basic payload signals an accordingly longer
burst period is provided, so that the transmission of the
bursts a, b, ¢ of the small cells needs only a relatively small
transmitter power. As a result, the noise power received from
other small cells is also small, even if the small cells are
. proximal cells. For the subscribers of the large cells, on the
other hand, 2 higher compression rate with appropriately
higher power can safely be selected, because the enlarge-
ment of a large cell provides an equivalent protection ratio
in neighbouring large cells.

FIG. 4 shows another undesired noise situation in which
two different operators A and B of two independent CDMA
radio systems, which are to use the same frequency band,
however, and distinguish the subscribers only by different
codes, have receiver stations located in uncoordinated fash-
ion. A worst-case situation may arise when the operator B
has located his fixed station on the cell boundary of the radio
cell of operator A. As a result, it will not be possible to effect
a suitable power matching, because at any rate at leastin a
fixed station, the noise power caused by the other operator
is considerably higher than the power of the payload signal
of its own subscribers. An * indicates interference, in that
when the sum of interference power ZI is much greater than
the sum of payload power XP, this indicates that no control
is possible.

A synchronization of all the operators in the event of
mutually independent operators is very costly. A sub-frame
for each operator, separate from the other operators, like the
separation described hereinbefore of a frame for small and
large cells, is therefore not always the most practical solu-
tion. Without 2 common {rame synchronization, however,
interference signals occur that cannot be permitted.



15 subdi vision of the frame may be variable. This may |lead to achieving....

y Hpgd)
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the transmitter power is to be slightly increased becauge 0f " a

i ncreased conpres- sion factor, whereas the new, still dn isturpg‘
frequency, is capable of handling nore power and can therdfdre be 1188
with a very high conpression factor. Uplink Consideratiagng. are _as. foll

In FIG .11 a receiver R and further opti@®nal filler datd FDTA are
indicated. The selection of candidates for the change of
here. .
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In a further embodiment there is assumcd that the indi-
vidual operators transmit their data preferably in' equally
long, but mutually independently selected frames FR. Pref-
erably, the frames FR are subdivided into equidistant time

slots, while each user opcrates in the burst mode i.e. uses one
- Or more time slots with an accordingly higher transmitter

power for transmitting the data of its subscribers. A use of
the whole frame length is dcliberately dispensed with. In this

manner, unused or little-used regions occur in a frame. By

measuring the field strength distribution in a. frame, each
fixed station of each operator and, optionally, also the mobile
stations concerned can find unused time slots and select for
transmission a number of successive vacant time slots in
dependence on the information volume t0 be transmitted

. (see FIG. 5). The sclection of data transfer rate and trans-

mitter power makes it possible to adapt the data volume to

be transmitted to the number of time slots available. An

arrow AR1 indicates a burst seizing two consecutive time
slots, and arrows AR2 and AR3 indicate seizure after mea-
surement. '

~In a further embodiment, different payload bit rates are
used for the transmission {rom fixed station to mobile station
(downlink) and from mobile station to fixed station (uplink)
(asymmetrical link). A rather large pan of a frame is used for
the direction that requires the higher payload data rate and
the other pan of the frame is used for the other direction.
Since in this case thc timec-dependent limits of the sub-
frames are preferably given a fixed value, it is possible, in
the sub-frames to adapt the actually necessary payload data
rates again via the transmitter power. For example, in FIG.

6, in which burst d needs to have a higher payload bit rate
than bursts &, b and c, the transmitter power of the burst d
for the downlink is selected such that it is rcceived with an
accordingly higher reccived power. The received powers of
the bursts U, V, W, X for the uplink, on the other hand, are
controlled, due to the corresponding data rates, so that they
arc received all with the same receiver power by the fixed
station.

Preferably, the division into downlink and uplink sub-
frames within the whole CDMA system should be the same,
as it may otherwise lead to interference situations shown in
FIG. 7. In FIG. 7, operator B interferes due to higher
transmitter power, and band Y of indicated bands X and Y

i
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duplex links with symetri.cal ' '
. payl oad there [ ]
respect to the noise power on .t hg uplink or S{)\?\MF?LL?I glf (UEP L ALENEAT \GHERT

devi ations occur due to the non-reciprocal situation of
{nterfer!ng_nnblles or fixed stations, respectively. The
rans- mssion present an independent i havi our only when
asynmetrical payload bit rates occur. i any rate the noi
VS-omr-wrtir—

f_requ'ency for the downlink is to be ngasur sepat |
tine-is necessar )nieefeess duectouproxi : ﬂf\a §of dows-*o \
separate measuri Wﬁfﬁéﬁﬂlﬁ:k-sub-fm:fgthmggﬁ?ﬁ aﬁxcféﬂagpgx%@xgg to conprise a
' S : of a part of the downlink sub-frame of a radio cell with a part
of the uplink sub-frame of the other radio cell. In that case
a fixed station could interfere with its neighbouring fixed
station, or mobile stations on the cell boundary {ransmitting
with more power due to their maximum distance [rom their
fixed station, could interfere with 2 nearby mobile station of
the neighbouring cell. It is thus also advantageous in this
case to have a synchronized subdivision of downlink and
uplink sub-frames within the whole CDMA system oOf, as
already described before with respect to the simultancous
use of large and 'small cells, to have a subdivision of the
frame into many time slots with 2 field strength measure-
ment before a vacant time slot is occupied.

In a further embodiment there arc at lcast several trans-
mitters working with different frequency bands. For mutu-
ally distinguishing the individual radio cells a pilot signal is
provided which is transmitted by the individual transmitters.
In this embodiment it may be necessary in the course ofa
call to change frequency bands, for example:

(1) If different cell categories have been assigned different
frequencies, and during a call, a handover is to be
effected, for examplc, from a small to a large cell. In
that case the pilot signal of the large cell has a different
frequency from the pilot signal just used in the small
cell;

(2) CDMA frequency bands have 2 minimum of, for
example, 500 kHz, because it is only then that a
sufficient number of subscribers are simultaneously
available to make an efficient use of the code superpo-
sitioning possible. For operators of small networks,
characterized, for example, by the uncoordinated use of
cordless private branch exchanges (of which certainly
a plurality of exchanges can be present in an office
building), or, in an extreme case, simply by users of
cordless telephones, the assignment of a frequency
band to each operator is not efficient. These operators
must therefore share frequency bands but there must be
a possibility to change dynamically to another fre-
quency band if the noise situation changes;,

(3) Situation in which a handover 10 2 neighbouring cell
is desired, but this cell prefers to have a different
frequency domain; -
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b) Procedure of a Seam ess Handover In this enbodi ment sho m TG
nobil e station transmts during the handover each consecuty\r n‘éfﬂﬁ!‘fsy%ﬁ

payl oad data block in a time frame both in the new fre- quei ci band—y and

in the old frequency band X, Tindicating a transmtting nobjil Epr;;ghl%”‘ﬁ
pur pose, the payload data block is conpressed accordingly, $o that it can |
be transmit- ted twice per time frane irfgRead of once per t ane. The
conpression in its turn requires accordi ngly i ncreased trang- mter powers.

At the fixed station there is a separate receiver RA, RB for—€ach Frequency

: gﬁgg é m)( . ;gspeCt VeV TEDMANGS it {sagkﬁ'élﬁﬁ} BBsﬁxﬁle‘"tB’HsbriH@d until the
_ g S - saine frequency range in a station’s own cell and in
neighbouring cells. However, this no longer holds if the
- spreading factor becomes small as a result of very high
payload bit rates. In this case too it is necessary to
change dynamically to other frequencies.
The change to another frequency has a twofold require-
ment:
Measuring and identification For example, the recognition
of possible neighbouring fixed stations on the basis of the

pilot signal, with simultaneous field strength mcasurcment,
or a measurement of the noise power in a possible frequency
domain for the handover. _

Exchange of signalling information. This may bc cffccted
as a so-called forward handover in which the exchange of
information is already effected with the new frequency. This
transidon is fast, because from the transition onwards,
payload can be transmitted alrcady at twice the rate of the
previous frequency and, in the other direction, when the
handover is received correctly, a termination is effected by
a lerminated previous link. A characteristic feature here is
that the link exists for a specific period of time with two
frequencies. The advantage is that no payload is lost (seam-
less handover). The second possibility is that the signalling
is to be earned out as much as possible with the old
frequency. This method is slower, becausc mobile and new
cells are first to be fully matched before 2 change-over can
take place. The mobile station, besides receiving with the
new frequency, however, is also to send with this new
frequency to verify the uplink. This is to say that parallel
transmission and reception activities are to take place with
the new and old frequencies if the transmission of payload
is to be effected seamlessly.

These considerations are analogously valid for the sub-
division with respect to time. The difference is, however,
that for the parallel operation of two time slots one trans-
ceiver will suffice, but not for two different frequencies.

However, more than one transceiver is a considerable
increase of cost and current consumption, more specifically,
in the mobile station. Therefore, the restriction to a single
transceiver is to be desired at least for simple (telephone)
mobiles. For the use as “cordless telephone” it may also be
advantageous to use only one transceiver for the fixcd



" the transm ssion with another frequency. The result is then
distri- bution of. noise power over ‘one frane.
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. station. This is considered an additional option. For the
moment there is assumed'that only the mobile station is
‘restricted o a single transceiver. '

". Downlink Considerations arc as Fellows
a) Idcntification of Candidates for a Change of Cells

. In mobile radio systems there exists a reliable method of
having -each fixed station transmit its identification code
- (pilot signal) over a pilot channel. By measuring the power
-received from the pilot channels and decoding the identifi-
cation codes, a maobile then obtains the essential information
for a change of cells. In a CDMA system the pilot channels
are commonly separated by their codes and may, therefore,
lie in the same frequency band. But, as described hereinbe-
fore, there are exceptions in this respect: with different cell
sizes and in uncoordinated environments of a plurality of
operators. The pilot channels will then li¢ in different bands.
A solution with only a single transceiver is found as shown
in FIG. 8: payload and pilot information a, b, and ¢, and pil,
respectively, is transmitted in timc consecutive bursts. On
the receiver side it should be possible when the payload is
received to change the [requency band to receive pilot
signals in different frequency bands.

The receiver of thc mobile of FIG. 8 first receives the
payload burst d from frequency band X and then changes its
receiver, so that in the same time-frame it subsequently
receives the pilot signal pil from frequency band Y. In FIG.
8 a rclative power pr is indicated. The upper part of FIG. 8
relates to a transmitting situation in a large cell, the centre
part of FIG. 8 relates to a transmitting situation in a small
cell, and the lowcr part of FIG, 8 relatas to a receiver in a
mobile.

The embodiment shown in FIG. 8 is preferably to be used
in a fully synchronized CDMA radio system. With a non-

- synchronized CDMA radio system the embodiment shown
in FIG. 9 is to be recommended. The pilot signals pil in the
radio cells conveying a pilot signal are superimposed in
consecutive bursts on the other payload signal bursts. The
receiver, once it has received its payload signal burst,
switches to the other frequency band te reccive a pilot signal
burst transmitted consecutively. To rcccive a complete pilot
signal burst, the time slot provided for receiving the pilot
;ignal burst should be at least twice as long as a pilot signal

urst.




16 Conbi ned Approach to Uplink and Downlink In uncoordinat
t here cannot be excluded that the sanme frequency band is us
downl i nk by one operator and as an uplink by another opera
nei ghbourhood. In that case a non-uniformdistribution of
Is to be taken into consideration at any rate for the two
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For this purpose, frequencies having the smallest possible
field strength (and thus less expected noise power) are (o be
found. However, a condilion is that the field strength does
not fluctuate too strongly during a frame period (one may
cousider, for example, that in FIG. 8 another operator who
does not use a pilot signal and happens to be synchronized)

to be transfer

transmits with a certain frequency. Therc arc two solutions:

Thie transmitter powers for the two bursts are compared
with a maximum. This is a waste of spectrum, or

. the bursts are adapted dynamically, so that a measurement
- may be made over the wholc frame.

FIG. 10a shows an embodiment in which, for example,
the transmission of payload data is effected over a full
time-frame in the transmitter. In the next time frame the
payload data block is then compressed to a burst, so that
after reception of the burst there is ample time for the
receiver to carry out measurements in other frequency bands

_for the rest of thé time frame. A diréct consequence of the
compression of the payload data block is a higher transmitter
power for the burst as is again apparent from FIG. 10a. The
upper part of FIG. 10a relates to a transmitter, an arrow AR4
indicating an increased data rate, and the lower part of FIG.
10a relates to a receiver, arrows ARS and ARG indicating
measurement of other frequencies.

A derived embodiment is shown in FIG. 10b. In the
second time frame both the payload data block for the
second time frame and the payload data block for the third
time frame are transmitted instead of the payload data block
assigned to the second time frame, so that for the receiver the

“third ime frame is fully availablc for measurements from
then on. The upper part of FIG. 10b relates to a transmitter,
an arrow AR7 indicating an increased bit rate, and the lower
part of FIG. 10b relates to a receiver, an arrow ARS8
indicating measurement.

c) Procedure of a Seamless Handover

A transitionally overiapped transmission on the downlink
can be achieved in that the payload of the previous link is
concentrated in a part of the frame and is transmitted via a
first transmitter TA (cf. the embodiment shown in FIG. 11).
A second transmitter TB, which may belong to the same
fixed station, or to a different fixed station, concentrates the

samc payload in thc complcmentary part. The use of two

transceivers makes it possible to have the.same transmitter
powers over the whole frames, similarly to above. The
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powers may be reduced and even to such extent that the {
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fre- quency as a result of diversity recovery. Sinmultaneoug |links with nore

t ha“ two frequenci efabaivesion vFithé Granse ffayché emsilila, This may lead 10~
IR : ‘achieving that if the former frequency is abandoned owing.

to,for example, overload, the transmitter power is to be
slightly increased because of a slightly increased compres-
sion factor, whereas the new, still undisturbed frequency, is
capable of handling more power and can therefore be loaded
with 2 very high compression factor.

Uplink Considerations are as follows.

In-FIG. 11 a receiver R and further optional filler data
FDTA are indicated. The selection of candidates for the
change of cells is omitted here.

a) Identification of Candidates for 2 Change of Frequencies

In simple duplex links with symmoctrical payload there are
certain correlations with respect to the noise power on the

uplink or downlink, although largc deviations occur doe to
the non-reciprocal situation of mutually interfering mobiles
or fixed stations, respectively. The two directions of trans-
mission present an independent behaviour only when
strongly asymmetrical payload bit rates occur. At any rate
the noise power with 2 frequency for the downlink is to be
measursd separately. No division with tme is necessary
here, because the fixed station is assumed to comprise a
separate measuring receiver.

b) Procedtire of a Seamless Handover

In this embodiment shown in FIG. 12 the mobile station
transmits during the handover each consecutive transmit
payload data block in a time frame both in the new fre-
quency band Y and in the old frequency band X, T indicating
a transmitting mobile. For this purpose, the payload data
block is compressed accordingly, so that it can be transmit-
ted twice per time frame instead of once per time frame. The
compression in its turn requires accordingly increased trans-
mitter powers. At the fixed station there is a separate receiver
RA, RB for each frequency band X, Y, respectively. This
twofold transmission is continued until the change of fre-
quency has taken place at the fixed station. Previous links
PLX1, and PLK2 in frequency band X, and new links NLK1
and NLK2 are indicated in FIG. 12, respectively.

Based on the motivation described above, the limit
between the bursts is variable. An equalization of the trans-
mitler powers over the whole frame is impossible, because
the missing portion i3 necessary for the transmission with
another frequency. The result is then a non-uniform distri-
bution of noise power over one frame.



REPLACEMENT SHEET 17 1. A CDVA transm ssion systemconprising a plurality of
stations each having a transmtter and a receiver, each tra ) | —
for converting an original sequence of data words whi ch havRERIACEMBRT IGHEET
rates into a sequence of spread spectrum data words by en¢ogi-hg-t-he—
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transm.tted spread spectrum data words and decodi ng them iin taceer '
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Combined Approach to Uplink and Downlink .

In uncoordinated environments there cannot be excluded
that the same frequency band is used for the downlink by

- one operator and as an uplink by another operator in the

neighbourhood. In that case a non-uniform distribution of
the noise power is to be taken into consideration at any rate
for the two directions of transmission.

Only One Transceiver also in the Fixed Station

This may especially be cost-effective for cordless tele-
phones as observed before. For the evaluation the situation
outlined for the mobile is to be transfer to the fixed station..
The basic mechanisms have already been discussed.

Selective Superpositioning
. The possibility of parallel transmission at frequencies can
also be extendéd over a longer period of time. It is then
possible to select, on reception, the signal having the better
quality. The transmitter powers may be reduced and even to
such an extent that the sum power averaged with time may
become smaller than the transmicter power with one .r”re-
guency as a result of diversity recovery. Simultancous lmks
with more than two frequencies are possible as an exteasion.



characterized in that said transmtter conprises: frame genquﬁgmqmrmﬁf
Opdata-bursts

for conpressi M\déf‘aﬁr\lons in the original sequence in
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means coupled to the frame §ener- ating ns for spreading
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spectrum of the data bursts by encoding themin accordancefwith said
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they were encoded, so as to recover the original sequence aiwdata.wrds. .

sel ected code words,
as a function of the

the frequency spe€LAlMSof a data burs-b*be}ﬁg--—s-p*—e-ad,_—..

bir't rate thereof;

1:-A CDMA transmission system comprising a plurality of
stanions cach having a transmitter and a receiver, each
transmitter being for converting an original sequence of data

. words which have various bit rates into a sequence of spread

Spectrum data words by encoding the original data words in
accordance with selected code words and transmitting the
-§pread spectrum data words; each receiver being for receiv-
Ing transmitted spread spectrum data words and decoding
them in accordancc with the selected code words by which
they were encoded, so as to recover the original sequence of
data words; characterized in that said transmitter comprises:

fra.rne generating means for compressing the data words
in the original sequence into data bursts having higher
bit rates and shorter durations, and including the data
bursts in time slots of a sequence of data frames;

frequency spreading means coupled to the frame gener-
ating means for spreading the frequency spectrum of
the daia bursts by encoding them in accordance with
said selected code words, thc frequency spectrum of a
data burst being spread, as a function of the bit rate
thereof;

power control means coupled to said frequency spreading
means for seming transmit power levels of the spread
spcetrumn data bursts as a function of the bit rates
thereof, higher transmit power levels being provided
for data bursts which have higher bit rates; and

transmission control means for controlling thc compres-
sion provided by said frame generating means for each
of said data words and the positioning of said data
bursts in said frames, in order to substantially uni-
formly fill the bandwidth of each of said frames.

2. A CDMA transmission system as claimed in claim 1,
wherein certain of said stations are situated in respective
cellular regions of various sizes; and characterized in that
each data burst produccd by the frame generating means of
a staton in a particular cellular region is located in a data
frame commencing at a position t, relative to the beginning
of said data frame, said position t, being dependent upon the

- size of said cellular region.

3. A CDMA transmission system as claimed in claim 1,
wherein certain of said stations are situated in respective
cellular regions and characterized in that data bursts pro-
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bursts which have ates; and transm ssion control} neg
controlling the conpres- si on provi ded yigy said frame genenat|i ng-
each of said data words and the positioning of said data
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certap nof said stapamieslarcslislarusgion are losaipddnidaa frames at time
S slots therein which resuit in a preferred field strength dis-

-mhunon in said cellular region of the transmitted spread
spectturn data words.

4. A CDMA system as claimed in claim 1, characterized
in that the directions of transmission between the transmitter
and receiver of a station are separated as a function of time,
different time slots in a data frame being variably assigned
for each direction of transmission.

5. A CDMA system as claimed in claim 1, characterized
in that wansmission and reception between a fixed station
and a mobile station is affected in different selectable

- frequency bands, and during changcover to a newly selected
frequency band transmission' and reception are simulta-
peously carried out over existing and ncwly sclected fre-
quency bands.

6. A transmitter for use in a CDMA transmission systcm
wherein said transmitter is for converting an original
sequence of data words which may have various bit ratcs
into a sequence of spread spectrum data words by encoding
the original data words in accordance with selccted code
words, and transmittiting the spread spectrum data words,
characterized in that said transmitter comprises:

frame generating means for compressing the data words

in the original sequencc into data bursts having higher
bit rates and shorter durations, and including the data
bursts in time slots of a sequence of data frames;

[requency spreading means coupled to the frame gener-

ating means for spreading the frequency spectrum of
the data bursts by encoding them in accordance with
said selected code words, the frequency spectrum of a
data burst being spread as a function of the bit rate
thercof;

power control means coupled to said frequency spreading

means for setting transmit power levels of the spread
spectrum data bursts as a function of the bit ratcs
thereof, higher transmit power levels being provided
fo_r data bursts which have higher bit rates; and
transmission control means for controlling the compres-
sion provided by said framc gencrating means for each
of said data words and the positioning of said data
bursts in said frames, in order to substantially uni-
formly fill the bandwidth of each of said frames.

urst-s—tn-~sate-—
frames, in order to ,sub &jgntlally uni - formy flll%geqtba dwi dth of each of

ans ni-ag;«,g
‘e snsT T or

t—wheretrmr—



cellul ar r.egi-ons of various sizes; and characterized in that eaigm A@aig‘ﬁ MT SHEET

burst produced by the frane.generating neans iof a station in

cellular region is located in a data frane conmencing at a pgsi
enr
ar
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CDMA TRANSMISSION SYSTE

ABSTRACT

. A’ CDMA transmission system wherein a data sequence
which is to be transmitted is frcquency band spread by
multiplying the data words therein by selected code words.
In order to minimize the necessary bandwidth, a frame
structure is established and the spread spectrum data words
are compressed into data bursts each of which is included in
one or more time slots of a data frame. Within a {rame a data
burst is located at a particular time delay t, following
commencement of the framc and has a duration t, corre-
sponding to the bit rate of the data burst.
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