
WO 2004/100394 PCT/IB2004/001324  DESCRIPTION
COMMUNICATION SYSTEM  5 The invention relates to a
method of operating a communication system  and to
radio stations for use in such a system. Various
mobile communications systems use transmitter power
control  10 (TPC) to adapt transmitted power level to
the prevailing channel conditions.  The objective of
TPC schemes is to maintain an adequate received
signal'  quality despite variations in the channel
conditions due to propagation  distance, obstructions,
or fades caused by multipath reception. If the channel
quality degrades, thereby causing the received signal
quality to degrade, the 15 transmitter power level is
increased to compensate, and when the channel  quality
recovers, the transmitter power level is decreased.
Transmitter power  control can operate in either
open-loop or closed-loop form. In open-loop power
control schemes, a transceiver station measures
received signal quality, estimates the attenuation
occurring in the receive path,  20 and adjusts its
transmitter power on the assumption that the
attenuation in the transmit path will be the same as
on the receive path. An open-loop power  control
scheme generally requires the transmit and receive
paths to use the  same or similar frequency bands so
that the attenuation is reciprocal. Such a  power
control scheme is well suited to time division duplex
systems. 25 In closed-loop power control schemes, a
second transceiver station  measures the quality of a
signal received from a first transceiver station and
then issues TPC commands to the first transceiver
station to either raise or  lower its transmit power
as appropriate. In this case no assumption of
reciprocity is required, so a closed-loop power
control scheme is suitable for 30 frequency division
duplex systems as well as for time division duplex
systems.  Typically the measurement of signal quality
is made on a pilot signal  transmitted in multiplex
with the desired information signal. The TPC WO
2004/100394 PCT/IB2004/001324  



ti 2  commands may be binary ones and zeros
corresponding respectively to  "increase" and
"decrease" transmit power. Figure 2 is a graph
illustrating the variation in channel quality as a
function of time without any transmit power control,
and Figure 3 is a graph  5 illustrating the
corresponding inverse variation in transmit power that
would be provided by a perfect TPC scheme to maintain
a constant signal quality. Due  to practical
constraints, such as a finite delay between the signal
quality  measurement and the issue of a TPC command,
and between receipt of a  TPC command and adjustment
of transmit power, the transmit power does not io
track perfectly the variations in channel conditions
and so the signal quality is  not maintained perfectly
constant. The present invention is applicable whether
the tracking is perfect or imperfect; in the present
specification and  accompanying drawings perfect
tracking is assumed for clarity. One problem with the
TPC schemes described above is that power  15
consumption of the transmitter increases when channel
conditions are poor,  and therefore the schemes may
not be power efficient. Another problem is  that the
increase in transmitted power increases the
interference to other  users, which can degrade system
efficiency. 20 An object of the invention is to
contribute to improved efficiency.  According to a
first aspect of the invention there is provided a
radio  station comprising transmitter means for
transmitting over a channel in a  predetermined time
period a data block comprising information symbols and
parity check symbols and control means responsive to
an indication of a 25 reduction in channel quality
according to a first criterion for decreasing the
data transmit power and responsive to an indication
within the predetermined  time period of an increase
in channel quality according to a second criterion for
increasing the data transmit power. By decreasing the
data transmit power while the channel quality is poor,
30 power is saved and interference is reduced. 



The data block may be transmitted on one data signal
or on a plurality  of data signals simultaneously, and
the decrease and increase in data transmit WO
2004/100394 PCT/IB2004/001324  3 power may comprise
decreasing and increasing the transmit power of one or
more data signals. If a plurality of data signals is
used, they may be  transmitted on a plurality of
carrier frequencies, or use Code Division Multiple
Access (CDMA). 5 Between the times of the first and
second criteria being met,  transmission of the data
block may either be suspended or continue at a lower
power level, possibly with a reduced data rate.
Transmission of a control signal, such as a pilot
signal, may continue  between the time of the first
and second criteria being met. 10 If transmission of
the data block is suspended when the first criterion
is  met, then when the second criterion is met,
transmission of the data block may  resume either from
the point of suspension, or from the point in the data
block  that would have been reached had the
transmission not been suspended, or  from some point
in between. 15 According to a second aspect of the
invention there is provided a radio  station for use
in a radio communication system comprising at least
one radio  station in accordance with the first aspect
of the invention, comprising quality  assessment means
for assessing the quality of received signals, means
for  determining whether transmission of a data block
is in progress or suspended, 20 and transmitter means
for transmitting a first indication of received signal
quality while transmission of the data block is in
progress and for transmitting a  second indication of
received signal quality while transmission of the data
block is suspended. Thus, while the radio station in
accordance with the first aspect of the  25 invention
is operating with decreased transmit power, the radio
station  according to the second aspect may continue
to transmit some form of  indication of received
signal quality to assist the other station to
determine  



when the second criterion is met. The first and second
indications of received signal quality may comprise
3o different metrics and/or different update rates.
For example, the first indication  may be a TPC
command, and the second indication may be a signal
quality  measurement. WO 2004/100394 PCT/IB2004/001324
4 According to a third aspect of the invention there
is provided a method  of operating a radio
communication system, comprising, at a first radio
station,  transmitting over a channel in a
predetermined time period to a second radio  station a
data block comprising information symbols and parity
check symbols, 5 and, in response to an indication of
a reduction in channel quality according to  a first
criterion, decreasing the data transmit power and, in
response to an  indication within the predetermined
time period of an increase in channel  quality
according to a second criterion, increasing the data
transmit power. According to a fourth aspect of the
invention there is provided a radio  io communication
system comprising at least one radio station in
accordance  with the first aspect of the invention.
The invention will now be described, by way of example
only, with  reference to the accompanying drawings
wherein: is Figure 1 is block schematic of a radio
communication system; Figure 2 is a graph illustrating
variation of channel quality as a function  of time;
Figure 3 is a graph illustrating variation in transmit
power as a function  of time according to known
schemes of transmit power control; 20 Figure 4 is a
graph illustrating variation in transmit power as a
function  of time according to the invention; Figure 5
illustrates various scenarios of transmission of a
data block in  accordance with the invention; Figure 6
is a flow chart illustrating a method of operation in
accordance  25 with the invention. 



Figure 7 is a graph illustrating variation in transmit
power as a function  of time according to the
invention for three data signals transmitted
simultaneously. 30 Referring to Figure 1 there is
shown a radio communication system 300  comprising a
first radio station 100 and a second radio station
200. One of the  first and second radio stations 100,
200 may be, for example, a portable WO 2004/100394
PCT/IB2004/001324  5 telephone and the other a base
station in a mobile phone network. The radio  system
300 may comprise a plurality of the first radio
stations 100 and/or the  second radio stations 200.
The first radio station 100 comprises a transmitter
means 110 and a receiving means 120. An output of the
transmitter means 5 110 and an input of the receiving
means 120 are coupled to an antenna 130  by a coupling
means 140, which may be for example a circulator or a
changeover switch. Coupled to the transmitter means
110 and receiving  means 120 is a control means 150,
which may be for example a processor.  The second
radio station 200 comprises a transmitter means 210
and a io receiving means 220. An output of the
transmitter means 210 and an input of  the receiving
means 220 are coupled to an antenna 230 by a coupling
means  240, which may be for example a circulator or a
changeover switch. Coupled  to the transmitter means
210 and receiving means 220 is a control means 250,
which may be for example a processor. Transmission
from the first radio 15 station 100 to the second
radio station 200 takes place on a first channel 160
and transmission from the second radio station 200 to
the first radio station  100 takes place on a second
channel 260. In the following description it is
assumed that the transmissions use spread spectrum
techniques such that  signals are spread using a
spreading code, and data and control signals may 20 be
transmitted simultaneously with different spreading
codes. However, such  an assumption is not essential
to the invention. Referring to Figure 5A there is
illustrated a data block comprising  information
symbols I and parity check symbols C. The information
symbols I  



and parity check symbols C are illustrated segregated
into separate portions, 25 but they may be to some
extent interleaved. As a numerical example, the
period of time tF available for transmitting the data
block may be 10ms and  accommodate 200 bits of which
100 are information bits I and 100 are parity  check
bits C. The information and parity check bits may be
segregated as  illustrated in Figure 5A, or for
example 50 of the parity check bits may be 30
interleaved with the information bits and the
remaining 50 parity check bits  transmitted after the
information bits have all been transmitted. WO
2004/100394 PCT/IB2004/001324  6 The data block is
transmitted by the transmitting means 110 of the first
radio station 100 in a predetermined time period of
duration tF. This time  period may be part of a frame
structure comprising a plurality of such time
periods. While the data block is being transmitted the
receiving means 120 of 5 the first radio station
receives a signal from the second radio station 200 on
the second channel 260. A form of either open-loop or
closed-loop power  control is used. If open-loop power
control is used, receiving means 120 monitors the
quality of a signal received on the second channel 260
and the control means  io 150 adjusts the transmit
power of the transmitter means 110 in response to
quality changes. If closed-loop power control is used,
the receiving means 220 of the  second radio station
200 monitors the quality of the received signal and
the  control means 250 generates TPC commands which
are transmitted on the 15 second channel 260 by the
transmitter means 210 to the first radio station 100.
The first radio station 100 may also transmit a
control signal as a pilot signal  on the first channel
160 to assist the receiving means 220 of the second
radio  station 200 in monitoring the quality of the
received signal. While the data block is being
transmitted the quality of the first channel  20 160
varies as illustrated in Figure 2. The power control
scheme causes the  transmit power of the transmitting
means 110 to vary but only to a limited  



extent. If the quality of the first channel 160
degrades to an extent determined  by a first
criterion, the control means 150, instead of, as in
known schemes,  increasing the transmit power of the
transmitting means 110 above a level 25 denoted P2 in
Figure 4 in an attempt to restore the received signal
quality,  according to the invention decreases the
transmit power of the data to a level  P1. When the
control means 150 determines that the channel quality
has  subsequently increased to an extent determined by
a second criterion, the  control means 150 increases
the transmit power of the data. In Figure 4, the 3o
decrease to a transmit power level P1 takes place at
times t1, t3, and t5 and the  increase in transmit
power takes place at times t2, t4, and t6. WO
2004/100394 PCT/IB2004/001324  7 The first criterion,
for determining when the data transmit power  decrease
to level P, occurs, may take one of many forms. Some
examples  are: a) the quality of the first channel
160, as indicated by a transmitted  5 message on the
second channel 260 or by a measurement of the quality
of a  signal received on the second channel 260, falls
to or below a predetermined  level; b) the transmit
power reaches, or would otherwise exceed, a
predetermined transmit power level P2; 10 c) the short
term mean channel quality, as indicated by a
transmitted message on the second channel 260 or by a
measurement of the  quality of a signal received on
the second channel 260, falls to or below a
predetermined level; d) the short term mean transmit
power reaches, or would otherwise  15 exceed, a
predetermined level P2; e) receipt of a TPC command
which, if obeyed, would increase  transmit power or
short term mean transmit power above a predetermined
transmit power level P2. The power level P2 may be
predetermined, or may be a function of the  



20 transmit power of a control signal, for example P2
= P2' - Pctrl, where P2' is  predetermined and Purl is
the current transmit power of the control signal. The
reduced level P, may be zero power, in which case the
transmitter  means 110 may be switched off. Also, the
reduced power level P, need not be  a single
predetermined level, but may vary during the
predetermined time  25 period. There are several
options for operation of the first radio station 100
between the time when the data transmit power is
decreased and the time  when the data transmit power
is increased. During operation of the first radio
station 100 after decreasing the data transmit power
following the first criterion 3o being met and before
the second criterion is met, the transmission of data
may  be either a) switched off, or WO 2004/100394
PCT/IB2004/001324  8 b) continued at a reduced and
constant level, or c) continued at a reduced and
varying level, to some extent  tracking variations in
channel quality. If the data is transmitted at a
non-zero level, it may also be transmitted at a  5
reduced data rate. The first radio station 100 may
transmit a plurality of data signals  simultaneously.
The power levels P2 and P, may relate to the transmit
power  of one of the data signals or to the total
combined transmit power of a plurality  of the data
signals. If the power levels P2 and P, relate to the
transmit power of io one data signal, the reduction in
transmit power is effected by reducing the  transmit
power of that data signal. If the power levels P2 and
P, relate to the  total combined transmit power of a
plurality of data signals, the reduction in  transmit
power may be effected by reducing the transmit power
level of one or  more of the data signals, for example
the highest-powered data signal or  15 signals, or by
reducing the transmit power level of all of the data
signals. The first criterion may also be applied a
plurality of times during the  



predetermined time period. For example, the first
radio station 100 may  transmit three data signals
simultaneously, with the power levels P2 and P,
relating to the total combined transmit power of the
three data signals. 20 Referring to Figure 7, the
first criterion is satisfied when the total combined
transmit power of the three data signals reaches P2,
at time t7 in Figure 7. At  this point, the transmit
power of the highest-powered of the three data signals
is reduced to zero, with the result that the total
combined transmit power of the  data signals falls to
P1. The quality of the first channel 160 continues to
25 deteriorate, until the combined transmit power of
the two transmitted data  signals reaches P2', at time
t8 in Figure 7. At this point, the transmit power of
the highest-powered of the remaining two data signals
is also reduced to zero,  with the result that the
total combined transmit power of the data signals
falls  to P,'. The quality of the first channel 160
then continues to deteriorate still 30 further, until
the transmit power of the remaining transmitted data
signal  reaches P2", at time t9 in Figure 7. At this
point, the transmit power of the third  data signal is
also reduced to zero, with -the result that the total
combined WO 2004/100394 PCT/IB2004/001324  9 transmit
power of the data signals falls to P1", where P1" = 0.
When the  quality of the first channel 160 improves,
the transmit power of all the data  signals may be
increased at the same time when the second criterion
is  considered to be met, or the second criterion may
be applied a plurality of 5 times with the power of a
different data signal or plurality of data signals
being  increased each time the second criterion is
met; in this latter case, the order in  which the
transmit powers of the multiple data signals are
increased does not  necessarily have to be the same as
or the reverse of the order in which the  transmit
powers of the multiple data signals were reduced. In
Figure 7, the io transmit power of one each of the
three data signals is increased at respective  times
t10, t11 and t12; the power levels at which the
transmit power of the data  signals are increased are
shown to be the same as the power levels P2, P21,  and
P2" at which the transmit powers were decreased, but
this is not essential. 



During operation of the first radio station 100 after
decreasing the  15 transmit power following the first
criterion being met, and before the second  criterion
is met, any control signal transmitted by the first
station 100 may be  either a) switched off, or b)
continued with varying power to continue to track the
changes in  20 channel quality to some extent, or c)
continued at a constant level. The second criterion,
for determining when to increase the transmit  power
and if appropriate resume the full tracking of the
variations in channel  quality by the transmit power
level, may take one of several forms. Some  25
examples are as follows: a) the quality of a signal
received on the second channel 260  exceeds a
predetermined level (this may be particularly relevant
if open-loop  power control is used); b) the quality
of the first channel 160 exceeds a predetermined level
3o as indicated by a message received on the second
channel 260; c) if a control signal is transmitted
with varying power to continue to  track the changes
in channel quality while the transmit power of the
data is WO 2004/100394 PCT/IB2004/001324  10
decreased, increase the transmit power of the data
when the control signal  power falls to or below its
value when the first criterion was met; c) . if a
control signal is transmitted at a constant level
while the  transmit power of the data is decreased,
increase the transmit power of the  5 data on receipt
of a TPC command to decrease transmit power or on
receipt of a predetermined number of TPC commands to
decrease transmit power  within a further
predetermined time period. In this latter case, while
the  prevailing channel quality is poor and the second
criterion is not met, the  second radio station 200
will, based on quality measurements on the control io
signal transmitted by the first radio station 100,
transmit TPC commands  



requesting the first radio station 100 to increase its
transmit power level, which  the first radio station
will not obey. During this period the second radio
station  200 may reduce the rate at which the TPC
commands are transmitted. The choice of power level P2
is typically a compromise between  15 increasing power
efficiency plus system efficiency, and maintaining the
ability  for the second radio station 200 to decode
the data block despite the periods t1  to t2, t3 to
t4, and t5 to t6 of poor or zero reception of the data
while the data  transmit power of the first radio
station 100 is decreased or zero. If the first  radio
station transmits a plurality of data signals
simultaneously as described 20 above and the second
criterion is applied a plurality of times during the
predetermined time period, the order in which the
second criterion is applied to  the different data
signals may depend on factors such as the number of
bits  remaining to be transmitted in each data signal,
the relative priority of each  data signal, the
transmit power required by each data signal or the
relative  25 times at which the first criterion was
applied to each of the data signals. Some options for
transmission of the data block are described below
with reference to Figure 5. Figures 5A to 5F
illustrate the time relationship of  the data block
with respect to the variations in channel quality in
Figure 5G,  reproduced from Figure 2. 30 A first
option for transmission of the data block is to
continue  transmission uninterrupted despite the
decreases in data transmit power to  level P1. Such a
scheme is illustrated in Figure 5B which shows the WO
2004/100394 PCT/IB2004/001324  11 information symbol
portions Ia, Ib, I, of the data block and the parity
check  symbol portions Ca, Ch of the data block which
are received by the second  radio station 200. The
symbols transmitted during the periods t1 to t2, t3 to
t4,  and t5 to t6 are not likely to be received
successfully by the second radio 5 station 200, but,
depending on the error correction capability of the
parity  check symbols, the missing portions of
information symbols may recoverable  by error
correction. Alternatively or in addition to error
correction, a  



retransmission protocol may be used to receive missing
portions of the  information symbols. 10 A second
option for transmission of the data block is to
suspend  transmission of the data block symbols during
the periods t1 to t2, t3 to t4, and t5  to t6 while
maintaining the timing of the symbols of the data
block relative to the  time period 0 to tF. After each
period of suspension the transmission of the  data
block symbols resumes from the portion of the data
block corresponding 15 to the non-elapsed portion of
the time period 0 to tF. This is equivalent to the
first option but with P1=0, so the symbols received
successfully by the second  radio station 200 are the
same ones as in the first option described above and
illustrated in Figure 5B. A third option for
transmission of the data block is to suspend  20
transmission of the data block symbols during the
periods t1 to t2, t3 to t4, and t5  to t6 but, when
the data transmit power is increased following the
second  criterion being met, to resume transmission of
the data block from the point of  suspension. Such a
scheme is illustrated in Figure 5C which shows that
all of  the information symbols are now transmitted,
spaced out over three portions Ia, 25 Ib, I. The start
of transmission of the parity check symbols is delayed
and the  parity symbol portions Ca, Cb are too short
to enable all of the parity check  symbols C to be
transmitted, so the excess parity check symbols that
cannot  be transmitted before the expiry of the time
period tF are not transmitted. This  truncation of the
data block corresponds to puncturing the parity check
30 symbols C and results in a reduction in the error
correcting capability within the  data block. However,
because all of the information symbols have been WO
2004/100394 PCT/IB2004/001324  12 transmitted while
the channel quality is good, the reduced error
correcting  capability may be sufficient. to recover
all the information symbols. In a variation of the
third option, the transmitting means 110 may, at a
point during the predetermined time period, adopt
uninterrupted transmission  5 at an increased power
level of the information symbols or of the information



symbols and at least a portion of the parity check
symbols, irrespective of the  second criterion being
met. This scheme may be adopted if, for example,
subsequent suspension of transmission of the data
block would result in  truncation of the information
symbols or parity check symbols by the end of the  io
predetermined time period. In a fourth option the data
block comprises information symbols I and  parity
check symbols C and there is spare capacity within the
predetermined  time period available for transmitting
the data block. Such a data block is  illustrated in
Figure 5D in which the spare capacity is labelled S.
Transmission 15 of this data block is illustrated in
Figure 5E. As in the third option described  above,
transmission of the data block is suspended during the
periods tl to t2,  t3 to t4, and t5 to t6 while the
data transmit power is decreased at times t1, t3 and
t5, and when the data transmit power is increased
following the second  criterion being met transmission
of the data block resumes from the point of 20
suspension. As in the third option, all of the
information symbols are  transmitted, spaced out over
three portions Ia, Ib, I, and the start of
transmission of the parity check symbols C is delayed,
but in this option all of  the parity check symbols C
are transmitted in portions Ca, Cb using a portion of
the spare capacity S. As illustrated in Figure 5E,
only a portion Sa of the spare 25 capacity S remains
after transmission of all of the information I and
parity  check symbols C. In this case the second radio
station 200 may apply the full  error correcting
capability of the parity check symbols C to the
received  information symbols I. As a numerical
example, there may be 100 information  bits, 50 parity
check bits, and spare capacity for up to a further 50
symbols. 30 In a variation of the fourth option, the
portion Sa of the spare capacity S  is used for
retransmitting information and/or parity check symbols
that have WO 2004/100394 PCT/IB2004/001324  13 been
transmitted earlier in the data block. This option can
increase the  reliability of successful decoding of
the information symbols I. In a further variation of
the fourth option, the portion Sa of the spare  



capacity S is not used for retransmission of data but
instead the transmit power  5 is reduced, or
transmission is suspended, during the portion Sa,
thereby further  saving power and reducing
interference. In a fifth option the data block, as in
the fourth option, comprises  information symbols I
and parity check symbols C and there is spare capacity
within the predetermined time period available for
transmitting the data block, io as illustrated in
Figure 5D in which the spare capacity is labelled S.
Transmission of this data block is illustrated in
Figure 5F. As in the second  option described above,
transmission of the data block symbols is suspended
during the periods t, to t2, t3 to t4, and t5 to t6
while maintaining the timing of the  symbols of the
data block relative to the time period 0 to tF, and
after each 15 period of suspension the transmission of
the data block symbols resumes from  the portion of
the data block corresponding to the non-elapsed
portion of the  time period 0 to tF. The portions Sa
and Sb of the spare capacity S during which
transmission is not suspended are used for
transmitting information and/or  parity check symbols
which were not transmitted due to suspension of  20
transmission earlier in the predetermined time period.
Figure 6 is a flow chart illustrating a method of
operating a radio  communication system 300 in
accordance with the invention. Transmission of  the
data block by the first radio station 100 commences at
time t=0 at block  500. At block 510 the first radio
station 100 tests whether the time tF at which 25 the
predetermined time period expires has been reached. It
time tF has been  reached flow proceeds to block 580
where transmission of the data block  ends. If the
time tF has not been reached flow proceeds to block
520 where  the first radio station 100 tests whether
the channel quality has reduced  according to the
first criterion. If it has not the transmission of the
data block 30 continues at block 500 and the transmit
power control may be adjusted to track  any change in
channel quality. If the channel quality has reduced
according to  the first criterion, flow proceeds to
block 530 where the data transmit power is WO
2004/100394 PCT/IB2004/001324  14 



decreased, and flow continues to block 540 where the
first radio station 100 is  in a "bad channel" state
and transmissions are at low or zero power. Flow  then
proceeds to block 550 where the first radio station
100 again tests  whether the time tF at which the
predetermined time period expires has been 5 reached.
It time tF has been reached flow proceeds to block 580
where  transmission of the data block ends. If the
time tF has not been reached flow  proceeds to block
560 where the first radio station 100 tests whether
the  channel quality has increased according to the
second criterion. If it has not  flow returns to block
540, and if it has flow proceeds to block 570 where
the io data block transmit power is increased and flow
returns to block 500 where  transmission of the data
block continues and the tracking of the channel
quality by the transmit power continues. Optionally,
the first radio station 100 may transmit information
which will  assist the second radio station 200 in
recovering the information symbols I.  15 Such
information may include, for example: an indication of
which symbols of the data block have not been
transmitted or were transmitted while the  transmit
power was decreased; an indication of the times t1,
t2, t3, t4, t5 and t6 ;  an indication of the points
of suspension and resumption of transmission of the
data block; an indication of to what extent the data
block has been truncated; 20 and an indication of
which symbols have been retransmitted. This
information  could be transmitted, for example, at
regular intervals and may be included  within each
data block. Optionally, the first radio station 100
may transmit an indication of  whether transmission of
the data block is in progress or suspended. Such an
25 indication may be, for example, different control
signals which may be orthogonal pilot signals. The
second radio station may transmit a first  indication
of received signal quality, such as TPC commands,
while it receives  the indication that transmission of
the data block is in progress, and while it  receives
an indication that transmission of the data block is
suspended it may  30 transmit a different indication
of received signal quality. In one embodiment of the
invention in a Time Division Multiple Access  



(TDMA) system, the transmission and reception by a
radio station alternates WO 2004/100394
PCT/IB2004/001324  15 rather than taking place
concurrently, and the data and any control signal
could be transmitted at the same power level. In
another embodiment of the invention in a Code Division
Multiple  Access (CDMA) system, there may be more than
one data signal transmitted  5 simultaneously from the
first radio station 100 and the power control may be
applied to the different data signals independently or
to more than one data  signal in unison. In a further
embodiment of the invention in a multicarrier system,
the  data block is transmitted on a plurality of data
signals on a plurality of  io frequency domain
carriers simultaneously. In this case the channel
quality may be measured independently for each carrier
or a plurality of carriers and  the transmit power
level set accordingly for one or more of the carriers.
The  transmit power of the data on some carriers would
be reduced to a low value  or switched off if the
channel quality on those carriers were poor, while  15
transmission continued at a higher power level on
other carriers. Such a multicarrier system may be
combined with the time-domain  implementation
described above. In this case, the transmit power of
the data  on each carrier may be reduced or increased
during the pre-determined time  period according to
variations in channel quality on each carrier. 20 In a
multicarrier system, the missing portions of
information symbols  arising from the data transmit
power being low or zero on some carriers may  be
recoverable by error correction depending on the error
correction capability  of the parity check symbols.
Alternatively or in addition to error correction, a
retransmission protocol may be used to receive missing
portions of the  25 information symbols. In one
embodiment of the invention in a multicarrier system,
the data  block comprises information symbols I and
parity check symbols C and there  are provided more
carriers than are required for transmitting the data
block  



within the predetermined time period. The additional
carriers may for example 3o be used to transmit the
data bits which are transmitted with low or zero power
on other carriers which have poor channel quality. WO
2004/100394 PCT/IB2004/001324  16 In the example
illustrated in Figure 4, the first criterion is met
when the  channel quality falls below a predetermined
level, and the second criterion is  met when the
channel quality increases above the same predetermined
level.  However these two levels need not be
identical. 5 It is not essential that the data
transmit power level PI is the same at  times t1, t3,
and t5 nor that the data block transmit power is held
constant during  the periods tl to t2, t3 to t4, and
t5 to t6. The data block may comprise other symbols in
addition to information  and parity check symbols, for
example symbols for synchronisation. io In the present
specification and claims the word "a" or "an"
preceding an  element does not exclude the presence of
a plurality of such elements.  Further, the word
"comprising" does not exclude the presence of other
elements or steps than those listed. The inclusion of
reference signs in parentheses in the claims is
intended  15 to aid understanding and is not intended
to be limiting. From reading the present disclosure,
other modifications will be  apparent to persons
skilled in the art. Such modifications may involve
other  features which are already known in the art of
radio communication and the art  of transmitter power
control and which may be used instead of or in
addition to  20 features already described herein. WO
2004/100394 PCT/IB2004/001324  17  CLAIMS 1. A radio
station (100) comprising transmitter means (110) for
transmitting over a channel in a predetermined time
period (0 to tF) a data  5 block comprising
information symbols (1) and parity check symbols (C)
and 



control means (150) responsive to an indication of a
reduction in channel  quality according to a first
criterion for decreasing the data transmit power and
responsive to an indication within the predetermined
time period of an increase  in channel quality
according to a second criterion for increasing the
data  io transmit power. 2. A radio station as claimed
in claim 1, wherein the transmitter  means (110) is
adapted to suspend transmission of the data block in
response  to the indication of a reduction in channel
quality according to the first criterion 15 and to
resume transmission of the data block in response to
the increase in  channel quality according to the
second criterion. 3. A radio station as claimed in
claim 2, wherein the resumption  proceeds from the
portion of the data block corresponding to the
unexpired  20 portion of the predetermined period. 4.
A radio station as claimed in claim 2, wherein the
resumption  proceeds from the point of suspension of
the data block and the data block is  truncated if the
predetermined time period expires before the whole of
the data  25 block is transmitted. 5. A radio station
as claimed in claim 4, wherein the transmitter  means
(110) is adapted to transmit at least some of the
parity check symbols  (C) after transmitting all of
the information symbols (1). 30 WO 2004/100394
PCT/IB2004/001324  18 6. A radio station as claimed in
any of claims 2 to 5, wherein the  transmitter means
(110) is further adapted to transmit an indication of
what  portion of the data block the resumption
proceeds from. 5 7. A radio station as claimed in any
of claims 2 to 6, wherein the  transmitter means (110)
is further adapted to, in response to completing
transmission of the information (1) and parity check
symbols (C) before the end  of the predetermined time
period (tF), retransmit at least a portion of the
information or parity check symbols within the
predetermined time period. 



10 8. A radio station as claimed in claim 2, wherein
the transmitter  means (110) is further adapted to
resume transmission of the data block if the
unexpired portion of the predetermined time period
ceases to exceed the time  required to complete
transmission of at least the information symbols (1).
15 9. A radio station as claimed in any of claims I to
8, wherein the  indication of a reduction in channel
quality according to the first criterion is an
indication to increase transmit power above a
predetermined threshold (P2). 20 10. A radio station
as claimed in claim 9, wherein the indication to
increase transmit power is a received command. 11. A
radio station as claimed in claim 9, wherein the
indication to  increase transmit power is a
measurement of reduced channel quality on a  25
received signal. 12. A radio station as claimed in any
of claims 1 to 10, wherein the  transmitter means
(110) is further adapted to, in the time period
between the  first criterion being met and the second
criterion being met, transmit a control 30 signal at a
variable transmit power responsive to received power
control  commands, and wherein the second criterion is
the transmit power of the WO 2004/100394
PCT/IB2004/001324 19  control signal becoming equal to
or less than the transmit power of the control  signal
when the first criterion was met. 13. A radio station
as claimed in any of claims 1 to 10, wherein the  5
transmitter means (110) is further adapted to, in the
time period between the  first criterion being met and
the second criterion being met, transmit a control
signal at a constant power level, and wherein the
second criterion is a received  command to reduce
transmit power. 10 14. A radio station as claimed in
claim 13, wherein the second  criterion is a
predetermined number of commands to reduce power
received  within a further predetermined time period. 



15. A radio station as claimed in any of claims 1 to
11, wherein the  15 increase in channel quality
according to the second criterion is an increase in
channel quality above a predetermined level measured
on a received signal. 16. A radio station as claimed
in any of claims 2 to 15, wherein the  transmitter
means (110) is adapted to transmit an indication of
whether  20 transmission of the data block is in
progress or suspended. 17. A radio station as claimed
in claim 16, wherein the indication of  whether
transmission of the data block is in progress or
suspended comprises  a first control signal when
transmission of the data block is in progress, and a
25 second control signal when transmission of the data
block is suspended. 18. A radio station as claimed in
any preceding claim, wherein the  decrease in the data
transmit power is a decrease to zero transmit power.
30 19. A radio station as claimed in any preceding
claim, wherein the  transmission of the data block
takes place on a plurality of data signals WO
2004/100394 PCT/IB2004/001324  20 simultaneously, and
the decrease and increase in data transmit power takes
place on at least one of the data signals. 20. A radio
station as claimed in claim 19, wherein the decrease
in  5 data transmit power takes place at least on the
highest powered data signal.  21. A radio station as
claimed in claim 19, wherein the plurality of data
signals are transmitted on a plurality of carrier
frequencies. 10 22. A radio station (200) for use in a
radio communication system  comprising at least one
radio station as claimed in claim 1, comprising
quality  assessment means (220) for assessing the
quality of received signals, means  (220) for
determining whether transmission of a data block is in
progress or  suspended, and transmitter means (210)
for transmitting a first indication of 15 received
signal quality while transmission of the data block is
in progress and  for transmitting a second indication
of received signal quality while  transmission of the
data block is suspended. 23. A radio communication
system comprising at least one radio  



20 station (100) as claimed in any of claims 1 to 21.
24. A method of operating a radio communication system
(100, 200),  comprising, at a first radio station
(100), transmitting (500) over a channel in a
predetermined time period (510, 550) to a second radio
station (200) a data 25 block comprising information
symbols (1) and parity check symbols (C), and, in
response to an indication of a reduction in channel
quality according to a first  criterion (520),
decreasing the data transmit power (530) and, in
response to  an indication within the predetermined
time period (550) of an increase in  channel quality
according to a second criterion (560), increasing the
data  30 transmit power (570). WO 2004/100394
PCT/IB2004/001324  21 25. A method as claimed in claim
24, further comprising suspending  transmission of the
data block in response to the indication of a
reduction in  channel quality according to the first
criterion and resuming transmission of the  data block
in response to the indication within the predetermined
time period of  5 an increase in channel quality
according to the second criterion. 26. A method as
claimed in claim 25, wherein the resumption  proceeds
from the portion of the data block corresponding to
the unexpired  portion of the predetermined period. 10
27. A method as claimed in claim 25, wherein the
resumption  proceeds from the point of suspension of
the data block and the data block is  truncated if the
predetermined time period expires before the whole of
the data  block is transmitted. 15 28. A method as
claimed in claim 27, further comprising transmitting
at least some of the parity check symbols (C) after
transmitting all of the  information symbols (1). 20
29. A method as claimed in any of claims 25 to 28,
further  comprising transmitting an indication of what
portion of the data block the  



resumption proceeds from. 30. A method as claimed in
any of claims 26 to 29, further  25 comprising, in
response to completing transmission of the information
and  parity check symbols (I, C) before the end of the
predetermined time period,  retransmitting at least a
portion of the information or parity check symbols
within the predetermined time period. 30 31. A method
as claimed in claim 25, further comprising resuming
transmission of the data block if the unexpired
portion of the predetermined WO 2004/100394
PCT/IB2004/001324  22 time period ceases to exceed the
time required to complete transmission of at  least
the information symbols (1). 32. A method as claimed
in any of claims 24 to 31, wherein the  5 indication
of a reduction in channel quality according to the
first criterion is an  indication to increase transmit
power above a predetermined threshold (P2). 33. A
method as claimed in claim 32, wherein the indication
to  increase transmit power is a received command. 10
34. A method as claimed in claim 32, wherein the
indication to  increase transmit power is a
measurement of reduced channel quality on a  received
signal. is 35. A method as claimed in any of claims 24
to 33, further  comprising transmitting in the time
period between the first criterion being met  and the
second criterion being met a control signal at a
variable transmit power  responsive to received power
control commands, and wherein the second  criterion is
the transmit power of the control signal becoming
equal to or less 20 than the transmit power of the
control signal when the first criterion was met.  36.
A method as claimed in any of claims 24 to 33, further
comprising transmitting in the time period between the
first criterion being met  and the second criterion
being met a control signal at a constant transmit 25
power level, and wherein the second criterion is a
received command to  



reduce transmit power. 37. A method as claimed in any
of claims 24 to 34, wherein the  indication of an
increase in channel quality according to the second
criterion is  3o an increase in channel quality
measured on a received signal. WO 2004/100394
PCT/IB2004/001324  23 38. A method as claimed in any
of claims 25 to 37, further  comprising transmitting
an indication of whether transmission of the data
block  is in progress or suspended. 5 39. A method as
claimed in claim 38, wherein the indication of
whether transmission of the data block is in progress
or suspended comprises  a first control signal when
transmission of the data block is in progress, and a
second control signal when transmission of the data
block is suspended. 10 40. A method as claimed in any
of claims 24 to 39, wherein the  decreasing of the
transmit power is a decrease to zero transmit power.
41. A method as claimed in any of claims 24 to 40,
wherein the  transmission of the data block takes
place on a plurality of data signals  15
simultaneously, and the decrease and increase in data
transmit power takes  place on at least one of the
data signals. 42. A method as claimed in claim 41,
wherein the decrease in data  transmit power takes
place at least on the highest powered data signal. 20
43. A method as claimed in claim 41, wherein the
plurality of data  signals are transmitted on a
plurality of carrier frequencies. 44. A method as
claimed in any of claims 25 to 43, further  25
comprising, at the second radio station (200),
assessing the quality of received  signals,
determining whether transmission of a data block is in
progress or  suspended, and transmitting a first
indication of received signal quality while
transmission of the data block is in progress and for
transmitting a second  indication of received signal
quality while transmission of the data block is  30
suspended. 


