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channels are subjected to error bursts %%e to deep fades,
even when the channel signal-to- noise ratio (SNR) is
high. This leads to the notion of varying the number of
modulation levels according-to the integrity of the

10 channel, so that when the transmissions are not subject

to fading the number of modulations levels could be
increased by increasing the number of QAM constellation
points, and when fading occurs the number of
constellation points’ could be reduced to a value which’

. 15 provxdes an acceptable bit error rate (BER). If the
requlred BER and switch levels are specified accordingly,
variable data throughput results. Alternatively, if
throughput is kept reasonably constant a variable BER is
obtained. -

20 One approach is to have a variable rate system with
duplex transmission and some method of informing the
transmitter at one end of the radio link of the quality
of the link as perceived by the receiver at the other end
.of the link. The transmitter can then respond by

25 changing the number of QAM levels according to the
quality criteria adopted. Successful variable rate
transmission requires that the fast fading channel
changes slowly compared to a number of symbol perlods.

If this condition is not met, then the frequent

30 transmission of quality control information will
significantly increase the bandwidth requirements of the
system.

The present invention seeks to provide a radio
system in which transmissions are adapted to transmission

35 conditions.
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15 reasonably constant a variable BER is obtained. One approach, known
from US Patent 4495619 (Acanpora), is to have a varigbte rate systenran
sone nethod of inforning the transmitter at one end ¢f TEieeSiE %#ﬁEV
the quality of the link as perceived by the receiver
the link. The transmitter can then respond by changing the number of QAM 20
|l evel s according to the quality criteria adopted. Successful variable
rate transm ssion requires that the fast fading channel changes slowy
tc?]gpﬂ ggute gt at nurrbeAceBramtgoltopar ifadst akbelchi $heohdivieindi ons prOvides & hen
ransm ss ua |t cgntr I f
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invention seeksftwhprbvhds a radio syengeeiive rwiayhd ngr ansni ssi ons are
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provides a radio systemconprising a pair
5 other station;

means for assessing the received radio signals;

means for selecting a transmission modulation state
on the basis of the assessment of the received signals;
a radio transmitter for transmitting signals to the

10 other station using a modulation scheme having a

plgrality of modulation states;

means for adjusting the transmitting state of the
radio transmitter to be the selected modulation state;
and ' '

15 - signalling means for including in the signals to be
transmitted to the other station an indication of the
selected modulation state.

According to a second aspect the invention provides
a radio transceiver for the transmission of digital

20 signals characterised in that the number of binary digits
encoded onto each symbol for transmission is varied
according to measured received signal strength, the
measured bit error rate (BER) or some combination of
these.

25 Accor&ing to a third aspect the invehtion provides a
‘radio transceiver characterised in that the received
signal strength is averaged over a predetermined time
period and the number of bits/symbols to be used in
forthcoming transmissions is determined according to this

30 average.

According to a fourth aspect the invention provides
a radio transceiver characterised in that errors in
received decoded digital signals are identified using an
error detection system, and the number of bits/symbol to

35 be used in forthcoming transmissions is based on the
number and distribution of the errors detected.
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stations at |least one of which has a first radio transceiver having: a
radi o receiver for receiving signals fromthe other station; 30

nmeans for selecting a transm ssion nodul ati on state on the basis of an
assessnent of signal quality; a radio transmtter for transnitting'signals
to the other station using a nodulation scHeme having a plurality of

nodul ation states; 2 means for adjusting the transnmtting state of the
radio transmtter to be the sel ected nodul ation state; and signalling neans

for including in thg.shggahg t8_RerikeAsHEbbbed kaet havehkeon provides a -
radio system wherein the radio communication is bi-
directional but instantaneously uni-directional, the data
being placed in packets or blocks and the initial symbols
5 in each block being reserved for signalling the number of
bits/symbol to be used in the blotk.-

According to a sixth aspect the lnventlon provides a
a mobile radio system for operation over radio channels
with fast fading wherein the number of modulation levels

10 is varied at a rate commensurate with the fast fading.

According to a seventh aspect the invention provides
a radio transceiver comprising:

a radio recelver for rece1v1ng radio signals; -

- means for assessing the received radio signals;

15 means for selecting a transmission modulation state
on the-basis of the assessment of the recéived signals;

a radio transmitter for transmitting signals using a

- modulation scheme having a plurality of modulation
states;

20 means for adjusting the transmlttlng state of the
radio transmitter to be the selected modulation state;
and

signalling means for including in the signals to be
transmitted an indication of the selected mbdulation

25 state. -

To reduce the problem of fast fading the data rate
could be increased, allowing the transmission of more
symbols before the channel changes significantly. The
slower the mobile travels, the slower the fading rate and

30 the lower the signalling rate required for adapting to
the channel. B

Varying'the number of QAM levels in response to
fading conditions can resuit in a variable bit rate,
which although nearly constant ovér long periods, could

35 instantaneously vary by four times the average rate.
Consequently, it is appropriate to consider strategies



sigtioh an indication of the selected nodulation state, 5
characterised in that the first radio transceiver has means for assessing
the radio signals received fromthe other station; and that the nmeans for

sel ecting a transm ssion nodul ation state igs operable on the basis
of the quality of said received signals. A second aspect of the invention
provides a radio transceiver conprising: 10 nmeans for selecting a

transm ssion nodul ation state on the basis of an assessnment of signal

quality; a radggQ.t L [ S ansdiil
schenme havi ng 58 lngﬁq‘Ehsgtiggubgfpggkgté?ggi g%g%swmgumgé?hstlgéf?ﬁgﬂ

transmitting s@até QPtPﬁé thanosPPRREm DRER £F2HS™SE10Rs OFtsh &
nodul ation statge amét&bglaahlcl Ag vaRdad1eor hrotghoiuty iamd elaitgvely t o be

transmtted an_indic t
large ays, can be tolerated provided the BER is
5 sufficiently low. For fully successful computer file
transfer the BER must be zero.

Preferred embodiments of the invention will now be
described by way of example, and with reference to the
accompanying drawings, wherein:

10 Figure 1 illustrates schematically a framing
structure for use with a variable level QAM scheme;

Figure 2 illustrates a series of QAM constellations
for use in a variable level QAM scheme;

Figure 3 illustrates a radio transceiver of a

15 preferred embodiment of the invention;

Figure 4 shows a graph illustrating the variation of
bits/symbol with fading level;

Figure 5 shows a graph illustrating the variation of
bits/symbol with fading level;

20 Figure 6 shows a graph illustrating comparative BER
for fixed and variable modulatioh schemes;

Figure 7 illustrates schematically a radio
transceiver according to a preferred embodiment of the
invention;

25 Figuré 8 shows a graph illustrating variation of
bits/symbol with fading level; and

Figure 9 shows a graph illustrating performance of a
DECT-like system.

The simplest duplex arrangement for variable rate

30 modem operation is Time Division Duplex (TDD), where both
Base Station (BS) and Mobile Station (MS) transmit over
the same channel, but at different times. In this case
both the BS and the MS experience similar channel fading
conditions as their transmissions are typically half a

35 TDD frame apart. The transmission received by the MS is
used to estimate the channel integrity which then



of the selected nodul ation state, and a radio receiver for receiving radio
si-gnal s; characterised in having means for assessing the received radio
signal s; 20 _ and in that the neans for selecting a transm ssion
nodul ation state is arranged for control by the neans for assessing the
received radio signals. In radio systens'Mﬁ%féin the radio communication is
bi directional but instantaneously unidirectional, the data being placed in
packets or blocks, the initial symbols in each bl ock may be reserved for

signalling the ) 25_ bits/ '
t he problen1ofd?§.?€%58£H3 ?thégt§¥F§?g %gﬁngggsgﬁgpggggd?&gﬁﬁgmgﬁhJe?ﬁge
{he

transm ssi on nfan@néttgnbolsimélérby,tﬁbecﬁﬁﬁﬁémiﬁﬁ&ﬁ§e§e§P§HFFiPXn
The slover {he,gobibs) b kb nyhBErSbeVgan! Bevbagi BG bal @saad iunensover the

stgnalling Fal s aquent for.adapting to the, chdaRe nined. Both the BS
5 and MS should inform the other of the number of QAM

levels used by their transmitters and this information
should not be corrupted by the channel, in order for the
QAM demodulations to be properly performed. In
simulations data was divided into blocks, or packets that

10 occupy a time slot, and the first few symbols in each
block are reserved for signalling. The optimum size of
the block is related to the mobile speed as the channel
should not change significantly over the block duratiom.
Blocks of 100-symbols weré_used for trangmissions at

15 512kSym/s, a mobile speed of 30mph and a carrier
frequency of 1.9GHz. At the start of eacﬂ-block a signal
was sent representing the number of levels to be used in
the block. This was encoded onto two symbols of a 4-level
QAM, i.e., QPSK system, and each of these two symbols was

20 transmitted three times. Majority voting was performed at
the receiver in order to establish the number of QAM
levels to demodulate in the current block. With larger
block sizes, higher integrity codes can be used on the
information containing the number of levelé without

25 significantly reducing the throughput. Figure 1 shows
the TDD framing arrangement for adaptive QAM
transmissions using one carrier per channel. If N
channels per carrier are used the QAM symbols shown in
the Figure are transmitted N times faster, but the time

30 over which the fading channel must remain essentially
unchanged is the same, i.e. on the basis that the cells
are sufficiently small for flat Rayleigh fading to apply.
The QAM constellation changes as the number of levels is
varied. Conventional QAM having a square constellation

35 are not used because of the difficulties with carrier
recovery in a fading environment. Instead Star QAM having



30 : Varying the nunber of QAMIevels in response to fading
conditions can result in a variable bit rate, which although nearly
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According to a fifth aspect the invention provides a radio system wherein
the radi o comunication is bi- directional but instantaneously
uni -directional, the data being placed in packets or blocks and the init
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with differential coding, as this has proved to be more
successful in previous simulations. The principle of Star
QAM is to provide a constellation upon which differential
coding can be efficiently overlaid. Both differential
phase and amplitude coding is used. With 16-level Star
QOAM three of the four bits which constitute a symbol are
differentially Gray encoded onto the phase, and the
remaining bit is differentially encoded onto the
amplitude of the phasor. This simplifies the receiver as
AGC and carrier recovery are no longer required.
Si&ulations have shown that BER performance is
substantially improved over the square constellation
whose receiver has the difficulty of accurately
estimating the absolute signal phase and amplitude when
both are varied randomly by the modulator and both are
also influenced by the rapidly changing Rayleigh fading
propagation channel. Star QAM has the further advantage
over Square QAM that each of the four bits constituting a
symbol has a similar BER, making speech and data mapping
straightforward. This is not the case for Square QAM
where half of the bits mapped onto a 16-level grey-coded
constellation have a significantiy higher BER than the
other half. In simulations constellations from 1 bit/sym
(BPSK) through to 6 bits/sym were used. Provided the
receiver noise is sufficiently low, and implementation
complexity is not an inhibiting factor, more than 6
bits/sym can be used. As the number of bits/sym is
increased the number of amplitudé rings and the number of
phase points is alternately doubled. Starting with BPSK,
for 2 bits/sym the number of phase points is doubled to
get QPSK. For 3 bits/sym the number of amplitude levels
is doubled to get 2-level QPSK. For 4 bits/sym the number
of phase points is doubled to get to the 16-level Star
constellation, and so on until with 6 bits/sym 4 rings
having 16 points per ring. The constellations for

i al



'bits/SynboI to be used in the block. According to a sixth aspect t he
I Avention provides a a nobile radio systemfor ope _%géggk%g

channels with fast fadi ng wherein the nunber of no THF%%HFE
varied at a rate commensurate with the fast, fading. Accoﬁ&?h
aspect the invention provides a radio transcei ver conprising: a radio
receiver for receiving radio signals; - nmeans for assessing the received
radi o signals; 15 means for selecting a transm ssion nodul ation
state on the-basig,gf LBesaseeseicatas! ghleareCehiel soMaluired 2t adine -

transmtter for Transmittin nal' s using a nodul ati_on
plurality of my@gua£|@hstanges etween thg rings, and th%cggg%sh%flgﬁe

rings are not drawn to scale. Each constellation has the

enth

same average energy, and the radii of the rings in the 8
5 and 16-level constellations are in the ratio of
three-to-one. - - .

The differential encoding is correctly initiated by
using the conﬁention that the point before the first data
symbol is sent on the innermost amplitude ring at O

10 degrees, - and we then calculate our differentially encoded
data from this phasor.

The block diagram of a transceiver is shown in
Figure 3. After recovering the baseband signal by -
receiver (RX)”front end i:'demultiplexiqg is performed by

15 de-multiplexer 2 to separate the QPSK and Star QAM
signals. QPSK demodulation is performed 5; QPSK
demodulator 3 to obtain the number of QAM levels to be

- used in the QAM demodulation. This is followed by QAM
demodulation by QAM d;modulator 4 to yield the recovered

20 data. The average magnitude of the baseband signal level
over a block is measured by average monitoring unit 5 to
provide an indicatién of the short-term path loss of the
radio channel. If this average is very low the mobile is
either in a deep fade or at the edge of the cell. In

25 either case it is more appropriate for it to transmit
using relatively few QAM levels. Conversely, if the
average is high the channel is relatively good, enabling
more QAM levels to be used in its next transmission. The
average over a block is computed using an exponential

30 smoothing process which gave more weight to signal levels
towards the end of the block. This average is quantised
by quantiser 6, each quantised output signifying a
particular number of QAM levels to be used in the
forthcoming transmission.

35 In the transmitter part of the transceiver of figure
3, the output of quantlser 6 is fed to a level selection
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states; 20 means for adjusting the transmtting state of the radio
transmtter to be the selected nodul ation state; and signalling nmeans for
including in the signals to be transmtted an indication of the selected
nodul ation 25 state. To reduce the problemof fast fading the data rate
coul d be increased, allow ng the transm ssi@m of nore synbols before the
channel changes significantly. The slower the nmobile travels, the slower
the fading rate and 30 the lower the signalling rate required for

adapting to the channel.
unit 7. The level selection unit 7 controls a variable

level QAM modulator 8 to modulate a data input stream.
The level selection unit 7 also controls a level encoding
unit 9 which encode the selected QAM level into the start
S of frame. Outputs from QAM modulator 8 and level
encoding unit 9 are fed to a multiplexer 10, and
multiplexer 10 feeds an RF transmitter unit 11.
The baseband signal in Figuré 3 is related to the

received signal strength indicator (RSSI) at RF. The

10 system would function identically if the RF RSSI, instead
of the baseband RSSI indicator, was averaged over a
block. For ease of nomenclature, this method of switching
the OAM levels based on the baseband signals is called
baseband RSSI switching, or more simply, RSSI switching.

15 - Two—criteria are used for these switching levels,
i.e. the levels generated by the quantiser in Figure 3.
One is to select the switching levels to achieve a
specified BER, resulting in a variable data throughput.
A simulation was conducted where graphs of BER as a

20 function of SNR at the input to the QAM demodulator were
found for the Star QAM modem having 2"; n=1, 2, ...6 fixed
levels. In this simulation a Gaussian channel was used,
as over any short period of time when we do our switching
the channel is essentially a constant level plus Gaussian

25 noise. A s%raight line corresponding to the BER of
interest was then drawn and where this horizontal line
intersected the curves identified the switching
thresholds. The SNR was therefore quantised, with the
quantisation zones corresponding to different number of

30 QAM levels in the adaptive modem. Some hysteresis was
built into the switching levels to prevent continual
level changing. The baseband signals in Figure 3 are
contaminated by noise, which the averaging circuit
considerably reduces prior to QAM level selection at the

35 end of the block. To ensure that the quantiser output
levels correspond to the required SNR values, the average
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Varying the nunber of QAMIevels in response to fading conditions can
result- in a variable bit rate, which although nearly constant over |ong
periods, could 35 instantaneously vary by four tinmes the average rate
Consequently, it is appropriate to consider strategies 4 for using
adaptive or nulti-level QAM while transmtXimg data rather than speech
Data transm ssions often have the virtue that a variable throughput and
relatively large.delays, can be tolerated provided the BER is o

value of the QAM symbols (found at the end of the block)
was appropriately scaled by the known receiver noise
prior to quantisation. Figure 4 shows an arbitrary
segment of the signal applied to the QAM demodulator, and
5 the number of bits/sym selected during this period. The
figure was produced from a simulation at 304dB with other
parameters as stated previously. Because of the
relatively high'SNR, much of the time the modem attained
its maximum 6 bits/sym. '

10 The second criteria for choosing the switching
thresholds achieved a constant average bit rate whilst
accepting a variable BER. Here the thresholds derived
above were used for the constant BER system and these
were multiplied by the same number at the start of each

15 block. This number was derived from the baseband signal

averagea over a number of fades. This merely involved
adding an extra averaging circuit with the averaging
window increased over that used to average over a block
in Figure 3, so that it covered many blocks. Therefore

20 as the average signal level rose, for example when moving
closer to the base station, the switching thresholds
increased accordingly maintaining a near constant average
throughput, but variable BER. The average bits/sym could
be set to any level within the maximum number of bits/sym

25 by changing the scaling factor associated with the long
term average input. Where the average bit rate was the
same for both selectibn criteria, they both gave
identical BERs, and can be viewed as equivalent systems.
Figure 5 shows switching profiles for this constant

30 throughput scheme over the same section of fading channel
as for the previous profile. Again ‘an SNR of. 30dB is
used. Here there is considerably more level changing in
an effort to keep the average to 4 bits/sym. If a lower
SNR had been chosen for both graphs then they would

35 appear more similar.



5. sufficiently low For fully successful conputer file transfer the BER

nmust be zero. Preferred enbodi ments of the invention. bed

by way of exanple, and with reference to the acconpa ViHIg SHEARHAGSBEEN

wherein: 10 Figure 1 illustrates schematically a frré@RiCERruct Ufe

for use with a variable | evel QAM schener EPgore 2 i Sa series of

QAM constel | ations for use in a variable | evel QAM schene; Figure 3

!Iluszrates a radio transceiver of a 15 preferred enbodi nent of the

i nv X '

nvention; Figure 4.phous, 2 85200 LhhVak! dkadd WBe st Asouedl 1/ synbol
systems, in our case in the form of systematic BCH codes.

The data was encoded and interleaved over 15,600 bits
before being passed to the input of the QAM modulator in
5 Figure 3. At the output of the demodulator

de-interleaving was performed in an attempt to randomize
the bursty channel errors before channel decoding takes
place[ The variable QAM schemes have the advantage over
the fixed OAM scheme that errors occurred in smaller

10 blocks because of the use of fewer QAM levels in poor
channels. This allows the channel codecs to perform more
efficiently. The performance of the RSSI switching
system with channel coding is considered below.

The performance of the RSSI switched variable level

15 s€ar QAM_system compared to a fixed 16-level (4 bits/sym)
Star QAM system is shown in Figure 6. The adaptive QAM
system has had its switching thresholds adjusted to also
give 4 bits/sym. The necessary signalling information of
the number of OAM levels used has been taken into account

20 in calculating this throughput. The simulation was
performed for a propagation frequency of 1. 9GHz, a
vehicular speed of 30mph, and a transmitted symbol rate
of 512KSym/sec, providing a bit rate of 2048Kbits/sec on
averags. The propagation environment has been assumed to

25 be microcellular so that ISI is insignificant. It can be
seen that there is a significant improvement in the
performance of the adaptive over the fixed modem at all
SNRs, and that this improvement is enhanced with
increasing SNR.

30 Rather than switching the QAM levels on RSSI this
switching can be done on the command of a channel codec,
in this case a systematic BCH codec. Figure 7 shows a
simplified block diagram of the BER switching
transceiver. In figure 7, parts in common with the

35 transceiver of figure 3 have like numerals. The
transceiver of figure 7 dlffers from the transceiver of

——— e e e

This Sheet Has Been Rerlaced

i




fadlng | evel ; 20 Figure 6 shows a graph illug
for fixed and variabl e modul ati on schenes; Fi '
schematically a radio transceiver accordin ]
the invention; 25 Figure 8 shows a gtaph |IIustrat|ng vari ation of
bits/synbol with fading level; and Figure 9 shows a graph illustrating
per f or mance of a-DECT- Iike systen1 The sinpl est dupl ex arrangenent for

variable rate g0 J09eTLORELE LRR 2o liWR Pt QheDURkPhe( D) . where -
demodulator 4 is provided to a BCH decoder 21. The BCH
decoder 21 provides a "no errors" output to decision unit
22, and an "errors detected" output to decision unit 23.

5 Decision units 22, 23 control level selection unit 7
appropriately. Further, in the fransmitter part of the
transceiver of figure 7 the input data stream passes
through channel coder 24 before being supplied to QAM

modulator 8.
10 In order to obtain an estimate of the channel during

each received data packet, a BCH(63,57,1) code is
overlaid onto the last 57 bits of input data in each
block. The input data may already have been channel coded
and interleaved using the same system as_described in the

15 previous section, the additionallcoding is overlaid onto
whatever data was present. This codec was generally
ineffective at correcting errors as it was overwhelmed by

) the non-interleaved errors in a typical error burst, but
it informed the receiver that channel conditions were

20 poor. Such a coding system involved little overhead as it
was only applied to the final 57 bits in a block which
contained an average of 400 bits. The coded data was
applied to the adaptive QAM modulator and the modulated
ocutput was up-converted and transmitted. The QAM.

25 demodulation was performed using the number of QAM levels
extracted from the header, as described in the section on
the RSSI switched QAM system. Most of the data was passed
to the output where it might be subjected to
de-interleaving and channel decoding. However, the final

30 63 bits of the recovered bit stream were passed through
the BCH(63,57,1) codec 21 before pfbceeding to the
output. If no errors were detected by this BCH codec then
the number of QAM levels used in the next block was
doubled, otherwise they were halved. Switching profiles

35 for the same section of channel as used in Figures 4 and
5 are shown in Flgure 8. _Again a channel SNR of 304B was
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Base Station (BS) and Mobile Station (MS) transmt over the sane channel
but at-different times. In this case both the BS and the M5 experience ,
sim lar channel fading conditions as their transm ssions are typically half
a 35 TDD frame apart. The transm ssion received by the M5 is used to
estimate the channel integrity which thea 12 & dictates the nunber of QAM
level s to be used by the M5 transmitter. Simlarly, the transm ssion

recei ved by the BS enabl es the nunber of QMM Il evels to be used in the
used. This figure shows the BER switched system had a
similar level switching profile to the variable
throughput RSSI system, as might be expected. The lack of
hysteresis on level switching is evident but it does not

5 cause any additional signalling overhead, nor
significantly alter the BER.
The digital European cordless telecommunications
(DECT) system uses TDD, supporting 12 channels per
carrier. The 12 down-link and 12 up-link channels

10 constitute a 24 slot frame lasting 10ms. Each time-slot
containing a packet has a duration of 0.417ms. The data
in the packet consists of 320 bits which are transmitted
at 1152kSym/s. In a simulation each bit was replaced by a
QAM symbol to increase system capacity. The header

15 informed the receiver of the number of constellation
points. —fhe RSSI switching system was employed. Figure
9 shows the variation of BER as a function of channel SNR
for this DECT-like system for MSs travelling at different
speeds. No co-channel interference was present. The

20 DECT framing meant that the transmission and reception
were separated by 12 slots or Sms, and consequently the
channel could occasionally experience considerable
changes between transmission and reception of data and
therefore generate an inappropriate number of levels.

25 When the MS travelled faster the BER deteriorated and
when the mobile’s speed was 20mph the adaptive and the
fixed four-level QAM had similar performances. However,
an order of magnitude improvement in BER was achieved for
a given channel SNR in excess of 204B when the mobile’s

30 speed was decreased from 20 to Smph. This was due to the
slower fading rate making the channel estimation more
accurate. An adaptive Star QAM modem for transmission of
data over Rayleigh fading channels using a variable
number of modulation levels has been proposed. Criteria

35 for deciding how to vary the number of modulation levels
to give a required performance characteristic are



subsequent BS transm ssion to be determ ned. Both the BS 5 and Ms shoul d
informthe other of the nunber of QAM Il evels used by their transmtters-and
this information should not be corrupted by the channel, in order for the
QAM denodul ations to be properly perfornmed. In sinulations data was divi ded
into bl ocks, or packets that 10 occupy-aiBi re slot, and the first few
synbol s in each block are reserved for signalling. The opti numsize of the
block is related to the nobile speed as the channel shoul d not change
significantly over the block duration-. Blocks of 100 synmbols were used faor
transm ssi ons pregénte8i2kBenpdapsinsbRPY gpded SRMBPPRIFIPIRLHY i er

frequency of 1,9GfaeAh hRE8rStahktahtedER bh@eK a3wild@Ndange of channel
SNRs, although the bit rate may vary considerably. This
type of performance is suitable for data services that

5 can tolerate some delay. In general, the adaptive modem

provides the flexibility to vary both the BER and the bit
rate in a prescribed manner to suit a particular
application. The adaptive modems have a better .
performance than the fixed modems both with and without

10 co-channel interference.



was sent representing the nunber of levels to be used in the block. This
was ericoded onto two synbols of a 4-level QAM i.e.

of these two synbols was 20 transmitted three tines. N&ﬂSﬁH"ﬁﬂﬁSﬁE'
perforned at thé“?étéTVéF“in order to establish the nu oﬁé%;&ﬁ?%vpl
denodul ate in the Bmﬂm ith | argéf bl ock siz fmgher 1ntegrity

codes can be used on containing the nunber of levels

wi t hout 25 signi i cantty Weducrng the throughput. Figure 1 shows the TDD
fram ng arrangenent for adaptive QAMtransnissi ons using one carrier per
channel . If N channels per carrier are uSskaidRe QAM synbol s shown in the
Figure are transmtted N tines faster, but the tinme

1. A radio system comprising a pair of stations at
least one of which has a radio transceiver having:
" a radio receiver for receiving signals from the
5 other station;
means for assessing the received radio signals;
means for selecting a transmission modulation state
on the basis of the assessment of the received signals;
a radio transmitter for transmitting signals to the
10 other station using a modulation scheme having a
plurality of modulation states;
means for adjusting the transmitting state of the
radio transmitter to be the selected modulation state;

and _ i
15 signalling means for including in the signals to be
transmitted to the other station an indication of the

selected modulation state.

2, A radio system as claimed in claim 1 wherein the

signalling means has means for adjusting the modulation
20 state of the radio transmitter to transmit the indication

of the selected modulation state in a predetermined one

of the modulation states.

3. A radio system as claimed in claim 1 or 2 wherein
the radio system operates using time division duplex

25 operation.

4. A radio system as claimed in claim 1, 2 or 3 wherein
the modulation scheme of the transmitter is quadrature

amplitude modulation.

5. A radio system as claimed in any one of claims 1 to
30 4 wherein the means for assessing the received radio
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30 over which the fading channel nust remain essentiall . - 5
sane, i.e. on the basis_that.the cells are sufficie %m@ TmmssEE&;‘
Rayl ei gh fading to ap The QAM constel | ation chaig;> é%RGEDnber

levels is vari ed nﬁim'mﬂ havi ng a_square

not used because es with éarrier recovery in a fading
envi ronnment . | nst ead %iar dANIhaV|ng 6 a circular star constellation is
used, in conjunction with differential coding, as this has proved to be

nor e

signals assess eirher or both the received signal

strength or bit error rate of those signals.

6. A radio system as claimed in any preceding claim
wherein each station has a radio transceiver as defined

5 in any of the preceding claims. =~ -

7. A radio transceiver for the transmission of digital
signals characterised in that the number of binary digits
encoded onto each symbol for transmission is varied
according to measured received signal strength, the

10 measured bit error rate (BER) or some combination of

these.

8. A radio transceiver characterised in that the

received signal strength is averaged over a predetermined

time period and the number of bits/symbols to be used in
) 15 forthcoming transmissions is determined according to this

average.

9. A redio transceiver characterised in that errors in
received decoded digital signals are identified using an
error detection system, and the number of bits/symbol to

20 be used in forthcoming transmissions is based on the
number and distiibution of the errors detected.

10. A radio system wherein the radio communication is
bi-directional but instantaneously uni-directional, the
data being placed in packets or blocks and the initial

25 symbols in each block being reserved for signalling the
number of bits/symbol to be used in the block.

11. A mobile radio system for operation over radio
channels with fast fading wherein the number of
modulation levels is varied at a rate commensurate with

30 the fast fading. -
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successful in previous simulations. The principle of Star QAMis to. I de

a'constel | ati omupon—which-dit ff-erential 5 codi ng can"b% gT‘igfhg\gtggEN

overlaid. Both (i | 1ase and anplitude codin
16-1evel Star %ﬁﬁﬁgmﬂaﬂ@ﬂour bits which constiltu ceb "
differentially 1 s the phasel®and the remaining bit is

differentially encoded onto the 10 anplitude of the phasor. This
sinmplifies the receiver as AGC and carrier recovery are no |onger required.
Simul ations have shown that BER performance is.substantially inproved over

the square constel | At Fﬁﬁlﬁhﬁﬁnﬁﬁﬁévsﬁrcﬁﬁgrfﬁéngrff|cuI ty of accurately 15
estimating the absohuredsbgrakepkesefarndranplivionderadée signals;

means for assessing the received radio signals;

means for selecting a transmission modulation state
5 on the basis of the assessment of the received signals;

a radio transmitter for transmitting signals using a
modulation scheme having a plurality of modulation
states;

means for adjusting the transmitting state of the

10 radio transmitter to be the'selected modulation state;
and

signalling means for including in the signals to be
transmitted an indication of the selected modulation

state.

. This Sheet Has Been Reﬂlaced
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.both are varied randomy by the nodul ator and both are al so i nfluenced by
the rapidly changi ng Rayl ei gh fadi ng propagati on channel . ~Star QAM has the

20 synbol has a simlar BER, nmaking speech and data'WﬁQQQM}FrHASDEhN
strai ghtforward. This is not the case for %duare QANlnhere agbfaciDt he B
mapped onto a 16-1evel grey-coded constellation have garcarty

BER than the .other half. In sinmulations constellations fron11 bit/sym 25
(BPSK) through to 6 _bits/symwere used. Provided the receiver noise is -
sufficiently I%ﬂﬁmgﬁgminplenentation conplexity is not an inhibiting
factor, nore than 6 bits/symcan be used. As the nunber of bits/symis

RADIO SYSTEM

In a radio system, a radio transceiver (Figs. 3, 7)
has a radio receiver for receiving signals from the other
S station including units (5, 6; 21, 22, 23) for assessing
the received radio signals.. A transmission modulation
state of a radio transmitter using a modulation scheme
having a plurality of modulation states, is selected on
the basis of the assessment -of the received signals. An
10 indication of the selected modulation state is included

in the signals to be transmitted.
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3

'i‘ncreased t he nunber of anplitude rings and the nunber of 30 phase points

is alternately doubled. Starting with BPSK, for 2 bits/symthe nunber of

phase points is: doubled to get QPSK. For 3 bits/symt

| evel s is doubled to get 2-level QPSK. For 4 bits/symt

h?ﬁ@‘

ok al

points is doubled to get to the 16-level Star 35 casa

until with 6 bits/sym4 rings having 16 points per ring. The constellatlons
for 2-level to 64-level Star QAM are shown in Figure 2. The act ual

di stances between the rings, and the sizes of the

S receives ——se— S transmits —e

JAM svmbois : + QAM svmbois 4 TDD frame
ey kN

—— Iy ;\\\ \\‘
AM demod. i\ QPSK sym. of no. \
ad no. of QAM : %\ of leveis used in
weis to be used! \ data transmission

e . X
| transmissions 7 . ~ \
stermned. f N le— 8 e

)

' « | __QAM svmpois | | Q9AM svmbols :
ty voting /;—:'—— 3S receives —e=— BS transmits —=
d to QPSK

'¢—— characteristics ————es
required to be
: approximateiy
constant.

to find no. - Propagation ;
W leveis for i delay i
iulation 5 E
! 1
: ) i
E The fading '

——————

’ig-ure 1: The framing structure used in the variable level scheme
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rings are not drawn to scale. Each constellation has_the sane _average. .
energy, and the radii of the rings in the8 5 and eggt_pgﬂ§QQLka i ons
are in the ratio of three-to-one. The differential enco |ﬁtptgggmrrectly
initiated by using the convention that the point beflore—thef ot
synbol is sent on the innernost anplitude ring at 0 10 degrees and we
then calculate our differentially encoded data fromthis phasor. The bl ock
di agram of a transceiver is shown in Figure 3. After recovering the
baseband signal by receiver (RX) front end 1, denultiplexing is perforned

by 15 de-nul tiplexer 2 to separate the QPSK and o
n:mn aumber”|
' of levels from
{ start of {rame
- ' | Duudnl:l.‘mu
' mrrseepieeve  GAM Qukput

o X Frome (B8 NeeMulti- o gu Vamable ieves !
: | Eaa ! : . ;mmr i { QAM Demoautator |
——————— L] T —————

)

- . i . : a4

- - et S S g Suknaer

. | Sleck i s '
i G —— s .. :
: ' \’ -
H -~ 3
[ ) f - 1 input
——epinms  BF s MU= gy Variable Level
{ Transmutter ° i piexar ! - QAN Modulator ! -
- A [ -_
i
P S E— ! ; .
: umo . Select Numur
X ;?el?:v.::am:r - of Leves ut Stare (4™
| Ser of Proms ot rrme
AR
4
“
- 4

Figure 3: Receiver block diagram for RSSI switching
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signals. QPSK denodul ation is perfornmed by QPSK denodul ator 3 to obtain the
nunber of QAM I evels to be used in the QAM denodul ation. This is followed
by QAM denodul ati on by QAM denodul ator 4 to yield the recovered 20, data.
The average magni tude of the baseband signal |evel ovefa=broek -—i—&-nfeaawm?d
by average nmonitoring unit 5 to provide an indication gf THIRERETIrtAS BEAN
path loss of the radio channel. If this average is very | ow BRBLABED| e is
either in a deepfade or at the edge of the cell. In 25 erther case 1t 1S
nore appropriate for it to transmt using relatively few QAM | evel s. -
Conversely, if the average is high the channel is relatively good, enabling
nore QAM I evels to be used in its next transm ssion. The

RSS! Switching System 7
) - 46
i 45
- isS 44 S
21}
42
=T 41
) 0
0

0 a00 4000 6000 8000 10000 12000 14000
Symbois

Figure 5: Exampie of RSSI switching for constant bit rate
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average over a block is conputed using ap exponential 30 snoot hi ng
process which gave nore wei ght to signal- | evels tomards t he end of the
bl ock. This average is quantised by quantiser 6, ef gg
signifying a particular nunber of QAMIevels to be {sBHSISHEHE g% ELEW1ng
transm ssion. 35 In the transmtter part of {lhe t r BEEEAY

Figure 3, the output of quantiser 6 is fed to a |lev Serection 8 unit
7. The level selection unit 7 controls a variable

puy

1.000E-03 'ﬁ

— . —

-— i N .
1.000E~04 ________==='-=-‘——_:—"'—__—--_=———_—'——'—"_____-———————————-———‘=‘-—’—?‘_'——'==

i . : . .
10 15 20 25 30 35
SNR

|.00QE-0S§
S

—= Fixed - RSS! switch

Figure 6: BER comparison of variable and
fixed systems
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l.evel -QAM nodul ator 8 to nodul ate a data input stream The |evel sel ectlon
unit 7 also controls a |evel encodi ng unit'r9 whi ch encode the
| evel into the start 5 of frame. CQutputs from QAM njpd
encoding unit 9 are fed to a nmultiplexer 10, and nulti
transmtter unit 11. The baseband signal in Figure 3 i§ _relateet

recei ved signal strength indicator (RSSI) at RF. The 10 system woul d
function identically.if the RF RSSI, instead of the baseband RSSI

i ndi cator, was averaged over a _block. For ease of nonenclature, this nethod
of switching the QAM | evel s based on the baseband signals is called
baseband RSSI sw tching, or nore su:mJ.gL,_R%S \vhalo€ i NQ.

‘ullmlren
:n.melrn-n i

v , i . | Yumeer ot e .
i Reeervwe : i | na-;‘unua_?, -
Sasesand i A 'Lﬂ" e
~AM et . o >
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: meoduistor | . last 63 bits 1n
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T No , Errors
laput errors § datecied
y ;
incrsase | | Dacreass
oy batsssym | | batssaym
. ; b .- .
r A o e | L-
. 27 Mulie Ly Yarable Levet L., ChABDEl code | T
Modulator | last 57 bits 1 .
' Transmattar | plexer ' i QAM I o
) a 4 | I I
. i
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| £ncode Numver l . Select Number
| of Levets onte | " 'lr‘nll at sunq"—'"'
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Figure 7: Block diagram of BER switching receiver

BER Switching System

S W Wf
A

0 s000 4000 5000  $000 10000 12000 14000
Symoois

(2]

i
w

L
E
Bitsisymbol

Fading | evel

w

Figure 8: Example of BER switching
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15 +° Two criteria are used for these switching levels, i.e. the levels
generated by the quantiser in Figure 3. Ome! s to sel ect the SMAtChIng
| evel s to achieve a specified BER, resulting in a vari ghk

A sinmul ati on was conduct ed where graphs of BER as a 20
the input to the QAM denodul ator were found for the St3g
[err]; n=1, 2, ...6 fixed levels. In this simulation a was
used, as over any short period of tine when we do our smntchlng t he channel
Is essentially a constant |evel plus Gaussian 25 noi se. A straight line
corresponding to the BER of interest was then drawn and where this

hori zontal line intersected the curves identified the sw tching

1.000E-03 @

\ \\
1.000E-04 Wﬁf:

i !l
; [
i . i
10 15 20 25 30 35
SNR

1.000E-05
5

— Singte User— DECT Smon—%" DECT ‘Omon
~3~ OECT 20mopm~— Flxed

Figure }:T : Performance in a DECT-like sys-
tem 4
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thréshol ds. The SNR was t her ef or] %‘g 9 hAYBEENtine g
correspondi ng to different nunbe _.1 gpLA®eb| evelfs i
Sonme hysteresis was built into t# ' ' to
| evel changi ng. The baseband signals in Figure 3 are ¢ T T

whi ch-the averaging circuit considerably redguces prior to QAM | evel 1

sel ection at the 35 end of the bl of’ag nsure that the quantiser o tBut
levels correspond to the required SN Ues, the average 9

THE FRAMING STRUCTURE USED IN THE VARIABLE LEVEL SCHEME

(@)

——MS RECEIVES—==—MS TRANSMITS—=
| GAM SYMBOLS | GAM SYMBOLS | TOD FRAME

QAM DEMOD. 1IN TQ@PSK SYM.OF NO.

AND NO.OF QAM |\ OF LEVELSUSED IN ©

LEVELS TO BE USED\L \\DATATRANSMISSION \\

IN TRANSMISSIONS _
DETERMINED, | N e N —

' [ GAM SYMBOLS [ GAM SYMBOLS
MAJORITY VOTING ——To_ o fm— ——— T—=

|
DATATO FIND NO. | PROPAGATION !
OF QAM LEVELS FOR | DELAY !
DEMODULATION | |
|
I
|
LS
™ REQUIRED TO BE |
| APPROXIMATELY ,
CONSTANT.
Fig.6.
BER COMPARISON OF VARIABLE AND FIXED SYSTEM
BER
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vaI ue' of the QAM synbols (found at the end of the block) was appfopriately
scal ed by the known receiver noise prior to—guasi SHgws  an
arbitrary segment of the si gniTraBRHeRe HAB BBEN QM |Hammsl sHREDHASEHRENS [| t he
nunber of bits/sym selected d r| ng it‘gp@ml od. [ hel| f i gugRERMESHH oduceid
froma sinmulation at 30dB wit S revy ousl y. {
Because of the relatively high SNR nuch of the tine the nbodem attaine qts
maxi nrum 6 bits/sym 10 The second criteria for choosing the

swi tching threshol ds achi eved a consgant awgrage bit rate whil st accepting
- a variable BER Here the threshol dslg61 Q?above were used for the

const ant BER system and t hese

SOME QAM CONSTELLATIONS USED IN THE VARIABLE LEVEL SCHEME

S BITS /SYM | 76 BITS/SYM

32-LEVEL STAR QAM 64-LEVEL
STAR GAM
N -




were multiplied by the same nunber at the start of each 15 block._ Thi s
nunber was derived fromthe baseband signal B!
fades. This nerely invol ved add - 2
aver agi ng wi ndow i ncreased ove
3, so that it covered many blo
| evel rose, for exanple when newHh

switching thresholds increased accordingly naintaining a near const ant
aver age throughput, but variable BER The average bits/symcould be set to
any level wthin the maxi mum nunber of bits/sym 25 by changi ng the

scaling factor associated with the |ong tferm average 1 nput. Wigre the
average bit rate was the : 1
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sane for both selection criteria
vi ewed as equi val ent systens.
t hr oughput sche
for the previous profile. Agai n=H

constant 30

consi derably nore level changing in -eff t to keep tWé average to
bits/sym If a |lower SNR had been ch fg?fii both graphs then they wo
appear nore sinilar. -
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Chanhel coding can be added to g case in the
formof systematic BCH codes. The''d CBHco
15, 600 bits before being passed \v__o,_ ot o1t ul a8 geeln| S
Figure 3. At the output of the denodul ator de-in eftiig QA&ag per flor med
In an attenpt to random ze tt];jbursty channel errdrs _belfdr

, i n our

5
decodi ng takes place. The vapilabl e QAM schenes have .t he advant age ove/q he
fixed QAM schene that errors
use of fewer QAM Il evels in pogy

curred incsmaller 10 bl ocks because of the
channels= This allows the channel codecs to

performnmore efficiently. The erforrrag:‘g‘_, of he—RSSM swi tching systemwith
channel coding is considered _bglow, o %E -
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The' per f of mance of the RSSI switched vari 15 _Shar QAM system

conpared to a fixed 16-1evel (4 RETSHAS B@EM em 1 H =N
Figure 6. The adaptive QAM syst ﬁssg AEPILACED swi ﬁﬁ gérﬁ 7 B‘§I g
adjusted to also give 4 bits/sym SI ; i8n of
the nunber of QAM I evel s used has been taken into accoyrmt 2 in . /@

i on

cal culating this throughput. The si ofd was performnmed for a propada
frequency of 1. 9GHz, a vehicular s ee@of 30nph, and a transmtted synbol

rate of 512KSym sec, providin Lt it S/ sec on average. The
propagati on environnment has bgg@rﬁésg%r@iégg gﬂ?ﬁgbﬁm crocel lul ar so that
ISl is insignificant. It can begpReSWITEHINGSYXSTEMa significant

i nprovenment in the 1
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performance of the adaptive over the fixed nodemat all SNRs, and that this
i mprovement is enhanced with increasing SNR 30 Retfer—than
switching the QAM I evels on RSSI this switching can be ; j@ﬁngﬁEMﬁﬂTﬁggfg )
of a channel codec, in this case a systenafizc -BCH coded| Fi gurSa SERs a
simplified block dlagran1of t he BER switching transceiviePat® -n-Fi-gure-7:
parts in comon with the 35 transcei ver of Figure 3 have tTKe nunerals.
The transceiver of Figure 7 differs fromthe transceiver of

ABSTRACT -

RADIO SYSTEM
In a radio system, a radio transceiver (Figs. 3, 7)

has a radio receiver for receiving signals from the other

5 station including units (35, 6; 21, 22, 23) for assessing

the received radio signals.- A transmission modulation
state of a radio transmitter using a modulation scheme
having a plurality of modulation states, is selected on
the basis of the assessment -of the received signals. An
10 indication of the selected modulation state is included

in the signals to be‘trapipitted.

Figs.‘é and 7




in Figure 3 in that/the recei v§r g? ﬁA t~ of d 4 is
provi ded to a BCH decoder 21. l?ﬁ §§§E 5 1l pro ﬁgpLRCEMQN¢@#Qr$
output to decision unit 22, §Ddetected" to deC|S|on
unit 23. 5 Deci si on units 22, 23 control level sele

appropri ately. Further, in the transmtter part of t
Figure 7 the input data stream passes through channel coder 24 before being
supplied to QAM nodul ator 8. 10 In order to obtain an estimte of

t he channel during each received data pggket, a BCH(63, 57,1) code is
overlaid onto the last 57 bits of input data in each

+—— S rece:ves e S transmits —

't QAM svmoois : 1+ QAM svmpois 44— TDD frame
Te— 1 TN \
' QAM demod. %, "QPSK sym. of no. \

1
L]
]
' \ of leveis used in |
l

p 0. of Q
nd 2 %, data transmssion %,

.eveis to be used iy .
i in transmissions ; | A -
| determmed. ' S - I 1 pols :
| l | _OAM symoois | I OaM svmposs -
Vajority voting ./_:______BS receives ——— 85 transmits .
appiied to GPSK '

=~ data te find no. \- Propagation E
of QAMleveis for i celay :
demodulation ' E

i 1)
5 e
' The fading E
‘e characteristics ——
required to be !
: approximateiy :
) constant.

Fig-ure 1: The framing structure used in the variable level scheme
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bl o¢k. The I nput data may alr dyAane..bee.n..channelh rtedved
using the same system as descf THIEISHEET HAS BBEEN pre\)“ gggﬁgﬁg‘p‘gﬁlﬁgﬁ F
additional coding is overlaid ontonmnemr datja WEI DR senSEP'I‘gﬁ coffec
was generally ineffective at &orrectimgerrors-as i - )y t he
non-interleaved errors in a typical error burst, but it infofrnmed the

recei ver that -channel conditions were 20 poor. Such a coding system
involved little overhead as it was onl®/dpplied to the final=~s87 bits in-a
bl ock whi ch cont ai ned fanlav-erage of 400 bits. .The coded d’atd was applied to
t he adapti ve QAM rmdgl ator _gnd the nodul aﬁt put was 'ﬂ'p—C'OTTv%Tted and
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Figure 2: Some QAM constellations used in the variable level scheme
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extracted fromthe header, as des WEPQRCEQENRQ..
QAM system Most of the data was ) re m
subj ected to de-interleaving andks I ng. g _______ S Ei% Q&Ial
63 bits of the recovered bit streamwere passet eugh—tha BOH B3 3571 1)
codec 21 before proceeding to the output. If no errors were detected by
this BCH codec then the nunber of QAM | evels used in the next block was
doubl ed, otherw se they were halved. SwyiZtching profiles 35 .for the sane
section of channel as used in Figures 4 and 5 are s@mgme 8. Again

a channel SNR of 30dB was ! of leveis trom
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- 12 - wused. This figure shows th ' temhad a simlar |eve
switching profile'to the variable {8 ﬁﬁhﬂA&&EENsbstel

expected. The lack of hysteresis bn le LAQED ching is g
not 5 cause any additional signallTng overteact—Hor s
the BER The digital European cordl ess teleconnunicatio ________ 806
uses TDD, supporting 12 channel s per c%Py The 12 dowr=akeand "T7 -
up-link channel s-10 _ constitute a 24 t frame | asting 10nms. Each
time-slot containing a packet has a duration of 0.417nms. The data -
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a sinulation each bit was repl ace
capacity. The header
constell ati on points.
shows the variation of BER as a f
Mss travelling at different speeds No co- channel |nterference
DECT fram ng neari/Z hat the transm ssion and
and consequently the channel

system f or
was present.
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25 - Wien the MS travelled faster ed and when the

mobi | e' s speed was 20nmph the adapt} THISSSHEETHHAS BEEN fourW
simlar performances. However, an prder REPLAGED t udg i IIBGEMEHT%%
achi eved for a given channel SNR i \hen G;gb gl SEB

speed was decreased from 20 to 5nph. This was due to t-h r...f-ad-ng-rat
maki ng the channel estimation nore accurate. An adaptive AV Todem T or
transm ssi on of data over Rayl-eigh fadiédd channel s using a variabl e nunber
of nodul ation | evels has been proposed. Criteria 35 for deciding howto

vary the nunber of nodulation |evels to gi ve—a—-rm'rred per for mance

: of levas (rom
characteristic are : j o tevu |
' -.___..._-——-
v : . ! Nomoer of I
b : Recerves : - Demecuiaion .-
P 3asesena i . """'" ot -
! rnm— A D - -
. T M POR VI TS ——— T ¥Y2 ey BCHI83.57.1) docote \
; _ﬂ‘fﬂnl e gl'l:‘::l “ a:r;mudmw t laze 63 bDits 2 ! .
i | S L_._._——-—- r———ee———ret ' the {rams
S
- Ne l Errenn
taput erTora ¢ detectad
1
I y ~
H . increase 1 | Decreasns
' bitsseymn ¢ | bitsseym
; - N y . I .
. —— _
. - ! Yarasie Level Lges SDARDA) COCE ) -~ ke ! - -
— P g R Rt R

* lase 57 Dita
: Transmutter v plexer i I I \a frame I
a

i .
Salect Xumbar
i f:‘::v:: “o:::' : l e; }cwu at suni‘" —
§ Start of Imame H of frame _
s h——-——‘-—'
§, - N
’

Figure 7: Block diagram of BER switching receiver

BER Switching System 7

g
I 1
o /IR -
N\ /\ |
0 L

0:000:00050003000!00001200014000
Symools

Figure 8: Example of BER switching

This Shii‘,ltlliiirlBIioleInllfﬂlaced




- 13:-""presented. The adaptive QAM nodem can be arrang
const ant BER over' a wi de range al t hou
vary considerably. This type of TBS SKHEETaHAS BEENdui t abl

that 5 can tolerate some del tthe adaptd ye. ndb@quggglde
the flexibility to vary both t *rate a_preseribed -
manner to suit a particular application. The adaptive nodens have a better

performance than the fixed nodens both7v@th and wi thout 10 co- channel
i nterference.
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14 CLAI MS 1. A radi o system conprising a pair of statlons at | east one
of which has a first radio transceiver having: 5 : .

(1) for recei vi ng signals fromthe other station; nj EE
transm ssi on nodul ati on state on the basis of an aspepsnent oOf oI
quality; a radio transmtter (11) for H@nsmttl ng Ongigsst 1 gt Her
station using a nodul ati on schene having a pluralitly jof nodu I"on Jstjat es;
10 means (8) for adjustlngt?gtra7|smtt|ng Stat-e—f Lhﬂ adi o

~ (D

vl

THE FRAMING STRUCTURE USED IN THE VARIABLE LEVEL SCHEME

~—MS RECEIVES—=t=—MS TRANSMITS——
| GAM SYMBOLS | QAM SYMBOLS TOD FRAME
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transmtter to be the selected nodul ation state; and signalling means (9)
for including jn the signals to be transmtted to the . )

i ndi cation of the sel ected modul ation state, characte REP&ACEEEM?SH |
first radio transceiver has means (5) for 15 assessing fhe radio signal
recei ved fromthe other station; and that/ehe neans () |f 88 S&PetwwBng] a
transm ssion nodul ation state is operable on thelbasis of the

quality of said received signals. 2 ?io systemas clained in clpim
ofig,

L2

1 wherein the signalling nmeans 20 ans for justing the
nodul ation state of the radio transm 1) to transmt the indication
of the selected nodul ation state in a predeterm ned one of the nodul ation

states. 3. SOME QAM EOQNSELAATIONS B AN CcTHE nVARIABLE bWhdEd STHEME adi o

system 25 operates using tinme division duplex operation.
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4°  Aradio systemas clainmed in claim1, 2 or 3 whe
scheme of.the fransmtter (11) is quadrature anplitude
A.radio systemas claimed in any one of claims 1 to 4
for assessing the received radio signals assess either
signal strength or bit error rate of those signals. 5

gﬂf t he nmeans
SEPHRY8 cdei
A radi o

transcei ver conprising: neans (7) for selecg y gy a transnlsS|on nmodul ati g

state on the basis of an assessnent of signal quality;
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schene having a plurality of nodulation states; 10 RFR&%@EMEEH1%HEET
adjustlng the transmtting state of the radio transmttprfto be the
sel ected nodulation state; and signalling neans (9) for | ncl @q:; Sepigyd he
signals to be transmtted an indication of the sel ected pogul ati on stat g,
and a radio receiver (1) for receiving rad#désignals; 15
characterised in having neans (5) for sessj ng the recefved radi o signalsj
and in that the neans (7) for selecti J{t&gnsni ssion noduration state IS
arranged for control by the neans (5) fo# assessing the received radio

signals. 20 7. A 1 EXAMPIRITFC RISEE rSWAT CHENG FOR: VARIABLD BITdRAIEact erised in

that the . RSS! SWITCHING SYSTEM ,
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means (7) for selecting the transm ssion modul ati on SLEEEEAc

-for varying the nunber of binary digits encoded onto ¢
transm ssi on according to nmeasured received signal gt

~neasured bit error rate (BER) or sone conbination of th

transceiver according to claim7;conprisingspeans (5) |f
received signal strength over @predeterm ned tine per

determi ni ng the nunber of bitsPsynbols tozbe used in 30

EREENT:
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fo

nength, the 25

¢se) 8SEP Wyl r 5
¢r averaging t
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detection system (21) for identifying errors in recei
for selecting signals, and the neans (7)/is arranged
of bits/synbol to be used in forthcom ng transm ssio
nunber and 5 distribution of the errors detected. 10
according to any one of clains 1 to 5 mgereln the ra
bi -directional but instantaneously unF I rectional,

for placing the data in packets t he |n|t|
bIocE belng reserved forpS|gnaJIlﬁrfgﬁdﬁﬁunber of bit
t he bl ock.
=T EXAMPLE OF BER SWITCHING
BER SWITCHING SYSTEM .
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