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(54)  Signal  structure  for  multicarrier  modulation,  which  reduces  the  overhead  requirement 

(57)  A  transmission  system  is  disclosed  which  per- 
mits  the  receiving  end  to  demodulate  multi-valued  mod- 
ulated  symbols  successfully  under  fading  conditions 
and  reduces  the  amount  of  transmit  reference  data  to 
improve  data  transmission  efficiency.  At  the  transmitting 
end,  a  multiplexing  section  (101),  a  modulating  section 
(102),  and  a  transmitting  section  (103)  are  provided.  In 
transmitting  an  OFDM  transmission  frame,  null  symbols 
and  reference  symbols  are  placed  in  the  beginning  por- 
tion  of  the  frame  and  QPSK  symbols  are  placed  in  an 
information  symbol  data  region  in  the  frame  with  equal 
spacings  in  time  and  frequency.  At  the  receiving  end,  a 
receiving  section  (111),  a  demodulation  (112)  section, 

an  equalizing  section  (113),  and  a  demultiplexing  sec- 
tion  (117)  are  provided.  An  error  detector  (114)  detects 
amplitude  and  phase  errors  of  each  carrier  from  the  ref- 
erence  symbols,  and  a  variation  detector  (1  1  5)  detects 
variations  in  amplitude  and  phase  of  a  received  signal 
from  the  QPSK  symbols.  The  carrier  amplitude  and 
phase  errors  are  corrected  by  a  correction  information 
producing  section  (116)  on  the  amplitude  and  phase 
variations  of  the  received  signal  detected  by  the  varia- 
tion  detector  to  produce  correction  information.  The 
equalizing  section  equalizes  the  demodulated  symbol 
data  according  to  the  correction  information. 
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Description 

The  invention  relates  to  a  radiocommunication  sys- 
tem  employing  an  orthogonal  frequency  division  multi- 
plexing  technique,  and  more  specifically  to  an  s 
orthogonal  frequency  division  multiplexing  transmission 
system  suitable  for  use  with  a  mobile  communication 
system  and  a  transmitter  and  a  receiver  therefor. 

In  recent  years,  digital  modulation  systems  have 
been  developed  actively  in  the  field  of  audio  and  video  10 
transmission.  In  digital  terrestrial  broadcasting,  atten- 
tion  is  paid,  among  others,  to  orthogonal  frequency  divi- 
sion  multiplexing  (hereinafter  abbreviated  to  OFDM) 
modulation  systems  which  are  robust  to  multipath  inter- 
ference  and  have  a  high  frequency  usage  rate.  In  the  15 
OFDM  modulation  system,  a  large  number  of  carriers 
(several  hundreds  to  several  thousands)  which  are 
orthogonal  to  one  another  are  each  modulated  with  dig- 
ital  data  to  be  transmitted. 

With  digital  audio  broadcasting  using  the  OFDM  20 
modulation,  each  carrier  is  modulated  by  the  differential 
QPSK  method.  In  the  differential  QPSK  method,  data  is 
made  for  transmission  to  correspond  to  a  phase  differ- 
ence  between  symbols.  At  the  receiving  end,  data  can 
be  demodulated  by  the  (differential  detection).  Thus,  25 
there  is  an  advantage  that  a  demodulator  used  is  simple 
in  construction  as  compared  that  for  the  coherent  detec- 
tion  system. 

In  addition,  the  differential  QPSK  method  is  also 
suitable  for  a  mobile  communication  system.  In  a  30 
mobile-communication  receiver,  variations  in  envelope 
and  phase  of  the  received  signal  will  occur  due  to  fading 
channels.  In  the  differential  QPSK  system,  however, 
since  data  is  demodulated  from  a  phase  difference 
between  symbols,  stable  data  reception  can  be  35 
achieved  without  being  affected  by  variations  in  the 
received  signal  due  to  fading. 

On  the  other  hand,  the  use  of  the  OFDM  modula- 
tion  system  for  digital  television  broadcasting  needs  a 
high  transmission  rate.  In  order  to  increase  the  trans-  40 
mission  rate,  it  is  required  to  use  a  multi-valued  modula- 
tion  method  for  each  carrier.  With  digital  television 
broadcasting  using  the  OFDM  modulation  system,  a 
multi-valued  QAM  method  is  used  as  a  modulation 
method  for  each  carrier.  With  the  multi-valued  QAM  sys-  45 
tern,  however,  unlike  the  above-described  differential 
QPSK  method,  it  is  impossible  to  transmit  data  in  the 
form  of  a  phase  difference  between  symbols  and,  at  the 
receiving  end,  to  demodulate  data  by  the  differential 
detection.  In  order  to  demodulate  multi-valued  QAM  so 
demodulated  signals,  it  is  required  to  seek  the  ampli- 
tude  and  phase  of  each  carrier  at  the  receiving  end. 

For  the  multi-valued  QAM  system,  therefore,  a 
method  has  been  proposed  by  which,  at  the  transmitting 
end,  reference  symbols  whose  amplitude  and  phase  55 
are  already  known  is  transmitted  periodically  and,  at  the 
receiving  end,  the  reference  symbol  are  used  as  the  ref- 
erence  amplitude  and  phase  in  demodulating  multi-val- 
ued  QAM  symbols. 

However,  the  conventional  OFDM  transmission 
system  described  above  has  a  problem  that  the  trans- 
mission  of  reference  data  decreases  the  data  transmis- 
sion  efficiency. 

It  is  accordingly  an  object  of  the  invention  to  provide 
an  orthogonal  frequency  division  multiplexing  transmis- 
sion  system,  suitable  for  a  mobile  communication  sys- 
tem  and  the  like,  which  permits  multi-valued  modulated 
symbols  to  be  demodulated  successfully  at  the  receiv- 
ing  end  even  in  fading  environments  and  permits  the 
amount  of  transmit  reference  data  to  be  reduced  for 
increasing  data  transmission  efficiency  and  a  transmit- 
ter  and  a  receiver  therefor. 

To  achieve  the  object,  an  orthogonal  frequency  divi- 
sion  multiplexing  transmission  system  of  the  invention  is 
characterized  in  that,  at  the  transmitting  end,  a  trans- 
mission  frame  is  configured  such  that  a  plurality  of  slots 
are  arranged  two-dimensionally  along  time  and  fre- 
quency  axes,  reference  symbols  are  inserted  into  pre- 
determined  restricted  slots  in  the  transmission  frame, 
and  PSK  information  symbols  subjected  to  at  least  PSK 
modulation  and  information  symbols  subjected  to  digital 
modulation  with  a  higher  multi-value  level  than  said  PSK 
modulation  are  inserted  into  the  other  slots  in  a  selected 
positional  relation  with  respect  to  each  other,  and,  at  the 
receiving  end,  variations  in  amplitude  and  phase  of  a 
received  signal  are  detected  from  the  PSK  information 
symbols  in  the  transmission  frame,  the  reference  sym- 
bols  in  the  transmission  frame  are  corrected  according 
to  the  detected  variations  in  amplitude  and  phase  of  the 
received  signal,  and  the  information  symbols  received 
are  demodulated  according  to  the  corrected  reference 
symbols. 

The  orthogonal  frequency  division  multiplexing 
transmission  system  of  the  invention  is  further  charac- 
terized  by  the  use  of  the  following  systems  for  transmit- 
ting  the  PSK  information  symbols. 

According  to  a  first  transmission  system,  the  PSK 
information  symbols  are  inserted  into  predetermined 
slots  of  the  transmission  frame  which  are  equally 
spaced  in  time  and  frequency. 

In  a  second  transmission  system,  the  PSK  informa- 
tion  symbols  are  inserted  into  slots  which  are  equally 
spaced  along  the  time  axis  but  are  varied  with  time 
along  the  frequency  axis. 

In  a  third  transmission  system,  the  PSK  information 
symbols  are  inserted  into  slots  which  are  equally 
spaced  along  the  frequency  axis  but  are  varied  with  fre- 
quency  along  the  time  axis. 

In  a  fourth  transmission  system,  the  PSK  informa- 
tion  symbols  are  transmitted  continuously  in  time  at  pre- 
determined  frequencies. 

In  a  fifth  transmission  system,  the  PSK  information 
symbols  are  subjected  to  differential  coding  using  the 
reference  symbols  as  the  basis  for  the  differential  cod- 
ing. 

In  a  transmitter  of  the  invention,  multiplexing  means 
configures  a  transmission  frame  in  which  a  plurality  of 
slots  are  arranged  two-dimensionally  along  time  and 
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frequency  axes.  Reference  symbols  are  inserted  into 
restricted  slots  in  the  transmission  frame.  PSK  informa- 
tion  symbols  subjected  to  PSK  modulation  and  informa- 
tion  symbols  subjected  to  digital  modulation  with  a 
higher  multi-value  level  than  said  PSK  modulation  are  5 
inserted  into  the  other  slots  in  a  predetermined  posi- 
tional  relation  with  respect  to  each  other.  The  reference 
symbols,  the  PSK  information  symbols  and  the  informa- 
tion  symbols  are  multiplexed  together  in  this  manner, 
thereby  forming  the  transmission  frame.  The  transmis-  w 
sion  frame  is  subjected  to  orthogonal  frequency  division 
multiplexing  modulation  by  orthogonal  frequency  divi- 
sion  multiplexing  modulation  means,  then  subjected  to 
quadrature  modulation  for  transmission. 

The  transmitter  further  comprises  differential  cod-  is 
ing  means  between  the  multiplexing  means  and  the 
orthogonal  frequency  division  multiplexing  modulation 
means,  which  differentially  coding  the  PSK  information 
symbols  in  the  transmission  frame. 

A  receiver  of  the  invention  includes  error  detecting  20 
means  for  detecting  amplitude  and  phase  errors  of  the 
carriers  from  the  reference  symbols  in  an  orthogonal 
frequency  division  multiplexing  demodulated  signal, 
variation  detecting  means  for  detecting  variations  in 
amplitude  and  phase  of  a  received  signal  from  the  PSK  25 
symbols  in  the  demodulated  signal,  correcting  informa- 
tion  producing  means  responsive  to  the  error  detecting 
means  and  the  variation  detecting  means  for  producing 
correcting  information,  and  equalizing  means  for  equal- 
izing  the  amplitude  and  phase  of  the  information  sym-  30 
bols  in  the  demodulated  signal  according  to  the 
correcting  information. 

In  the  receiver  of  the  invention,  the  variation  detect- 
ing  means  further  includes  means  for  detecting  ampli- 
tude  and  phase  variations  of  the  received  signal  from  35 
the  PSK  information  symbols  in  the  demodulated  signal 
and  interpolation  means  responsive  to  the  detecting 
means  for  interpolating  amplitude  and  phase  variations 
in  the  region  into  which  only  the  information  symbols 
other  than  the  PSK  information  symbols  are  inserted.  40 

The  receiver  of  the  invention  further  includes  fre- 
quency  control  means  for  controlling  the  frequency  of  a 
regenerative  carrier  used  for  quadrature  demodulation. 
In  this  frequency  control  means,  the  phase  variations 
detected  by  the  variation  detecting  means  are  averaged  45 
to  produce  a  frequency  control  signal,  which  is  applied 
to  the  quadrature  demodulation  means  to  control  the 
frequency  of  the  regenerative  carrier. 

Moreover,  a  receiver  of  the  invention,  for  use  with  a 
transmission  system  for  transmitting  a  transmission  so 
frame  in  which  a  plurality  of  PSK  information  symbols 
are  inserted  intermittently  into  an  information  symbol 
inserting  region  and  the  PSK  information  symbols  are 
subjected  to  differential  coding  from  a  transmitter  to  the 
receiver  in  the  form  of  an  orthogonal  frequency  division  ss 
multiplexing  modulated  signal,  comprises  receiving 
means  for  receiving  and  quadrature  demodulating  the 
orthogonal  frequency  division  multiplexing  modulated 
signal,  orthogonal  frequency  division  multiplexing 

demodulation  means  for  orthogonal  frequency  division 
multiplexing  demodulating  a  quadrature  demodulated 
signal  output  from  the  receiving  means,  and  differential 
detection  means  for  demodulating  the  PSK  information 
symbols  in  the  demodulated  signal  output  from  the 
orthogonal  frequency  division  multiplexing  demodula- 
tion  means  by  means  of  differential  detection. 

The  receiver  further  comprises  frequency  variation 
detecting  means  for  detecting  variations  in  frequency  of 
a  received  signal  from  the  PSK  information  symbols 
demodulated  by  the  differential  detecting  means  and 
frequency  control  means  for  averaging  frequency  varia- 
tions  detected  by  the  frequency  variation  detecting 
means  to  produce  a  frequency  control  signal,  which  is 
applied  to  quadrature  demodulation  means  of  the 
receiving  means  to  control  the  frequency  of  a  regenera- 
tive  carrier. 

According  to  the  above-described  orthogonal  fre- 
quency  division  multiplexing  transmission  system  of  the 
invention,  at  the  receiving  end,  variations  in  amplitude 
and  phase  of  a  received  signal  are  detected  from  the 
PSK  information  symbols,  amplitude  and  phase  errors 
of  carriers  detected  from  the  reference  symbols  are  cor- 
rected  accordingly,  and  demodulated  symbol  data  is 
equalized  according  to  the  corrected  amplitude  and 
phase  errors.  Therefore,  amplitude  and  phase  varia- 
tions  of  the  demodulated  symbols  due  to  fading  can  be 
equalized  surely  to  reproduce  the  information  symbols 
correctly  without  inserting  any  reference  symbols  into 
the  information  symbol  region  of  the  transmission 
frame.  This  permits  all  the  information  symbol  region  of 
the  transmission  frame  to  be  used  for  information  trans- 
mission,  thereby  increasing  the  information  transmis- 
sion  efficiency. 

The  use  of  the  system  of  the  invention  allows  high- 
quality,  high-efficiency  information  transmission  to  be 
implemented  even  in  the  case  of  use  of  fading  channels 
as  in  mobile  communication  systems. 

If,  in  transmitting  the  PSK  information  symbols  and 
the  information  symbols,  the  PSK  information  symbols 
are  inserted  into  predetermined  slots  which  are  equally 
spaced  in  time  and  space,  then  multiplexing  control  of 
the  PSK  information  symbols  will  be  performed  easily. 

If  the  PSK  information  symbols  are  inserted  into 
slots  which  are  equally  spaced  along  the  time  axis  but 
are  varied  with  time  along  the  frequency  axis,  then  the 
PSK  information  symbols  will  be  transmitted  in  all  the 
carriers  although  the  number  of  PSK  information  sym- 
bols  per  carrier  is  decreased.  Thus,  variations  in  a  chan- 
nel  can  be  detected  effectively  in  the  case  where  the 
variations  are  small  in  time  but  large  in  frequency. 

In  contrast,  if  the  PSK  information  symbols  are 
transmitted  inserted  into  slots  which  are  equally  spaced 
along  the  frequency  axis  but  are  varied  with  frequency 
along  the  time  axis,  then  the  PSK  information  symbols 
are  transmitted  in  all  the  time  slots  although  the  number 
of  PSK  information  symbols  per  time  slot  are 
decreased.  Thus,  variations  in  a  channel  can  be  effec- 
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tively  in  the  case  where  the  variations  are  small  in  fre- 
quency  but  large  in  time. 

If  the  PSK  information  symbols  are  transmitted  con- 
tinuously  in  time  in  a  predetermined  time  slot,  then 
changes  of  the  PSK  information  symbols  with  time  at  s 
the  receiving  end  can  be  detected  continuously  at  a  pre- 
determined  carrier.  For  this  reason,  variations  in  a  chan- 
nel  can  be  detected  correctly  as  compared  with  the 
case  where  the  PSK  information  symbols  are  transmit- 
ted  intermittently  at  all  the  carriers.  If  there  is  a  phase  10 
error  of  a  regenerative  carrier  at  the  receiving  end,  a 
phase  rotation  will  occur  in  the  demodulated  output 
when  viewed  at  a  fixed  carrier  along  the  time  axis.  Thus, 
by  transmitting  the  PSK  information  symbols  by  a  pre- 
determined  carrier  continuously,  the  frequency  error  of  is 
the  regenerative  carrier  can  be  detected  more  correctly. 

By  transmitting  the  PSK  information  symbols  in  dif- 
ferential  coded  form  using  the  reference  symbols  as  the 
reference  for  differential  coding,  a  differential  detector 
can  be  used  at  the  receiving  end  to  demodulate  the  20 
PSK  information  symbols.  This  allows  the  receiver  to  be 
simple  in  construction.  The  differential  PSK  system  is 
robust  to  fading,  allowing  stabler  data  demodulation  at 
the  receiving  end. 

According  to  the  above-described  transmitter  of  the  25 
invention,  the  multiplexing  means  can  be  used  to  form 
and  transmit  an  OFDM  frame  in  which  reference  sym- 
bols  and  information  symbols  including  at  least  PSK 
symbols  are  placed  properly  in  the  slots. 

In  addition,  the  differential  coding  of  the  PSK  sym-  30 
bols  permits  the  symbols  to  be  demodulated  by  means 
of  differential  detection.  Thus,  the  receiver  can  be  made 
simple  in  construction. 

Moreover,  according  to  the  above-described 
receiver  of  the  invention,  variations  in  amplitude  and  35 
phase  of  a  received  signal  are  detected  from  the  PSK 
symbols  inserted  into  the  information  symbol  region  of 
the  received  transmission  frame,  amplitude  and  phase 
errors  of  each  carrier  detected  from  the  reference  sym- 
bols  are  corrected  according  to  the  detected  variations  40 
in  amplitude  and  phase,  and  then  the  demodulated 
symbols  are  equalized.  For  this  reason,  amplitude  and 
phase  variations  due  to  fading  can  be  corrected  accu- 
rately  even  if  a  large  number  of  reference  symbols  are 
not  inserted  into  the  transmission  frame.  45 

Furthermore,  according  to  the  receiver  of  the  inven- 
tion,  variations  in  amplitude  and  phase  of  a  received 
signal  are  detected  from  the  PSK  symbols  inserted 
intermittently  into  a  demodulated  signal,  and  variations 
in  amplitude  and  phase  in  the  regions  in  the  demodu-  so 
lated  signal  into  which  information  symbols  other  than 
the  PSK  symbols  are  inserted  are  interpolated  accord- 
ing  to  the  detected  variations  in  amplitude  and  phase. 
The  information  symbols  are  equalized  according  to  the 
interpolated  variations  in  amplitude  and  phase.  Thus,  55 
optimum  equalization  is  permitted  for  each  of  the  infor- 
mation  symbols. 

In  addition,  according  to  the  receiver  of  the  inven- 
tion,  variations  in  phase  or  frequency  are  detected  from 

the  demodulated  PSK  symbols  and  the  detected  values 
are  averaged  to  control  the  frequency  of  a  regenerative 
carrier  used  in  the  quadrature  demodulation  means. 
This  permits  more  accurate  frequency  synchronization 
of  the  regenerative  carrier  to  be  achieved. 

This  invention  can  be  more  fully  understood  from 
the  following  detailed  description  when  taken  in  con- 
junction  with  the  accompanying  drawings,  in  which: 

FIG.  1  is  a  diagram  for  use  in  explanation  of  a  con- 
ventional  OFDM  system; 
FIG.  2  shows  a  transmission  frame  format  illustrat- 
ing  an  OFDM  transmission  system  according  to  a 
first  embodiment  of  the  invention; 
FIG.  3  is  a  block  diagram  of  a  transmitter  adapted 
for  the  OFDM  transmission  system  according  to  the 
first  embodiment  of  the  invention; 
FIG.  4  is  a  block  diagram  of  a  receiver  adapted  for 
the  OFDM  transmission  system  according  to  the 
first  embodiment  of  the  invention; 
FIG.  5  shows  in  block  diagram  form  the  entire  con- 
figuration  of  the  transmission  and  reception  system 
based  on  the  OFDM  transmission  system  of  the 
invention; 
FIG.  6  shows  a  transmission  frame  format  illustrat- 
ing  an  OFDM  transmission  system  according  to  a 
second  embodiment  of  the  invention; 
FIG.  7  shows  a  transmission  frame  format  illustrat- 
ing  the  OFDM  transmission  system  according  to 
the  second  embodiment  of  the  invention; 
FIG.  8  is  a  block  diagram  of  a  transmitter  adapted 
for  an  OFDM  transmission  system  according  to  a 
third  embodiment  of  the  invention; 
FIG.  9  is  a  block  diagram  of  a  receiver  adapted  for 
the  OFDM  transmission  system  according  to  the 
third  embodiment  of  the  invention; 
FIG.  1  0  is  a  block  diagram  of  a  receiver  adapted  for 
an  OFDM  transmission  system  according  to  a 
fourth  embodiment  of  the  invention; 
FIG.  1  1  is  a  block  diagram  of  a  receiver  adapted  for 
an  OFDM  transmission  system  according  to  a  fifth 
embodiment  of  the  invention; 
FIG.  1  2  shows  a  transmission  frame  format  illustrat- 
ing  an  OFDM  transmission  system  according  to  still 
another  embodiment  of  the  invention; 
FIG.  1  3  shows  a  transmission  frame  format  illustrat- 
ing  an  OFDM  transmission  system  according  to  a 
further  embodiment  of  the  invention; 
FIG.  1  4  shows  a  transmission  frame  format  illustrat- 
ing  an  OFDM  transmission  system  according  to  a 
still  further  embodiment  of  the  invention; 
FIG.  1  5  shows  a  transmission  frame  format  illustrat- 
ing  an  OFDM  transmission  system  according  to 
another  embodiment  of  the  invention;  and 
FIG.  1  6  shows  a  transmission  frame  format  illustrat- 
ing  an  OFDM  transmission  system  according  to  a 
further  embodiment  of  the  invention. 
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Referring  now  to  FIG.  1  ,  there  is  shown  an  example 
of  a  conventional  OFDM  transmission  system,  which  is 
described  in  "Study  of  Modulation  Method  for  Terrestrial 
Digital  Broadcasting  Using  Multi-Valued  OFDM"  (the 
Journal  of  the  Institute  of  Television  Engineering,  Japan,  5 
vol.  47,  No.  10,  pp  1374-1382,  1993).  In  this  example, 
the  number  of  carriers  in  one  OFDM  symbol  is  448,  and 
for  each  OFDM  symbol  one  eighth  of  448  pieces  of  data 
are  reference  data  whose  amplitude  and  phase  are 
already  known.  Effective  data  other  than  the  reference  w 
data  is  transmitted  as  16QAM  symbols.  Since  the  posi- 
tion  of  carriers  to  transmit  reference  data  is  shifted  for 
each  OFDM  symbol,  one  carrier  will  transmit  the  refer- 
ence  data  every  eight  symbols. 

Thus,  a  transmission  frame  is  constructed  from  a  is 
plurality  of  OFDM  symbols  and  reference  data  are 
placed  in  predetermined  positions  in  the  transmission 
frame  for  transmission.  At  the  receiving  end,  frame  syn- 
chronization  is  reestablished  to  receive  the  reference 
data  and  then  reference  amplitude  and  phase  are  20 
obtained  from  the  reference  data  to  demodulate  the 
1  6QAM  symbols. 

The  interval  at  which  the  reference  data  is  transmit- 
ted  is  determined  taking  into  consideration  variations  in 
the  received  signal  due  to  fading.  In  the  case  of  mobile  25 
reception  in  city  areas,  a  large  number  of  radio  waves 
coming  from  various  directions  interfere  with  one 
another  and  so  the  envelope  and  the  phase  of  a 
received  wave  will  vary  randomly.  The  envelope  and  the 
phase  vary  in  accordance  with  the  Rayleigh  distribution  30 
and  the  uniform  distribution,  respectively.  On  such  a 
Rayleigh  channel,  received  waves  vary  in  time  and  fre- 
quency  but  are  considered  almost  constant  within  a  cer- 
tain  time  interval  and  a  certain  frequency  range,  which 
are  referred  to  as  a  coherent  time  and  a  coherent  band-  35 
width,  respectively. 

In  FIG.  1  ,  the  interval  at  which  reference  data  is 
transmitted  is  required  to  be  much  smaller  than  the 
coherent  time  of  a  channel. 

However,  with  the  OFDM  transmission  system  as  40 
described  above,  the  transmission  of  reference  data 
reduces  the  data  transmission  efficiency  decreases.  In 
the  example  of  FIG.  1  ,  each  carrier  transmits  reference 
data  every  eight  symbols.  Thus,  the  transmission  effi- 
ciency  will  be  decreased  to  7/8.  45 

In  the  present  invention,  a  transmission  frame  is 
constructed  at  the  transmitting  end,  such  that  a  plurality 
of  slots  are  arranged  two-dimensionally  along  time  and 
frequency  axes.  Reference  symbol  are  placed  into  pre- 
determined  slots  in  this  transmission  frame.  Into  the  so 
other  slots  in  the  transmission  frame  are  placed  a  plural- 
ity  of  information  symbols  modulated  by  multiple  digital 
modulation  methods  including  at  least  PSK  modulation. 
Specifically,  PSK  information  symbols  modulated  by  at 
least  the  PSK  modulation  method  and  information  sym-  ss 
bols  modulated  by  another  modulation  method  (for 
example,  QAM  modulation)  are  placed  into  the  other 
slots. 

At  the  receiving  end,  variations  in  the  amplitude  and 
phase  of  a  received  signal  are  detected  from  the  PSK 
information  symbol  in  the  transmission  frame  received. 
The  results  of  this  detection  processing  are  used  to  cor- 
rect  the  reference  symbols  in  the  transmission  frame. 
Further,  the  corrected  reference  symbol  are  used  to 
demodulate  the  information  symbols. 

Hereinafter,  the  preferred  embodiments  will  be 
described  more  specifically. 

[First  Embodiment] 

In  FIG.  2,  which  is  a  diagram  for  use  in  explanation 
of  an  OFDM  system  according  to  a  first  embodiment  of 
the  invention,  there  is  shown  a  transmission  frame  for- 
mat  in  which  the  number  of  carriers  of  an  OFDM  symbol 
is  N  (the  number  of  effective  carriers  is  n)  and  the 
number  of  OFDM  symbols  in  one  frame  is  M.  In  this 
embodiment,  one  frame  is  composed  of  N  x  M  symbol 
data  positions  (slots)  with  N  frequency  slots  arranged 
along  the  frequency  axis  and  M  time  slots  arranged 
along  the  time  axis.  At  both  ends  of  the  transmission 
frame  along  the  frequency  axis  are  placed  unused 
regions  in  which  the  carrier  amplitude  is  set  to  zero. 

In  FIG.  2,  in  the  first  time  slot  of  the  transmission 
frame,  an  OFDM  symbol  is  transmitted  in  which  all  the 
carriers  are  zero  in  amplitude.  This  OFDM  symbol  is 
called  a  null  symbol  and  used  in  the  receiver  as  a  refer- 
ence  symbol  for  timing  synchronization.  In  the  second 
time  slot,  a  reference  OFDM  symbol  is  transmitted  in 
which  the  phase  and  amplitude  of  each  carrier  is 
already  known.  These  reference  signals  are  used  in  the 
receiver  as  a  synchronization  reference  symbol  adapted 
to  recognize  the  frame  and  as  demodulation  reference 
signals  for  demodulating  the  phase  and  amplitude  of 
each  carrier.  In  the  remaining  time  slots  including  the 
third  time  slot,  information  symbols  composed  mainly  of 
multi-valued  QAM  information  symbols  are  transmitted. 

In  and  after  the  third  OFDM  symbol  regions,  among 
the  multi-valued  QAM  information  symbols  QPSK  infor- 
mation  symbols  are  placed  which  are  regularly  spaced 
in  frequency  and  time  as  shown  in  FIG.  2.  The  time 
spacing  and  the  frequency  spacing  of  the  QPSK  sym- 
bols  are  determined  in  consideration  of  the  coherent 
time  and  the  coherent  bandwidth  of  a  channel. 

On  the  other  hand,  at  the  receiving  end  to  receive 
the  OFDM  modulated  signal  in  the  above-described 
transmission  format,  the  amplitude  and  phase  of  each 
carrier  are  sought  when  the  reference  symbols  are 
received  and  are  used  as  the  basis  for  demodulating  the 
information  symbols.  On  a  fading  channel,  however,  the 
amplitude  and  phase  of  a  received  signal  vary  in  time 
and  frequency.  Thus,  the  variations  in  amplitude  and 
phase  of  the  received  signal  are  detected  through  the 
QPSK  information  symbols  periodically  contained  in  the 
information  symbols. 

The  QSPK  information  symbols  are  constant  in 
amplitude  and  represent  four  phases  at  intervals  of  90°. 
If,  therefore,  a  variation  in  phase  of  a  received  signal  is 
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within  +45°  in  the  interval  at  which  the  QPSK  informa- 
tion  symbols  are  transmitted,  it  will  be  possible  to  detect 
variations  in  amplitude  and  phase.  For  time  slots  and 
frequency  slots  in  which  no  QPSK  information  symbol  is 
transmitted,  the  detected  variations  in  amplitude  and  5 
phase  of  QPSK  information  symbols  are  interpolated 
with  respect  to  time  and  frequency.  The  resulting  inter- 
polated  information  is  used  as  variations  for  information 
symbols  in  portions  in  which  no  QPSK  information  sym- 
bol  is  transmitted  in  FIG.  2.  jo 

At  the  receiving  end,  variations  in  amplitude  and 
phase  of  a  received  signal  obtained  in  the  above  man- 
ner  are  used  to  correct  the  detected  reference  symbol. 
And  information  symbols  in  time  -  frequency  slots  are 
demodulated  by  using  the  corrected  reference  symbols.  15 

Next,  an  OFDM  transmitter  and  an  OFDM  receiver 
to  which  the  OFDM  transmission  system  described 
above  is  applied  will  be  described. 

In  FIG.  3,  there  is  shown,  in  block  diagram  form,  the 
main  portion  of  the  OFDM  transmitter.  20 

In  this  figure,  1  1  denotes  a  multiplexer  (MUX)  which 
receives  multi-valued  QAM  information  symbols  and 
QPSK  information  symbols  as  information  symbol  data. 

Here,  the  multi-valued  QAM  information  symbol 
and  the  QPSK  information  symbol  to  be  transmitted  25 
may  be  high-level  data  and  low-level  data,  respectively, 
in  hierarchically  structured  data.  For  example,  high-fre- 
quency  component  and  low-frequency  component  of  an 
image  signal  are  processed  as  high-level  data  and  low- 
level  data,  respectively,  in  hierarchically  structured  data.  30 
Moreover,  the  QAM  information  symbol  and  the  QPSK 
information  symbol  may  be  data  of  independent  types. 

A  null  symbol  generator  12  generates  null  symbol 
data  in  which  each  carrier  is  zero  in  amplitude,  which  is 
applied  to  the  multiplexer  1  1  .  A  reference  symbol  gener-  35 
ator  1  3  generates  reference  symbol  data  used  as  a  ref- 
erence  for  the  amplitude  and  phase  of  each  carrier, 
which  is  applied  to  the  multiplexer.  The  multiplexer  mul- 
tiplexes  the  multi-valued  QAM  information  symbols,  the 
QPSK  information  symbols  as  information  symbol  data,  40 
the  null  symbol  data,  and  the  reference  symbol  data, 
thereby  forming  a  transmission  frame  as  shown  in  FIG. 
2.  The  reference  symbol  data  is  already  known  its 
amplitude  and  phases.  There  is  a  sine-sweep  signal  as 
an  example  of  the  reference  symbol  data.  In  the  receiv-  45 
ing  side,  it  is  used  for  demodulation  and  fine  timing  syn- 
chronization. 

When  another  reference  symbol  for  timing  synchro- 
nization  is  transmitted,  QPSK  symbols  whose  phases 
and  known  and  random  each  other  for  the  reference  so 
symbol  data  are  used. 

The  multiplexed  symbol  data  output  from  the  multi- 
plexer  1  1  is  applied  to  an  inverse  fast  discrete  Fourier 
transformer  (IFFT)  14,  which  performs  an  IFFT  opera- 
tion  on  N  items  of  symbol  data  to  produce  a  baseband  55 
OFDM  modulated  signal.  The  modulated  signal  is  then 
applied  to  a  guard  period  adding  circuit  15,  by  which  a 
latter  portion  of  an  OFDM  symbol  is  copied  into  a  former 
portion  of  that  symbol  as  a  guard  period  in  order  to 

reduce  the  effect  of  multipath  interference.  Note  here 
that  one  OFDM  symbol  consists  of  N  carriers. 

The  OFDM  modulated  signal  from  the  guard  period 
adding  circuit  15  is  applied  to  a  quadrature  modulator 
16  to  modulate  carriers  having  a  90-degree  phase  dif- 
ference.  An  output  signal  of  the  quadrature  modulator  is 
converted  by  a  digital-to-analog  converter  (D/A)  1  7  into 
an  analog  signal,  which  is  then  converted  by  a  fre- 
quency  converter  18  to  a  given  carrier  frequency  for 
transmission. 

Reference  numeral  19  denotes  a  timing  circuit 
which  is  responsive  to  a  clock  signal  from  a  clock  gener- 
ator  not  shown  to  produce  a  clock  and  timing  signals 
necessary  for  the  above-described  circuits  to  operate 
properly. 

In  such  a  configuration,  one  transmission  frame  is 
produced  by  the  multiplexer  1  1  in  such  a  way  that  QPSK 
information  symbols  are  periodically  placed  among 
multi-valued  QAM  information  symbols  in  the  informa- 
tion  symbol  region.  This  transmission  frame  is  OFDM 
modulated  and  then  up  converted  to  a  transmission  car- 
rier  frequency  for  transmission. 

In  FIG.  4,  there  is  shown  in  block  diagram  form  the 
principal  parts  of  an  OFDM  receiver. 

In  this  figure,  a  radio  modulated  signal  transmitted 
from  the  transmitter  over  a  radio  channel  is  frequency- 
converted  by  a  frequency  converter  21  to  a  given  inter- 
mediate  frequency  and  then  converted  by  an  analog-to- 
digital  signal  (A/D)  22  into  a  digital  signal,  which,  in  turn, 
is  applied  to  a  quadrature  detector  23.  The  quadrature 
detector  23  detects  the  OFDM  modulated  signal  of  the 
intermediate  frequency  with  a  regenerative  carrier  to 
thereby  output  the  baseband  OFDM  modulated  signal. 

An  automatic  frequency  control  (AFC)  circuit  25 
detects  a  frequency  error  of  the  regenerative  carrier  on 
the  basis  of  the  frequency  of  the  OFDM  modulated  sig- 
nal  from  the  quadrature  detector  23  and  produces  a  sig- 
nal  used  to  control  the  frequency  of  the  regenerative 
carrier.  The  frequency  control  signal  is  fed  back  to  the 
quadrature  detector  23  to  control  the  frequency  of  the 
regeneration  carrier  produced  within  the  quadrature 
detector,  thereby  achieving  carrier  synchronization. 

The  OFDM  modulated  signal  output  from  the  quad- 
rature  detector  23  is  also  applied  to  a  timing  regenera- 
tion  circuit  26,  which  regenerates  timing  signals,  such 
as  a  symbol  sync  signal,  a  frame  sync  signal,  and  the 
like,  and  a  clock  on  the  basis  of  the  reference  symbol 
contained  in  the  OFDM  modulated  signal  and  supplies 
them  to  each  circuit  in  the  receiver.  The  timing  regener- 
ation  circuit  26  generates  an  FFT  window  indicating  the 
effective  symbol  portion  of  the  OFDM  symbol  and  then 
supplies  it  to  a  fast  discrete  Fourier  transformer  (FFT) 
24. 

The  FFT  24  is  responsive  to  the  FFT  window  from 
the  timing  circuit  26  to  perform  an  FFT  operation  on  the 
effective  symbol  portion  of  the  OFDM  symbol  in  the 
OFDM  modulated  signal  output  from  the  quadrature 
detector  23.  By  this  FFT  operation,  complex  data  is 
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obtained  which  represents  the  amplitude  and  phase  of 
each  carrier. 

The  complex  data  is  entered  into  a  memory  27, 
which  holds  given  regions  containing  QPSK  information 
symbols  in  the  information  symbol  region  of  the  trans- 
mission  frame.  That  is,  as  will  be  described  later,  varia- 
tions  in  amplitude  and  phase  of  a  channel  are  detected 
on  the  basis  of  the  QPSK  information  symbols  and  the 
results  of  this  detection  are  used  to  obtain  two-dimen- 
sionally  interpolated  variations  for  portions  in  which  no 
QPSK  information  symbol  is  transmitted.  Because  of 
the  existence  of  a  time  to  obtain  the  interpolated  varia- 
tions,  it  is  necessary  to  use  the  memory  27  for  holding 
data.  Information  symbols  read  from  the  memory  27  are 
entered  into  an  equalizer  31  for  equalization.  Since  the 
equalizing  process  needs  much  time,  rate  of  clock  is 
increased  to  up  the  data  processing  speed  in  the  equal- 
izer  31.  So  the  data  read  out  speed  of  memory  27  is 
fast,  that  is,  data  rate  converting  is  executed.  The  clock- 
rate  of  output  data  from  equalizer  31  is  high  rate,  then  a 
memory  34  read  the  data  in  high  speed.  The  output 
data  from  the  memory  34  is  converted  the  clock-rate  to 
the  original  clock-rate  which  is  input  state  of  memory 
27. 

The  complex  data  output  from  the  FFT  24  is  also 
entered  into  a  reference  symbol  error  detector  28.  In 
this  detector,  a  comparison  is  made  between  a  received 
reference  symbol  and  a  comparison  reference  symbol 
generated  by  a  reference  symbol  generator  29  to  detect 
an  amplitude  error  and  a  phase  error  of  each  carrier. 
The  amplitude  error  and  the  phase  error  are  applied  to 
a  correction  circuit  30  and  corrected  by  variations  to  be 
described  later.  The  corrected  amplitude  and  phase 
errors  are  applied  to  control  terminals  of  the  equalizer 
31  .  Note  that  the  reference  symbol  generator  29  gener- 
ates  comparison  reference  symbols  which  correspond 
to  n  reference  symbols  transmitted  in  the  second  time 
slot  of  a  transmission  frame. 

The  receiver  of  the  present  embodiment  is 
equipped  with  a  QPSK  symbol  error  detector  32,  an 
interpolation  circuit  33,  and  the  correction  circuit  30. 
The  QSPK  symbol  error  detector  32  detects  offsets  of 
each  QPSK  information  symbol  contained  in  symbol 
data  output  from  the  equalizer  31  from  its  proper  ampli- 
tude  and  phase  values.  The  detected  values  represent 
variations  in  amplitude  and  phase  of  a  received  signal 
due  to  fading. 

The  interpolation  circuit  33  obtains  interpolated  var- 
iations  for  equalizing  information  symbols  in  slots  in 
which  no  QPSK  symbol  is  transmitted  within  the  infor- 
mation  symbol  region  held  in  the  memory  27  by  the  use 
of  the  detected  variations  from  the  QPSK  symbol  error 
detector  32.  Thus,  variations  in  amplitude  and  phase 
from  the  time  of  receipt  of  reference  symbols  are 
detected  for  each  of  the  time  -  frequency  slots  that  are 
held  in  the  memory  27. 

The  correction  circuit  30  corrects  the  amplitude 
error  signal  and  the  phase  error  signal  obtained  by  the 
reference  symbol  error  detector  28  using  the  interpo- 

lated  variations  from  the  interpolation  circuit  33.  The 
corrected  amplitude  and  phase  error  signals  are  applied 
to  the  equalizer  31  to  equalize  the  information  symbols 
which  have  been  held  in  the  memory  27. 

5  The  symbol  data  output  from  the  equalizer  31  is 
held  in  a  memory  34  temporarily,  the  output  data  from 
the  memory  34  is  converted  lower  its  speed,  then 
applied  to  a  demultiplexer  35.  The  demultiplexer 
removes  the  null  symbols  and  the  reference  symbols 

10  and  outputs  the  multi-valued  QAM  information  symbols 
and  the  QPSK  information  symbols  separately. 

In  operation,  assume  here  that  symbol  data  of  the 
first  frame  are  output  from  the  quadrature  detector  23 
and  the  FFT  24.  Then,  the  first  data  region  of  the  symbol 

15  data  of  the  first  frame  is  held  in  the  memory  27.  At  this 
point,  the  reference  symbol  error  detector  28  makes  a 
comparison  between  the  received  reference  symbols  in 
the  demodulated  symbol  data  and  the  comparison  ref- 
erence  symbols  to  detect  an  amplitude  error  and  a 

20  phase  error  of  each  carrier.  The  resulting  amplitude  and 
phase  error  signals  are  applied  to  the  equalizer  31  via 
the  correction  circuit  30.  In  the  equalizer,  therefore,  the 
symbol  data  in  the  first  data  region  held  in  the  memory 
27  are  subjected  to  equalization  based  on  the  amplitude 

25  and  phase  error  signals. 
When  the  equalized  symbol  data  are  output  from 

the  equalizer  31,  the  QPSK  information  symbol  error 
detector  32  detects  offsets  of  the  QPSK  symbols  in  the 
symbol  data  from  their  proper  amplitude  and  phase  val- 

30  ues.  That  is,  variations  in  amplitude  and  phase  of  the 
received  wave  due  to  fading  are  detected.  By  using  the 
detected  variations,  the  interpolation  circuit  33  obtains 
interpolated  variations  for  slots  in  which  no  QPSK  infor- 
mation  symbol  is  transmitted.  Thereby,  variations  in 

35  amplitude  and  phase  of  symbols  from  the  time  of  receipt 
of  the  reference  symbols  are  detected  for  each  of  the 
time  and  frequency  slots  in  the  data  region  held  in  the 
memory  27. 

When  amplitude  and  phase  variations  in  each  slot 
40  are  detected,  the  correction  circuit  30  corrects  the 

amplitude  error  and  the  phase  error  of  each  carrier 
which  have  been  detected  by  the  reference  symbol 
error  detector  28  by  the  amplitude  and  phase  variations. 
The  corrected  amplitude  and  phase  error  signals  are 

45  applied  to  the  equalizer  31  .  Thus,  in  the  equalizer  31  all 
the  slots  in  the  first  data  region  held  in  the  memory  27 
are  subjected  to  equalization  based  on  the  corrected 
amplitude  and  error  signals. 

The  equalized  symbol  data  in  the  first  data  region 
so  are  entered  via  the  memory  34  into  the  demultiplexer 

35,  where  the  symbol  data  are  separated  into  the  multi- 
valued  QAM  information  symbols  and  the  QPSK  infor- 
mation  symbols  for  subsequent  application  to  a  suc- 
ceeding  signal  processing  circuit  after  the  null  symbols 

55  and  the  reference  symbols  have  been  removed. 
After  that,  the  above-described  equalization  proc- 

ess  is  performed  repeatedly  each  time  the  next  data 
region  of  demodulated  symbol  data  is  held  in  the  mem- 
ory  27.  In  each  of  subsequent  equalization  processes, 
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outputs  of  the  correction  circuit  30  obtained  in  the  last 
time  slot  in  the  equalization  process  for  the  previous 
data  region  are  used  as  its  initial  values. 

Therefore,  in  the  receiver  thus  arranged,  variations 
in  amplitude  and  phase  of  a  received  wave  are  detected 
from  multiple  QPSK  information  symbols  periodically 
inserted  into  the  information  symbol  data  region  of  a 
transmission  frame,  amplitude  and  phase  errors  of  each 
carrier  detected  from  reference  symbols  are  corrected 
by  the  detected  amplitude  and  phase  variations,  and 
waveform  equalization  is  performed  on  demodulated 
symbol  data  by  the  corrected  amplitude  and  phase 
errors.  This  permits  amplitude  and  phase  variations  due 
to  fading  to  be  corrected  without  inserting  a  large 
number  of  reference  symbols  into  a  transmission  frame. 

That  is,  in  the  present  embodiment,  an  OFDM 
transmission  frame  is  generated  and  transmitted  such 
that  null  symbols  and  reference  symbols  are  placed 
only  at  the  beginning  of  that  frame,  and  QPSK  informa- 
tion  symbols  are  placed  into  the  information  symbol 
data  region  at  regular  intervals  in  both  time  and  fre- 
quency.  In  the  receiver,  on  the  other  hand,  amplitude 
and  phase  errors  of  each  carrier  are  detected  from  the 
reference  symbols  placed  at  the  beginning  of  that  trans- 
mission  frame,  variations  in  amplitude  and  phase  of  a 
received  wave  are  detected  from  the  QPSK  information 
symbols,  the  amplitude  and  phase  errors  of  each  carrier 
detected  from  the  reference  symbols  are  corrected  by 
the  detected  amplitude  and  phase  variations  to  produce 
corrected  amplitude  and  phase  error  signals,  and 
demodulated  symbol  data  are  equalized  by  the  cor- 
rected  amplitude  and  phase  error  signals. 

According  to  the  present  embodiment,  therefore, 
without  inserting  any  reference  symbol  into  the  informa- 
tion  symbol  data  region  of  a  transmission  frame,  varia- 
tions  in  amplitude  and  phase  of  demodulated  symbol 
data  due  to  fading  can  be  certainly  equalized  to  repro- 
duce  information  symbol  data  correctly.  That  is,  multi- 
valued  QAM  information  symbols  and  QPSK  informa- 
tion  symbols  can  be  both  utilized  for  information  trans- 
mission. 

The  multi-valued  QAM  information  symbol  and  the 
QPSK  information  symbol  may  be  transmitted  as  high- 
level  data  and  low-level  data,  respectively,  of  hierarchi- 
cally  structured  data.  Moreover,  the  QAM  information 
symbol  and  the  QPSK  information  symbol  may  be  data 
of  independent  types. 

Thus,  it  becomes  possible  to  use  all  the  information 
symbol  data  region  for  information  transmission,  which 
will  result  in  increased  information  transmission  effi- 
ciency.  That  is,  high-quality,  high-efficiency  information 
transmission  can  be  realized  even  where  fading  trans- 
mission  channels  are  used  as  in  mobile  communication 
systems. 

In  the  transmitter,  the  QPSK  information  symbols 
are  inserted  at  regular  intervals  for  transmission  and,  in 
the  receiver,  amplitude  and  phase  variations  detected 
by  the  QPSK  information  symbols  are  used  to  interpo- 
late  amplitude  and  phase  variations  of  the  multi-valued 

QAM  information  symbols.  For  this  reason,  it  becomes 
possible  to  perform  optimum  equalization  on  each  of  the 
information  symbols.  In  addition,  high-rate  transmission 
characteristics  based  on  the  multi-valued  QAM  system 

5  can  be  maintained. 
FIG.  5  shows  collectively  the  principal  parts  of  the 

receiver  and  the  transmitter  described  above. 
A  multiplexer  section  101  forms  a  transmission 

frame  in  which  a  plurality  of  slots  are  arranged  two- 
10  dimensionally  along  the  the  time  and  frequency  axes, 

inserts  reference  symbols  into  restricted  slots  in  the 
transmission  frame,  and  inserts  PSK  information  sym- 
bols  subjected  to  PSK  modulation  and  information  sym- 
bols  subjected  to  other  digital  modulation  than  the  PSK 

15  modulation  into  the  other  slots  in  the  transmission  frame 
in  a  predetermined  positional  relation  with  respect  to 
each  other,  whereby  the  reference  symbols,  the  PSK 
information  symbols  and  the  information  symbols  are 
multiplexed.  A  modulation  section  102  subjects  the 

20  transmission  frame  to  orthogonal  frequency  division 
multiplexing  modulation.  A  transmitting  section  103  sub- 
jects  output  signals  of  the  modulation  section  to  orthog- 
onal  modulation  for  transmission.  In  the  receiver,  on  the 
other  hand,  a  receiving  section  111  receives  and 

25  demodulates  the  orthogonal  frequency  division  multi- 
plexing  modulated  signal  to  obtain  orthogonal  demodu- 
lated  signals.  A  demodulation  section  112  subjects  the 
demodulated  signals  from  the  receiving  section  to 
orthogonal  frequency  division  multiplexing  demodula- 

30  tion  to  obtain  demodulated  signals.  Each  symbol  in  the 
demodulated  signals  has  its  amplitude  and  phase 
equalized  in  an  equalization  section  113. 

An  error  detecting  section  114  detects  amplitude 
and  phase  errors  of  carriers  on  the  basis  of  the  refer- 

35  ence  symbols  in  the  demodulated  signals  output  from 
the  demodulation  section  1  1  2.  On  the  other  hand,  a  var- 
iation  detecting  section  115  detects  amplitude  and 
phase  variations  of  the  received  signal  on  the  basis  of 
the  PSK  information  symbols  in  the  demodulated  sig- 

40  nals  output  from  the  equalizing  section  113.  A  correc- 
tion  information  producing  section  116  produces 
correction  information  on  the  basis  of  the  amplitude  and 
phase  errors  of  the  carriers  and  the  amplitude  and 
phase  variations  of  the  received  signal  and  supplies  it  to 

45  the  equalizing  section  113.  Good  PSK  information  sym- 
bols  and  information  symbols  subjected  to  equalization 
in  the  equalization  section  1  13  are  separated  by  a  sep- 
aration  section  1  1  7. 

so  [Second  Embodiment] 

The  second  embodiment  is  an  improvement  over 
the  first  embodiment  and  subjects  QPSK  information 
symbols  arranged  in  the  information  symbol  data  region 

55  with  equal  spacings  in  time  and  frequency  to  differential 
coding  for  transmission. 

FIGS.  6  and  7  show  transmission  frame  formats 
using  the  OFDM  transmission  system  according  to  the 
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second  embodiment.  Note  that  only  the  effective  symbol 
region  is  shown  in  these  figures. 

In  the  OFDM  transmission  system  of  FIG.  6,  refer- 
ence  symbols  in  the  second  time  slot  of  the  frame  are 
utilized  as  the  basis  of  differential  coding.  Each  QPSK  s 
information  symbol  in  the  information  symbol  data 
region  is  sequentially  subjected  to  differential  coding  in 
the  direction  indicated  by  arrows,  i.e.,  along  the  time 
axis.  This  transmission  system  is  advantageous  where 
variations  in  a  channel  with  time  are  small.  to 

On  the  other  hand,  in  the  OFDM  transmission  sys- 
tem  of  FIG.  7,  a  reference  symbol  that  is  transmitted  by 
a  carrier  of  the  lowest  frequency  is  used  as  the  basis  of 
differential  coding.  Each  QPSK  information  symbol  in 
the  information  symbol  data  region  is  sequentially  sub-  15 
jected  to  differential  coding  along  the  frequency  axis  as 
indicated  by  arrows.  This  transmission  system  is  advan- 
tageous  where  variations  in  a  channel  with  frequency 
are  small. 

Other  differential  coding  methods  are  possible.  20 
That  is,  the  arrangement  of  QPSK  information  symbols 
and  the  direction  of  differential  coding  may  vary  accord- 
ing  to  the  characteristics  of  transmission  channels. 

FIG.  8  is  a  block  diagram  of  an  OFDM  transmitter 
adapted  to  such  a  system  for  transmitting  QPSK  infor-  25 
mation  symbols  by  differential  coding.  In  this  figure,  like 
reference  numerals  are  used  to  denote  corresponding 
parts  to  those  in  the  transmitter  of  FIG.  3  and  detailed 
description  thereof  will  be  omitted. 

Between  the  multiplexer  11  and  the  IFFT  14  is  30 
placed  a  differential  coder  42  which  is  preceded  by  a 
memory  41.  The  memory  41  stores  temporarily  multi- 
plexed  symbol  data  output  from  the  multiplexer  1  1  for 
subsequent  differential  coding.  The  differential  coder  42 
differentially  codes  QPSK  information  symbols  in  the  35 
multiplexed  symbol  data  read  from  the  memory  41 
along  the  time  axis  or  the  frequency  axis  with  a  refer- 
ence  symbol  or  symbols  used  as  the  basis  of  differential 
coding. 

By  using  such  a  transmitter,  each  QPSK  informa-  40 
tion  symbol  arranged  in  the  information  symbol  data 
region  of  a  frame  is  sequentially  transmitted  in  the  differ- 
entially  coded  form.  In  a  receiver  for  receiving  such  a 
transmission  frame,  therefore,  a  differential  detector  can 
be  used  to  demodulate  the  QPSK  information  symbols.  45 
This  will  also  permit  a  simple  type  of  receiver  to  be 
implemented  which  is  designed  to  receive  only  the 
QPSK  information  symbols. 

[Third  Embodiment]  so 

The  third  embodiment  is  intended  to  implement  a 
simple  type  of  receiver  for  receiving  only  QPSK  informa- 
tion  symbols  by  differentially  coding  the  QPSK  informa- 
tion  symbols  in  transmitting  hierarchically  related  data  55 
or  independent  data  through  multi-valued  QAM  informa- 
tion  symbols  and  the  QPSK  information  symbols. 

FIG.  9  is  a  block  diagram  of  a  receiver  which  is 
adapted  for  an  OFDM  transmission  system  according  to 

the  third  embodiment.  In  this  figure,  like  reference 
numerals  are  used  to  denote  corresponding  parts  to 
those  in  the  receiver  of  FIG.  4  and  detailed  description 
thereof  will  be  omitted. 

In  this  receiver,  symbol  data,  i.e.,  complex  data, 
output  from  the  FFT  24  is  stored  temporarily  in  a  mem- 
ory  51  and  then  entered  into  a  differential  detector  52.  In 
this  detector,  differential  detection  is  performed  on  the 
QPSK  information  symbols  in  the  symbol  data  stored  in 
the  memory  51  by  using  the  current  symbol  and  the  pre- 
ceding  one  in  the  order  of  differential  coding.  The  sym- 
bol  data  output  of  the  differential  detector  52  is  applied 
to  the  demultiplexer  35  where  only  the  demodulated 
QPSK  information  symbols  are  selectively  output. 

By  causing  the  multi-valued  QAM  information  sym- 
bols  and  the  QPSK  information  symbols  to  carry  inde- 
pendent  data  and  differentially  encoding  the  QPSK 
information  symbols  for  transmission  in  this  manner,  a 
simple  type  of  receiver  can  be  constructed  which 
demodulates  only  the  differentially  coded  QPSK  infor- 
mation  symbols  by  differential  detection.  This  type  of 
receiver  would  be  a  pager  by  way  of  example. 

[Fourth  Embodiment] 

According  to  the  fourth  embodiment,  in  an  OFDM 
receiver,  a  regenerative  carrier  frequency  control  signal 
is  produced  on  the  basis  of  the  result  of  detection  of  var- 
iations  in  phase  of  QPSK  information  symbols  and  the 
frequency  control  signal  is  fed  back  to  a  quadrature 
detector,  thereby  permitting  variable  control  of  the 
regenerative  carrier  frequency. 

FIG.  10  is  a  block  diagram  of  an  OFDM  receiver 
according  to  the  fourth  embodiment.  In  this  figure,  like 
reference  numerals  are  used  to  denote  corresponding 
parts  to  those  in  the  receiver  of  FIG.  4  and  detailed 
description  thereof  will  be  omitted. 

In  FIG.  10,  phase  variations  detected  by  a  QPSK 
symbol  error  detector  61  are  entered  into  an  averaging 
circuit  62  where  averages  are  taken.  An  output  signal  of 
the  averaging  circuit  62  is  added  in  an  adder  63  to  a  fre- 
quency  error  signal  from  the  AFC  circuit  25,  thereby 
producing  a  frequency  control  signal.  The  frequency 
control  signal  is  applied  to  the  control  terminal  of  a  local 
oscillator  of  the  quadrature  detector  23.  Thus,  the 
regenerative  carrier  frequency  will  be  controlled  not  only 
by  frequency  error  information  produced  by  the  AFC  cir- 
cuit  25  but  also  by  variations  in  phase  of  QPSK  informa- 
tion  symbols. 

Here,  phase  variations  of  QPSK  information  sym- 
bols  are  produced  not  only  by  variations  in  transmission 
channels  but  also  by  a  frequency  error  of  the  regenera- 
tive  carrier.  A  change  in  phase  due  to  fading  is  random 
but  a  change  in  phase  due  to  a  carrier  frequency  error  is 
constant  for  all  the  carriers.  Thus,  by  averaging  phase 
error  signals  obtained  by  the  QPSK  symbol  error  detec- 
tor  61  ,  an  error  of  the  regenerative  carrier  frequency  can 
be  detected.  By  adding  a  signal  representing  the  fre- 
quency  error  to  an  output  signal  of  the  AFC  circuit  25 

50 
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and  then  applying  to  the  control  section  of  the  local 
oscillator  of  the  quadrature  detector  23,  more  accurate 
frequency  synchronization  of  the  regenerative  carrier 
can  be  achieved. 

[Fifth  Embodiment] 

According  to  the  fifth  embodiment,  in  the  simple 
type  of  receiver,  described  previously  as  the  third 
embodiment,  which  receives  only  QPSK  information 
symbols,  a  regenerative  carrier  frequency  control  signal 
is  produced  on  the  basis  of  variations  in  phase  of 
demodulated  QPSK  information  symbols  and  then  fed 
back  to  the  quadrature  detector,  thereby  performing  var- 
iable  control  of  the  regenerative  carrier  frequency. 

FIG.  1  1  is  a  block  diagram  of  an  OFDM  receiver 
according  to  the  fifth  embodiment.  In  this  figure,  like  ref- 
erence  numerals  are  used  to  denote  corresponding 
parts  to  those  in  the  receiver  of  FIG.  9  and  description 
thereof  is  omitted. 

In  FIG.  11,  the  output  of  the  differential  detector 
branches  to  a  frequency  error  detector  71,  which 
detects  a  change  in  phase  with  time  using  QPSK  infor- 
mation  symbols  demodulated  by  differential  detection. 
The  outputs  of  the  frequency  error  detector  71  are  aver- 
aged  by  an  averaging  circuit  72.  An  output  signal  of  the 
averaging  circuit  73  is  added  to  the  output  of  the  AFC 
circuit  25  in  an  adder  73  whose  output  is  coupled  to  the 
quadrature  detector  23. 

In  the  receiver  thus  arranged,  variations  in  fre- 
quency  of  the  regenerative  carrier  are  detected  by  vari- 
ations  in  phase  of  the  QPSK  information  symbols  and 
then  the  frequency  of  the  regenerative  carrier  is  cor- 
rected  accordingly.  Thus,  accurate  frequency  synchro- 
nization  of  the  regenerative  carrier  can  be  achieved. 

[Other  Embodiments] 

The  OFDM  transmission  system  of  the  present 
invention  can  be  embodied  in  the  following  ways. 

FIGS.  12  through  16  show  transmission  frame  for- 
mats  of  the  respective  embodiments. 

First,  the  system  shown  in  FIG.  12  is  identical  to  the 
first  embodiment  shown  in  FIG.  2  in  carrier  frequency 
assignment  for  QPSK  information  symbols,  but  the 
QPSK  information  symbols  are  staggered  along  the 
time  axis.  According  to  this  system,  although  the 
number  of  QPSK  information  symbols  per  time  slot  is 
reduced,  they  are  transmitted  in  all  the  time  slots.  Thus, 
variations  in  transmission  channels  can  be  detected 
effectively  when  they  are  small  in  frequency  relation  but 
great  in  time  relation. 

Next,  the  system  of  FIG.  13  is  identical  to  the  first 
embodiment  of  FIG.  2  in  time  slot  assignment  for  QPSK 
information  symbols,  but  the  QPSK  information  symbols 
are  staggered  in  frequency.  According  to  this  system, 
although  the  number  of  QPSK  information  symbols  per 
frequency  slot  is  reduced,  the  symbols  are  transmitted 
in  all  the  frequency  slots.  Thus,  variations  in  transmis- 

sion  channels  can  be  detected  effectively  when  they  are 
small  in  time  but  great  in  frequency. 

Depending  on  the  transmission  path  characteris- 
tics,  combined  use  may  be  made  of  the  system  shown 

5  in  FIG.  12  in  which  QPSK  information  symbols  are 
transmitted  in  all  the  time  slots  and  the  system  shown  in 
FIG.  13  in  which  QPSK  information  symbols  are  trans- 
mitted  in  all  the  frequency  slots. 

The  system  shown  in  FIG.  14  is  substantially  the 
10  same  as  the  first  embodiment  in  that  QPSK  information 

symbols  are  equally  spaced  in  time  and  frequency  but 
differs  in  that  QPSK  information  symbols  of  given  fre- 
quencies  are  transmitted  continuously  in  time. 

The  use  of  this  system  to  transmit  a  frame  allows 
15  the  receiver  to  detect  changes  in  the  QPSK  information 

symbols  with  time  at  given  carriers  continuously  and 
correctly.  Thus,  it  becomes  possible  to  detect  variations 
in  transmission  channel  characteristics  more  correctly 
than  the  first  embodiment.  If  there  is  a  regenerative  car- 

20  rier  frequency  error  in  the  receiver,  then  a  phase  rota- 
tion  will  occur  in  demodulated  outputs  when  variations 
of  a  given  carrier  are  viewed  with  respect  to  time.  Thus, 
the  continuous  transmission  of  QPSK  information  sym- 
bols  in  given  frequency  slots  as  shown  in  FIG.  14  per- 

25  mits  the  regenerative  carrier  frequency  error  to  be 
detected  more  accurately  than  the  first  embodiment. 

The  system  shown  in  FIG.  15  is  distinct  from  the 
system  of  FIG.  13  in  that  PQSK  symbols  at  given  carri- 
ers  are  transmitted  continuously  in  time.  As  with  the 

30  system  described  in  connection  with  FIG.  14,  this  sys- 
tem  also  permits  the  regenerative  carrier  frequency 
error  to  be  detected  more  accurately. 

Finally,  the  system  shown  in  FIG.  16  is  distinct  from 
the  system  of  FIG.  12  in  that  PQSK  information  symbols 

35  at  given  carriers  are  transmitted  continuously  in  time.  As 
with  the  system  described  in  connection  with  FIG.  13, 
this  system  also  permits  the  regenerative  carrier  fre- 
quency  error  to  be  detected  more  accurately. 

The  invention  is  not  limited  to  the  above-described 
40  embodiments.  For  example,  although  the  embodiments 

were  described  as  using  QPSK  information  symbols 
and  multi-valued  QAM  information  symbols  as  informa- 
tion  symbols,  the  QPSK  symbols  may  be  replaced  with 
other  PSK  symbols  such  as  8PSK  symbols,  16PSK 

45  symbols,  or  the  like,  depending  on  transmission  channel 
conditions.  In  addition,  the  multi-valued  QAM  informa- 
tion  symbols  may  be  replaced  with  information  symbols 
based  on  another  modulation  method  or  multiple  modu- 
lation  methods. 

so  The  numbers  of  time  slots  and  frequency  slots  in 
one  transmission  frame  and  the  arrangement  of  the 
transmitter  and  receiver  may  be  modified  in  still  other 
ways  without  departing  the  scope  of  the  present  inven- 
tion. 

55  As  described  above,  in  the  OFDM  transmission 
system  of  the  invention,  at  the  transmitting  end,  a  trans- 
mission  frame  is  constructed  and  transmitted  such  that 
a  plurality  of  slots  are  arranged  two-dimensionally  in 
time  and  frequency,  reference  symbols  are  inserted  into 
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predetermined  slots  in  the  transmission  frame,  and  a 
plurality  of  information  symbols  modulated  by  multiple 
digital  modulation  methods  including  at  least  the  PSK 
modulation  method  are  inserted  into  the  other  slots  in  a 
predetermined  positional  relationship  depending  on  the  5 
digital  modulation  methods,  and  at  the  receiving  end, 
variations  in  amplitude  and  phase  of  a  received  signal 
are  detected  on  the  basis  of  the  PSK  symbols  in  the 
received  transmission  frame  to  correct  the  reference 
symbols  in  the  transmission  frame  and  the  information  jo 
symbols  are  demodulated  on  the  basis  of  the  corrected 
reference  symbols. 

According  to  the  invention,  therefore,  orthogonal 
frequency  division  multiplexing  transmission  systems 
suitable  for  mobile  communication  systems  and  trans-  is 
mitters  and  receivers  for  use  with  the  systems  which 
permit  multi-valued  modulated  symbols  to  be  demodu- 
lated  surely  even  in  fading  environments  and  the 
amount  of  transmit  reference  data  to  be  reduced  to 
thereby  improve  the  data  transmission  efficiency.  20 

Claims 

1.  An  orthogonal  frequency  division  multiplexing 
transmission  system  for  radio  transmission  of  infor-  25 
mation  from  a  transmitter  to  a  receiver  using 
orthogonal  frequency  division  multiplexing  modula- 
tion  characterized  in  that 

said  transmitter  (101-103)  for  transmitting 
information  is  arranged  such  that  a  transmission  30 
frame  is  configured  in  which  a  plurality  of  slots  are 
arranged  two-dimensionally  along  time  and  fre- 
quency  axes,  reference  symbols  are  inserted  into 
predetermined  restricted  slots  in  said  transmission 
frame,  and  PSK  information  symbols  subjected  to  35 
at  least  PSK  modulation  and  information  symbols 
subjected  to  digital  modulation  other  than  said  PSK 
modulation  are  inserted  into  the  other  slots  in  a 
selected  positional  relation  with  respect  to  each 
other,  and  40 

said  receiver  (111-116)  for  receiving  the 
information  is  arranged  such  that  variations  in 
amplitude  and  phase  of  a  received  signal  are 
detected  from  said  PSK  information  symbols  in  said 
transmission  frame,  said  reference  symbols  in  said  45 
transmission  frame  are  corrected  on  the  basis  of 
detected  variations  in  amplitude  and  phase  of  said 
received  signal,  and  said  information  symbols 
received  are  demodulated  on  the  basis  of  the  cor- 
rected  reference  symbols.  so 

2.  The  system  according  to  claim  1  ,  characterized  in 
that  said  transmitter  inserts  said  PSK  information 
symbols  into  slots  of  said  transmission  frame  which 
are  equally  spaced  in  time  and  frequency.  55 

3.  The  system  according  to  claim  1  ,  characterized  in 
that  said  transmitter  inserts  said  PSK  information 
symbols  into  slots  of  said  transmission  frame  which 

are  equally  spaced  along  the  time  axis  but  are  var- 
ied  with  time  along  the  frequency  axis. 

4.  The  system  according  to  claim  1  ,  characterized  in 
that  said  transmitter  inserts  said  PSK  information 
symbols  into  slots  of  said  transmission  frame  which 
are  equally  spaced  in  frequency  but  are  varied  with 
frequency  along  the  time  axis. 

5.  The  system  according  to  any  one  of  claims  1  to  4, 
characterized  in  that  said  transmitter  transmits  said 
PSK  information  symbols  in  a  predetermined  fre- 
quency  slot  in  said  transmission  frame  continuously 
in  time. 

6.  The  system  according  to  any  one  of  claims  1  to  4, 
characterized  in  that  said  transmitter  differentially 
codes  said  PSK  information  symbols  with  said  ref- 
erence  symbols  used  as  the  basis  of  differential 
coding. 

7.  For  use  with  an  orthogonal  frequency  division  mul- 
tiplexing  transmission  system  for  radio  transmission 
of  information  from  a  transmitter  to  a  receiver  using 
orthogonal  frequency  division  multiplexing  modula- 
tion,  said  transmitter  comprises: 

multiplexing  means  (11)  for  multiplexing  ref- 
erence  symbols,  PSK  information  symbols  sub- 
jected  to  at  least  PSK  modulation,  and  information 
symbols  subjected  to  digital  modulation  other  than 
said  PSK  modulation  by  configuring  a  transmission 
frame  such  that  a  plurality  of  slots  are  two-dimen- 
sionally  arranged  along  time  and  frequency  axes, 
said  reference  symbols  are  inserted  into  predeter- 
mined  restricted  slots  in  said  transmission  frame, 
and  said  PSK  information  symbols  and  said  infor- 
mation  symbols  are  inserted  into  the  other  slots  of 
said  transmission  frame  in  a  predetermined  posi- 
tional  relation  with  respect  to  each  other; 

orthogonal  frequency  division  multiplexing 
modulation  means  (14)  for  orthogonal  frequency 
division  multiplexing  modulating  said  transmission 
frame  configured  by  said  multiplexing  means;  and 

transmitting  means  (15-18)  for  orthogonal 
modulating  output  signals  of  said  orthogonal  fre- 
quency  division  multiplexing  modulation  means  for 
transmission. 

8.  The  transmitter  according  to  claim  7,  characterized 
in  that  between  said  multiplexing  means  (11)  and 
said  orthogonal  frequency  division  multiplexing 
modulation  means  (1  4)  is  provided  differential  cod- 
ing  means  (41  ,  42)  for  differential  coding  said  PSK 
information  symbols  in  said  transmission  frame 
configured  by  said  multiplexing  means. 

9.  For  use  with  an  orthogonal  frequency  division  mul- 
tiplexing  transmission  system  for  radio  transmission 
of  information  from  a  transmitter  to  a  receiver  by 
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orthogonal  frequency  division  multiplexing  modula- 
tion  using  multiple  carriers,  said  receiver  com- 
prises: 

receiving  means  (21,  22,  23)  for  receiving 
and  orthogonal  demodulating  an  orthogonal  fre-  5 
quency  division  multiplexing  modulated  signal  to 
recover  an  orthogonal  demodulated  signal,  said 
orthogonal  frequency  division  multiplexing  modu- 
lated  signal  including  a  transmission  frame  in  which 
a  plurality  of  slots  are  two-dimensionally  arranged  w 
along  time  and  frequency  axes,  reference  symbols 
are  inserted  into  predetermined  restricted  slots, 
and  PSK  information  symbols  subjected  to  at  least 
PSK  modulation  and  information  symbols  sub- 
jected  to  other  digital  modulation  that  said  PSK  15 
modulation  are  inserted  into  the  other  slots  in  a  pre- 
determined  positional  relation  with  respect  to  each 
other; 

orthogonal  frequency  division  multiplexing 
demodulation  means  (24)  for  orthogonal  frequency  20 
division  multiplexing  demodulating  said  orthogonal 
demodulated  signal  from  said  receiving  means  to 
obtain  a  demodulated  signal; 

equalizing  means  (27,  31)  for  equalizing  the 
amplitude  and  phase  of  each  symbol  in  said  25 
demodulated  signal  from  said  orthogonal  frequency 
division  multiplexing  demodulation  means; 

error  detecting  means  (28,  29)  for  detecting 
amplitude  errors  and  phase  errors  of  said  multiple 
carriers  from  said  reference  symbols  in  said  30 
demodulated  signal  output  from  said  orthogonal 
frequency  division  multiplexing  demodulation 
means; 

variation  detecting  means  (32,  33)  for 
detecting  variations  in  amplitude  and  phase  of  a  35 
received  signal  from  said  PSK  information  symbols 
in  said  demodulated  signal  equalized  by  said  equal- 
izing  means;  and 

correcting  information  producing  means  (30) 
for  producing  correcting  information  from  said  40 
amplitude  errors  and  phase  errors  of  said  multiple 
carriers  detected  by  said  error  detecting  means  and 
said  variations  in  amplitude  and  phase  of  said 
received  signal  detected  by  said  variation  detecting 
means,  45 

equalizing  means  (31)  being  responsive  to 
said  correcting  information  from  said  correcting 
information  producing  means  to  correct  the  ampli- 
tude  and  phase  of  said  symbols  in  said  demodu- 
lated  signal  output  from  said  orthogonal  frequency  50 
division  multiplexing  demodulation  means. 

means  (33)  for  seeking  variations  in  amplitude  and 
phase  for  information  symbols  other  than  said  PSK 
information  symbols  by  interpolation  on  the  basis  of 
outputs  of  said  amplitude  and  phase  variation 
detecting  means  (32). 

1  1  .  The  receiver  according  to  any  one  of  claims  9  and 
10,  characterized  by  further  comprising  frequency 
control  means  (62)  for  averaging  phase  variations 
detected  by  said  variation  detecting  means  to  pro- 
duce  a  frequency  control  signal  and  supplying  it  to 
orthogonal  demodulation  means  of  said  receiving 
means  to  thereby  control  the  frequency  of  a  regen- 
erative  carrier. 

1  2.  For  use  with  a  transmission  system  for  orthogonal 
frequency  division  multiplexing  modulating  a  trans- 
mission  frame  in  which  a  plurality  of  PSK  informa- 
tion  symbols  are  inserted  intermittently  into  an 
information  symbol  inserted  region  and  said  PSK 
information  symbols  are  subjected  to  differential 
coding  for  radio  transmission  from  a  transmitter  to  a 
receiver,  said  receiver  is  characterized  by  compris- 
ing: 

receiving  means  (21,  22,  23)  for  receiving  and 
orthogonal  demodulating  an  orthogonal  fre- 
quency  division  multiplexing  modulated  signal; 
orthogonal  frequency  division  multiplexing 
demodulation  means  (27)  for  orthogonal  fre- 
quency  division  multiplexing  demodulating  an 
orthogonal  demodulated  signal  from  said 
receiving  means;  and 
delayed  detection  means  (51  ,  52)  for  demodu- 
lating  PSK  symbols  in  a  demodulated  signal 
from  said  orthogonal  frequency  division  multi- 
plexing  demodulation  means  by  delayed  detec- 
tion. 

13.  The  receiver  according  to  claim  12,  characterized 
by  further  comprising  frequency  variation  detecting 
means  (71)  for  detecting  variations  in  frequency  of 
a  received  signal  from  said  PSK  information  sym- 
bols  demodulated  by  said  delayed  detection 
means,  and  frequency  control  means  (71  ,  72,  73) 
for  averaging  frequency  variations  detected  by  said 
frequency  variation  detecting  means  to  produce  a 
frequency  control  signal  and  supplying  it  to  orthog- 
onal  demodulation  means  of  said  receiving  means 
to  control  the  frequency  of  a  regenerative  carrier. 

10.  The  receiver  according  to  claim  9,  characterized  in 
that  said  variation  detecting  means  (32,  33) 
includes  amplitude  and  phase  variation  detecting  55 
means  (32)  for  detecting  variations  in  amplitude 
and  phase  of  a  received  signal  from  said  PSK  infor- 
mation  symbols  in  said  demodulated  signal  output 
from  said  equalizing  means  (31),  and  interpolation 
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