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(54)  Channel  estimation  apparatus  and  communication  terminal  apparatus  

(57)  The  channel  estimation  apparatus  of  the 
present  invention  comprises  a  section  for  receiving  pilot 
signals  of  the  self  channel  and  a  section  for  receiving 
pilot  signals  of  other  channels  that  are  multiplexed  and 
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transmitted  from  a  same  antenna  and  estimates  the 
channel  status  from  both  pilot  signals  above. 
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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention  5 

[0001  ]  The  present  invention  relates  to  communica- 
tion  terminal  apparatuses  carrying  out  radio  communi- 
cations  with  base  station  apparatuses  in  radio 
communication  systems.  to 

Description  of  the  Related  Art 

[0002]  A  multiple  access  system  in  a  radio  communi- 
cation  system  refers  to  a  channel  access  system  when  is 
a  plurality  of  stations  carry  out  communications  simulta- 
neously  using  a  same  band.  CDMA  in  this  multiple 
access  system  refers  to  Code  Division  Multiple  Access, 
a  technology  implementing  multiple  access  through 
spread  spectrum  communications  with  the  spectrum  of  20 
an  information  signal  spread  over  a  sufficiently  wide 
band  with  respect  to  the  original  information  bandwidth. 
It  is  also  called  "Spread  Spectrum  Multiple  Access 
(SSMA)." 
[0003]  In  a  CDMA  system,  Transmit  Power  Control  25 
(hereinafter  referred  to  as  "TPC")  is  generally  carried 
out  through  a  communication  channel  assigned  to  each 
user  according  to  conditions  of  the  transmission  path 
between  communicating  parties.  In  CDMA  communica- 
tions,  a  plurality  of  communications  share  a  same  fre-  30 
quency,  which  gives  rise  to  a  problem  (near-far  problem) 
that  the  power  of  an  interference  wave  (a  communica- 
tion  wave  of  another  station)  coincides  with  that  of  a 
desired  wave  at  the  receiving  end.  Solving  this  problem 
is  a  premise  in  realizing  the  CDMA  system.  35 
[0004]  The  near-far  problem  becomes  more  serious 
during  reception  at  a  base  station  (uplink)  which 
receives  radio  waves  simultaneously  from  multiple 
mobile  stations  at  different  places,  and  therefore  it  is 
essential  for  the  mobile  stations  to  carry  out  TPC  to 
according  to  the  conditions  of  the  respective  transmis- 
sion  paths.  On  the  other  hand,  TPC  is  also  carried  out 
on  the  downlink  (channel  from  a  base  station  to  a 
mobile  station)  in  accordance  with  the  SIR  (signal  to 
interference  ratio)  due  to  fading  variations  or  interfer-  45 
ence  from  peripheral  cells. 
[0005]  Furthermore,  a  channel  estimation  technology 
to  carry  out  synchronizing  detection  is  essential  to 
CDMA.  Regarding  the  channel  estimation  system,  as 
described  in  "DS/CDMA  Weighted  Multi-Symbol  Aver-  so 
aging  (WMSA)  Pilot  Channel  Characteristics"  by  Abeta, 
Ando,  Sawabashi,  Adachi,  etal.  (TECHNICAL  REPORT 
OF  IEICE  RC97-163,  1997-1  1),  two  systems  are  availa- 
ble;  a  time-division  type  pilot  channel  system  that 
inserts  a  pilot  symbol  periodically  and  a  parallel  pilot  55 
channel  system  that  carries  out  transmission  by  contin- 
uously  suppressing  power.  A  conventional  method  for 
improving  the  characteristics  of  these  two  channel  esti- 
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mation  systems  is  the  Weighted  Multi-Symbol  Averag- 
ing  (WMSA)  channel  estimation  system  proposed  in  the 
document  quoted  above. 
[0006]  FIG.1  is  a  block  diagram  showing  the  configu- 
ration  of  a  reception  section  comprising  channel  estima- 
tion  apparatuses  based  on  a  time-division  type  pilot 
channel  system.  The  transmitting  side  carries  out  trans- 
mission  by  inserting  Np  pilot  data  for  every  Ns  transmit 
data  symbols.  On  the  receiving  side,  a  signal  received 
by  antenna  1  is  down-converted  and  demodulated  by 
radio  reception  circuit  2,  then  despread  by  matched  fil- 
ter  4  at  a  timing  detected  by  search  circuit  3. 
[0007]  Pilot  symbols  are  extracted  from  the  despread 
signal,  their  data  corresponding  to  several  slots  are 
accumulated  and  channel  estimations  are  carried  out  by 
estimation  circuits  5  and  6  based  on  that  information. 
The  despread  signal  is  subjected  to  synchronizing 
detection  by  synchronizing  detection  sections  7  and  8 
using  estimated  values  obtained  by  channel  estimation 
circuits  5  and  6,  and  with  a  time  delay  compensated  by 
delay  processing  sections  9  and  1  0,  the  signals  of  these 
paths  are  combined  at  the  maximum  ratio  (RAKE  com- 
bining)  in  combining  section  1  1  . 
[0008]  The  channel  estimation  system  is  based  on  the 
principle  as  follows:  Suppose  an  estimated  value  of 
complex  impulse  response  of  the  mth  symbol  of  the  nth 
slot  of  the  first  branch  is  given  by  expression  (1)  below. 
The  complex  impulse  response  after  synchronizing 
addition  is  expressed  in  expression  (2),  and  using  pilot 
symbols  of  a  plurality  of  slots  before  and  after  the  slot 
the  channel  estimated  value  shown  in  expression  (3)  is 
obtained. 

h,{n,m)  (1) 

pm=0 

K 
i,(n)=  £   <x£,(n+/)  (3) 

/=-K+1 

[0009]  Where,  <xi  (§1)  is  a  weighting  coefficient.  Using 
estimated  values  of  highly  correlated  slots  before  and 
after  the  slot  makes  it  possible  to  improve  the  accuracy 
of  channel  estimations. 
[001  0]  FIG.2  is  a  block  diagram  showing  the  configu- 
ration  of  a  reception  section  comprising  channel  estima- 
tion  apparatuses  based  on  a  parallel  type  pilot  channel 
system.  The  transmitting  side  inserts  a  pilot  channel 
signal  orthogonal  to  a  data  channel  signal  with  sup- 
pressed  transmit  power  between  data.  On  the  receiving 
side,  a  signal  received  by  antenna  21  is  down-converted 
and  demodulated  by  radio  reception  circuit  22,  then 
despread  by  matched  filters  23  and  24  at  a  timing 
detected  by  search  circuit  25.  At  this  time,  the  signal  is 

EP  0  964  529  A2 

2 



3 EP  0  964  529  A2 4 

despread  in  synchronizing  with  a  spreading  code  of  the 
pilot  channel  and  channel  estimations  are  carried  out  by 
channel  estimation  circuits  26  and  27  based  on  the  data 
accumulated  for  several  symbols.  The  despread  signals 
are  subjected  to  synchronizing  detection  by  synchroniz- 
ing  detection  sections  28  and  29  using  the  estimated 
values  obtained  by  channel  estimation  circuits  26  and 
27,  and  with  a  time  delay  compensated  by  delay 
processing  sections  30  and  31,  the  signals  of  these 
paths  are  combined  at  the  maximum  ratio  (RAKE  com- 
bining)  in  combining  section  32. 
[001  1  ]  The  channel  estimation  system  is  based  on  the 
principle  as  follows:  Suppose  an  estimated  value  of 
complex  impulse  response  of  the  nth  symbol  of  the  first 
branch  is  given  by  expression  (4)  below.  By  applying 
weighted  synchronizing  addition  to  2L  symbols  before 
and  after  the  symbol,  the  channel  estimated  value 
shown  in  expression  (5)  below  is  obtained. 

h,(n)  (4) 

L-1 
Un)  =  2T  S  P>/("+m)  (5) 

m=-L 

[0012]  Where,  pm  (§1)  is  a  weighting  coefficient.  As  in 
the  case  of  the  time  multiplexing  pilot  channel  system, 
the  characteristic  changes  depending  on  the  values  of 
pm  and  L,  but  optimizing  the  characteristic  can  improve 
the  accuracy  of  channel  estimations.  If  a  parallel  pilot 
channel  system  is  used  on  the  downlink,  a  same  pilot 
channel  may  be  used  among  different  users  (treated  as 
a  common  control  channel). 
[001  3]  However,  the  conventional  system  has  a  prob- 
lem  that  if  a  transmit  signal  of  another  channel  is  sent 
from  the  same  antenna,  only  pilot  signals  of  the  self 
channel  are  used  for  channel  estimations  (channel  esti- 
mations)  although  the  other  channel  also  has  pilot  sig- 
nals. 
[0014]  In  the  case  of  the  time-multiplexing  type  pilot 
channel  system  in  particular,  if  the  transmit  timing  of  a 
pilot  signal  differs  between  the  self  channel  and  the 
other  channel,  although  the  pilot  signal  of  the  other 
channel  contains  the  channel  status  information  on  a 
section  that  cannot  be  obtained  from  the  pilot  signal  of 
the  self  channel,  this  information  is  not  used  for  channel 
estimations. 
[001  5]  Furthermore,  a  CDMA  cellular  radio  communi- 
cation  apparatus  is  generally  equipped  with  a  plurality  of 
demodulation  systems  (correlators  and  channel  estima- 
tion  circuits)  for  soft  handover  and  RAKE  combining. 
Enabling  these  demodulation  systems  to  be  changed 
over  according  to  the  situation  will  make  it  possible  to 
estimate  the  channel  status  of  the  other  channel  without 
further  adding  any  demodulation  systems  above. 

SUMMARY  OF  THE  INVENTION 

[001  6]  It  is  an  objective  of  the  present  invention  to  pro- 
vide  an  excellent  CDMA  radio  communication  appara- 

5  tus  making  it  possible  to  improve  the  accuracy  of 
channel  estimations  by  carrying  out  channel  estima- 
tions  using  not  only  pilot  signals  of  the  self  channel  but 
also  pilot  signals  of  other  channels  through  channel 
estimation  apparatuses  used  in  a  DS-CDMA  radio  com- 

w  munication  apparatus  carrying  out  synchronizing  detec- 
tion  through  channel  estimations  using  pilot  signals. 
[0017]  The  inventor,  et  al.  came  up  with  the  present 
invention  by  taking  notice  of  the  fact  that  when  transmit 
signals  from  other  channels  including  pilot  signals  are 

15  transmitted  from  a  same  antenna,  only  pilot  signals  of 
the  self  channel  are  used  for  channel  estimations  (chan- 
nel  estimations),  and  discovering  that  it  would  be  possi- 
ble  to  improve  the  accuracy  of  channel  estimations  by 
carrying  out  channel  estimations  using  not  only  pilot  sig- 

20  nal  of  the  self  channel  but  also  pilot  signals  of  other 
channels. 
[0018]  In  this  case,  it  is  possible  to  estimate  the  chan- 
nel  status  of  other  channels  by  changing  over  a  plurality 
of  demodulation  systems  (correlators  and  channel  esti- 

25  mation  circuits)  for  soft  handover  and  RAKE  combining 
generally  provided  for  a  CDMA  cellular  radio  communi- 
cation  apparatus  without  further  adding  any  demodula- 
tion  systems  above. 
[001  9]  According  to  the  present  invention,  in  the  case 

30  of  a  time-multiplexing  type  pilot  channel  system  in  par- 
ticular,  if  the  transmit  timing  of  pilot  signals  differs 
between  the  self  channel  and  other  channels,  it  is  pos- 
sible  to  obtain  the  information  of  the  channel  status  of  a 
section  that  cannot  be  obtained  from  the  pilot  signals  of 

35  the  self  channel  from  the  pilot  signals  of  the  other  chan- 
nels  and  carry  out  channel  estimations  using  this  infor- 
mation,  making  it  possible  to  improve  the  accuracy  of 
channel  estimations. 

40  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

[0020]  The  above  and  other  objects  and  features  of 
the  invention  will  appear  more  fully  hereinafter  from  a 
consideration  of  the  following  description  taken  in  con- 

45  nection  with  the  accompanying  drawing  wherein  one 
example  is  illustrated  by  way  of  example,  in  which; 

FIG.1  is  a  block  diagram  showing  the  configuration 
of  a  conventional  radio  communication  apparatus; 

so  FIG.2  is  a  block  diagram  showing  the  configuration 
of  a  conventional  radio  communication  apparatus; 
FIG.3  is  a  block  diagram  showing  the  configuration 
of  a  radio  communication  apparatus  (reception  sec- 
tion)  according  to  Embodiment  1  of  the  present 

55  invention; 
FIG.4  is  a  block  diagram  showing  the  configuration 
of  channel  estimation  circuits  of  the  radio  communi- 
cation  apparatus  shown  in  FIG.3; 

3 
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FIG.5  is  a  block  diagram  showing  the  configuration 
of  a  terminal  apparatus  comprising  the  radio  com- 
munication  apparatus  shown  in  FIG.3; 
FIG.6  is  a  block  diagram  showing  the  configuration 
of  a  radio  communication  apparatus  according  to  s 
Embodiment  2  of  the  present  invention; 
FIG.  7  is  a  block  diagram  showing  the  configuration 
of  a  channel  estimation  apparatus  in  a  radio  com- 
munication  apparatus  according  to  Embodiment  3 
of  the  present  invention;  10 
FIG.8  is  a  block  diagram  showing  the  configuration 
of  radio  communication  apparatuses  according  to 
Embodiments  4  to  6  of  the  present  invention; 
FIG.9  is  a  block  diagram  showing  the  configuration 
of  a  radio  communication  apparatus  according  to  15 
Embodiment  7  of  the  present  invention;  and 
FIG.  10  is  a  block  diagram  showing  the  configura- 
tion  of  a  radio  communication  apparatus  according 
to  Embodiment  8  of  the  present  invention. 

20 
DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

[0021  ]  With  reference  now  to  the  attached  drawings, 
the  embodiments  of  the  present  invention  are  explained  25 
in  detail  below. 

(Embodiment  1) 

[0022]  FIG.3  is  a  block  diagram  showing  the  conf  igu-  30 
ration  of  a  radio  communication  apparatus  (reception 
section)  according  to  Embodiment  1  of  the  present 
invention.  FIG.4  is  a  block  diagram  showing  the  config- 
uration  of  channel  estimation  circuits  of  the  radio  com- 
munication  apparatus  shown  in  FIG.3.  FIG.5  is  a  block  35 
diagram  showing  the  configuration  of  a  terminal  appara- 
tus  (mobile  station)  comprising  the  radio  communication 
apparatus  shown  in  FIG.3.  Embodiment  1  is  explained 
using  FIG.3  to  FIG.5. 
[0023]  In  the  terminal  apparatus  shown  in  FIG.5,  a  sig-  40 
nal  is  received,  for  example,  from  antenna  301  of  the 
terminal  shown  in  FIG.5,  sent  to  radio  reception  circuit 
303  via  sharing  device  302  where  it  is  down-converted 
and  demodulated.  Then,  the  received  signal  is 
despread  by  matched  filter  304,  subjected  to  channel  45 
estimations,  synchronizing  detection  and  combining  by 
synchronizing  detection  section  306  for  the  path  corre- 
sponding  to  the  timing  detected  by  search  circuit  305 
and  demodulated  by  demodulation  section  307. 
[0024]  On  the  other  hand,  a  transmit  signal  is  modu-  so 
lated  by  modulation  section  308,  up-converted  by  radio 
transmission  circuit  309  and  transmitted  from  antenna 
301  via  sharing  device  302.  That  is,  the  transmitting 
side  (not  shown  in  the  figure)  carries  out  transmission 
by  time-multiplexing  Np  pilot  data  (pilot  block)  for  every  55 
Ns  symbols  of  transmit  data. 
[0025]  This  transmit  signal  is  sent  to  the  radio  commu- 
nication  apparatus.  On  the  receiving  side  of  the  radio 

communication  apparatus,  the  signal  received  from 
antenna  101  is  down-converted  and  demodulated  by 
radio  reception  circuit  102  and  despread  by  matched  fil- 
ters  1  03  and  1  04.  Matched  filter  1  03  despreads  the  sig- 
nal  of  the  self  channel  and  matched  filter  1  04  despreads 
the  signal  of  another  channel. 
[0026]  The  despread  signals  of  two  path  timings 
detected  by  search  circuit  105  are  input  to  synchroniz- 
ing  detection  circuits  106  and  107,  respectively.  Here, 
the  despread  signals  of  the  respective  matched  filter 
pilot  symbols  are  input  to  channel  estimation  circuits 
108  and  109. 
[0027]  In  FIG.4,  reference  code  201  is  a  despread 
pilot  signal  of  the  self  channel  and  reference  code  202 
is  a  despread  pilot  signal  of  the  other  channel.  Signals 
201  and  202  are  subjected  to  channel  estimations  for 
the  respective  channels  by  estimation  circuits  203  and 
204.  These  signals  are  combined  by  combining  section 
205  and  output  as  a  combined  estimated  value. 
[0028]  Channel  estimations  are  carried  out  based  on 
the  principle  as  follows:  Suppose  the  despread  signal  of 
the  first  path  of  the  mth  symbol  of  the  nth  slot  is  given  by 
expression  (1)  above,  then  a  channel  estimated  value  of 
the  first  path  of  the  nth  pilot  block  can  be  obtained  from 
expression  (2)  above. 
[0029]  Furthermore,  suppose  an  estimated  value  of 
the  self  channechannelstimation  circuit  203  is  £l(n)self 
and  an  estimated  value  of  the  other  channechannelsti- 
mation  circuit  204  is  £l(n)other,  then  output  206  after  the 
combining  is  given  by  expression  (6)  below: 

Cl(n)  =  Cl(n)self  +  CI(n)other  (6) 

[0030]  Using  the  estimated  values  obtained  by  chan- 
nel  estimation  circuits  108  and  109  according  to  the 
methods  above,  the  despread  signals  are  compensated 
for  a  time  delay  by  delay  processing  sections  1  1  0  and 
111,  subjected  to  synchronizing  detection  by  synchro- 
nizing  detection  sections  1  1  2  and  1  1  3  and  RAKE-com- 
bined  by  combining  section  114.  Channel  estimations 
here  are  carried  out  using  not  only  pilot  signals  of  the 
self  channel  but  also  pilot  signals  of  the  other  channel. 
This  makes  it  possible  to  improve  the  accuracy  of  chan- 
nel  estimations  in  channel  estimation  apparatuses  used 
for  a  CDMA  radio  communication  apparatus  that  carries 
out  synchronizing  detection  through  channel  estima- 
tions  using  time-multiplexed  pilot  signals. 
[0031]  The  embodiment  above  explains  the  case 
where  channel  estimations  are  carried  out  through  two 
paths  followed  by  RAKE  combining,  but  it  can  improve 
the  accuracy  of  channel  estimations  through  one  path 
or  3  or  more  paths  as  well.  The  embodiment  above  also 
explains  the  case  where  another  channel  is  used,  but 
the  embodiment  above  can  naturally  be  implemented 
with  a  plurality  of  other  channels. 
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(Embodiment  2) 

[0032]  FIG.6  is  a  block  diagram  showing  the  configu- 
ration  of  a  radio  communication  apparatus  (reception 
section)  according  to  Embodiment  2  of  the  present  s 
invention.  Embodiment  2  is  explained  using  FIG.6  to 
FIG.4.  The  explanation  of  a  terminal  apparatus  in  the 
present  embodiment  is  the  same  as  that  in  Embodiment 
1  ,  and  is  omitted  here. 
[0033]  The  transmitting  side  carries  out  transmission  w 
by  inserting  (code-multiplexing)  a  pilot  channel  orthogo- 
nal  to  a  data  channel  with  its  transmit  power  sup- 
pressed.  On  the  receiving  side,  a  signal  received  from 
antenna  401  is  down-converted  and  demodulated  by 
radio  reception  circuit  402,  despread  by  matched  filters  is 
403  to  405.  Matched  filters  403  and  404  despread  a 
data  signal  and  pilot  signal  of  the  self  channel,  respec- 
tively  and  matched  filter  405  despreads  a  pilot  signal  of 
the  other  channel. 
[0034]  The  despread  signals  of  two  path  timings  20 
detected  by  search  circuit  406  are  input  to  synchroniz- 
ing  detection  circuits  407  and  408,  respectively.  Here, 
the  despread  signals  of  the  pilot  symbols  of  the  respec- 
tive  matched  filters  are  input  to  channel  estimation  cir- 
cuits  409  and  410.  25 
[0035]  In  FIG.4,  reference  code  201  is  a  despread 
pilot  signal  of  the  self  channel  and  reference  code  202 
is  a  despread  pilot  signal  of  the  other  channel.  Signals 
201  and  202  are  subjected  to  channel  estimations  for 
the  respective  channels  by  estimation  circuits  203  and  30 
204.  These  signals  are  combined  by  combining  section 
205  and  output  as  a  combined  estimated  value. 
[0036]  Channel  estimations  are  carried  out  based  on 
the  principle  as  follows:  Suppose  the  despread  signal  of 
the  first  path  of  the  nth  slot  is  given  by  expression  (4)  35 
above,  then  a  channel  estimated  value  shown  in  expres- 
sion  (7)  below  is  obtained  by  carrying  out  synchronizing 
addition  of  2T  symbols  before  and  after  the  slot. 

7-1  40 
U")=  S  fi,(n+m)  (7) 

m=-T 

[0037]  Furthermore,  suppose  an  estimated  value  of  45 
the  self  channechannelstimation  circuit  203  is  £l(n)self 
and  an  estimated  value  of  the  other  channechannelsti- 
mation  circuit  204  is  £l(n)other,  then  output  206  after  the 
combining  is  given  by  expression  (6)  above: 
[0038]  Using  the  estimated  values  obtained  by  chan-  so 
nel  estimation  circuits  409  and  410  according  to  the 
methods  above,  the  despread  signals  are  compensated 
for  a  time  delay  by  delay  processing  sections  41  1  and 
412,  subjected  to  synchronizing  detection  by  synchro- 
nizing  detection  sections  413  and  414  and  RAKE-com-  ss 
bined  by  combining  section  415.  Channel  estimations 
are  carried  out  using  not  only  pilot  signals  of  the  self 
channel  but  also  pilot  signals  of  the  other  channel.  This 

makes  it  possible  to  improve  the  accuracy  of  channel 
estimations  in  channel  estimation  apparatuses  used  for 
a  CDMA  radio  communication  apparatus  that  carries 
out  synchronizing  detection  through  channel  estima- 
tions  using  code-multiplexed  pilot  signals. 
[0039]  The  embodiment  above  explains  the  case 
where  channel  estimations  are  carried  out  through  two 
paths  followed  by  RAKE  combining,  but  it  can  improve 
the  accuracy  of  channel  estimation  with  one  path  or  3  or 
more  paths  as  well.  The  embodiment  above  also 
explains  the  case  where  another  channel  is  used,  but 
the  embodiment  above  can  naturally  be  implemented 
with  a  plurality  of  other  channels. 

(Embodiment  3) 

[0040]  On  the  downlink  (channel  from  a  base  station 
to  mobile  station),  a  plurality  of  channels  are  multiplexed 
and  transmitted  from  a  same  antenna.  At  this  time,  TCP 
is  generally  not  carried  out  for  common  control  chan- 
nels.  On  the  other  hand,  for  communication  channels 
assigned  to  the  respective  users,  transmission  is  per- 
formed  with  TPC  individually  carried  out  on  a  channel 
basis. 
[0041]  In  this  case,  at  a  certain  mobile  station,  com- 
munication  channels  of  the  self  channel  obtain  stable 
reception  power  through  TPC,  while  common  control 
channels  are  not  subjected  to  TPC.  Other  communica- 
tion  channels  are  naturally  subjected  to  TPC  for  other 
users  at  different  places,  and  therefore  reception  power 
of  these  is  not  stable  but  changes  drastically.  This 
means  that  the  reliability  of  estimated  values  by  the  self 
channel  and  the  reliability  of  estimated  values  by  other 
channels  vary  drastically  with  time.  Therefore,  the 
present  embodiment  combines  estimated  values  of  the 
self  channel  and  estimated  values  of  other  channels 
multiplexed  and  transmitted  from  a  same  antenna  after 
weighting  them. 
[0042]  FIG.7  is  a  block  diagram  showing  the  configu- 
ration  of  a  radio  communication  apparatus  (reception 
section)  according  to  Embodiment  3  of  the  present 
invention.  The  configuration  of  the  radio  communication 
apparatus  in  Embodiment  3  is  the  same  as  that  shown 
in  FIG.3  and  FIG.6  and  its  operation  is  the  same  as  that 
of  Embodiments  1  and  2.  Embodiment  3  is  explained 
using  the  block  diagram  of  the  channel  estimation  cir- 
cuits  in  FIG.7. 
[0043]  In  FIG.7,  reference  code  501  is  a  despread 
pilot  signal  of  the  self  channel  and  reference  code  502 
is  a  despread  pilot  signal  of  the  other  channel.  Signals 
501  and  502  are  subjected  to  channel  estimations  for 
each  channel  by  estimation  circuits  503  and  504.  The 
channel  estimation  principle  is  the  same  as  that  in 
Embodiments  2  and  3. 
[0044]  Weighting  control  circuit  506  controls  weight  y 
when  combining  two  estimated  values.  Weight  y  may  be 
determined  using  the  magnitude  of  estimated  values  of 
estimation  circuits  503  and  504,  search  circuit  informa- 
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tion,  information  of  the  channel  selection  circuit 
described  later,  moving  speed  information  of  the  mobile 
station  (recipient),  power  change  information,  fading 
variation  information,  etc.  as  input  505.  Weight  y  is 
obtained  based  on  the  level  of  reliability  of  these  two  5 
estimated  values,  then  weighted  by  multipliers  507  and 
508,  and  combined  by  combining  section  509. 
[0045]  Here,  suppose  an  estimated  value  of  the  self 
channel  from  estimation  circuit  503  is  £l(n)self  and  an 
estimated  value  of  the  other  channel  from  estimation  10 
circuit  504  is  £l(n)other,  output  510  after  the  combining 
is  given  by  expression  (8)  below: 

Cl(n)  =  1  x  l̂(n)self  +  y  x  ^(n)other  (8) 
15 

[0046]  Thus,  the  two  estimated  values  above  are 
weighted  according  to  reliability  and  then  combined, 
making  it  possible  to  improve  the  accuracy  of  channel 
estimations  in  a  channel  estimation  apparatus  used  for 
a  CDMA  radio  communication  apparatus  carrying  out  20 
synchronizing  detection  through  channel  estimations 
using  pilot  signals  according  to  various  situations. 

(Embodiment  4) 
25 

[0047]  Other  channels  transmitted  from  a  same 
antenna  include  common  control  channels  not  sub- 
jected  to  TPC,  communication  channels  individually 
subjected  to  TPC  for  each  channel,  etc.,  and  it  is  impor- 
tant  from  the  standpoint  of  improving  the  accuracy  to  30 
determine  which  of  other  channels  should  be  selected 
and  combined  for  channel  estimations.  The  present 
embodiment  describes  a  case  where  other  reliable 
channels  in  terms  of  reception  power,  that  is,  other 
channels  with  large  average  reception  power  are  35 
selected  to  improve  the  accuracy  of  channel  estima- 
tions. 
[0048]  FIG.8  is  a  block  diagram  showing  the  configu- 
ration  of  a  radio  communication  apparatus  (reception 
section)  according  to  Embodiments  4  of  the  present  40 
invention.  Embodiment  4  is  explained  below  using 
FIG.8.  In  the  present  embodiment,  the  explanation  of  a 
terminal  apparatus  is  the  same  as  that  in  Embodiment 
1  ,  and  is  omitted  here. 
[0049]  The  transmitting  side  carries  out  transmission  45 
by  time-multiplexing  Np  pilot  data  (pilot  block)  for  every 
Ns  symbols  of  transmit  data.  On  the  receiving  side,  a 
signal  received  by  antenna  601  is  down-converted  and 
demodulated  by  radio  reception  circuit  602,  and  then 
despread  by  matched  filters  603  and  604.  so 
[0050]  This  received  signal  is  also  input  to  channel 
selection  circuit  607.  This  channel  selection  circuit  607 
receives  information  606  necessary  for  selecting  other 
channels  such  as  spreading  codes  of  the  selection  can- 
didate  channels,  channel  identification  (distinction  ss 
between  control  channel  and  communication  channel), 
pilot  signal  timing,  selection  criteria  (average  reception 
power).  Then,  channel  selection  circuit  607  measures 

the  average  reception  power  of  the  received  signal 
based  on  this  information,  selects  the  channel  with  the 
maximum  power  and  sends  it  to  matched  filter  604  as 
the  selection  information  or  spreading  code.  Then, 
matched  filter  603  despreads  a  signal  of  the  self  chan- 
nel  and  matched  filter  604  despreads  a  signal  of  the 
selected  other  channel. 
[0051]  The  despread  signals  with  two  path  timings 
detected  by  search  circuit  605  are  input  to  synchroniz- 
ing  detection  circuits  608  and  609,  respectively.  Here, 
the  despread  signals  of  the  pilot  symbols  of  the 
matched  filters  are  input  to  channel  estimation  circuits 
610  and  611,  respectively.  The  operation  and  principle 
of  the  channel  estimation  circuits  are  the  same  as  those 
in  Embodiment  1  .  Using  the  estimated  values  obtained 
by  estimation  circuits  610  and  611,  these  signals  are 
compensated  for  a  time  delay  by  delay  processing  sec- 
tions  612  and  613,  subjected  to  synchronizing  detection 
by  synchronizing  detection  circuits  614  and  615,  and 
RAKE-combined  by  combining  section  616. 
[0052]  This  makes  it  possible  to  select  information 
from  other  reliable  channels  and  use  it  for  estimations  of 
the  channel  status,  improving  the  reliability  of  estimated 
values  and  enabling  more  accurate  channel  estima- 
tions.  The  embodiment  above  explains  the  case  of  time- 
multiplexed  pilot  signals,  but  it  can  also  be  implemented 
in  the  case  of  code-multiplexed  pilot  signals  as  well.  It  is 
obvious  that  the  channel  estimation  circuits  in  the 
present  embodiment  can  also  perform  weighting  and 
combining  shown  in  Embodiment  3. 

(Embodiment  5) 

[0053]  Embodiment  4  explained  the  case  where 
improvement  of  the  accuracy  of  channel  estimations 
was  sought  by  selecting  other  reliable  channels  in  terms 
of  reception  power,  that  is,  other  channels  with  great 
average  reception  power.  However,  there  are  also  chan- 
nels  with  great  reception  power  but  with  scarce  traffic  as 
packet  transmission. 
[0054]  In  such  a  case,  the  frequency  of  obtaining  esti- 
mated  values  of  the  channel  status  from  other  channels, 
that  is,  the  volume  of  information  of  the  channel  status 
is  so  small  that  it  will  be  more  difficult  to  improve  chan- 
nel  estimations.  The  present  embodiment  explains  a 
case  where  instead  of  selecting  channels  with  scarce 
traffic  like  packet  channels,  channels  being  continu- 
ously  transmitted  or  channels  with  dense  traffic  (chan- 
nels  with  dense  transmission  status)  are  selected  to 
improve  the  accuracy  of  channel  estimations. 
[0055]  Embodiment  4  is  explained  below  using  FIG.8. 
In  the  present  embodiment,  the  explanation  of  a  termi- 
nal  apparatus  is  the  same  as  that  in  Embodiment  1  and 
is  omitted  here. 
[0056]  The  transmitting  side  carries  out  transmission 
by  time-multiplexing  Np  pilot  data  (pilot  block)  for  every 
Ns  symbols  of  transmit  data.  On  the  receiving  side,  a 
signal  received  by  antenna  601  is  down-converted  and 
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demodulated  by  radio  reception  circuit  602,  and  then 
despread  by  matched  filters  603  and  604. 
[0057]  This  received  signal  is  also  input  to  channel 
selection  circuit  607.  This  channel  selection  circuit  607 
receives  information  606  necessary  for  selecting  other 
channels  such  as  spreading  codes  of  the  selection  can- 
didate  channels,  channel  identification  (distinction 
between  control  channel  and  communication  channel), 
pilot  signal  timing,  selection  criteria  (traffic  volume). 
Then,  channel  selection  circuit  607  measures  the  traffic 
volume  of  each  channel  based  on  this  information, 
selects  the  channel  with  the  maximum  traffic  volume 
and  sends  it  to  matched  filter  604  as  the  selection  infor- 
mation  or  spreading  code.  Then,  matched  filter  603 
despreads  signals  of  the  self  channel  and  matched  filter 
604  despreads  signals  of  the  selected  other  channel. 
[0058]  The  despread  signals  with  two  path  timings 
detected  by  search  circuit  605  are  input  to  synchroniz- 
ing  detection  circuits  608  and  609,  respectively.  Here, 
the  despread  signals  of  the  pilot  symbols  of  the 
matched  filters  are  input  to  channel  estimation  circuits 
61  0  and  611.  The  operation  and  principle  of  the  channel 
estimation  circuits  are  the  same  as  those  in  Embodi- 
ment  1  .  Using  the  estimated  values  obtained  by  channel 
estimation  circuits  610  and  61  1  ,  these  are  compensated 
for  a  time  delay  by  delay  processing  sections  612  and 
613,  subjected  to  synchronizing  detection  by  synchro- 
nizing  detection  circuits  614  and  615,  and  RAKE-com- 
bined  by  combining  section  616. 
[0059]  This  makes  it  possible  to  select  information 
from  other  reliable  channels  and  use  it  for  estimation  of 
the  channel  status,  improving  the  reliability  of  estimated 
values  and  enabling  more  accurate  channel  estima- 
tions.  As  the  selection  criteria,  however,  it  is  also  possi- 
ble  to  combine  average  reception  power  as  in 
Embodiment  4  to  select  channels  with  a  high  traffic  vol- 
ume  and  large  average  reception  power.  The  embodi- 
ment  above  explains  the  case  of  time-multiplexed  pilot 
signals,  but  the  embodiment  above  can  be  implemented 
in  the  case  of  code-multiplexed  pilot  signals  as  well.  It  is 
also  obvious  that  the  channel  estimation  circuits  of  the 
present  embodiment  can  perform  weighting  and  com- 
bining  as  shown  in  Embodiment  3. 

(Embodiment  6) 

[0060]  Embodiment  6  explains  a  case  where  improve- 
ment  of  the  accuracy  of  channel  estimations  is  sought 
by  selecting  other  channels  having  pilot  signals  trans- 
mitted  at  a  timing  with  the  largest  possible  difference 
from  the  transmit  timing  of  pilot  signals  of  the  self  chan- 
nel,  making  it  possible  to  obtain  information  of  the  chan- 
nel  status  corresponding  to  the  time  during  which  such 
information  cannot  be  obtained  by  pilot  signals  of  the 
self  channel. 
[0061  ]  Embodiment  6  is  explained  below  using  FIG.8. 
In  the  present  embodiment,  the  explanation  of  a  termi- 
nal  apparatus  is  the  same  as  that  of  Embodiment  1  and 

is  omitted  here. 
[0062]  The  transmitting  side  carries  out  transmission 
by  time-multiplexing  Np  pilot  data  (pilot  block)  for  every 
Ns  symbols  of  transmit  data.  On  the  receiving  side,  a 

5  signal  received  by  antenna  601  is  down-converted  and 
demodulated  by  radio  reception  circuit  602,  and  then 
despread  by  matched  filters  603  and  604. 
[0063]  This  received  signal  is  also  input  to  channel 
selection  circuit  607.  This  channel  selection  circuit  607 

10  receives  information  606  necessary  for  selecting  other 
channels  such  as  spreading  codes  of  the  selection  can- 
didate  channels,  channel  identification  (distinction 
between  control  channel  and  communication  channel), 
pilot  signal  timing,  selection  criteria  (pilot  signal  timing). 

15  Then,  channel  selection  circuit  607  compares  the  trans- 
mit  timing  of  a  pilot  signal  of  each  channel  based  on  this 
information,  selects  the  other  channel  with  the  pilot  sig- 
nal  transmitted  at  a  timing  with  the  greatest  difference 
from  the  transmit  timing  of  the  pilot  signal  of  the  self 

20  channel  and  sends  it  to  matched  filter  604  as  the  selec- 
tion  information  or  spreading  code.  Then,  matched  filter 
603  despreads  signals  of  the  self  channel  and  matched 
filter  604  despreads  signals  of  the  selected  other  chan- 
nel. 

25  [0064]  The  despread  signals  with  two  path  timings 
detected  by  search  circuit  605  are  input  to  synchroniz- 
ing  detection  circuits  608  and  609,  respectively.  Here, 
the  despread  signals  of  the  pilot  symbols  of  the 
matched  filters  are  input  to  channel  estimation  circuits 

30  610  and  61  1  .  The  operation  and  principle  of  the  channel 
estimation  circuits  are  the  same  as  those  in  Embodi- 
ment  1  .  Using  the  estimated  values  obtained  by  channel 
estimation  circuits  610  and  61  1  ,  these  signals  are  com- 
pensated  for  a  time  delay  by  delay  processing  sections 

35  612  and  613,  subjected  to  synchronizing  detection  by 
synchronizing  detection  circuits  614  and  615,  and 
RAKE-combined  by  combining  section  616. 
[0065]  This  makes  it  possible  to  obtain  information  of 
the  channel  status  corresponding  to  the  time  during 

40  which  such  information  cannot  be  obtained  from  pilot 
signals  of  the  self  channel,  select  information  from  other 
reliable  channels  and  use  it  for  estimations  of  the  chan- 
nel  status,  improving  the  reliability  of  estimated  values 
and  enabling  more  accurate  channel  estimations.  The 

45  apparatus  in  the  present  embodiment  is  effective  in  the 
time-multiplexing  type  pilot  channel  system  in  particular. 
It  is  obvious  that  the  present  embodiment  is  also  effec- 
tive  in  the  code-multiplexed  type  pilot  channel  system  if 
pilot  signals  are  not  continuous  signals  but  burst  sig- 

50  nals. 
[0066]  As  the  selection  criteria,  it  is  also  possible  to 
combine  not  only  pilot  signal  timings  but  also  average 
reception  power  and  traffic  volume  as  shown  in  Embod- 
iments  4  and  5  to  select  channels  with  the  largest  pos- 

55  sible  timing  difference  and  a  high  traffic  volume  and 
large  average  reception  power. 
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(Embodiment  7) 

[0067]  Embodiment  7  explains  a  case  where  a  plural- 
ity  of  demodulation  systems  such  as  correlators  and 
channel  estimation  circuits  provided  at  the  reception  s 
section  for  multi-codes,  soft  handover  and  RAKE  com- 
bining  are  also  provided  for  channel  estimations  of  other 
channels  and  changed  over  according  to  the  use  with- 
out  additional  hardware. 
[0068]  Embodiment  7  is  explained  below  using  FIG.9.  to 
FIG.9  is  a  block  diagram  showing  the  configuration  of 
reception  sections  each  carrying  out  2-path  RAKE 
reception  in  a  soft  handover  state  with  2  base  stations. 
In  the  present  embodiment,  the  explanation  of  a  termi- 
nal  apparatus  is  the  same  as  that  in  Embodiment  1  and  is 
is  omitted  here. 
[0069]  The  transmitting  side  carries  out  transmission 
by  time-multiplexing  Np  pilot  data  (pilot  block)  for  every 
Ns  symbols  of  transmit  data.  In  this  example,  suppose 
same  information  is  transmitted  from  2  base  stations  20 
with  different  spreading  codes. 
[0070]  On  the  receiving  side,  a  signal  received  by 
antenna  701  is  down-converted  and  demodulated  by 
radio  reception  circuit  702,  and  then  despread  by 
matched  filters  703  and  704.  Matched  filter  703  25 
despreads  signals  of  the  self  channel  from  one  base 
station  and  matched  filter  704  despreads  signals  of  the 
self  channel  transmitted  from  the  other  base  station. 
[0071  ]  Search  circuit  705  detects  timings  of  a  total  of 
4  paths,  2  paths  for  each  spreading  code  and  the  30 
despread  signals  of  respective  timings  are  input  to  syn- 
chronizing  detection  circuits  706  to  709.  Here,  the 
despread  signals  of  the  pilot  symbols  of  the  matched  fil- 
ters  are  input  to  channel  estimation  circuits  710  to  713. 
[0072]  The  operation  and  principle  of  the  channel  esti-  35 
mation  circuits  are  the  same  as  those  in  Embodiment  1  . 
Using  the  estimated  values  obtained  by  the  channel 
estimation  circuits,  these  signals  are  compensated  for  a 
time  delay  by  delay  processing  sections  714  to  717, 
subjected  to  synchronizing  detection  by  synchronizing  40 
detection  circuits  718  to  721  ,  and  combined  by  combin- 
ing  section  722. 
[0073]  This  combining  performs  RAKE  combining  and 
handover  combining  (site  diversity  combining)  simulta- 
neously.  When  the  operation  of  the  apparatus  shown  in  45 
FIG.9  is  compared  with  the  operation  of  the  apparatus 
shown  in  FIG.3,  the  apparatus  in  FIG.9  has  more  syn- 
chronizing  detection  circuits,  while  the  apparatus  in 
FIG.3  combines  the  estimated  value  from  the  channel 
estimation  circuit  (205  of  FIG.4)  before  carrying  out  syn-  so 
chronizing  detection.  In  other  respects,  these  appara- 
tuses  operate  similarly  with  almost  the  same  circuit 
configuration. 
[0074]  This  allows  a  plurality  of  demodulation  systems 
(correlators  and  channel  estimation  circuits)  to  be  used  55 
not  only  for  soft  handover  and  RAKE  combining  but  also 
for  channel  estimations  of  other  channels,  making  it 
possible  to  carry  out  channel  estimations  of  other  chan- 

nels  without  increasing  the  scale  of  the  circuit.  It  is  obvi- 
ous  that  the  demodulation  systems  can  also  be  shared 
for  multi-code  reception. 

(Embodiment  8) 

[0075]  Embodiment  8  explains  a  case  where  a  plural- 
ity  of  demodulation  systems  such  as  correlators  and 
channel  estimation  circuits  provided  at  the  reception 
section  for  multi-codes,  soft  handover  and  RAKE  com- 
bining  are  also  provided  for  channel  estimations  of  other 
channels  and  the  number  of  correlators  used  to  esti- 
mate  the  channel  status  of  other  channels  is  controlled, 
seeking  to  realize  more  accurate  and  optimum  channel 
estimations. 
[0076]  Embodiment  8  is  explained  below  using 
FIG.  10.  FIG.  10  is  a  block  diagram  showing  the  configu- 
ration  of  a  radio  communication  apparatus  according  to 
Embodiment  8  of  the  present  invention.  In  the  present 
embodiment,  the  explanation  of  a  terminal  apparatus  is 
the  same  as  that  in  Embodiment  1  and  is  omitted  here. 
[0077]  The  transmitting  side  carries  out  transmission 
by  time-multiplexing  Np  pilot  data  (pilot  block)  for  every 
Ns  symbols  of  transmit  data.  On  the  receiving  side,  a 
signal  received  by  antenna  801  is  down-converted  and 
demodulated  by  radio  reception  circuit  802,  and  then 
despread  by  matched  filter  group  803.  In  matched  filter 
group  803,  several  matched  filters  despread  the  self 
channel  signal  and  other  matched  filters  despread  sig- 
nals  of  other  channels. 
[0078]  Search  circuit  808  detects  timings  of  a  plurality 
of  paths  and  the  despread  signals  of  the  respective  tim- 
ings  are  input  to  synchronizing  detection  circuit  group 
804.  Furthermore,  the  despread  signals  of  the  pilot 
symbols  of  the  matched  filter  group  are  input  to  channel 
estimation  circuit  group  805.  The  operation  and  princi- 
ple  of  the  channel  estimation  circuits  are  the  same  as 
those  in  Embodiment  1  .  The  signals  from  synchronizing 
detection  circuit  group  804  are  RAKE-combined  by 
combining  circuit  group  807  for  detection  signal  combin- 
ing  and  the  signals  from  channel  estimation  circuit 
group  805  are  RAKE-combined  by  combining  circuit 
group  806  for  channel  estimations.  Synchronizing 
detection  circuit  group  804  compensates  the  signals  for 
a  time  delay  using  time  delay  processing. 
[0079]  Synchronizing  detection  circuit  group  804, 
channel  estimation  circuit  group  805  for  detection  signal 
combining,  combining  circuit  group  807  for  detection 
signal  combining  and  combining  circuit  group  806  for 
channel  estimations  are  connected  to  switches  81  1  to 
815,  respectively  so  that  the  circuits  in  each  group  can 
be  switched  appropriately.  These  switches  811  to  815 
are  controlled  by  switching  control  circuit  809.  This 
switching  control  circuit  809  controls  switches  811  to 
815  using  control  information  signal  810  such  as  the 
number  of  multi-codes,  presence  of  soft  handover, 
number  of  RAKE  combining  paths,  spreading  codes, 
pilot  signal  timing.  This  switching  control  circuit  809  also 
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controls  search  circuit  808. 
[0080]  This  allows  the  demodulation  systems  neces- 
sary  for  channel  estimations  to  be  switched  for  multi- 
codes,  soft  handover  and  RAKE  combining  depending 
on  the  situation,  improving  channel  estimations  while  s 
suppressing  an  increase  of  additional  demodulation 
systems  above  for  channel  estimations  of  other  chan- 
nels  to  a  minimum. 

(Embodiment  9)  to 

[0081]  FIG.3  and  FIG.4  are  used  to  explain  Embodi- 
ment  9.  The  present  embodiment  also  carries  out  radio 
communications  with  a  terminal  apparatus  such  as  a 
mobile  station  apparatus,  but  the  explanation  of  the  ter-  is 
minal  apparatus  is  the  same  as  that  in  Embodiment  1 
and  is  omitted  here. 
[0082]  The  transmitting  side  carries  out  transmission 
by  time-multiplexing  Np  pilot  data  (pilot  block)  for  every 
Ns  symbols  of  transmit  data.  On  the  receiving  side,  a  20 
signal  received  by  antenna  101  is  down-converted  and 
demodulated  by  radio  reception  circuit  102,  and  then 
despread  by  matched  filters  1  03  and  1  04.  Matched  filter 
1  03  despreads  a  signal  of  the  self  channel  and  matched 
filter  104  despreads  a  signal  of  the  other  channel.  25 
[0083]  The  despread  signals  of  two  path  timings 
detected  by  search  circuit  105  are  input  to  synchroniz- 
ing  detection  circuits  106  and  107,  respectively.  Here, 
the  despread  signals  of  pilot  symbols  of  the  respective 
matched  filters  are  input  to  channel  estimation  circuits  30 
108  and  109. 
[0084]  In  FIG.4,  reference  code  201  is  a  despread 
pilot  signal  of  the  self  channel  and  reference  code  202 
is  a  despread  pilot  signal  of  the  other  channel.  Signals 
201  and  202  are  subjected  to  channel  estimations  on  a  35 
channel  basis  by  estimation  circuits  203  and  204, 
respectively.  At  this  time,  channel  estimations  are  car- 
ried  out  using  pilot  blocks  of  a  plurality  of  slots  before 
and  after  in  the  frame  format  of  the  received  signal. 
These  pilot  blocks  of  a  plurality  of  slots  are  combined  by  to 
combining  section  205  and  output  as  a  combined  esti- 
mated  value. 
[0085]  Channel  estimations  are  carried  out  based  on 
the  principle  as  follows:  Suppose  the  despread  signal  of 
the  first  path  of  the  mth  symbol  of  the  nth  slot  is  given  by  45 
expression  (1)  above,  then  a  channel  estimated  value  of 
the  first  path  of  the  nth  pilot  block  is  given  by  expression 
(2)  above,  and  channel  estimations  shown  in  expres- 
sion  (3)  above  are  carried  out  using  pilot  symbols  in  a 
plurality  of  slots  before  and  after.  so 
[0086]  Where,  <xi  (§1)  is  a  weighting  coefficient.  Using 
estimated  values  of  highly  correlated  slots  before  and 
after  can  improve  the  accuracy  of  channel  estimations. 
Furthermore,  suppose  an  estimated  value  of  the  self 
channechannelstimation  circuit  203  is  £l(n)self  and  an  ss 
estimated  value  of  the  other  channechannelstimation 
circuit  204  is  £l(n)other,  then  output  206  after  the  com- 
bining  is  given  by  expression  (6)  above. 

[0087]  Using  the  estimated  values  obtained  by  chan- 
nel  estimation  circuits  108  and  109  according  to  the 
method  above,  the  despread  signals  are  compensated 
for  a  time  delay  by  delay  processing  sections  1  1  0  and 
111,  subjected  to  synchronizing  detection  by  synchro- 
nizing  detection  sections  1  1  2  and  1  1  3  and  RAKE-com- 
bined  by  combining  section  114.  It  is  obvious  that  the 
signals  can  be  combined  after  weighting  them  using 
expression  (8)  instead  of  expression  (6)  as  described  in 
Embodiment  3. 
[0088]  Thus,  carrying  out  channel  estimations  by  not 
only  using  conventional  pilot  signals  before  and  after  but 
also  combining  pilot  signals  before  and  after  of  the  other 
channel  of  the  same  channel  status  makes  it  possible  to 
improve  the  accuracy  of  estimations. 

(Embodiment  10) 

[0089]  FIG.6  and  FIG.4  are  used  to  explain  Embodi- 
ment  1  0.  The  present  embodiment  also  carries  out  radio 
communications  with  a  terminal  apparatus  such  as  a 
mobile  station  apparatus,  but  the  explanation  of  the  ter- 
minal  apparatus  is  the  same  as  that  in  Embodiment  1 
and  is  omitted  here. 
[0090]  The  transmitting  side  carries  out  transmission 
by  inserting  (code-multiplexing)  a  pilot  channel  orthogo- 
nal  to  a  data  channel  with  suppressed  transmit  power. 
On  the  receiving  side,  a  signal  received  by  antenna  401 
is  down-converted  and  demodulated  by  radio  reception 
circuit  402,  then  despread  by  matched  filters  403  to  405. 
Matched  filters  403  and  405  despread  a  data  signal  and 
pilot  signal  of  the  self  channel,  respectively  and 
matched  filter  405  despreads  a  pilot  signal  of  the  other 
channel. 
[0091]  The  despread  signals  of  two  path  timings 
detected  by  search  circuit  406  are  input  to  synchroniz- 
ing  detection  circuits  407  and  408,  respectively.  Here, 
the  despread  signals  of  the  pilot  symbols  of  the  respec- 
tive  matched  filter  are  input  to  channel  estimation  cir- 
cuits  409  and  410. 
[0092]  In  FIG.4,  reference  code  201  is  a  despread 
pilot  signal  of  the  self  channel  and  reference  code  202 
is  a  despread  pilot  signal  of  the  other  channel.  Signals 
201  and  202  are  subjected  to  channel  estimations  for 
the  respective  channels  by  estimation  circuits  203  and 
204.  At  this  time,  channel  estimations  are  carried  out 
using  pilot  signals  of  a  plurality  of  symbols  before  and 
after  of  the  received  signal.  These  pilot  signals  are  com- 
bined  by  combining  section  205  and  output  as  a  com- 
bined  estimated  value. 
[0093]  Channel  estimations  are  carried  out  based  on 
the  principle  as  follows:  Suppose  the  despread  signal  of 
the  first  path  of  the  nth  slot  is  given  by  expression  (1) 
above,  then  an  estimated  value  shown  in  expression  (4) 
above  is  obtained  by  carrying  out  weighting  and  syn- 
chronizing  addition  on  2L  symbols  before  and  after.  Fur- 
thermore,  suppose  an  estimated  value  of  the  self 
channechannelstimation  circuit  203  is  £l(n)self  and  an 
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estimated  value  of  the  other  channechannelstimation 
circuit  204  is  £l(n)other,  then  output  206  after  the  com- 
bining  is  given  by  expression  (6)  above. 
[0094]  Using  the  estimated  values  obtained  by  chan- 
nel  estimation  circuits  409  and  410  according  to  the 
method  above,  the  despread  signals  are  compensated 
for  a  time  delay  by  delay  processing  sections  41  1  and 
412,  subjected  to  synchronizing  detection  by  synchro- 
nizing  detection  sections  413  and  414  and  RAKE-com- 
bined  by  combining  section  415.  It  is  obvious  that  as 
described  in  Embodiment  3,  weighting  and  combining 
can  also  be  carried  out  using  expression  (8)  instead  of 
expression  (6). 
[0095]  Thus,  carrying  out  channel  estimations  by 
using  not  only  conventional  pilot  signals  before  and  after 
but  also  pilot  signals  before  and  after  of  the  other  chan- 
nel  with  the  same  channel  status  makes  it  possible  to 
improve  the  accuracy  of  estimations. 
[0096]  Embodiments  1  to  10  above  can  be  imple- 
mented  by  combining  them  appropriately.  Moreover,  the 
present  invention  is  not  limited  to  Embodiments  1  to  10 
above,  but  can  be  implemented  with  various  modifica- 
tions.  For  example,  it  can  have  a  configuration  compris- 
ing  a  control  section  that  controls  the  number  of 
despreadors  used  for  estimations  of  the  channel  status 
of  the  other  channel  according  to  transmission  status 
information.  The  transmission  status  information  such 
as  the  presence  of  multi-code  transmission,  presence  of 
handover  and/or  situation  of  the  transmission  path 
makes  it  possible  to  know  the  number  of  despreadors 
(e.g.,  correlators)  used,  allowing  unused  despreadors  to 
be  used  for  calculating  estimated  values  of  the  other 
channel.  This  allows  efficient  utilization  of  despreadors. 
[0097]  The  channel  estimation  apparatus  and  radio 
communication  apparatus  in  the  present  invention  are 
applicable  to  communication  terminal  apparatuses  such 
as  mobile  station  apparatuses  carrying  out  radio  com- 
munications  with  a  base  station  apparatus  in  a  radio 
communication  system. 
[0098]  As  described  above,  the  present  invention  can 
improve  the  accuracy  of  channel  estimations  by  carry- 
ing  out  channel  estimations  using  not  only  pilot  signals 
of  the  self  channel  but  also  pilot  signals  of  other  chan- 
nels  in  a  channel  estimation  apparatus  used  in  a  DS- 
CDMA  radio  communication  apparatus  carrying  out 
synchronizing  detection  through  channel  estimations 
using  pilot  signals. 
[0099]  Furthermore,  the  present  invention  can  also 
change  over  demodulation  systems  necessary  for 
channel  estimations  of  other  channels  for  soft  handover 
or  RAKE  combining  according  to  the  situation,  making  it 
possible  to  minimize  expansion  of  the  circuit  scale 
required  for  the  implementation  above. 
[0100]  The  present  invention  is  not  limited  to  the 
above  described  embodiments,  and  various  variations 
and  modifications  may  be  possible  without  departing 
from  the  scope  of  the  present  invention. 
[01  01  ]  This  application  is  based  on  the  Japanese  Pat- 

54  529A2  18 

ent  Application  No.HEl  10-165508  filed  on  June  12, 
1  998,  entire  content  of  which  is  expressly  incorporated 
by  reference  herein. 

5  Claims 

1  .  A  channel  estimation  apparatus,  comprising: 

a  first  channel  estimator(203)  that  obtains  a 
10  first  estimated  value  by  estimating  from  a 

received  signal  the  channel  status  of  the  self 
channel; 
a  second  channel  estimator(204)  that  obtains  a 
second  estimated  value  by  estimating  from  the 

is  received  signal  the  channel  status  of  another 
channel;  and 
a  combiner(205)  that  combines  the  first  and 
second  estimated  values  into  a  combined  esti- 
mated  value. 

20 
2.  The  channel  estimation  apparatus  according  to 

claim  1,  wherein  the  other  channel  is  a  common 
physical  channel. 

25  3.  The  channel  estimation  apparatus  according  to 
claim  1,  wherein  the  other  channel  is  an  individual 
physical  channel  assigned  to  the  user. 

4.  The  channel  estimation  apparatus  according  to 
30  claim  1  ,  wherein  the  first  and  second  channel  esti- 

mators(203,204)  obtain  the  first  and  second  esti- 
mated  values  using  pilot  signals  of  the  self  channel 
and  the  other  channel. 

35  5.  The  channel  estimation  apparatus  according  to 
claim  4,  wherein  the  pilot  signals  are  time-multi- 
plexed  with  data  and  transmitted. 

6.  The  channel  estimation  apparatus  according  to 
40  claim  5,  wherein  the  first  and  second  estima- 

tors(203,204)  carry  out  channel  estimations  by 
combining  pilot  signals  of  a  plurality  of  cycles  of  the 
self  channel  and  pilot  signals  of  a  plurality  of  cycles 
of  the  other  channel. 

45 
7.  The  channel  estimation  apparatus  according  to 

claim  4,  wherein  the  pilot  signals  are  code-multi- 
plexed  with  a  data  channechannelach  channel  and 
transmitted. 

50 
8.  The  channel  estimation  apparatus  according  to 

claim  7,  wherein  the  first  and  second 
estimators(203,204)  carry  out  channel  estimations 
by  combining  pilot  signals  of  a  plurality  of  symbols 

55  of  the  self  channel  and  pilot  signals  of  a  plurality  of 
symbols  of  the  other  channel. 

9.  The  channel  estimation  apparatus  according  to 
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claim  1  ,  wherein  the  combiner(205)  combines  the 
first  and  second  estimated  values  after  weighting 
them. 

10.  The  channel  estimation  apparatus  according  to  s 
claim  1  ,  wherein  the  combiner(205)  combines  the 
second  estimated  value  of  the  other  channel  having 
large  average  reception  power  with  the  first  esti- 
mated  value. 

10 
11.  The  channel  estimation  apparatus  according  to 

claim  1  ,  wherein  the  combiner(205)  combines  the 
second  estimated  value  of  the  other  channel  having 
a  dense  transmission  status  with  the  first  estimated 
value.  is 

12.  The  channel  estimation  apparatus  according  to 
claim  4,  wherein  the  combiner(205)  combines  the 
second  estimated  value  of  the  other  channel  having 
pilot  signals  transmitted  at  a  timing  with  a  relatively  20 
great  difference  from  the  transmit  timing  of  pilot  sig- 
nals  of  the  self  channel,  with  the  first  estimated 
value. 

13.  A  communication  terminal  apparatus,  comprising:  25 

a  timing  detector(406)  that  detects  the  timing  of 
an  incoming  wave; 
at  least  two  despreadors(404,405)  that 
despread  at  the  timing  of  the  incoming  wave;  30 
a  channel  estimator(409,410)  that  carries  out 
channel  estimations; 
a  synchronizing  detector(407,408)  that  carries 
out  synchronizing  detection  using  channel  esti- 
mated  values,  35 
wherein  said  channel  estimator  comprises: 
a  first  channel  estimator(503)  that  obtains  a 
first  estimated  value  by  estimating  from  a 
received  signal  the  channel  status  of  the  self 
channel  and;  40 
a  second  channel  estimator(504)  that  obtains  a 
second  estimated  value  by  estimating  from  the 
received  signal  the  channel  status  of  another 
channel  and;  and 
a  combiner(509)  that  combines  the  first  and  45 
second  estimated  values  into  a  combined  esti- 
mated  value. 

14.  The  communication  terminal  apparatus  according 
to  claim  13,  wherein  said  timing  detector(406),  said  so 
despreadors(407,408)  and  the  first  and  second 
estimators(503,504)  of  said  channel  estimator  can 
be  changed  over  appropriately  during  handover 
reception,  multi-code  reception  or  RAKE  reception. 

55 
15.  The  communication  terminal  apparatus  according 

to  claim  13,  comprising  a  controller  that  controls  the 
number  of  despreadors  used  for  estimations  of  the 
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channel  status  of  the  other  channel  according  to 
transmission  status  information. 

16.  A  base  station  apparatus  carrying  out  radio  com- 
munications  with  a  communication  terminal  appara- 
tus, 
wherein  said  communication  terminal  apparatus 
comprises: 

a  timing  detector(406)  that  detects  the  timing  of 
an  incoming  wave; 
at  least  two  despreadors(404,405)  that 
despread  at  the  timing  of  the  incoming  wave; 
a  channel  estimator(409,410)  that  carries  out 
channel  estimations; 
a  synchronizing  detector(407,408)  that  carries 
out  synchronizing  detection  using  channel  esti- 
mated  values, 
wherein  said  channel  estimator  comprises: 
a  first  channel  estimator(503)  that  obtains  a 
first  estimated  value  by  estimating  from  a 
received  signal  the  channel  status  of  the  self 
channel; 
a  second  channel  estimator(504)  that  obtains  a 
second  estimated  value  by  estimating  from  the 
received  signal  the  channel  status  of  another 
channel;  and 
a  combiner(509)  that  combines  the  first  and 
second  estimated  values  into  a  combined  esti- 
mated  value. 

17.  A  channel  estimation  method,  comprising: 

a  first  channel  estimation  step  for  obtaining  a 
first  estimated  value  by  estimating  from  a 
received  signal  the  channel  status  of  the  self 
channel; 
a  second  channel  estimation  step  for  obtaining 
a  second  estimated  value  by  estimating  from 
the  received  signal  the  channel  status  of 
another  channel;  and 
a  combining  step  for  combining  the  first  and 
second  estimated  values  into  a  combined  esti- 
mated  value. 

18.  A  radio  communication  method,  comprising: 

a  timing  detection  step  for  detecting  the  timing 
of  an  incoming  wave; 
a  despreading  step  for  despreading  signals  at 
the  timing  of  the  incoming  wave; 
a  channel  estimation  step;  and 
a  synchronizing  detection  step  for  carrying  out 
synchronizing  detection  using  estimated  val- 
ues  obtained  by  these  channel  estimations, 
wherein  said  channel  estimation  step  com- 
prises: 
a  first  channel  estimation  step  for  obtaining  a 
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first  estimated  value  by  estimating  from  a 
received  signal  the  channel  status  of  the  self 
channel; 
a  second  channel  estimation  step  for  obtaining 
a  second  estimated  value  by  estimating  from 
the  received  signal  the  channel  status  of  the 
other  channel;  and 
a  combining  step  for  combining  the  first  and 
second  estimated  values  into  a  combined  esti- 
mated  value. 

12 
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