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DESCRIPTION 

USER TERMINAL, RADIO BASE STATION AND RADIO 

COMMUNICATION METHOD 

 

Technical  Field  5 

[0001]  The present  invent ion relates  to  a  user  terminal ,  a  radio  base s tat ion  

and a radio communicat ion method in  next-generat ion mobi le  

communicat ion  systems.  

 

Background Art  10 

[0002]  In  the  UMTS (Universal  Mobi le  Telecommunicat ions  System) 

network ,  the  speci f icat ions  of  long term evolut ion (LTE)  have been  drafted 

for  the purpose  of  further  increasing high  speed data rates ,  providing lower 

delays  and so on  (see non-patent  l i t erature 1) .   Successor  sys tem of  LTE --  

referred  to  as  "LTE-advanced" (also  referred  to  as  "LTE-A") --  have  been 15 

under  s tudy for  the purpose of  ach ieving further  broadbandizat ion  and  

increased speed  beyond LTE,  and  the  speci f icat ions  thereof  have been  

drafted as  LTE Rel .  10 to  12.  

[0003]  The system band in  LTE Rel .  10 to  12 includes  at  leas t  one  

component  car r ier  (CC),  where the LTE system band cons t i tutes  one uni t .   20 

Such bundl ing of  a  plural i t y of  CCs into a  wide band is  referred to  as  

"carr ier  aggregat ion" (CA).  

 

Ci tat ion Lis t  

Non-Patent  Li terature  25 
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[0004]  Non-Patent  Li terature 1:  3GPP TS 36.300 "Evolved Universal  

Terres t r ial  Radio Access  (E-UTRA) and Evolved Universal  Terres t r ial  

Radio  Access  Network (E-UTRAN);  Overal l  Descript ion;  Stage 2"  

 

Summary of  Invent ion 5 

Technical  Problem 

[0005]  In  CA in  the above-ment ioned  successor  sys tems of  LTE (LTE Rel .  

10 to  12) ,  the maximum number of  CCs that  can  be configured per  user  

terminal  (UE)  is  l imited to  f ive .   In  and  af ter  LTE Rel .  13,  which is  an  even  

more  advanced  successor  sys tem of  LTE,  a  s tudy is  in  progress  to  reduce  the  10 

l imi t  on  the  number of  CCs that  can  be  configured  per  UE and configure  s ix  

or  more CCs,  in  order  to  make possible even more f lex ible and fas ter  

wireless  communicat ion.  

[0006]  However,  when the number of  CCs that  can be configured in  a  user  

terminal  i s  expanded to  s ix  or  more (for  example,  32) ,  i t  becomes  di ff icul t  15 

to  use  the t ransmiss ion methods  of  ex is t ing sys tems (Rel .  10 to  12)  on  an  

as- i s  basis .   For  example,  ex is t ing systems  suppor t  c ross -carr ier  

schedul ing (CCS) which  reports  PDSCH al locat ion  of  another  cel l  to  a  user  

terminal  where a  plural i t y of  cel ls  (CCs) are configured,  us ing a PDCCH of 

a  predetermined  cel l .   In  this  case ,  a  radio  base s tat ion can designates  a  20 

cel l  for  de tect ing the PDSCH using three bi ts  o f  CIF (Carr ier  Indicator  

Field) .  

[0007]  Meanwhile,  when a  user  t erminal  rece ives  DL signals  using s ix  or  

more  CCs,  how to control  c ross -carr ier  schedul ing becomes  an i ssue.  

[0008]  The present  invent ion has  been made in  view of  the above,  and i t  i s  25 
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therefore an object  of  the present  invent ion to  provide a user  te rminal ,  a  

radio base s tat ion and a radio communicat ion method,  whereby cross -car r ier  

schedul ing can be  car r ied out  adequately even  when the  number of  

component  carr iers  that  can be  configured  in  a  user  t erminal  i s  expanded  

from that  o f  ex is t ing systems.  5 

 

Solut ion to  Problem 

[0009]  According to  one aspect  of  the present  invent ion,  a  user  terminal  

capable of  performing communicat ion using s ix  or  more component  carr iers ,  

has  a  receiving sect ion that  receives  downlink cont rol  informat ion including 10 

a CIF (Carr ier  Ind icator  Field) ,  and  a cont rol  sect ion that  cont rols  a  

downlink shared channel  receiving process  and/or  an upl ink  shared channel  

t ransmission process  for  a  predetermined component  car r ier  based on the  

CIF,  where  the  receiving sect ion receives  downlink cont rol  in format ion  

including the  same CIF value from di fferent  component  car r iers ,  and the  15 

cont rol  sect ion  determines  the predetermined  component  carr ier,  

considering an offse t  configured to  the CIF value of  each component  carr ier  

that  t ransmits  downl ink control  in format ion including the CIF.  

 

Advantageous Effec ts  of  Invent ion  20 

[0010]  According to  the present  invent ion,  cross-carr ier  schedul ing can be  

carr ied  out  adequate ly even when the  number  of  component  carr iers  that  can  

be configured in  a  user  te rminal  is  expanded  f rom that  of  ex is t ing sys tems .  

 

Br ief  Descript ion of  Drawings  25 
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[0011]  FIGs.  1  provide diagrams to  expla in an overview of  carr ier  

aggregat ion in  successor  sys tems  of  LTE;  

 FIG.  2  is  a  diagram to explain  component  car r iers  in  carr ier  

aggregat ion being s tudied  under  LTE Rel .  13;  

 FIG.  3  i s  a  diagram to show an example of  cross -carr ier  schedul ing 5 

in  ex is t ing systems;  

 FIG.  4  is  a  diagram to describe a  relat ionship between a schedul ing 

cel l  and scheduled cel l (s )  in  cross -carr ier  schedul ing;  

 FIG.  5  i s  a  diagram to show an example of  cross -carr ier  schedul ing 

according to  this  embodiment ;  10 

 FIG.  6  is  a  diagram to show another  example of  cross-carr ier  

schedul ing according to  this  embodiment ;  

 FIG.  7  is  a  diagram to show an  example of  a  t able employed for  

cross-car r ier  schedul ing according to  thi s  embodiment ;  

 FIG.  8  is  a  diagram to show an example of  a  schemat ic s t ruc ture of  a  15 

radio communicat ion system according to  the  present  embodiment ;  

 FIG.  9  is  a  diagram to  show an  example of  an overal l  s t ructure  of  a  

radio base s tat ion  according to  the present  embodiment ;  

 FIG.  10  is  a  diagram to  show an  example of  a  funct ional  s t ructure  of  

a  radio base s tat ion according to  the present  embodiment ;  20 

 FIG.  11 is  a  d iagram to  show an  example of  an overal l  s t ructure  of  a  

user  t erminal  accord ing to  the present  embodiment ;  and  

 FIG.  12  is  a  diagram to  show an  example of  a  funct ional  s t ructure  of  

a  user  te rminal  according to  the present  embodiment .  

 25 
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Descript ion  of  Embodiments  

[0012]  FIGs.  1  provide diagrams to  expla in an overview of  carr ier  

aggregat ion in  successor  systems  of  LTE (LTE Rel .  10  to  12) .   F IG.  1A 

shows an  overview of  CA in  LTE Rel .  10.   F IG.  1B shows an overview o f  

CA in  LTE Rel .  11.   F IG.  1C shows an  overview of  DC in  LTE Rel .  12.  5 

[0013]  As shown in FIG.  1A,  in  CA in LTE Rel .  10,  h igh speed data  rates  are  

made possible by providing a wide band  by bundl ing maximum five  

component  carr ier  (CCs) (CC  #1 to  CC  #5) ,  where  the LTE system band 

const i tutes  one uni t .  

[0014]  As shown in FIG.  1B,  in  CA in  LTE Rel .  11,  mul t iple t iming advance  10 

(MTA),  which enables  varying t iming control  between CCs ,  is  int roduced .   

CA that  employs  MTA provides  support  for  t iming advance  groups (TAGs),  

which are class i f ied  by the  t iming of  t ransmission.   Then,  one radio base  

s tat ion 's  scheduler  control s  s ignal  t ransmission t imings  on  a per  TAG basis .   

By this  means,  CA with a  plural i t y of  non-co- located  CCs with smal l  dela y 15 

i s  real ized ,  such as  a  radio base s tat ion and an RRH connected to  the radio 

base s tat ion  by ideal  backhaul  such as  opt ical  f iber.  

[0015]  In  LTE Rel .  12,  dual  connect ivi t y (DC),  which bundles  ce l l  groups  

(CGs) formed by a plural i t y of  radio base s tat ions  that  a re connected by 

non-ideal  backhaul  that  p roduces  delay that  cannot  be ignored ,  was  20 

in t roduced,  and  more f lex ible arrangement  was  real ized  (see FIG.  1C).   In  

DC, i t  i s  assumed that  schedul ing is  per formed independent ly among the  

schedulers  provided  in  a  plural i t y of  radio base  s tat ions .   By this  means,  

CA by CCs  belonging to  separate cel l  groups formed by radio base  s tat ions  

that  car ry out  independent  schedul ing is  made possible.   Also,  DC supports  25 
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mult iple  t iming advance even in  cel l  groups configured.  

[0016]  In  CA in  these  successor  systems of  LTE (LTE Rel .  10  to  12) ,  the  

maximum number of  CCs that  can be configured per  user  t erminal  is  l imited  

to  f ive.   Meanwhile,  in  more advanced  successor  systems of  LTE,  such as  

LTE Rel .  13  and  later  vers ions ,  a  s tudy is  in  progress  to  sof ten the  l imit  on  5 

the number  of  CCs  that  can be  configured per  user  te rminal ,  and use  

enhanced carr ier  aggregat ion (CA enhancement ) ,  in  which s ix  or  more CCs  

(cel ls )  a re configured.  

[0017]  In  enhanced  CA, for  example,  as  shown in FIG.  2 ,  i t  i s  assumed that  

32 component  car r iers  are  bundled  together.   In  thi s  case ,  i t  i s  possible  to  10 

communicate using a bandwidth of  maximum 640 MHz between the radio  

base s tat ion and  the user  t e rminal .   By enhanced  CA, more  f lex ible  and  

high speed wireless  communicat ion  can be real ized.  

[0018]  On the other  hand ,  the present  inventors  have found that  i t  i s  

di ff icu l t  to  d i rect l y apply the t ransmission methods  of  ex is t ing systems (Rel .  15 

10 to  12)  when the number of  CCs that  can be  configured in  a  user  te rminal  

is  expanded to  s ix  or  more  ( for  example ,  32) .  

[0019]  For example,  ex is t ing systems (Rel .  10 to  12)  car r ier  aggregat ion 

(CA) support  c ross -carr ier  control  in  DL t ransmission  and UL t ransmission.   

In  DL cross -car r ier  schedul ing,  when employing CA, al locat ion of  a  20 

downlink shared channel  (PDSCH) and/or  an upl ink  shared  channel  (PUSCH) 

of  a  given CC is  commanded using a downlink cont rol  channel  (PDCCH 

and/or  EPDCCH) of  another  CC (see FIG.  3) .  

[0020]  In  FIG.  3 ,  downlink cont rol  informat ion (DCI #2)  for  commanding 

PDSCH and/or  PUSCH al locat ion,  which  is  t ransmit ted  in  CC #2  ( for  25 
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example ,  S -Cel l )  i s  mul t iplexed to  the PDCCH of  another  CC #1 (for  

example ,  P-Cel l )  and t ransmit ted.   At  this  t ime,  in  order  to  ident i fy which  

CC's  (CC1 or  CC2)  PDSCH and/or  PUSCH al locat ion,  downlink  cont rol  

informat ion (DCI #2) mul t iplexed to  the PDCCH of CC #1 indicates ,  DC I 

with  a  carr ier  indicator  (CI)  is  configured .   In  ex is t ing systems,  th ree  bi ts  5 

of car r ier  indicator  f i eld  (CIF)  is  configured  to  downlink cont rol  

informat ion,  and a  CC corresponding to  the  downlink  cont rol  in format ion is  

reported  to  a  user  te rminal .   The user  te rminal  performs a PDSCH 

receiving process  and/or  a  PUSCH t ransmission process  in  a  predetermined 

CC based on the CIF included  in  the downlink  contro l  in format ion.  10 

[0021]  Also,  when employing cross -carr ier  schedul ing for  a  given cel l  (CC) ,  

informat ion about  appl icat ion  of  cross-carr ier  schedul ing to  the cel l  and  

informat ion about  which cel l  (CC) performs schedul ing are reported to  the  

user  t erminal .   Such  informat ion  about  whether  or  not  cross-carr ier  

schedul ing is  employed and  informat ion about  a  schedul ing cel l  (cel l  tha t  15 

t ransmits  the  CIF)  can be reported  f rom the  radio base s tat ion  to  the  user  

terminal  as  higher  l ayer  control  in format ion  of  the  cel l  to  be scheduled (for  

example ,  RRC cont rol  informat ion) .  

[0022]  Here ,  a  cel l  that  cont rols  PDSCH and/or  PUSCH al locat ion of  

another  cel l  (CC) ( t ransmit  DCI including CIF)  may be referred  to  as  a  20 

"schedul ing cel l . "   Also,  a  cel l  in  which cross -car r ier  schedul ing is  

configured (a  cel l  to  be  scheduled based on the CIF) may be referred  to  as  a  

"scheduled cel l "  (see FIG.  4) .  

[0023]  Note that ,  the schedul ing cel l  (CC) can also indicate PDSCH and/or  

PUSCH al locat ion of  the schedul ing cel l  to  the user  t erminal  us ing the  CIF.   25 
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For example ,  FIG.4  shows  a  case where a  schedul ing cel l  i s  Cel l  #0  (CC #0),  

and scheduled  cel l s  a re Cel l  #0 (corresponding to  CIF  = 0) ,  Cel l  #1  

(corresponding to  CIF = 1) ,  and Cel l  #2  (corresponding to  CIF = 2) .  

[0024]  The user  t erminal  ident i f ies  cel ls  having an  index  ( for  example,  a  

serve ce l l  index) corresponding to  three bi ts  o f  CIF value included in  the  5 

downlink cont rol  channel  (PDCCH and/or  EPDCCH) t ransmit ted  in  the  

schedul ing cel l ,  and receives  a  PDSCH to be al located in  the cel l .   For  

example ,  C IF value  = 0  to  7  can  be associated  with Serve  Cel l  Index  #0  to  

#7.  

[0025]  At  this  t ime,  when the user  t erminal  decodes a  downlink  cont rol  10 

channel  in  a  common search space  (CSS),  the  user  t e rminal  per forms  

decoding assuming that  there  is  no  CIF.   That  is ,  when the CIF i s  

configured,  the  user  te rminal  decodes  a  cont rol  channel  in  which the  CIF is  

configured in  a  UE specif ic  search space (USS) ,  and decodes a  cont rol  

channel  in  which the CIF i s  not  configured  in  a  common search  space.   The  15 

search space represents  a  range  in  which the user  te rminal  performs  

moni toring (bl ind decoding) in  a  downl ink contro l  channel ,  and includes  a  

UE speci f ic  search  space  (USS)  that  i s  independent ly conf igured  for  each 

UE and a  common search space (CSS)  that  i s  commonly configured for  each 

UE.  20 

[0026]  Also,  the CA in ex is t ing systems (Rel .  10 to  12)  configures  f ive or  

less  CCs as  a  premise.   For  this  reason ,  a  C IF is  defined as  three  bi ts ,  and  

the  CIF al lows  the radio  base  s tat ion  to  cont rol  maximum 8CCs (Serve  Cel l  

Index  = 0 to  7)  of  PDSCH al locat ion (schedul ing)  using a downlink cont ro l  

channel  of  a  specif ic  CC.   Since the maximum number of  CCs actual ly 25 
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configured is  f ive,  the CIF value is  0  to  4 .  

[0027]  Meanwhile,  in  enhanced CA which configures  s ix  or  more  CCs ( for  

example ,  32 CCs) for  a  user  te rminal  (see FIG.  2) ,  i t  i s  assumed that  a  

plural i t y of  CCs  are  scheduled  at  one  t ime in  order  to  improve the DL peak  

rate .   In  such a case,  when employing ex is t ing cross -carr ier  schedul ing 5 

which supports  only up to  8CCs,  communicat ion  may not  carr ied out  

adequately.  

[0028]  Accordingly,  the present  inventors  have come up with the  idea of  

configuring a predetermined offset  to  the CIF t ransmit ted from differen t  

CCs and determining,  in  the user  terminal ,  the predetermined CC 10 

considering the  offset ,  in  the  enhanced CA configuring s ix  or  more  CCs to  

the user  t erminal .   Al ternat ively,  the present  inventors  have come up  with  

the  idea  of  cont rol l ing cross -car r ier  schedul ing based on informat ion  that  

defines  the  CC corresponding to  CIF value of  each  cel l  (CC) that  t ransmits  

downlink cont rol  in format ion including the CIF.   By this  means,  even when 15 

receiving downlink cont rol  informat ion including the same CIF value  f rom 

different  CCs,  the  user  te rminal  can adequate ly determine the CC 

corresponding to  the CIF value .  

[0029]  Also,  the present  inventors  have conceived  to  car ry out  cross-carr ier  

schedul ing wi th increased  number of  CIF bi t s .  20 

[0030]  Now, the present  embodiment  wi l l  be  described  below in detai l .   

Note that ,  a l though,  in  the fol lowing descript ion,  enhanced CA configuring 

32 CCs wil l  be  described  as  an  example,  the present  embodiment  i s  by no  

means l imited to  thi s .  

[0031]  (Fi rs t  Example)  25 
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 In  a  f i rs t  embodiment ,  a  case  of  determining a CC indicated by a  CIF,  

considering an  index  (for  example,  a  serveCel l Iindex) of  a  cel l  in  which 

cross-car r ier  schedul ing is  employed (scheduled cel l )  and a  value obtained  

by adding a predetermined offset  to  a  CIF value wil l  be described.   Note  

that ,  a l though,  in  the fol lowing descript ion,  a  case where 32  CCs configured  5 

in  a  user  t erminal  are ass igned indices  #0  to  #31  wil l  be described,  the  

present  embodiment  is  by no means l imi ted to  this .  

[0032]  For example,  when carrying out  cross -car r ier  schedul ing using 32 

CCs,  assume a case  where a  plural i t y of  schedul ing cel ls  (CC) designate  

scheduled  CCs by three  bi ts  of  CIF.   In  such  a  case,  a  user  te rminal  ma y 10 

receive  downlink  control  informat ion  including the same CIF value  f rom 

different  schedul ing  cel ls .   For  this  reason ,  when detect ing the  CIF,  the  

user  te rminal  interprets ,  as  an index  of  the scheduled cel l ,  a  va lue obtained  

by adding predetermined mult iple of  offset  ( for  example ,  8 )  to  the  CIF value  

according to  the  index  of  the scheduled  cel l  and then ident i f i es  a  15 

predetermined cel l  (CC) to  receive a  PDSCH (see FIG.  5) .  

[0033]  In  this  case,  an offset  i s  configured tha t  di ffers  for  each CIF in  the 

schedul ing cel l  to  t ransmit  downlink control  in format ion including the CIF.   

The offset  may be configured to  be n t imes (n is  a  natural  number including 

0)  the number  of  cel ls  (CC)  indicated  by the  CIF.   Note  that ,  the user  20 

terminal  can determine the offset  configured for  each  CIF based on the  

index  of  the schedul ing cel l  and/or  the  index  of  the scheduled cel l .  

[0034]  As shown in FIG.  5 ,  a  configurat ion  in  which a  schedul ing cel l  that  

t ransmits  downlink  cont rol  informat ion including the  CIF controls  

schedul ing of  CCs  (cel ls )  wi th  consecut ive indices  may be possible.   To be  25 
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more specif ic ,  FIG.  5  shows a  case where offset  0  is  configured  to  CC #0  

(cel l  #0)  to  CC #7  (cel l  #7) ,  o ffset  8  i s  configured  to  CC #8 to  CC #15,  

offset  16 i s  configured  to  CC #16 to  CC #23,  and offset  24  is  configured  to  

CC #24 to  CC #31.   F IG.  5  shows a case where CC #0,  CC #8,  CC #16,  and  

CC #24 serve  as  a  schedul ing cel l  that  t ransmits  the CIF.   Obviously,  the  5 

present  embodiment  is  by no means l imi ted to  this .  

[0035]  In  FIG.  5 ,  a  case of  applying cross -carr ier  schedul ing to  the cel l  of  

index  #8 (CC #8)  is  assumed.   When the  CIF value  of  the  PDCCH 

transmit ted from the  cel l  that  schedules  index  #8  (here,  CC #8) is  0 ,  the  user  

terminal  considers  the value obtained by adding a predetermined offset  to  10 

the CIF value 0 .   Here ,  the user  t erminal  determines  tha t  the  PDSCH is  

al located  to  the  cel l  of  index  #8  based on  a  value obtained  by adding a 

predetermined offse t  value 8 to  the CIF value 0 (here,  8 ) .   S imilar ly,  for  

example ,  in  the case of  applying cross-carr ier  schedul ing to  the cel l  o f  

index  #12 (CC #12),  the  user  t erminal  can  determine a  cel l  to  which the  15 

PDSCH is  al located  based  on a value obtained by adding a  predetermined 

offset  va lue  8 to  the  corresponding CIF value.  

[0036]  Also,  in  FIG.  5 ,  a  case of  applying cross-carr ier  schedul ing to  the  

cel l  of  index  #20  (CC #20) is  assumed.   When the CIF value of  PDCCH 

transmit ted f rom the  cel l  that  schedules  index  #20  (here ,  #16) is  4 ,  the use r  20 

terminal  considers  a  value obta ined by adding a predetermined offse t  to  the  

CIF value 4.   Here,  the user  t erminal  determines  that  the PDSCH is  

al located to  the cel l  of  index  #20 based on a value obtained by adding a  

predetermined offse t  value 16 to  the  CIF value 4  (here ,  20) .  

[0037]  In  the case of  FIG.  5 ,  one schedul ing cel l  (CC) can  cont rol  25 
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schedul ing (cross -car r ier  schedul ing)  of  eight  cel ls .   Accordingly,  when 

four  cel l s  (4CCs) are configured  as  the schedul ing cel l ,  c ross-carr ier  

schedul ing can be appl ied to  maximum 32 CCs.   Also,  s ince the user  

terminal  determines  a  CC to which the  PDSCH is  al located based on the  

value obtained  by a  predetermined offset  to  the  CIF  value ,  the  CIF  5 

configured in  the downlink cont rol  informat ion  can  be  se t  to  three  bi ts  

s imilar  to  ex is t ing sys tems .   Such a configurat ion suppresses  an increase  

in  overhead of  downlink  control  in format ion and  enables  the use of  

downlink cont rol  in format ion (PDCCH) of  ex is t ing sys tems .  

[0038]  Note  that ,  F IG.  5  shows a case  where  each schedul ing cel l  cont rols  10 

schedul ing of  eight  cel ls  (CCs),  but  this  i s  by no means  l imit ing.   For  

example ,  each schedul ing cel l  may control  schedul ing of  f ive cel ls  (CCs) 

(see  FIG.  6) .   In  such a case ,  the user  terminal  and the radio base s tat ion  

can determine a CC to which the PDSCH is  al located based on a value  

obtained by adding a predetermined offset  which  is  a  mul t iple of  f ive to  the 15 

CIF value t ransmi t ted f rom each schedul ing cel l .   Note that  the  

combinat ions  of  FIG.  6  are  s imply examples ,  and are by no means l imit ing.  

[0039]  <Cont rol  method> 

 Hereinafter,  an example where the  user  t erminal  determines  a  

predetermined CC considering an offset  configured to  the CIF value  of  each  20 

CC that  t ransmits  downlink cont rol  in format ion  including the CIF wil l  be  

described .  

[0040]  The radio base s tat ion (network)  configures  a  predetermined cel l  ( for  

example ,  cel l  index  #X) to  the user  te rminal .   Also,  the radio base s tat ion  

reports  the appl icat ion of  cross -car r ier  schedul ing and informat ion about  a  25 
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schedul ing cel l  (cel l  that  t ransmits  the  CIF)  ( for  example,  ce l l  index  #Y)  for  

the configured predetermined cel l  #X to  the user  te rminal .   These pieces  of  

informat ion can be reported from a  rad io base s tat ion to  the user  te rminal  

through higher  l ayer  s ignal ing (for  example,  RRC signal ing and so on) .  

[0041]  The user  t erminal  detects  the downl ink  control  channel  t ransmit ted  5 

from the schedul ing cel l  #Y and acquires  the CIF value.   When the CIF  

value is  Z,  the user  t erminal  determines  that  the downlink control  channel  is  

schedul ing for  predetermined cel l  #  (Z + Floor (Y/8)  × 8)  and performs  

receiving processes  of  the PDSCH (decoding and so on)  in  the  

predetermined cel l  #  (Z + Floor  (Y/8)  ×  8) .  10 

[0042]  By this  means ,  the user  t e rminal  determines  a  cel l  to  which a  PDSCH 

and/or  a  PUSCH are  al located using the  value indicated by the CIF and the  

index  of  schedul ing cel l ,  for  the index  of  a  predetermined CC in which  

cross-car r ier  schedul ing is  configured.   Now, in  FIG.  5 ,  a  case where cel l  

#X is  CC #20 wil l  be described  in  detai l .  15 

[0043]  The radio base s tat ion configures  CC #20 and reports ,  to  the user  

terminal ,  the  appl icat ion of  cross-carr ier  schedul ing to  CC #20 and  

informat ion that  CC #16 schedules  CC #20.   The user  terminal  detect s  

downlink cont rol  in format ion (PDCCH and/or  EPDCCH) t ransmit ted from 

schedul ing CC #16 and acquires  the CIF value.   When the CIF value 20 

t ransmit ted from schedul ing CC #16 is  4 ,  the user  te rminal  can  determine  

that  downlink cont rol  informat ion  t ransmit ted from CC #16 is  schedul ing 

for  CC #20 (= 4  +  Floor (20/8)  × 8) .  

[0044]  (Second Example)  

 In  a  second embodiment ,  a  case wi l l  be described where,  when 25 
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cross-car r ier  schedul ing is  carr ied  out ,  the index  for  cel l  that  car r ies  out  

schedul ing and the predetermined cel l  corresponding to  the CIF t ransmit ted 

from the schedul ing  cel l  a re configured in  advance.  

[0045]  FIG.  7  shows an example of  a  t able to  show the relat ionship between  

the schedul ing cel l  index  for  cont rol l ing schedul ing and the scheduled ce l l  5 

index  corresponding to  each CIF value used in  the schedul ing cel l .  

[0046]  In  FIG.  7 ,  C IF = 0  of  schedul ing cel l  #0 corresponds to  cel l  #0,  C IF = 

1 corresponds  to  cel l  #11 ,  and CIF = 7 corresponds  to  cel l  #2.   Also,  C IF = 

0 of  another  schedul ing cel l  #2 corresponds  to  cel l  #6 ,  and CIF = 7  

corresponds to  cel l  #3.  10 

[0047]  The radio base s tat ion t ransmits  in format ion about  the schedul ing 

cel l  and informat ion  about  the cel l  index  of  the  CIF value corresponding to  

the schedul ing cel l  (contents  l i s ted in  the  tab le in  FIG.  7)  to  the user  

terminal  th rough higher  l ayer  s ignal ing  ( for  example ,  RRC signal ing)  and  

so on.  15 

[0048]  The user  te rminal  can ident i fy a  cel l  (CC) corresponding to  each CIF  

value based on informat ion t ransmit ted f rom the radio base  s ta t ion (for  

example ,  the conten ts  l i s ted in  the table  in  FIG.  7) .   For  example,  the user  

terminal  can determine that  cel l  #3  (CC #3) to  which cross-car r ie r  

schedul ing is  appl ied is  al located when the CIF included in  downlink  20 

cont rol  informat ion of  cel l  #2 i s  7  based  on the table in  FIG.  7 .  

[0049]  By this  means,  even when employing the same CIF value  between  

schedul ing cel ls ,  the user  t erminal  can adequately ident i fy a  CC to which a 

PDSCH is  al located .   Also ,  by configur ing a  cel l  corresponding to  the  CIF  

value of  each  schedul ing cel l  in  advance,  i t  i s  possible to  configure  three  25 
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bi ts  of  CIF to  downlink control  in format ion s imilar ly to  ex is t ing systems.   

Such a configurat ion makes i t  possib le to  prevent  the increase in  the  

overhead  of  downlink cont rol  informat ion and  to  ut i l ize downlink cont rol  

informat ion (PDCCH) of  the ex is t ing sys tems .  

[0050]  Also,  in  the second embodiment ,  i t  i s  possible to  share the 5 

schedul ing cel l  between  cel ls  in  which  the  cel l  index  is  no t  consecut ive ,  so  

that  a  configurat ion of  f lex ibly combining the  schedul ing cel ls  and the  

scheduled cel l  i s  possible .  

[0051]  Note  that ,  a l though FIG.  7  shows  a  CIF value consi s t ing of  8  va lues  

(CIF = 0 to  7) ,  the  present  embodiment  is  by no means l imited to  thi s .   10 

Also,  the  CIF value may consi s t  o f  5  values  (CIF = 0 to  4) .  

[0052]  (Thi rd Example)  

 In  a  thi rd  embodiment ,  a  case of  car rying out  cross-carr ier  

schedul ing wi th increased  number of  CIF bi t s  wi l l  be described.  

[0053]  For example,  i t  i s  possib le  to  perform cross-car r ier  schedul ing 15 

cont rol  by ex tending the  CIF to  f ive  b i ts .   The CIF of  f ive bi t s  makes i t  

possible to  designate  32 CCs.   When the CIF of  downlink  control  

informat ion (DCI)  is  ex tended  to  f ive bi t ,  a  new DCI format  may be  

configured,  o r  two bi ts  for  another  f ield  may be ut i l ized in  an ex is t ing DCI 

format .   Note that ,  the ex tension bi t  of  CIF is  not  l imited to  f ive bi ts .  20 

[0054]  Also,  when employing a  CIF in  which  the number of  bi ts  i s  ex tended  

from three bi ts ,  the user  te rminal  may be configured not  to  detect  the  

cont rol  channel  (PDCCH and/or  EPDCCH) to  which the  CIF of  ex is t ing  

three bi ts  i s  al located.  

[0055]  For example,  the  user  te rminal  does  not  perform bl ind decoding on 25 
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three  bi ts  of  CIF of  PDCCH,   and  can perform bl ind  decoding on  the  

PDCCH to which an  ex tended CIF (for  example,  f ive bi ts)  i s  al located.   In  

this  case,  the user  t erminal  can  perform bl ind  decoding on the PDCCH to  

which the ex tended  CIF is  al located in  the UE speci f ic  search space (USS) ,  

and  perform bl ind  decoding on the PDCCH in  which  the CIF is  not  5 

configured in  the  common search space (CSS).  

[0056]  When the  user  te rminal  does  not  per form bl ind  decoding on  the  

PDCCH including three bi ts  of  ex is t ing CIF,  the user  t erminal  can reduce  

the number of  t imes that  the user  te rminal  t r i es  bl ind decoding.   By this  

means,  the processing load on the user  terminal  can be reduced.  10 

[0057]  Al ternat ively,  when configuring the CIF in  which the number of  b i ts  

i s  ex tended f rom three  bi ts ,  the user  t erminal  may be configured to  detect  a  

cont rol  channel  to  which  three  bi ts  of  ex is t ing CIF is  al located  and a  

PDCCH to  which an ex tended  CIF i s  al located.   In  this  case,  the  user  

terminal  supports  both the three bi ts  o f  CIF and the ex tended CIF.  15 

[0058]  For example ,  the user  te rminal  can perform bl ind decoding on  a  

PDCCH to which the ex tended CIF i s  a l located  in  addi t ion  to  a  PDCCH to  

which three bi t s  o f  CIF is  al located .   In  this  case,  the  user  te rminal  can  

perform bl ind decoding on,  in  the UE specif ic  search space (USS) ,  a  

PDCCH to which the ex tended CIF is  al located  and a PDCCH to which three  20 

bi ts  of  C IF is  al located,  and ,  in  the common search  space (CSS),  a  PDCCH 

in which no CIF is  configured.  

[0059]  In  this  way,  by performing bl ind decoding on the  PDCCH including 

three bi ts  of  ex is t ing CIF and the PDCCH including the ex tended CIF,  i t  i s  

possible to  employ ( fal lback) ex is t ing cross-carr ier  schedul ing based on the  25 
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number of  CCs configured,  and so  on.   For  example,  when,  among a  

plural i t y of  CCs,  the number  of  CCs  to  which DL signals  are t ransmit ted (or  

the number of  CCs in  an  act ive s tate)  i s  f ive or  l ess ,  the  user  te rminal  can  

employ ex is t ing cross-carr ier  schedul ing (Rel .  12 CA w/cross -carr ier  

schedul ing) .   By th is  means,  i t  i s  poss ible to  dynamical ly change the bi t  5 

length  of  downlink cont rol  informat ion  according to  the amount  of  data  to  

be al located  ( the  number  of  CCs to  be a l located) ,  and thereby the overhead  

in  the  downlink  control  channel  can be reduced.  

[0060]  <Variat ion> 

 The user  te rminal  may be configured to  per form bl ind decoding on  10 

the PDCCH including the CIF in  which  the number of  bi ts  i s  ex tended,  for  

l imited predetermined subframes .   In  this  case,  the  radio base s tat ion  can  

configure informat ion about  predetermined subframes in  the user  te rminal  

us ing higher  l ayer  s ignal ing (for  example,  RRC signal ing and so on) .  

[0061]  Also,  the user  te rminal  may be  configured  to  perform bl ind decoding  15 

on the PDCCH including the CIF in  which the number of  b i ts  i s  expanded ,  

wi th  res t r ict ion to  a  predetermined downlink cont rol  channel  (PDCCH 

and/or  EPDCCH).  

[0062]  The predetermined  downlink control  channel  may be one of  the  

fol lowings  or  a  combinat ion of  these:  20 

 UE specif ic  search space (USS);  

 EPDCCH;  

 One of  the  two sets  of  EPDCCH that  a re  configured  as  an EPDCCH;  

and  

 Speci f ic  aggregat ion level  among the total  numbers  of  bl ind  25 
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decoding ( for  example,  aggregat ion level  = 1,  2 ,  4 ,  and 8) .  

[0063]  Each EPDCCH set  i s  formed with a  plural i t y of  PRBs and  

informat ion about  the EPDCCH set  can be  reported from the radio base  

s tat ion  to  the user  t erminal .  

[0064]  In  thi s  way,  by employing the CIF which is  ex tended  for  some 5 

subframes  and/or  downlink cont rol  channels ,  i t  i s  possib le to  l imit  the  

increase in  the processing load  on  the user  t erminal  to  some subframes  or  

cont rol  channels  as  wel l  as  reduce the increase  in  the overhead of  the other  

subframes and cont rol  channels .  

[0065]  (Structure  of  Radio Communicat ion Sys tem)  10 

 Now, the s t ructure of  the radio communicat ion sys tem according to  

an embodiment  of  the present  invent ion wil l  be described  below.   In  thi s  

radio communicat ion system, the  radio  communicat ion methods according  

to  the embodiment  of  the  present  invent ion are  employed.   Note that  the  

radio communicat ion methods  of  the above-described  embodiment  may be  15 

appl ied individual ly  or  may be  appl ied in  combinat ion.  

[0066]  FIG.  8  is  a  diagram to show an example of  a  schemat ic s t ruc ture of  a  

radio communicat ion system according to  an  embodiment  of  the  present  

invent ion.   Note that  the radio communicat ion system shown in FIG.  8  is  a  

sys tem to incorpora te,  for  example,  an  LTE system,  super  3G,  an LTE-A 20 

sys tem and so on .   This  radio communicat ion system can adopt  car r ier  

aggregat ion (CA) to  group a plural i t y  of  fundamental  f requency blocks  

(component  carr iers )  into  one ,  where the LTE system bandwidth const i tutes  

one uni t ,  and/or  adopt  dual  connect ivi t y (DC).   Note that  this  radio  

communicat ion  system may be refer red  to  as  "IMT-Advanced," or  may be  25 
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referred  to  as  "4G," "5G," "FRA" (Future Radio  Access )  and  so on .  

[0067]  The radio communicat ion sys tem 1 shown in FIG.  8  includes  a  radio 

base s tat ion  11  that  forms a macro cel l  C1,  and radio base  s tat ions  12a to  

12c that  form smal l  cel ls  C2,  which are placed  within the macro ce l l  C1 and  

which are narrower  than the macro  cel l  C1.   Also ,  user  t erminals  20  are  5 

placed  in  the macro  cel l  C1 and in  each smal l  cel l  C2.  

[0068]  The user  te rminals  20 can connect  wi th  both the radio base s tat ion  11  

and the radio base s tat ions  12.   The user  t erminals  20 may use the macro  

cel l  C1 and  the smal l  cel ls  C2,  which use di fferent  frequencies ,  at  the  same 

t ime,  by means of  CA or DC.  Also ,  the user  t erminals  20 can execute CA 10 

or DC by using at  leas t  s ix  or  more  CCs (cel ls ) .  

[0069]  Between the  user  terminals  20 and  the  radio  base  s ta t ion 11,  

communicat ion can  be carr ied out  us ing a carr ier  of  a  relat ively low 

frequency band ( for  example,  2  GHz)  and a narrow bandwidth ( refer red to  

as ,  for  example ,  an "ex is t ing car r ier, "  a  "legacy carr ier" and  so on) .   15 

Meanwhile,  between  the  user  t erminals  20 and  the radio  base s tat ions  12,  a  

carr ier  o f  a  relat ive ly high frequency band  ( for  example,  3 .5  GHz,  5  GHz 

and so on)  and a wide bandwidth may be used,  o r  the same carr ier  as  tha t  

used in  the radio base  s tat ion 11 may be used.   Between  the radio base  

s tat ion 11 and the radio base s tat ions  12 (or  between two rad io base s tat ions  20 

12),  wire connect ion (opt ical  f iber,  the X2 inter face ,  etc . )  or  wireless  

connect ion may be  es tabl ished .  

[0070]  The radio base s tat ion 11 and the radio base s tat ions  12 are each  

connected with a  higher  s tat ion apparatus  30,  and are connected with a  core  

network  40  via  the  higher  s tat ion apparatus  30.   Note  that  the higher  25 
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s tat ion  apparatus  30 may be,  for  example,  an  access  ga teway apparatus ,  a  

radio network cont rol ler  (RNC),  a  mobi l i ty management  ent i ty (MME) and  

so on,  but  is  by no means l imited to  these.   Also ,  each radio base s tat ion 12  

may be connected with higher  s tat ion apparatus  30 via  the radio base  s tat ion  

11.  5 

[0071]  Note  tha t  the radio base s tat ion 11 i s  a  radio base s tat ion  having a  

relat ively wide coverage,  and may be referred to  as  a  "macro base s tat ion,"  

a  "cent ral  node," an  "eNB" (eNodeB) ,  a  "t ransmit t ing/ receiving point" and  

so on.   Also,  the radio base s tat ions  12 are radio base  s tat ions  having local  

coverages ,  and may be referred to  as  "smal l  base s tat ions ," "micro base  10 

s tat ions ," "pico base s tat ions ," "femto base s tat ions ," "HeNBs" (Home 

eNodeBs),  "RRHs" (Remote Radio Heads) ,  "t ransmit t ing/ receiving points" 

and  so on.   Here inafter  the radio base s tat ions  11 and 12  wil l  be  

col lect ively referred to  as  "radio base s tat ions  10 ," unless  speci f ied  

otherwise.   The user  te rminals  20 are t erminals  to  support  various  15 

communicat ion  schemes such as  LTE,  LTE-A and so on,  and may be  ei the r  

mobi le  communicat ion terminals  or  s tat ionary communicat ion terminals .  

[0072]  In  the  radio  communicat ion  sys tem,  as  radio  access  schemes,  

OFDMA (Orthogonal  Frequency Divis ion Mult iple  Access )  i s  appl ied  to  the  

downlink,  and SC-FDMA (Single-Carr ier  Frequency Divis ion Mult iple  20 

Access)  i s  appl ied to  the  upl ink.   OFDMA is  a  mul t i -car r ier  communicat ion  

scheme to  perform communicat ion by dividing a frequency bandwidth into a  

plural i t y of  narrow frequency bandwidths  (subcarr iers )  and  mapping data to  

each subcarr ier.   SC-FDMA is  a  s ingle-car r ier  communicat ion  scheme to  

mit igate interference between terminals  by dividing the system bandwidth  25 
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in to  bands formed with one or  cont inuous resource blocks per  te rminal ,  and 

al lowing a plural i ty of  te rminals  to  use mutual ly di fferent  bands.   Note  

that  the upl ink and downlink radio access  schemes are by no means l imited  

to  the  combinat ion  of  these.  

[0073]  In  the radio communicat ion system 1,  a  downlink shared  channel  5 

(PDSCH:  Physical  Downlink  Shared  CHannel ) ,  which  is  used  by each  user  

terminal  20 on a shared  basis ,  a  broadcast  channel  (PBCH:  Physica l  

Broadcast  CHannel) ,  downlink L1/L2 control  channels  and  so on  are used as  

downlink channels .   User  data,  higher  layer  cont rol  informat ion and  

predetermined SIBs  (System Informat ion Blocks)  are communicated in  the  10 

PDSCH.  Also,  the MIB (Master  In format ion Block) and so on are  

communicated by the PBCH.  

[0074]  The downlink L1/L2 cont rol  channels  include a PDCCH (Phys ical  

Downlink Control  CHannel ) ,  an EPDCCH (Enhanced Phys ical  Downlink 

Control  CHannel ) ,  a  PCFICH (Phys ical  Control  Format  Ind icator  CHannel ) ,  15 

a PHICH (Physical  Hybrid-ARQ Indicator  CHannel )  and so on.   Downlink  

cont rol  in format ion (DCI) including PDSCH and PUSCH schedul ing 

informat ion i s  communicated by the  PDCCH.   The number  of  OFDM 

symbols  to  use  for  the PDCCH is  communicated by the PCFICH.  HARQ 

del ivery acknowledgement  s ignals  (ACKs/NACKs) in  response to  the  20 

PUSCH are communicated by the  PHICH.  The EPDCCH may be  

frequency-divis ion-mult iplexed  with  the PDSCH (downlink shared data  

channel)  and used to  communicate DCI and so on,  l ike the PDCCH.  

[0075]  In  the radio communicat ion  system 1 ,  an  upl ink shared  channel  

(PUSCH: Phys ical  Upl ink Shared CHannel ) ,  which is  used by each user  25 
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terminal  20  on a shared  basis ,  an  upl ink  control  channel  (PUCCH:  Physical  

Upl ink  Cont rol  CHannel) ,  a  random access  channel  (PRACH:  Physical  

Random Access  CHannel )  and  so on are  used  as  upl ink  channels .   User  data  

and higher  l ayer  control  informat ion are communicated by the PUSCH.   

Also,  downlink radio qual i t y informat ion (CQI:  Channel  Qual i t y Indicator ) ,  5 

del ivery acknowledgment  s ignals  (HARQ-ACKs)  and  so on are  

communicated by the PUCCH.  By means of  the PRACH, random access  

preambles  (RA preambles)  for  es tabl i shing connect ions  with cel ls  are  

communicated.  

[0076]  <Radio base s tat ion> 10 

 FIG.  9  is  a  diagram to  show an  example of  an overal l  s t ructure  of  a  

radio base s tat ion according to  an embodiment  of  the present  invent ion .   A 

radio base  s tat ion 10 has  a  plural i t y of  t ransmit t ing/ receiving antennas  101,  

ampli fying sect ions  102,  t ransmit t ing/ receiving sect ions  103,  a  baseband 

s ignal  processing sect ion 104,  a  ca l l  processing sect ion 105 and a  15 

communicat ion  path inter face 106.   Note  that  the  t ransmit t ing/receiving 

sect ions  103 are comprised of  t ransmit t ing sect ions  and  receiving sect ions .  

[0077]  User  data to  be t ransmit ted from the radio base s tat ion 10 to  a  user  

terminal  20 on the downlink is  input  f rom the higher  s tat ion  apparatus  30 to  

the baseband s ignal  processing sect ion  104,  via  the communicat ion  path 20 

in ter face 106.  

[0078]  In  the baseband s ignal  p rocessing sect ion 104,  the user  da ta is  

subjected to  a  PDCP (Packet  Data  Convergence  Protocol)  layer  process ,  

user  data  divis ion  and  coupl ing,  RLC (Radio Link  Control )  l ayer  

t ransmission processes  such as  RLC ret ransmission control ,  MAC (Medium 25 
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Access  Control)  ret ransmission cont rol  ( for  example ,  an  HARQ (Hybrid  

Automat ic Repeat  reQuest)  t ransmission process ) ,  schedul ing,  t ransport  

format  select ion ,  channel  coding,  an inverse fas t  Fourier  t ransform ( IFFT)  

process  and  a precoding process ,  and  the resul t  i s  forwarded to  each  

t ransmit t ing/ receiving sec t ion  103 .   Furthermore ,  downlink  control  s ignals  5 

are a lso subjected to  t ransmission processes  such as  channel  coding and an  

inverse fas t  Fourier  t ransform,  and forwarded  to  each  t ransmit t ing/receiving 

sect ion 103.  

[0079]  Each t ransmit t ing/ receiving sect ion 103 converts  baseband s ignals  

that  a re  pre-coded and output  from the baseband s ignal  p rocessing sect ion  10 

104 on a per  antenna basis ,  in to  a  radio f requency band.   The radio  

frequency s ignals  having been subjected to  frequency convers ion in  the  

t ransmit t ing/ receiving sect ions  103 are  ampli f ied  in  the  ampli fying sect ions  

102,  and  t ransmit ted f rom the t ransmit t ing/receiving antennas  101.  

[0080]  For example ,  the t ransmit t ing/receiving sect ions  103 can  t ransmit  15 

informat ion about  a  cel l  (CC) to  which cross-car r ier  schedul ing is  appl ied,  

and informat ion about  a  cel l  (CC) that  schedules  the cel l  (CC).   Also,  the  

t ransmit t ing/ receiving sect ions  103  can t ransmit  in format ion about  a  CC 

corresponding to  the  CIF of  each  CC (schedul ing cel l )  that  t ransmits  

downlink cont rol  informat ion including the CIF.   For  example,  the  20 

t ransmit t ing/ receiving sect ions  103  can t ransmit  in format ion of  the  table  

shown in FIG.  7 .   Note  that ,  fo r  the t ransmit t ing/ receiving sect ions  103 ,  

t ransmit ters / receivers ,  t ransmit t ing/receiving ci rcui ts  o r  

t ransmit t ing/ receiving devices  that  can be  described based on common  

unders tanding of  the technical  f i eld  to  which the present  invent ion pertains  25 
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can be used.  

[0081]  Meanwhile,  as  for  upl ink  s ignals ,  radio f requency s ignals  that  are  

received in  the t ransmit t ing/receiving antennas  101  are each ampli f ied  in  

the ampli fying sec t ions  102.   Each  t ransmit t ing/ receiving sec t ion  103  

receives  upl ink s ignals  ampli f ied in  the ampli fying sect ions  102 .   The 5 

received s ignals  are  converted  into  the baseband s ignal  through f requenc y 

convers ion in  the t ransmit t ing/ receiving sect ions  103 and  output  to  the  

baseband s ignal  p rocessing sect ion  104 .  

[0082]  In  the baseband s ignal  processing sect ion 104,  user  data that  i s  

included in  the upl ink s ignals  that  a re input  is  subjected to  a  fas t  Fourie r  10 

t ransform (FFT) process ,  an inverse discrete Fourier  t ransform ( IDFT) 

process ,  e rror  correct ion  decoding,  a  MAC ret ransmission control  receiving 

process ,  and  RLC layer  and PDCP layer  receiving processes ,  and forwarded  

to  the higher  s tat ion  apparatus  30 via the communicat ion  path inter face 106.   

The cal l  p rocessing sect ion 105 performs cal l  processing such as  set t ing up  15 

and releasing communicat ion channels ,  manages the s tate  of  the radio base  

s tat ion  10 and manages the radio resources .  

[0083]  The communicat ion  path  inter face sect ion 106 t ransmits  and receives  

s ignals  to  and from the  higher  s tat ion  apparatus  30 via  a  predetermined  

inter face.   The communicat ion  path inter face 106 t ransmits  and receive s  20 

s ignals  to  and f rom neighboring radio base  s tat ions  10 (backhaul  s ignal ing)  

via an inter-base s tat ion in terface (for  example,  opt ical  f iber,  the X2 

inter face,  etc . ) .  

[0084]  FIG.  10  is  a  diagram to  show an  example of  a  funct ional  s t ructure  of  

a  radio base s tat ion according to  the  present  embodiment .   Note that ,  25 
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al though FIG.  10  primari l y shows funct ional  blocks that  pertain  to  

character is t ic  parts  of  the present  embodiment ,  the radio base s tat ion 10 has  

other  funct ional  blocks  that  are  necessary for  radio  communicat ion  as  wel l .   

As shown in FIG.  10,  the baseband s ignal  processing sec t ion 104 has  a  

cont rol  sect ion (scheduler)  301 ,  a  t ransmission  s ignal  generat ing sect ion  5 

(genera t ing sect ion)  302,  a  mapping sect ion 303  and a received s ignal  

processing sect ion  304.  

[0085]  The control  sect ion  (scheduler )  301  control s  the schedul ing ( for  

example ,  resource a l locat ion)  of  downlink data s ignals  that  are t ransmit ted  

in  the  PDSCH and downlink cont rol  s ignals  that  a re communicated in  the  10 

PDCCH and/or  the  EPDCCH.   When employing cross-car r ier  schedul ing,  

the cont rol  sect ion 301 of  the schedul ing cel l  control s  the al locat ion of  the  

PDSCH of other  cel ls  (CCs).   Also,  when configuring indices  for  a  

plural i t y of  schedul ing cel l s  and  cel ls  corresponding to  the CIF that  the  

schedul ing cel ls  t ransmit  in  advance  (see  FIG.  7) ,  the  cont rol  sect ion  301 15 

can selec t  cel ls  to  be scheduled based on the configured informat ion 

(contents  in  the  table) .  

[0086]  Also,  the control  sect ion 301 cont rols  the schedul ing of  system 

informat ion,  synchronizat ion s ignals ,  paging informat ion,  CRSs  

(Cel l -speci f ic  Reference Signals) ,  CSI-RSs (Channel  State  Informat ion  20 

Reference  Signals )  and  so  on.   Also,  the control  sect ion  301 cont rols  the  

schedul ing of  upl ink reference s ignals ,  upl ink data s ignals  that  a re  

t ransmit ted in  the PUSCH, upl ink  control  s ignals  that  a re t ransmit ted in  the  

PUCCH and/or  the PUSCH, random access  preambles  that  are t ransmit ted in  

the PRACH, and  so on.  25 
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[0087]  For the cont rol  sect ion 301,  a  control ler,  a  cont rol  ci rcui t  o r  a  

cont rol  device that  can be described based on common unders tanding of  the  

technical  f i eld  to  which the  present  invent ion  pertains  can be used .  

[0088]  The t ransmission  s ignal  generat ing sect ion 302 generates  DL signals  

based on commands  from the cont rol  sect ion 301 and outputs  these s ignals  5 

to  the mapping sect ion 303 .   For  example ,  the t ransmission s ignal  

generat ing sect ion 302 generates  DL assignments ,  which report  downlink  

s ignal  al locat ion informat ion,  and UL grants ,  which  repor t  upl ink s ignal  

al locat ion informat ion,  based on commands  f rom the cont rol  sect ion  301 .   

Also,  the downlink  data s ignals  are subjected to  a  coding process  and a  10 

modulat ion process ,  based  on  coding rates  and  modulat ion schemes  that  are  

selected based on channel  s tate  informat ion (CSI)  from each user  t erminal  

20 and so on .  

[0089]  Also,  when employing cross -car r ier  schedul ing,  the  t ransmission 

s ignal  generat ing sect ion 302 of  the schedul ing cel l  generates  downlink  15 

cont rol  s ignals  (DCI)  including CIFs .   The  CIF may be formed with three  

bi ts  ( f i rs t  embodiment ,  second embodiment) ,  o r  ex tended  ( for  example,  f ive  

bi ts) .   Also,  in  a  case  of  configuring indices  of  a  plural i ty of  schedul ing 

cel ls ,  and cel l s  corresponding to  the CIF t ransmit ted f rom the schedul ing  

cel ls  in  advance  (see FIG.  7) ,  the t ransmission  s ignal  generat ing sect ion  302  20 

configures  the CIF value based on the configured informat ion (contents  in  

the table) .  

[0090]  For the t ransmission s ignal  generat ing sect ion 302,  a  s ignal  

generator,  a  s ignal  generat ing ci rcui t  o r  a  s ignal  generat ing device that  can 

be described based on common unders tanding of  the technical  f ield  to  which  25 
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the present  invent ion pertains  can be used.  

[0091]  The mapping sect ion 303 maps the downlink s ignals  genera ted in  the  

t ransmission s ignal  generat ing sect ion 302 to  predetermined  radio resources  

based on commands  from the control  sect ion 301,  and outputs  these to  the  

t ransmit t ing/ receiving sect ions  103 .   Note that ,  fo r  the mapping sect ion  5 

303,  mapper,  a  mapping ci rcui t  or  a  mapping device that  can be described 

based on common unders tanding of  the technical  f ield  to  which the present  

invent ion pertains  can be used.  

[0092]  The received  s ignal  processing sect ion  304 performs  the receiving 

processes  ( for  example,  demapping,  demodulat ion,  decoding and so on)  of  10 

the  UL signals  that  a re  t ransmit ted from the user  te rminals  ( for  example,  

del ivery acknowledgement  s ignals  (HARQ-ACKs),  data  s ignals  that  are  

t ransmit ted in  the PUSCH,  random access  preambles  that  are t ransmit ted in  

the PRACH,  and so  on) .   The  processing resu l ts  are output  to  the control  

sect ion 301.  15 

[0093]  Also,  by using the received s ignals ,  the received s ignal  p rocessing 

sect ion 304 may measure the received power (for  example,  the RSRP 

(Reference Signal  Received Power)) ,  the received  qual i t y ( for  example,  the  

RSRQ (Reference Signal  Received Qual i t y) ) ,  channel  s tates  and so on.   

The measurement  resul ts  may be output  to  the  control  sect ion 301.  20 

[0094]  The receiving process  sect ion 304 can be const i tuted by a s ignal  

processor,  a  s ignal  processing ci rcui t  o r  a  s ignal  processing device,  and a 

measurer,  a  measurement  ci rcui t  o r  a  measurement  device that  can be  

described  based on common unders tanding of  the  technical  f i eld  to  which  

the present  invent ion pertains .  25 



28 

 

 

[0095]  <User  te rminal> 

 FIG.  11 is  a  d iagram to  show an  example of  an overal l  s t ructure  of  a  

user  t erminal  accord ing to  the  present  embodiment .   A user  te rminal  20  has  

a  plural i t y of  t ransmit t ing/receiving antennas  201  for  MIMO communicat ion ,  

ampli fying sect ions  202,  t ransmit t ing/ receiving sect ions  203,  a  baseband 5 

s ignal  p rocessing sect ion 204 and an appl icat ion sect ion 205.   Note that  

the  t ransmit t ing/receiving sec t ions  203  may be  comprised  of  t ransmit t ing 

sect ions  and receiv ing sect ions .  

[0096]  Radio f requency s ignals  that  are received in  a  plural i t y of  

t ransmit t ing/ receiving antennas  201 are each ampli f ied in  the ampli fying  10 

sect ions  202.   Each t ransmit t ing/ receiving sect ion 203 receives  the  

downlink s ignals  ampli f ied in  the ampli fying sect ions  202 .   The received  

s ignal  is  subjected to  f requency convers ion and  converted  in to the baseband  

s ignal  in  the t ransmi t t ing/receiving sect ions  203,  and output  to  the  baseband 

s ignal  processing sect ion 204.  15 

[0097]  When cross -carr ier  schedul ing is  appl ied to  a  plural i t y of  CCs,  the  

t ransmit t ing/ receiving sect ions  203  can  receive  downlink  cont rol  

informat ion including the  same CIF value f rom different  CCs (schedul ing 

cel ls ) .   Also ,  the t ransmi t t ing/ receiving sect ions  203 can receive  

informat ion  about  a  CC to which  cross -car r ier  schedul ing is  appl ied,  and  20 

informat ion about  a  schedul ing CC that  schedules  the CC.   Note that ,  fo r  

the t ransmit t ing/ receiving sect ions  203,  t ransmit ters / receivers ,  

t ransmit t ing/ receiving ci rcui ts  o r  t ransmit t ing/receiving devices  that  can be  

described  based on common unders tanding of  the  technical  f i eld  to  which  

the present  invent ion pertains  can be used.  25 
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[0098]  In  the  baseband s ignal  processing sect ion 204,  the  baseband s ignal  

that  i s  input  is  subjected to  an FFT process ,  er ror  correct ion decoding,  a  

ret ransmission cont rol  receiving process ,  and so  on .   Downl ink user  data  is  

forwarded to  the appl icat ion sect ion 205.   The appl icat ion sect ion 205  

performs processes  related to  higher  layers  above the phys ical  l ayer  and the  5 

MAC layer,  and  so  on.   Furthermore,  in  the  downlink data,  broadcas t  

informat ion is  also forwarded to  the  appl icat ion sect ion 205.  

[0099]  Meanwhile,  upl ink  user  data  is  input  f rom the  appl icat ion  sect ion 

205 to  the baseband s ignal  processing  sect ion 204.   The baseband s ignal  

processing sect ion  204 performs  a  ret ransmission control  t ransmission  10 

process  (for  example,  an HARQ t ransmission  process ) ,  channel  coding,  

pre-coding,  a  discrete Fourier  t ransform (DFT) process ,  an IFFT process  

and so on,  and the resul t  i s  forwarded to  each t ransmit t ing/ receiving sect ion  

203.   The  baseband s ignal  that  i s  output  f rom the  baseband s ignal  

processing sect ion 204 is  converted into  a  radio  f requency bandwidth in  the  15 

t ransmit t ing/ receiving sect ions  203.   The radio frequency s ignals  that  are  

subjected to  f requency convers ion in  the t ransmit t ing/ receiving sect ions  

203 are ampli f ied in  the  ampli fying sect ions  202 ,  and t ransmit ted f rom the  

t ransmit t ing/ receiving antennas  201.  

[0100]  FIG.  12  is  a  diagram to  show an  example of  a  funct ional  s t ructure  of  20 

a user  te rminal  according to  the present  embodiment .   Note that ,  a l though 

FIG.  12 primari l y shows funct ional  blocks that  per tain  to  charac ter is t i c  

part s  o f  the present  embodiment ,  the  user  te rminal  20 has  other  funct ional  

blocks that  are necessary for  radio communicat ion as  wel l .   As shown in  

FIG.  12,  the baseband s ignal  p rocessing sect ion 204 provided in  the user  25 
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terminal  20 has  a  cont rol  sect ion 401 ,  a  t ransmission s ignal  generat ing 

sect ion 402,  a  mapping sect ion 403 and a received s ignal  p rocessing sect ion  

404.  

[0101]  The control  sect ion 401  acquires  the downlink cont ro l  s ignals  

(s ignals  t ransmit ted  in  the PDCCH/EPDCCH) and downlink data  s ignals  5 

(s ignals  t ransmit ted  in  the  PDSCH) t ransmit ted from the radio base s tat ion  

10,  f rom the received s ignal  processing sect ion 404.   The control  sect ion  

401 controls  the  generat ion  of  upl ink  control  s ignals  ( for  example,  del ivery 

acknowledgement  s ignals  (HARQ-ACKs) and so on)  and upl ink data s ignals  

based on the downl ink cont rol  s ignals ,  the resul ts  o f  deciding whether  or  10 

not  re  t ransmission cont rol  i s  necessary for  the downlink  data  s ignals ,  and  

so on.   To be  more  specif ic ,  the control  sect ion 401  can cont rol  the  

t ransmission s ignal  generat ing sect ion  402,  the  mapping sect ion 403  and  the  

received s ignal  processing sect ion 404.  

[0102]  When employing cross-carr ier  schedul ing,  the  control  sect ion 401  15 

can control  a  PDSCH receiving process  in  a  predetermined CC based on the 

received CIF,  and give an inst ruct ion  to  the received s ignal  p rocessing  

sect ion 404.   Also,  the  control  sec t ion 401 may control  a  PUSCH 

transmission process  of  a  predetermined CC based on the received CIF.   

Also,  the cont rol  sect ion 401 can determine a predetermined CC considering  20 

an offset  configured to  the  CIF value  of  each  CC that  t ransmits  downlink  

cont rol  in format ion  including the CIF  (f i r s t  embodiment) .   To be more  

specif ic ,  the cont rol  sect ion 401 can add a di fferent  offset  to  the CIF value  

t ransmit ted f rom each schedul ing CC and determine the predetermined CC.  

[0103]  Also,  the control  sect ion 401 can determine a predetermined CC 25 
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based on a t able tha t  defines  in format ion about  a  CC corresponding to  the  

CIF of  each CC that  t ransmits  downlink cont rol  in format ion including the  

CIF (second embodiment) .  

[0104]  For the cont rol  sect ion 401,  a  control ler,  a  cont rol  ci rcui t  o r  a  

cont rol  device that  can be described based on common unders tanding of  the  5 

technical  f i eld  to  which the  present  invent ion  pertains  can be used .  

[0105]  The t ransmission  s ignal  generat ing sect ion 402 generates  UL signals  

based  on  commands  f rom the cont rol  sect ion  401,  and outputs  these s ignals  

to  the mapping sect ion 403 .   For  example ,  the t ransmission s ignal  

generat ing sect ion  402 generates  upl ink control  s ignals  such  as  del iver y 10 

acknowledgement  s ignals  (HARQ-ACKs),  channel  s tate  in format ion  (CSI)  

and so on,  based on commands f rom the cont rol  sect ion 401.  

[0106]  Also,  the t ransmission s ignal  genera t ing sect ion  402  generates  

upl ink  data  s ignals  based  on  commands  f rom the cont rol  sect ion  401.   For  

example ,  when a  UL grant  is  included  in  a  downlink  cont rol  s ignal  that  i s  15 

reported  f rom the  radio  base s tat ion 10 ,  the  control  sect ion  401  commands  

the t ransmission s ignal  generat ing sec t ion 402 to  generate an upl ink data  

s ignal .   For  the t ransmission s ignal  generat ing sect ion 402,  a  s ignal  

generator,  a  s ignal  generat ing ci rcui t  o r  a  s ignal  generat ing device that  can 

be described based on common unders tanding of  the technical  f ield  to  which  20 

the present  invent ion pertains  can be used.  

[0107]  The mapping sect ion 403  maps the up l ink s ignals  (upl ink  cont rol  

s ignals  and/or  upl ink data)  generated in  the t ransmission s ignal  generat ing  

sect ion 402 to  radio  resources  based on commands from the cont rol  sect ion  

401,  and output  the resul t  to  the  t ransmit t ing/receiving sect ions  203.   For  25 
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the  mapping sect ion 403,  mapper,  a  mapping ci rcui t  o r  a  mapping device  

that  can be described based on common unders tanding of  the technical  f i eld  

to  which the  present  invent ion pertains  can be used.  

[0108]  The received s ignal  p rocessing sect ion 404 performs receiving 

processes  ( for  example,  demapping,  demodulat ion,  decoding and so on)  of  5 

DL signals  (for  example,  downlink  control  s ignals  t ransmit ted  f rom the 

radio base s tat ion,  downlink data s ignals  t ransmit ted in  the PDSCH, and so  

on) .   The received s ignal  p rocessing sect ion 404 outputs  the informat ion  

received f rom the radio base s tat ion 10,  to  the cont rol  sect ion 401.   The 

received s ignal  p rocessing sect ion  404 outputs ,  for  example,  broadcast  10 

informat ion,  sys tem informat ion,  RRC signal ing,  DCI and so on ,  to  the  

cont rol  sect ion 401.  

[0109]  Also,  when employing cross -carr ier  schedul ing,  the received s ignal  

processing sect ion 404 can determine  a predetermined CC corresponding to  

the CIF included in  downlink control  informat ion based on the command 15 

from the  control  sec t ion 401  and  receive  a  PDSCH of  the  predetermined  CC.   

The received s ignal  processing sect ion 404 can be const i tu ted by a s ignal  

processor,  a  s ignal  processing ci rcui t  o r  a  s ignal  processing device,  and a 

measurer,  a  measurement  ci rcui t  o r  a  measurement  device that  can be  

described  based on common unders tanding of  the  technical  f i eld  to  which  20 

the present  invent ion pertains .   Also ,  the received s ignal  p rocessing 

sect ion 404 can const i tute  the receiving sect ion according to  the present  

invent ion.  

[0110]  Note  that  the block  diagrams that  have been used to  describe the  

above embodiments  show blocks  in  funct ional  uni ts .   These funct ional  25 
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blocks (components )  may be  implemented  in  arbi t rary combinat ions  of  

hardware and software.   Also ,  the means for  implement ing  each funct ional  

block  is  not  part i cu lar ly l imited.   That  is ,  each funct ional  block  may be  

implemented  with  one  phys ical l y- integrated device,  or  may be  implemented  

by connect ing two physical l y-separate devices  via radio or  wire and using 5 

these mul t iple devices .  

[0111]  For example,  part  o r  al l  o f  the  funct ions  of  radio  base  s tat ions  10  and 

user  t erminals  20 may be  implemented using hardware  such  as  an  ASIC 

(Appl icat ion-Speci f ic  Integrated  Circu i t ) ,  a  PLD (Programmable  Logic  

Device) ,  an  FPGA (Field Programmable  Gate  Array) ,  and  so on .   Also,  the  10 

radio base s tat ions  10 and user  t erminals  20 may be implemented  with  a  

computer  device that  includes  a  processor  (CPU),  a  communicat ion  

inter face for  connect ing wi th networks,  a  memory and  a  computer- readable  

s torage medium that  holds  programs.  

[0112]  Here ,  the processor  and the memory are  connected  with  a  bus  for  15 

communicat ing informat ion.   Also,  the computer- readable recording  

medium is  a  s torage medium such as ,  for  example,  a  f l ex ible disk ,  an  

opto-magnet ic  disk ,  a  ROM, an EPROM, a CD-ROM, a RAM, a hard disk 

and so on .   Also,  the programs may be t ransmit ted f rom the network  

through,  for  example,  elect r ic  communicat ion channels .   Also,  the radio  20 

base s tat ions  10  and user  t erminals  20  may include  input  devices  such as  

input  keys  and output  devices  such as  d isplays .  

[0113]  The funct ional  s t ructures  of  the radio  base s ta t ions  10 and user  

terminals  20 may be implemented with  the above-described hardware ,  ma y 

be implemented with software modules  that  are executed on the  processor,  25 
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or may be implemented with combinat ions  of  both .   The  processor  cont rol s  

the whole  of  the user  t erminals  by running an operat ing system.  Also ,  the  

processor  reads  programs,  software modules  and data from the s torage  

medium into  the memory,  and  executes  various  t ypes  of  processes .   Here,  

these programs have  only to  be  programs that  make a computer  execute each  5 

operat ion that  has  been described  with the  above embodiments .   For  

example ,  the contro l  sect ion 401 of  the  user  te rminals  20 may be s tored in  

the  memory and  implemented by a  control  program that  operates  on  the  

processor,  and other  funct ional  blocks may be implemented  l ikewise .  

[0114]  Now, al though the present  invent ion has  been described in  detai l  10 

above,  i t  should  be  obvious to  a  person ski l l ed in  the  ar t  that  the  present  

invent ion is  by no means l imited  to  the  embodiments  described herein.   For  

example ,  the above-described  embodiments  may be used ind ividual ly or  in  

combinat ions .   The  present  invent ion  can be implemented with  various  

correct ions  and  in  various  modif icat ions ,  wi thout  depart ing from the spir i t  15 

and scope of  the present  invent ion defined by the reci tat ions  of  claims.   

Consequent ly,  the descript ion herein i s  provided only for  the purpose of  

explaining example  s ,  and should by no means be const rued to  l imit  the  

present  invent ion in  any way.  

[0115]  The disclosure of  Japanese  Patent  Appl icat ion  No.  2015-015432,  20 

f i led  on January 29,  2015,  including the specif icat ion ,  drawings and  

abst ract ,  i s  incorporated herein by reference in  i t s  ent i rety.  

  



35 

 

 

CLAIMS 

 

1.  A user  te rminal  that  can  communicate by using s ix  or  more  

component  carr iers ,  the user  t erminal  compris ing:  

 a  receiving sect ion that  receives  downlink control  informat ion  5 

including a carr ier  indicator  f i eld  (CIF) ;  and  

 a  control  sect ion that  cont rols  a  rece iving process  of  a  downlink 

shared  channel  and/or  a  t ransmission process  of  an upl ink shared channel  in  

a  predetermined component  carr ier  based on the CIF,  wherein:  

 the receiving sec t ion receives  downlink cont rol  in format ion  10 

including the same CIF value  f rom different  component  car r iers ;  and  

 the cont rol  sect ion determines  the predetermined component  car r ier,  

considering an offset  that  i s  configured to  a  CIF value of  each component  

carr ier  that  t ransmit s  downlink control  informat ion including the  CIF.  

 15 

2.  The user  t erminal  according to  claim 1,  wherein  the  receiving 

sect ion receives  informat ion about  a  component  carr ier  to  which  

cross-car r ier  schedul ing is  appl ied,  and  informat ion about  a  schedul ing CC 

that  schedules  the  component  car r ier.  

 20 

3.  The user  t erminal  according to  claim 1 or  2 ,  wherein the cont rol  

sect ion determines  the predetermined component  car r ier  by adding a  

di fferent  offset  to  a  CIF value  t ransmit ted from each of  the schedul ing CC.  

 

4 .  The user  t erminal  according to  cla im 3,  wherein the offset  to  be 25 
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added to  the CIF value t ransmit ted from each of  the  schedul ing CC is  n  

t imes (n is  a  natural  number)  the number  of  component  carr iers  indicated by 

the CIF.  

 

5 .  The user  t erminal  according to  claim 3 ,  wherein  an index  number of  5 

component  carr ier  corresponding to  a  CIF of  each schedul ing CC i s  

consecut ive.  

 

6 .  A user  te rminal  that  can  communicate by using s ix  or  more  

component  carr iers ,  the user  t erminal  compris ing:  10 

 a  receiving sect ion that  receives  downlink control  informat ion  

including a carr ier  indicator  f i eld  (CIF) ;  and  

 a  control  sect ion that  cont rols  a  rece iving process  of  a  downlink 

shared  channel  and/or  a  t ransmission process  of  an upl ink shared channel  in  

a  predetermined component  carr ier  based on the CIF,  wherein:  15 

 the receiving sec t ion receives  downlink cont rol  in format ion  

including the same CIF value  f rom different  component  car r iers ;  and  

 the  contro l  sect ion  determines  the predetermined  component  carr ier  

based  on  a  t able that  defines  in format ion  about  a  component  car r ie r  

corresponding to  a  CIF of  each component  carr ier  that  t ransmits  downlink  20 

cont rol  informat ion including the CIF.  

 

7 .  The user  t erminal  according to  claim 6,  wherein  the  receiving 

sect ion receives  the informat ion of  the table f rom a radio base s tat ion  

through higher  l ayer  s ignal ing.  25 
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8 .  The user  t erminal  according to  any one of  claims  1 to  7 ,  wherein the  

CIF is  th ree bi ts .  

 

9 .  A radio  communicat ion method in  a  user  te rminal  that  can  5 

communicate  by using s ix  or  more component  car r iers ,  the  radio  

communicat ion  method compris ing the s teps  of:  

 receiving downlink cont rol  in format ion including a carr ier  indicator  

f ield  (CIF);  and  

 cont rol l ing a receiv ing process  of  a  downlink  shared  channel  and/or  10 

a t ransmission process  of  an upl ink  shared  channel  in  a  predetermined  

component  carr ier  based on  the CIF,  wherein:  

 in  the receiving s tep,  downlink cont rol  in format ion including the  

same CIF value i s  received from di fferent  component  car r iers ;  and  

 in  the cont rol l ing s tep,  the predetermined component  carr ier  i s  15 

determined ,  considering an  offset  that  i s  configured  to  a  CIF value  of  each  

component  car r ier  that  t ransmits  downlink control  informat ion including 

the CIF.  

 

10.  A radio base s tat ion  that  can communicate wi th a  user  te rminal  that  20 

uses  s ix  or  more component  carr iers ,  the radio base s tat ion compris ing:  

 a  cont rol  sect ion  that  cont rols  downl ink shared  channel  and/or  

upl ink shared channel  al locat ion for  a  p lural i t y of  component  car r iers ;  and  

 a  t ransmission sect ion that  t ransmit s  downlink cont rol  in format ion 

including a carr ier  indicator  f i eld  (CIF),  25 
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 wherein the t ransmission sect ion t ransmits ,  to  the user  t erminal ,  

informat ion about  a  component  car r ier  corresponding to  a  CIF of  each  

component  car r ier  that  t ransmits  downlink control  informat ion including 

the CIF.  

  5 


