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USER TERMINAL,  RADIO BASE STATION,  AND RADIO 

COMMUNICATION METHOD 

 

Technica l  Fie ld 

[0001]  The present  invent ion re lates  to a user  te rmina l ,  a  radio base  s tat ion 5 

and a rad io communica t ion method in next-genera t ion mobile  

communica t ion systems.  

 

Background Art  

[0002]  In  the UMTS (Unive rsa l  Mobile  Telecommunica t ions  System)  10 

network ,  the  spec if ica t ions  of  long term  evolut ion (LTE) have been draf ted 

for  the  purpose  of  fur ther  inc reasing high  speed da ta  ra tes ,  p roviding lower  

de lays  and so on (see  non-patent  l i t e ra ture  1) .   Successor  sys tem of  LTE --  

re ferred  to  a s “LTE-advanced”  (a lso refe rred  to  as  “LTE-A”) --  have  been  

under s tudy for  the  purpose  of  ach ieving further  broadbandiza t ion and  15 

increased speed  beyond LTE,  and the  spec if icat ions  thereof  have  been 

dra f ted as LTE Rel .  10  to  12.  

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

component carr ie r  (CC),  where  the LTE sys tem band const i tute s  one uni t .   

Such bundl ing of  a  plura l i ty  of CCs into a  wide band is  re ferred to as  20 

“carr ier  aggregat ion” (CA).   Also ,  in  LTE Rel .  12 support s  dua l  

connect ivit y (DC),  in  which a use r te rmina l  communica tes  by using CCs 

that  a re  control led separa te ly by di fferent  radio base s ta t ions  (schedulers).  

[0004]  In  CA/DC in the  above-ment ioned suc cessor  systems of  LTE (LTE 

Rel .  10 to 12) ,  the maximum number of  CCs tha t  can  be conf igured  per  user  25 



2 

 

te rminal  (UE) i s  configured to f ive .   With LTE of  Rel .  13 and la ter  

vers ions ,  which are  more  advanced successor  systems of  LTE,  s tudies  are  in  

progress  to  mi t iga te  the l imi t  o f  the number of  CCs tha t  can  be conf igured  

in  a  user t e rmina l and  to configure  s ix  or more  CCs (for  example,  32 CCs) ,  

in  order  to  makes possible  more  f lexible and fas ter  communica t ion.  5 

[0005]  The specif ica tions of  LTE Rel.  8 to  12 have been dra fted assuming 

exclusive opera t ions  in  f requency bands tha t  a re  l i censed to  opera tors  --  

that  i s ,  l icensed bands.   As  l i censed bands,  for  example,  800  MHz,  2  GHz 

and/or  1 .7 GHz are used .  

[0006]  Furthe rmore ,  for  future  radio  communica t ion systems (Rel.  13 and  10 

la ter  vers ions) ,  a  system (“LTE-U”  (LTE Unl icensed))  to  run  LTE systems  

not  only in  f requency bands l icensed  to  communications  provider s  

(opera to rs)  ( l icensed  bands) ,  but  a lso in  frequency bands where l icense  is  

not  required (unl icensed bands) ,  i s  under s tudy.   In  part i cu la r,  a  sys tem 

(LAA: Licensed-Assis ted Access)  to  run an unl icensed  band assuming the  15 

presence  of a  l icensed  band is  a l so under  s tudy.   Note  tha t  systems tha t  run  

LTE/LTE-A in unl icensed  bands may be co l lec tive ly refe rred to  a s “LAA.”   

A l i censed band is  a  band in  which a  spec if ic provide r  i s  a l lowed exclusive  

use ,  and an unl icensed band i s  a  band which is  not  l imi ted to  a  specif ic  

provider,  and  in which  radio s ta t ions  can  be  provided.  20 

[0007]  An unl icensed band may be  run wi thout  even synchroniza tion ,  

coord ina tion  and/or  coopera t ion be tween d iffe rent  operators  and/or  

non-opera tors ,  and the re  is  a  th rea t  tha t  s ignif ican t c ross- inte rference  is  

p roduced in  compar ison to  a  l icensed band.   Consequent ly,  when an  

LTE/LTE-A system (LTE-U) is  run in  an unlicensed band, i t  i s  desi rable if  25 
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the LTE/LTE-A system opera tes  by tak ing into account  the  

cross- in terference  wi th  other  systems that  run in unl icensed bands such as 

Wi-Fi ,  o ther  opera tors’ LTE-U,  and so  on.   In  order  to  prevent  

c ross- in terference  in  unl icensed bands,  a  s tudy is  in progress  to a l low an 

LTE-U base s ta t ion/use r t e rmina l  to pe rform “ l is ten ing”  before  t ransmit t ing  5 

a  s ignal  and res t r ic t  the t ransmiss ion depending on  the resul t  of  l i s tening.  

[0008]  Also ,  for  unl icensed  bands,  for  example,  the 2.4 GHz band and  the 5 

GHz band where  Wi-Fi  ( regis tered t r ademark) and Bluetooth  (regis tered  

t rademark) can  be used,  and  the 60 GHz band where  mi l l imeter-wa ve radars  

can be  used a re  under s tudy for  use .   Studies  are  in progress  to use  these 10 

unl icensed  bands in  smal l  ce l ls .  

 

C i ta t ion Lis t  

Non-Pa tent  Litera ture  

[0009]  Non-Patent  Litera ture  1:  3GPP TS 36.300 “Evolved  Unive rsa l  15 

Terrest ri al  Radio Access  (E-UTRA) and  Evolved Unive rsa l  Terres t r ia l  

Radio Access  Ne twork (E-UTRAN);  Overa l l  descr ip t ion;  Stage 2”  

 

Summary of  Invention  

Technica l  Problem 20 

[0010]  CA/DC for  use  in sys tems according to  LTE Re l .  10  to  12 support s  

one  primary cel l  (“PCel l ,”  “PCC,”  e tc .)  and maximum four  secondary ce l ls  

(“SCel ls ,”  “SCCs,” etc . )  as  ce l ls  (CCs) to conf igure in a  user  t e rmina l .   In  

th is  way,  in  CA for exi s t ing systems (LTE Rel .  10 to 12) ,  the  number of  CCs 

that  can  be  conf igured per  use r te rmina l  (UE)  is  l imi ted  to  maximum f ive.  25 
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[0011]  Meanwhile ,  when the  number of CCs that  can be conf igured in  a  user  

te rminal  i s  expanded to  s ix  or  above ( for  example ,  32 CCs)  in  more  

advanced successor  systems of  LTE (f or  example ,  LTE Rel .  13 and  la ter  

vers ions),  the load of  the  user  te rminal  might grow fo llowing the  inc rease  of  

the number of  CCs.   For  example ,  when an addit ional  CC (“expanded CC”)  5 

i s  conf igured  in  a  user  te rminal  a s  an SCC,  the  load tha t  i s  required  of  the 

user  te rminal  for  the UL signal  t ransmission opera t ions  for  each SCel l  i s  

l ike ly to  grow.  

[0012]  Also ,  when an unl icensed CC i s conf igured in  a  use r te rminal  as an 

SCC (for  example ,  an as  an  expanded CC),  cases might  occur where ,  10 

depending on  the  resul t  of  l i s t en ing ( the  resul t  of  LBT) ,  the user  te rminal  i s  

unable  to  t ransmit  and  rece ive  s ignals  wi th the  unlicensed CC on a regular  

basis .   In  th is case ,  i f  the user te rminal  t r ies to  perform t ransmission  

opera t ions  for UL t ransmission  and  so on for  each unl icensed CC as for  

SCCs (SCe ll s)  of  exis t ing systems,  there  is  a  threa t  o f  making adequate  15 

communica t ion di ff icu l t .  

[0013]  The present  invent ion  has  been made in  view of the above ,  and i t  i s  

therefore an objec t  o f  the present  invent ion  to  provide  a  user  te rminal ,  a  

radio base  s ta t ion and  a radio  communicat ion method tha t  a l low adequate 

communica t ion even  when the  number of  CCs tha t  can  be  configured in  a  20 

user  te rmina l  i s  expanded  f rom tha t  of ex is t ing systems and/or  when CA is  

executed using unlicensed CCs.  

 

Solut ion to Problem 

[0014]  A user  t e rmina l  according to  one  aspect  of  the present  invent ion  25 
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provides  a  user  te rmina l  tha t  communica tes  wi th  a  radio base s ta t ion by  

means of  ca rr ie r  aggregat ion  using a plural i ty of  component ca rr ie rs  (CCs),  

and this user  te rmina l  has a rece iving sec t ion that  rece ives  DL signa ls  

t ransmit ted  f rom each CC, a  t ransmission  sec t ion tha t  t ransmit s  UL signal s ,  

and a control  sec t ion that  controls  t ransmission  opera tions  in  the 5 

t ransmission  sec t ion,  and ,  when a  plura li ty of  CCs,  including a t  least  a  f i rs t  

CC,  which  corresponds to  a  pr imary CC of  an  exis t ing sys tem,  and a  thi rd  

CC,  which is  di ffe rent  f rom the  f i rs t  CC and a second CC tha t  corresponds  

to  a secondary CC of the ex is t ing system,  are conf igured,  the control  

sec t ion appl ies ,  to  the  th ird CC,  UL signal  t ransmission opera tions  that  are 10 

diffe ren t  f rom those of  the second CC. 

 

Advantageous Effec ts  of  Invent ion  

[0015]  According to  the present  invent ion,  communica tion can be  carr ied  

out  adequate ly even when the number of  CCs that  can be conf igured  in  a  15 

user  te rmina l  i s  expanded  f rom tha t  of ex is t ing systems and/or  when CA is  

executed using unlicensed CCs.  

 

Brief  Descr ipt ion of  Drawings  

[0016]  FIG.  1  is  a  diagram to  expla in an overview of car r ie r aggrega tion  in  20 

successor systems o f  LTE;  

 FIG.  2  is  a diagram to show an example  of  t ransmission  control  for  

use  when l is tening (LBT) is  used;  

 FIG.  3  i s  a  d iagram to expla in CA us ing a PCC and SCCs of  an  

ex is t ing system,  and an unl icensed CC; 25 
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 FIG.  4  is  a diagram to  show an  example  of a  case where  unl icensed  

CCs are conf igured  as  SCCs;  

 FIG.  5  is  a  d iagram to  show an  example  of  ca rr ie r  aggregat ion  in  

which TCCs are  used;  

 FIG.  6  is  a diagram to  show anothe r example  of  carr ie r aggregat ion  5 

in  which  TCCs are used;  

 FIG.  7  is  a  diagram to show an example  of  a  UL t ransmission  

opera t ion method;  

 FIG.  8  is  a  diagram to show an example  of  a  UL t ransmission  

opera t ion method in  a  TCC; 10 

 FIG.  9  is  a  diagram to show an  example  of  synchronous UL HARQ;  

 FIG.  10 is  a  diagram to  show an  example  of  asynchronous UL HARQ 

in  TCC; 

 FIG.  11 is  a diagram to show an example of  a  UL t ransmission  

method using TCCs;  15 

 FIGs.  12 provide  diagrams to  show conceptual  diagram of  power  

headroom; 

 FIG.  13 is  a  d iagram to show an example  of  a schemat ic  s truc ture  of  

a  radio  communica t ion system according to the  present  embodiment ;   FIG.  

14 is  a  diagram to show an example of  an  overa l l  s truc ture of  a  radio base 20 

s ta t ion according to  the present  embodiment ;   

 FIG.  15 is  a  diagram to  show an  example  of  a  funct iona l  s truc ture  of  

a  radio  base s ta t ion according to  the present  embodiment;   

 FIG.  16 is  a  d iagram to  show an example  of an overa ll  s t ruc ture  of  a  

user  te rminal  according to  the present  embodiment;  and 25 
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 FIG.  17 is  a  diagram to  show an  example  of  a  funct iona l  s truc ture  of  

a  use r  te rminal  accord ing to  the  present  embodiment .  

 

Descrip tion  of  Embodiments  

[0017]  FIG.  1  is  a  diagram to  expla in ca rr ie r aggre ga tion (CA).   As shown  5 

in  FIG.  1 ,  in  CA of  ex is t ing systems (up  to  LTE Rel .  12) ,  maximum f ive  

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

Rel .  8  const i tutes  one uni t ,  a re  bundled.   That  i s ,  in car r ie r  aggregat ion up  

to  LTE Rel .  12,  the number of  CCs tha t  can be conf igured in  a  user  te rminal  

(UE: User  Equipment)  i s  l imited to maximum f ive (one  pr imary ce l l and  10 

maximum four secondary ce lls) .  

[0018]  The primary ce l l (PCel l ,  PCC, etc . ) re fers  to  the ce l l  tha t  manages 

RRC connec t ion,  handover and  so on when CA/DC is used,  and i s  a lso a  ce l l  

that  requi res  UL communica t ion in  order  to  rece ive  da ta and feedback  

s ignals  from termina ls .   The primary ce ll  i s  a lways conf igured in  the  15 

upl ink  and  the downl ink.   A secondary ce ll  (SCel l ,  SCC, e tc . )  re fers  to  

another  ce l l  tha t  i s  configured apart  f rom the primary ce l l  when CA/DC is  

used.   Secondary cel ls  may be  conf igured  in  the  downlink alone ,  or  may be 

conf igured in both the  upl ink  and the downlink a t  the  same t ime .  

[0019]Meanwhile ,  in more  advanced successor  systems of  LTE (for  example,  20 

LTE Rel.  13 and la te r ve rs ions) ,  a  s tudy is  in progress  to soften the l imit  of  

the number of  CCs tha t  can  be  conf igured  per  user  te rminal ,  and use  

enhanced  ca rr ie r  aggre ga t ion (CA enhancement ) ,  in  which s ix or more CCs 

(cel ls)  a re conf igure d.   For  example,  a s shown in FIG.  1 ,  when 32 CCs (CC 

#1 to  CC #32) a re  bundled ,  a  bandwidth of  maximum 640 MHz can be  25 
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secured.   In this  way,  more  f lexible and fas ter  radio communica t ion  is  

expected to  be  made  possible  by increasing the  number  of  CCs tha t  can be 

conf igured in a  user  t e rmina l .  

[0020]  Furthe rmore ,  for more advanced  successor  systems of  LTE ( for  

example ,  Rel .  13 and later  ve rs ions) ,  systems to run  LTE systems not on ly  5 

in  f requency bands l icensed  to  communicat ions  providers  (opera to rs)  

( l icensed bands) ,  bu t  a lso  in  f requency bands  where  l icense i s  not  required  

(unlicensed bands) ,  a re  under s tudy.  

[0021]The  premise of exi s t ing LTE/LTE-A is  tha t  i t  i s  run in  l icensed bands ,  

and therefore  each opera tor i s  a l loca ted a  di ffe rent  f requency band.   10 

However,  unl ike a  l icensed band,  an unl icensed band is  not  l imited to use  by 

a  specif ic  provider.   When run  in an unlicensed band,  LTE may be  carr ied  

out  wi thout  even synchronizat ion ,  coord inat ion and/or coopera t ion be tween 

d iffe ren t  opera tors  and/or  non-opera tors .   In  this  case,  a plura l i ty of  

opera tors  and/or  sys tems share  and  use the  same frequency in  the unl icensed 15 

band,  and therefore the re  is  a  threa t  of  produc ing cross - inter ference.  

[0022]  In  Wi-Fi  systems tha t  a re run in  unl icensed  bands,  carr ie r  sense  

mul t iple  access/co ll i s ion avoidance  (CSMA/CA),  which is  based on  the 

mechanism of LBT (Lis ten Before  Talk) ,  i s  employed .   To be more  speci f ic ,  

for  example ,  a  method,  whereby each t ransmission poin t  (TP) ,  access  po in t  20 

(AP),  Wi-Fi te rminal  (STA: Stat ion)  and  so on pe rform “ lis tening”  (CCA:  

Clear  Channe l  Assessment)  be fore  carrying out  transmission,  and car ries  

out  t ransmission only when the re  is  no  signa l  beyond a  prede termined  level ,  

i s  used .  When there i s  a s igna l  to exceed  a prede termined  leve l ,  a  wa it ing  

t ime (backoff t ime) is  provided,  which  is  de te rmined on a  random basis ,  and ,  25 
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fol lowing th is ,  l i s tening is  pe rformed aga in  (see  FIG.  2).  

[0023]  So ,  for  LTE/LTE-A systems tha t  a re run in unl icensed bands ( for  

example ,  LAA),  too ,  a s tudy is  in  progress  to  use t ransmission control  based  

on the  re sul t  of  l i s t en ing.   For  example ,  a  radio base  s ta t ion and/or  a  user  

te rminal  pe rform l is tening (LBT) before  t ransmit t ing s igna ls  in  an  5 

unl icensed  band ce l l ,  and  checks  whe ther  other  systems  (for  example ,  

Wi-Fi )  and/or  other  opera tors  a re communica t ing.   I f ,  as  a  resul t of  

l i s ten ing,  the  rece ived s ignal  intensi ty f rom other  systems and/or  other  LAA 

transmission  poin ts  i s  equal  to  or  lower than a predetermined value ,  the 

radio base  s ta t ion and/or  the  user  te rmina l  j udges tha t  the  channe l  i s  in the 10 

id le  s ta te  (LBT_id le ) and t ransmit s  s ignals .   On the  other  hand,  i f ,  a s a  

resul t  of  l i s tening,  the rece ived  s ignal  in tensi ty f rom othe r systems and/or  

o ther  LAA transmission  points  i s  grea ter  than the  prede termined  value,  the 

radio base  s ta t ion and/or  the  user  te rmina l  j udges tha t  the  channe l  i s  in the 

busy s ta te  (LBT_busy) ,  and l imi ts s igna l  t ransmission.  15 

[0024]  Note tha t  “ l is tening”  here in  refers  to  the  operat ion which  rad io base 

s ta t ions  and/or  user  te rmina ls  pe rform before  t ransmi t t ing s ignals  in order  

to  check/measure  whe ther  or no t  s ignal s  to  exceed a  prede termined leve l  

( for  example,  p rede te rmined  power)  are  be ing t ransmit ted f rom other  

t ransmission  point s .   Also,  th is “ l i s ten ing”  performed by radio  base  20 

s ta t ions  and/or  user  t erminals  may be  re ferred to  as “LBT” (Lis ten Before  

Talk) ,  “CCA” (Clear  Channel  Assessment) ,  and so on .   As to  how to  l imi t  

s ignal  transmission  based on the  resul t  o f  LBT, possible  me thods  inc lude  

making a  transi t ion  to  another  carrie r  by way of  DFS (Dynamic  Frequency  

Selec t ion),  applying t ransmission power  control  (TPC),  hold ing (s topping)  25 
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s ignal  t ransmission ,  and  so on .  

[0025]  In  th is  way,  by using LBT in communica tion  in  LTE/LTE-A ( for  

example ,  LAA) systems tha t a re run  in  unl icensed bands,  i t  becomes 

possib le  to  reduce  the  in te r fe rence  with o ther  systems and/or  the  l ike.  

[0026]  Now,  as  shown in FIG.  1,  expanding the  number of  CCs is  e ffec t ive  5 

to  widen the  band in carr ie r  aggre gat ion (LAA:  License-Assi s ted  Access)  

be tween l icensed bands and unl icensed bands.   For  example ,  f ive  l icensed 

band CCs (= 100 MHz) and f i f teen unl icensed band CCs (= 300 MHz)  are 

bundled,  a bandwidth of  400 MHz can be secured.  

[0027]  Meanwhile ,  when the  number of CCs that  can be conf igured in  a  user  10 

te rminal  i s  expanded,  and/or  when CA is  executed  using an unl icensed CC 

(UCC),  how to configu re  the  expanded CCs and/or  the  unl icensed CC (UCC)  

and how to contro l  the  user  te rminal’s  opera t ions  i s  the  problem (see FIG.  

3).  

[0028]  For example,  as  shown in FIG.  4 ,  i t  may be  possib le  to  execute  CA, 15 

assuming tha t  the unl icensed  CC (UCC: Unl icensed Component  Carr ier ) i s  a  

secondary ce l l  (SCC) of  an ex is t ing system.   Note  tha t ,  in  FIG.  4 ,  the 

unl icensed  CC (UCC) may be  conf igured as  an expanded CC as wel l .  

[0029]  However,  the  t ransmission/non- t ransmission (ON/OFF)  s ta te  in  the 

unl icensed  CC changes dynamica l ly,  because  pre- transmiss ion LBT is  the  20 

premise  of  unl icensed  carr ie rs .   Consequent ly,  there  i s  a  threa t  tha t  the  

user  te rmina l  i s  unable to  t ransmit  s ignals  on  a  regular  bas is  a s  in  the  PCC 

or in  ac t ive -s ta te  SCCs.   On the other  hand ,  in UCCs,  a l though s ignals  a re  

not  t ransmit ted  on a regular  basis ,  s igna ls  s ta r t  be ing t ransmit ted or  

rece ived soon depending on the  re sul t  of  LBT,  so tha t  i t  i s  necessary to  25 
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contro l  use r te rminals  to  be  ab le  to  t ransmit  and receive  these s ignal s .   In  

th is  way,  the present  inventors  have  focused on the fac t  the use r  te rmina l  

opera t ions  tha t  a re  required by UCCs are  d ifferent  f rom those  required  by  

non-ac t iva te s ta te  SCCs.  

[0030]  Also ,  s ince  an unl icensed ca rr ie r a l lows co-p resence wi th other  5 

systems,  the qual i ty  va ries  s igni f ican t ly  compared to a  l i censed car r ie r,  and 

the re l iabi l i ty of  communica t ion is  highly l ike ly to de ter iorate .   

Consequent ly,  in  LAA,  i t  may be  possible  to  suppor t  communicat ion  in an  

unl icensed  carr ie r  by using a l icensed car r ie r  (for  example ,  repor t  LBT 

resul ts  by using the l i censed carrie r) .   In  thi s case ,  the use r  te rmina l  10 

opera t ions  for unl icensed CCs and ex is t ing SCCs may be  di fferent .  

[0031]  So ,  the present  inventors  have come up  wi th the idea of  

opera t ing/cont rol l ing user  t erminals  di ff eren t ly be tween expanded CCs and  

unl icensed  CCs,  and  exi s t ing PCCs and SCCs.   Also,  the present  inventors  

have  come up wi th the  idea  of conf iguring a  new CC tha t i s  d iffe rent  f rom a  15 

PCC or  an SCC,  and conf iguring/repor t ing thi s  in  a  user  te rminal  so as  to  

enable  the  user  te rminal  to  d is t inguish the  CC ( for  example,  a  UCC),  to  

which di fferent  opera tions/cont ro l  a re appl ied ,  f rom the PCCs and SCCs of  

ex is t ing systems (Rel .  10  to 12) .  

[0032]  To be  more  spec if ic ,  the  present  inventors  ha ve  come up wi th the  20 

idea  of  defining expanded CCs and/or  UCCs di ffe rent ly f rom exis t ing PCCs 

and SCCs,  and applying di ffe rent  contro l/opera t ions  f rom those of  ex is t ing  

SCCs (see FIG.  5) .   In  this  descr ip tion ,  a  CC,  to  which  di fferen t  

contro l/opera t ions  from those  of the  PCCs and SCCs of  exi s t ing systems 

(Re l .  10 to  Rel.  12) are applied,  wil l  be  here inaf ter  refer red to as a  “TCC” 25 
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(Tert ia ry CC),  a  “TCell ,”  a  “ th ird CC” or  a  “ thi rd cel l”  (he reinaf te r  “TCC”) .   

A TCC can be  const i tuted  by a  l icensed CC and/or an unl icensed CC.  

[0033]  A user  te rminal ,  in which a  TCC is  conf igured,  can apply di fferen t  

contro l/opera t ions  f rom those  of  SCCs,  to  this  TCC (see FIG.  5) .   For  

example ,  the  user  terminal  applies  UL t ransmission  opera tions  tha t  are 5 

diffe ren t  f rom those  of  PCCs and SCCs,  to  the  TCC (inc luding,  for example ,  

saving unnecessary UL t ransmission  opera t ions ,  UL HARQ opera t ion,  UL 

t ransmission  opera t ion  to  take LBT re sul ts  in to considera t ion ,  LBT-based  

repor t ing operat ion ,  and  so on).  

[0034]  By this  means,  even when many CCs are conf igured  in  a user  10 

te rminal ,  i t  is  s t i l l  possible  to  reduce  the  growth of  the user  te rmina l’s  load  

by apply ing s imple  control  and/or  measurement  opera t ions  to the  TCCs.   

Also ,  when an unl icensed  CC i s  conf igured as  a  TCC in a  user  t e rmina l ,  by  

applying UL t ransmission operat ions  tha t  take LBT into account  (and tha t  

a re therefore  di fferent  from those  appl ied to PCCs and  SCCs) to  the  TCC, i t  15 

becomes possible  to reduce  wrong opera t ions  that  a ri se  f rom LBT resul t s ,  

and a l low adequa te  communicat ion .  

[0035]  Now,  the  present  embodiment  wi l l  be desc ribed be low in de tai l .   

Note  tha t ,  a l though cases wi l l  be  described in  the fol lowing descript ion  

where  one or  more  l icensed  CC and/or  unl icensed CCs are  conf igured as  20 

TCCs,  thi s  is  by no means l imit ing.   For example ,  TCCs can  be  const i tu ted  

by unl icensed CCs a lone .   Also,  wi th the present  embodiment ,  i t  i s  equa l ly  

possib le  to  conf igure a PCC (PCel l )  and a TCC (TCel l )  in  a  user  te rmina l  

and execute CA/DC ( tha t  i s ,  SCCs (SCe lls)  are not  conf igure d)  (see FIG.  6) .   

Also ,  i t  i s  possible  to  conf igure f ive  or  more  CCs in a  user  te rmina l  as  SCCs 25 
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(SCe l l s ).   Also,  in  l i censed bands,  UL LBT and/or  DL LBT can be used.  

[0036]  (Fi rs t  Example )  

 An example case  wil l  be described  with a  f i rs t  example where  a  user  

te rminal  saves  unnecessary UL t ransmission opera tions .  

[0037]  In  PCCs and  SCCs of exi s t ing systems (Rel.  10 to 12),  a  user  5 

te rminal  t ransmits  UL data  when downl ink contro l  in format ion  (UL grant)  

to  command UL data  (PUSCH) a l loca t ion  is  rece ived f rom a  radio base 

s ta t ion.   Now,  an example of PUSCH transmission  opera tions  in  an  

ex is t ing system wil l  be  described  below with reference to FIG.  7 .  

[0038]  When upl ink  data to  transmit  (UL da ta)  i s  p roduced (ST10) ,  a  user  10 

te rminal  (UE)  sends a  schedul ing request  to  a  radio  base  s ta t ion (eNB)  

(ST11).   I f  the user  terminal  does  not  have dedica ted  UL resources  in  ST11 ,  

the user  terminal  s ta r ts  the  random access  procedures .   In  re sponse  to  the  

schedul ing request  from the  use r t e rmina l ,  the  rad io  base s ta t ion t ransmit s  a  

UL grant  tha t  commands resource a l locat ion  for up link  da ta t ransmission  15 

(ST12).   Based on  th is  UL grant ,  the user  te rminal  t ransmi ts  a  buffer  s tatus  

repor t  (BSR),  which indicates  the  volume  of  UL data  to be  t ransmit ted 

(ST13).   Upon receiving the  BSR,  the rad io  base  s ta t ion repor ts  a  UL grant  

that  indica tes predetermined  b it s  of  up link  resource  al loca tion ,  to  the  user  

te rminal  (ST14),  so that  the  user  terminal  can t ransmit  UL data  wi thin the 20 

l imi ted number of  bi ts  by using a  PUSCH that  i s  a l loca ted (ST15).  

[0039]  In  this  way,  th is  exis t ing system (Re l .  10 to 12)  provides  tha t ,  when 

upl ink  da ta  to t ransmit  i s  produced ,  the user  te rminal  should report  a  buffer  

s ta tus  report  (BSR) tha t  shows the  volume of  remaining upl ink data  (buffer  

s ize)  to  the  radio base  s ta t ion . 25 
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[0040]  However,  when the  buffer  s tatus  report  (BSR) tha t  i s  t ransmit ted 

f rom the user  te rminal  and tha t shows the  volume  of UL data  to transmit  i s  

los t  (ST13) ,  cases might  occur where  the  radio base s ta t ion es t imates the 

volume of UL data in accura te ly.   Al terna t ive ly,  cases might  a lso occur  

where  the  user  te rminal  d iscards  da ta  on the user  t erminal  end  fol lowing the  5 

expira t ion of  a  data -d iscard ing t imer.   In  this  case ,  the s i tuat ion a ri ses 

where  the  user  te rmina l  rece ives  a  UL grant  from the radio base  s ta t ion in  

ST14 and never the less  has  no da ta to  t ransmi t  in  ST15.  

[0041]  The exis t ing system provides  tha t ,  when a UL grant  is  rece ived f rom 

the radio base s ta t ion (ST14)  and ye t  there  is  no data  to  t ransmit  in the user  10 

te rminal ,  the  user  te rminal  should  car ry out  UL transmission  (PUSCH 

transmission)  in  ST15 by using padding  b it s  (f ree  b its) .  

[0042]  When the use r te rminal  ca rr ies  ou t  UL t ransmission opera t ions  

(padding b it  t ransmission)  for TCCs in  the same way as  for  PCCs/SCCs,  the  

user  te rmina l’s  load such as  ba tte ry consumpt ion  and  o thers  grows.   Also ,  15 

the above-noted loss  of  a  BSR occurs  when,  for  example ,  the  user  te rmina l  

i s  commanded to  t ransmi t  a  BSR in an unl icensed  band.   When the  user  

te rminal  j udges,  based on  the  resul t of  LBT,  tha t there  i s  a  nearby  

in te rfer ing s ta t ion,  the  use r t ermina l  s tops  t ransmit t ing BSRs.   This  makes 

the radio base  s ta t ion  unable  to ca tch BSRs,  there is  a  possibi l i t y tha t  the  20 

radio base s ta t ion al loca tes  UL resources  to the  use r te rminal ,  a ssuming a  

la rge  volume of  UL data .  

[0043]  In  this  way,  when BSRs are  repor ted by using a  TCC wi th which the  

channel  quali ty var ie s  s ignif icant ly  compared to an  SCC and o thers ,  the 

possib il i ty  of  los ing the BSRs t ransmit ted  f rom the  use r te rmina l  inc reases,  25 



15 

 

and the  opportuni t ie s  to  transmit  padding b it s  might  increase.   Also,  i f  the 

TCC is  an unl icensed  band,  there is  a  th reat  of  causing in ter fe rence in  the  

surroundings even when padding b i ts  are  t ransmi tted.  

[0044]  So ,  accord ing to  the  present  embodiment,  even when upl ink  data  

(PUSCH) t ransmiss ion is  commanded by a UL grant  in  a  TCC,  a  user  5 

te rminal  can be control led  not  to  carry out  t ransmission  (padding bi t  

t ransmission)  in  the  TCC if  there is  no  UL data to t ransmi t .   That  i s ,  the 

user  te rmina l  saves  unnecessary UL transmission opera t ions  by applying  

d i ffe ren t  UL t ransmission  opera t ions  f rom those  of  PCCs and SCCs,  to  the  

TCC.   An example  of  a  user  te rminal  operat ion  method for  use  when UL 10 

data  i s transmit ted by using a  TCC is  shown in FIG.  8 .  

[0045]  When upl ink  data to  transmit  (UL da ta)  i s  p roduced (ST20) ,  a  user  

te rminal  (UE) sends a schedul ing request  to  a  rad io base s tat ion (ST21) .   

When the use r  te rminal  does  not  have  dedicated UL resourc es  in  ST21,  the 

user  te rminal  s ta r ts  the random access procedures .   In  response  to  the 15 

schedul ing request  from the  use r t e rmina l ,  the  rad io  base s ta t ion t ransmit s  a  

UL grant  to command resource a l locat ion for  up link  da ta t ransmission  

(ST22).   Based on  th is  UL grant ,  the user  te rminal  t ransmi ts  a  buffer  s tatus  

repor t  (BSR),  which indicates  the  volume  of  UL data  to be  t ransmit ted 

(ST23).   Upon receiving the  BSR,  the rad io  base  s ta t ion repor ts  a  UL grant  20 

that  indica tes  prede te rmined b its  of  up link  resource a l loca t ion  for  the  TCC,  

to  the  use r te rminal  (ST24),  so  tha t  the user  te rmina l  can  transmit  UL data  

within  the  l imi ted  number of  b i ts  by us ing the  PUSCH of  the  TCC tha t  i s  

a l loca ted (ST25) .  

[0046]  If  the  s i tua t ion a r ises  where  the user  te rminal  rece ives  a  UL grant  25 
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f rom the rad io  base  s ta t ion in  ST24 and  neverthe less  has no  da ta  to t ransmi t  

in  ST25,  the  user t e rmina l  can be control led not  to  carry out  UL 

t ransmission  (padding b it  t ransmission)  in  the TCC in ST25.  

[0047]  Al terna t ive ly,  when  the  user  te rminal  rece ives  a  UL grant  f rom the 

radio base s ta t ion in ST24,  and the volume  of  UL data to  t ransmit  i s equa l to  5 

or lower than a  predete rmined value  in  ST25,  th is  user  te rminal  can  be 

contro lled not  to  car ry out  UL t ransmission in  the  TCC in  ST25 (UL 

t ransmission  in which padding bi ts  a re predominant ).   This  predetermined  

value  may be  a  va lue  tha t i s  de te rmined in  advance ,  or  may be  a  va lue  tha t  i s  

conf igured in  the  user  te rmina l  by higher  layer  s ignal ing such as  RRC 10 

s ignal ing.   Here,  ins tead of  control l ing whether  or  not  to  carry out  UL 

t ransmission  in  the  TCC by def in ing a  predetermined  value  wi th  respect  to  

the volume of  UL data,  i t  i s  a l so possible  to control  whe ther  or  not  to  car ry  

out  UL t ransmission  in  the  TCC by provid ing a  predete rmined value  wi th  

respect  to  the ra t io be tween the volume of  UL resources  a l loca ted and the  15 

volume of UL data.   For  example ,  when the volume  of  UL da ta  to  ac tua l ly  

t ransmit  i s  le ss than 1% of the volume  of UL resources  a l loca ted,  the  user  

te rminal  can opera te  no t  to  ca rry out  this  UL t ransmission in  the  TCC. 

[0048]  Furthe rmore ,  when the  user  te rminal  does  not  t ransmit  UL data based 

on a  UL grant  in  the  TCC,  the use r te rmina l  may report  to  the  radio  base  20 

s ta t ion tha t  there is  no  transmission da ta  to correspond to  that  UL grant  

(ST26).   In thi s  case ,  the use r t e rmina l  may sent  informat ion to indica te  

that  there  i s  no t ransmission da ta  tha t  corresponds to  the UL grant ,  by using  

the UL of  the  PCC and/or  SCCs (for  example ,  the  PUSCH).  

[0049]  By thi s  means,  i t  i s  possible  to prevent  the  user  te rminal  f rom 25 
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making unnecessary UL t ransmission  in the TCC.  Also,  when the TCC is 

an  unl icensed band,  i t  i s  a l so possibl e  to  reduce the  impact  upon the 

surroundings by sav ing unnecessary UL transmission.   Also ,  by sending a  

repor t  to the radio  base  s ta t ion when no t ransmission da ta  correspond to  a  

UL grant ,  i t  i s  possible  to  al low the rad io  base  s ta t ion end to know, 5 

appropr ia tely,  tha t  the  user  te rminal  has no UL data to t ransmi t .  

[0050]  (Second Example)  

 UL HARQ opera t ions  by a  use r te rminal  in  a  TCC wil l  be  described  

be low with  a  second example.  

[0051]  In  an exis t ing system (Rel.  10 to  12) ,  a user  te rminal  employs  10 

synchronous UL HARQ based on a PHICH (Physical  Hybrid-ARQ Indica tor  

Channel)  tha t  i s  reported f rom a rad io base  s ta t ion.   An example of  

synchronous UL HARQ in an ex is t ing system is  shown in  FIG.  9.  

[0052]  FIG.  9  shows a  case  where a  user  te rminal  t ransmi ts  UL da ta (for  

example ,  the PUSCH) in  subframe #0 .   In  this  case,  a  radio base s ta t ion  15 

judges  whether  or  no t  UL data  (PUSCH) that  i s  t ransmi t ted  from the  user  

te rminal  i s  rece ived adequately,  and t ransmits  a  PHICH for  ret ransmission  

contro l  (ACK/NACK) to  the use r te rminal  a predete rmined t iming la ter.   

The  radio base s ta t ion can make the t iming to  transmit  the  PHICH,  for  

example ,  four  subframes la te r in FDD (here,  subframe #4).  20 

[0053]  When the PHICH that  i s  t ransmit ted  from the radio base s tat ion is  an 

ACK,  the  user  te rmina l  t ransmits  new UL data ,  and,  when the  PHICH is  a  

NACK,  the user  te rminal  appl ies  re t ransmission  control  to  the  UL data .   

When re transmit t ing the UL data ,  the user  te rminal  ret ransmits  the UL data  

a  predetermined t iming af ter  the PHICH is  rece ived.   The user  te rminal  can 25 
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make the  predetermined t iming four subframes la ter  (here ,  subf rame #8) in  

FDD.  

[0054]  In  this  way,  in  the exis t ing system (Re l .  10 to 12) ,  the user  te rmina l  

and the rad io base s ta t ion execute UL da ta  re t ransmission control  (UL 

HARQ) in  predetermined t imings (synchronous HARQ).   Also,  in TDD,  too ,  5 

the user  te rminal  and the rad io  base s ta t ion can execute  UL data  

re transmission cont rol  (UL HARQ) in prede termined  t imings (synchronous  

HARQ).  

[0055]  On the  other  hand,  in  an  unl icensed band,  cases  occur  where  a  user  

te rminal  is  unable  to  ca rry out  UL re t ransmission in a  predete rmined t iming  10 

depending on the resu l t  o f  LBT.   For example ,  when the  use r te rminal  i s  

going to  re transmit  UL da ta based on  the PHICH (NACK) and yet  a  

l imi ta t ion i s  placed on this  ret ransmission  based on the re sul t  of  LBT 

executed pr ior  to  this  UL data  ret ransmission  ( tha t  i s ,  the channe l  i s  in the 

busy s ta te  (LBT_busy)) ,  the UL da ta  cannot be re t ransmitted in a  15 

prede te rmined  t iming.   Consequent ly,  in  an unl icensed band ( for  example ,  

in  a TCC),  the  user  terminal  has  d i ff i cul ty employing synchronous HARQ as  

in  PCCs and  SCCs of  exis t ing sys tems.  

[0056]  So ,  according to  the  present  embodiment ,  a  user te rminal  employs 

asynchronous HARQ in a  TCC.  In  th is  case,  the use r terminal  can opera te  20 

without  reading (de tec t ing)  ACKs/NACKs for  the PHICH (synchronous  

HARQ opera t ion)  (see  FIG.  10) .   For  example,  when a  UL grant  i s  

t ransmit ted  f rom a  TCC, or  when a  UL grant  (CIF (Car r ier  Ind ica tor  Fie ld) )  

that  i s  t ransmi t ted  in a PCC or  an SCC indica tes a  TCC (UL cross  carr ier  

schedul ing) ,  the  user  te rminal  can opera te without  reading (de tec t ing)  the  25 
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PHICH.  

[0057]  FIG.  10 shows a case  where,  in  a  TCC, a  user  te rminal  t ransmits  UL 

data  ( for  example,  the  PUSCH) in  subframe #0.   In  th is  case ,  the  radio base 

s ta t ion j udges whether  or  not  UL da ta  (PUSCH) tha t  i s  t ransmitted f rom the 

user  t erminal  i s  rece ived adequate ly,  and,  i f  ret ransmission  cont rol  i s  5 

needed,  sends out  a  report  to tha t  e ffect .   As for  the  method of  sending a 

repor t  about  re t ransmission  cont ro l  to  the user  t ermina l ,  i t  i s  possible  to  

send a UL grant  using the  PDCCH of  the  TCC, or send a  UL grant  using the  

PUCCH of another  CC (PCC or SCC) (cross  carr ie r schedul ing).  

[0058]  In  FIG.  10,  the  rad io  base  s ta t ion t ransmit s  a  UL grant  for  10 

re transmission control  to  the  use r  te rminal  in a  prede termined  t iming.   The 

prede te rmined  t iming may be  four  subframes before the  subframe where  the 

re transmit t ing UL data  i s  a l loca ted ( in  FIG.  10,  subf rame #6),  o r may be a  

d i ffe ren t t iming.   The  user te rmina l  control s  the re t ransmission  of  the UL 

data  based on the UL grant ,  no t  the  PHICH t ransmit ted  f rom the  radio base 15 

s ta t ion.   In  this  case ,  the  user  te rminal  can execute  LBT a f ter  the  UL grant  

i s  rece ived,  and control  the  UL data  t ransmission t iming based on the  re sul t  

o f  this  LBT (asynchronous UL HARQ).  

[0059]  For example,  the  user  te rminal  can rece ive  the UL grant  and  then 

execute  LBT in the  TCC,  and  ret ransmits  the UL da ta in  the f i r s t  subframe 20 

that  i s  capable of  t ransmission  (LBT_id le ) (in  FIG.  10,  subframe  #10).  

[0060]  In  this  way,  the user  t erminal  can contro l  UL data ret ransmission  

according to  UL grants  and LBT resul t s  in  a  TCC (asynchronous UL HARQ).   

Note  tha t ,  a l though a  case has been shown with FIG.  10 where  the  TCC uses  

FDD,  i t  is  equal ly possible  to  apply asynchronous UL HARQ when the TCC 25 
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uses  TDD. 

[0061]  Also ,  when asynchronous HARQ is  employed,  i t  i s  possible  to  at tach 

HARQ process  numbers  (HPNs: HARQ Process  Numbers) to  a  UL grant  for  

asynchronous HARQ.   An HARQ process  number indicates  the  number  of  

the HARQ process  for  one  t ransport  block (TB) .   For example,  in the case 5 

shown in  FIG.  10,  the  radio base  s ta t ion  can inc lude  the HARQ process  

numbers  that  correspond to  UL da ta  #0 in  a UL grant  and t ransmi t  th is  to  the 

user  te rminal .  

[0062]  The HPN bit  f ie ld to  conf igure  in a  UL grant  can be made,  for  

example ,  three bi ts .   Wi th three bi ts ,  maximum e ight  HARQ process  10 

numbers  can be  indica ted,  and the  ind ividual  HARQ processes  can  be 

ca rr ied  out  in paral le l .   Also,  by inc luding informat ion about  

re transmit t ing UL data  (here ,  HARQ process  numbers)  in  a  UL grant ,  the 

user  te rminal  can accura te ly know whic h UL data  should be  re transmit ted .  

[0063]  Now,  UL HARQ operat ion  methods for  a  use r t e rmina l  in which a 15 

TCC is  conf igured wi l l  be  described be low in greater  de tai l .   Note tha t  

a l though cases  wi l l  be shown in  the  fol lowing desc ript ion  where UL cross  

ca rr ie r  schedul ing f rom a  PCC and/or  an  SCC to a  TCC is  conf igured in  a  

user  te rmina l ,  the present  embodiment  is  by no  means l imi ted  to  thi s .   For  

example ,  the present  embodiment  is  equally applicable  to  cases  where a  20 

PDCCH tr igger  i s  sent  from a PCC and/or  an  SCC to  a  TCC upon 

content ion-f ree  random access  (CFRA).  

[0064]  (Method 1)  

 When a  user  t erminal  i s  commanded UL t ransmission in  a  TCC from 

a  PCC and/or  an  SCC (for  example,  by using the  PUCCH),  the  use r can  25 
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opera te  no t  to  read  (de tec t ) the PHICH tha t  corresponds  to the PUSCH 

scheduled for  the  TCC.   Meanwhile,  the  user te rminal  can de tect  the 

PHICHs tha t  correspond to  the  PUSCHs scheduled for  the PCC and/or  the  

SCC as  in  ex is t ing systems and execute re t ransmission cont rol .  

[0065]  In  th is  case ,  the  radio base  s tat ion  can a t tach informat ion about  5 

HARQ process  numbers  (for  example ,  three  bi ts)  to  UL grants  scheduled for  

the TCC.  Meanwhi le ,  i t  is  a l so possible  to  use a  s t ruc ture in  which  

informat ion about  HARQ process  numbers  i s  not  at tached  to UL grant s  

scheduled for  the PCC and/or  the  SCC. 

[0066]  Consequent ly,  in  the  PCC and/or the  SCC,  the user  te rminal  uses 10 

synchronous HARQ by us ing the PHICH, and uses  asynchronous HARQ in  

the TCC.   By th is  means,  in  the  PCC and/or  the  SCC, i t  i s  possible  to  

reduce  the  volume  of  information  wi th UL grants ,  and  reduce the PDCCH 

ove rhead .  

[0067]  (Method 2)  15 

 When the user  te rminal  i s  commanded UL t ransmission in  the  TCC 

f rom the  PCC and/or  the SCC, the  user  t e rmina l  can opera te  no t  to  read 

(de tec t )  the  PHICH tha t  corresponds to  the  PUSCH scheduled for  the  TCC.  

Similar ly,  the user  te rminal  can opera te  no t  to  read (de tec t ) the  PHICHs tha t  

correspond to  the  PUSCHs scheduled for  the  PCC and/or  the SCC ei ther.  20 

[0068]  In  th is  case ,  the  radio base  s tat ion  can a t tach informat ion about  

HARQ process  numbers  (for  example ,  th ree  b its)  to  UL grants  tha t  a re  

scheduled for  the PCC, the  SCC and the  TCC. 

[0069]  Also ,  in th is  case,  the  UL grants  to t ransmit  in  the PCC, the SCC and 

the TCC can be made  the same s ize ( the  same bi t  length),  so that  the search  25 



22 

 

space  can  be  shared .   Tha t  i s ,  when the  user  t erminal  appl ies  bl ind  

decoding to  downl ink control  in format ion  (for  example,  a  UL grant ),  the 

user  te rmina l  can de tec t  the downl ink  control  informat ion  for  the PCC, the 

SCC and the TCC all  together.  

[0070]  Also ,  when information about  HARQ process  numbers  i s  at tached  to  5 

UL grants  for the  PCC and/or  the  SCC and a CC other  than  the  TCC (PCC 

and/or  SCC) is  scheduled,  prede termined  bi t  va lues  (for  example ,  a  f ixed  

va lue  of  0) may be  conf igured.   Based on  the  HARQ process  numbers  ( for  

example ,  f ixed va lues)  for  UL grants  for  the  PCC and/or  the  SCC, the user  

te rminal  the  use r te rminal  can execute  re t ransmission control  a t  a  10 

prede te rmined  la te r t iming,  as when using the  PHICH.  

[0071]  (Thi rd Example)  

 A UL a l loca t ion method to t ake LBT resul ts  in  an unl icensed  band 

(TCC) in to  considera t ion wi l l  be desc r ibed  with a  thi rd  example .  

[0072]  In  the  event a  TCC is  an unl icensed  band,  even when a  radio  base 15 

s ta t ion (eNB) ass igns UL t ransmission  ( for  example,  a  PUSCH) to  a  user  

te rminal ,  the  use r terminal  i s  l imi ted f rom making UL t ransmission i f  LBT 

in  the  TCC yields  a  resu lt  of  (LBT_busy) .  

[0073]  Consequent ly,  according to  the  present  embodiment ,  the radio  base 

s ta t ion al loca tes re sources  ( for  example ,  PUSCH resources ,  PUCCH 20 

resources ,  and  so on)  for  a  plural i ty of  TCCs f rom one CC, a t  the same t ime.   

That  i s ,  when the user  terminal  i s  commanded UL t ransmission  in  a  TCC, 

the user  te rminal  can make UL t ransmission by using a TCC tha t  is  capable 

of  t ransmission (LBT_idle)  among a  plural i ty of  TCCs.  

[0074]  The rad io base  s tat ion  can  l ink be tween the  CCs  for  the  use r te rmina l  25 
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in  advance .   For  example ,  as  shown in  FIG.  11 ,  TCC group #1,  which  

includes  a  plura l i ty of  TCCs #1 and #2 (CCs #2 and  #3) ,  i s  a ssocia ted wi th  

the PCC (CC #1).   Al ternat ively,  TCC group #2,  which includes  a  plura l i ty  

of  TCCs #3 and #4 (CCs #5 and  #6),  is  a ssocia ted wi th an SCC (CC #4) .   

Informat ion about  the  associat ions be tween CCs can be  repor ted  f rom the  5 

radio base  s ta t ion to the  user  te rminal .  

[0075]  The radio base  s tat ion t ransmit s  information about  UL signa l  

a l loca t ion  (for  example ,  a  UL grant)  f rom the  PCC (CC #1) to  TCC group #1 ,  

to  the use r terminal .   In this case ,  the use r terminal  executes  LBT in  TCC 

group #1 (a  p lura l i ty  of  TCCs #1 and #2) ,  which i s associa ted wi th the PCC.   10 

Then,  the  use r te rmina l  can make UL t ransmission by using a TCC where  

t ransmission  is  possible  (LBT_idle) ,  among a  plura li ty of  TCCs.  

[0076]  Al terna t ive ly,  the  rad io  base s ta t ion  t ransmits  in format ion  about  UL 

s ignal  a l loca t ion (for example ,  a  UL grant)  f rom the  SCC (CC #4) to  TCC 

group #2,  to  the use r te rminal .   In this  case,  the use r te rminal  executes 15 

LBT in TCC group #2  (a  plura li ty of  TCCs #3 and #4),  which is  a ssocia ted 

with the  SCC.   Then ,  the  user  te rminal  can make UL t ransmission by using  

a  TCC where  t ransmission is  possible  (LBT_id le) ,  among a  p lura l i ty of  

TCCs.  

[0077]  When the re  are mul t ip le  TCCs where  transmiss ion i s  possible  20 

(LBT_idle )  among the TCC groups,  the  user  te rminal  can  se lec t  a  specif ic  

TCC based on prede termined  condi t ions  and make  UL t ransmission.   For  

example ,  the user  terminal  can make UL t ransmission  by se lec ting a TCC 

with a  smal l  ce l l  index  (ce l l  Index/SCel l  index) (or a  TCC with  a  la rge  ce l l  

index) ,  or  by se lec t ing a  TCC with good communica tion  qual i ty  ( for  25 
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example ,  rece ived  qua l i ty,  channel qua li ty,  e tc . ) .   Alternat ive ly,  the user  

te rminal  may make  UL t ransmission by using a  p lura l i ty  of  TCCs where  

t ransmission  is  poss ible  (LBT_idle) .   In  this  case,  a  t ransmit  divers i ty  

effect  can be  achieved . 

[0078]  The rad io  base  s ta t ion  can  perform rece iving opera t ions ,  assuming 5 

upl ink  s ignals  (PUSCH) f rom the user  t erminal ,  for a  plura l i ty of  TCCs ( for  

example ,  both of  TCCs #1 and #2).   By this  means,  even when the resul t  of  

upl ink  LBT in every TCC cannot  be  learned on  the  radio base  s ta t ion  end,  i t  

i s  s t i l l  possible  to  rece ive  UL data  f rom the user  te rmina l  adequa tely.  

[0079]  (Fourth Example)  10 

 A UL report ing opera tion to  take  LBT resul t s  in  an unlicensed band 

(TCC) in to  considera t ion wi l l  be desc r ibed  with a  four th  example .  

[0080]  In  upl ink CA in an exi s t ing system (Re l.  10 to  12) ,  when 

t ransmission  takes  place  in a  CC ( the  PCC and/or  an SCC),  a  user  te rmina l  

repor t s  power headroom (PH),  which indicates ext ra  transmission  power,  to  15 

the rad io  base s ta t ion.   FIGs.  12 show conceptual  diagrams of  power  

headroom.  Note  tha t  FIGs.  12 show the  t ransmission power for  the  

PUSCH.  

[0081]  As shown in FIG.  12A,  when the use r te rminal’s  transmiss ion power  

P P U S C H  does  not  reach the maximum transmission  power  PC M A X ,  the user  20 

te rminal  reports  the va lue  tha t  i s  given by subt ract ing the  t ransmission  

power PP U S C H  f rom the  maximum transmission  power PC M A X  a s  the  value of  

ex tra  t ransmission  power PH.   Also,  when,  as shown in  F IG.  12B,  the user  

te rminal ’s  t ransmission powe r PP U S C H  exceeds the maximum transmission  

power PC M A X ,  the  use r  te rminal  makes the  transmiss ion power  the  va lue  of  25 
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the maximum transmiss ion power PC M A X ,  and,  for  the  va lue  of  ex tra  

t ransmission  power  PH,  repor ts  a  nega tive  va lue ,  based  on fol lowing  

equat ion 1:  

 PH T y p e 1 , c( i )=PC M A X , c ( i) -{10log1 0 (MP U S C H , c( i) )+PO _ P U S C H , c ( j )+α c( j )･

PLc +ΔT F , c ( i )+f c ( i )}    … (Equat ion  1)  5 

[0082]  The user  t erminal  f eeds  back a  PHR (Power Headroom Repor t) ,  

which is  for  report ing the  user  t e rmina l’s  ex tra  t ransmission power,  to  the 

radio base s tat ion .   The  PHR is  comprised of  a  PH,  which is  in format ion  to  

show the  di ff erence be tween the use r  te rminal’s  t ransmission power PP U S C H  

and the maximum transmission power P C M A X ,  and a  two-bi t  rese rved  f ie ld .   10 

Note  tha t ,  for  the  PH,  a  type  1 and a  type  2 are  suppor ted ,  where  the  type 1  

PH is  the  PH for  use when assuming tha t  the PUSCH alone  is  communica ted,  

and the  type  2 PH i s  the PH for  use  when assuming tha t  the PUSCH and the  

PUCCH are  communicated.  

[0083]  In  an exis t ing syste m,  the  user t erminal  repor ts  informat ion about a  15 

real  PHR tha t takes the  ac tua l  t ransmission  power into considerat ion,  for a  

CC tha t  makes UL t ransmission ,  and repor ts  informat ion about  a  vi r tua l  

PHR for  a  CC tha t  does  not  make UL t ransmission .   Vir tua l  PH (VPH)  

corresponds to PH tha t  does  not  re ly on  the PUSCH bandwidth,  and a  PHR 

that  inc ludes  vi r tual  PH is  a lso refer red to  a s  a  “vir tua l  PHR.” 20 

[0084]  The user te rminal inc ludes  the informat ion about  a  real  PHR and a 

vi r tua l  PHR in a  MAC CE, and reports  thi s  to the rad io  base sta t ion  by using  

the PUSCH of  the  CC tha t  makes UL t ransmission.   The  radio  base  s tat ion 

rece ives  informat ion about a  vi rtua l  PHR,  in addi t ion to the  rea l  PHR,  and  

therefore can  take the  tota l  ex tra  t ransmission power into conside ra tion ,  25 
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including upl ink t r ansmis sion power control  for  CCs where  t ransmission  

does  not  take place .  

[0085]  In  the event  a  TCC i s  an unl icensed band,  even when al loca tion for  

UL t ransmission  i s  commanded,  UL t ransmission i s  l imi ted depending on  

the resul t  o f LBT.   Consequent ly,  a ssuming tha t  the same control  is  appl ied  5 

as  in  exi s t ing systems,  even i f  UL transmission in  the TCC is  ass igned,  the  

user  te rminal  repor ts  a vi r tua l  PHR to  the  TCC if  transmission is  l imi ted  

based on the LBT resul t .   In th is  case,  for  th is TCC,  a  vi r tua l  PHR is  

repor ted  f rom the user  t e rmina l to  the radio base s ta t ion end,  so tha t  i t  i s  

d i ff i cul t  to  learn accura te  UL t ransmiss ion  power.  10 

[0086]  Also ,  when the  use r te rminal  executes  LBT short ly  before  UL 

t ransmission ,  there  is  a  threa t  that  the resu lt  of LBT becomes c lear on ly  

immedia te ly before the  UL t ransmission  is  car r ied out .   In  this  case,  even 

i f  the  use r t e rminal  in tends to make UL t ransmission in  the TCC and 

prepares  a  MAC CE by using informat ion  about a  rea l  PHR,  the  user  15 

te rminal  needs to prepare  a  vir tua l  PHR when the  resu l t  of  LBT yie lds  

LBT_busy.   Also,  in  thi s  case,  there  is  al so a  th reat  tha t  the  user  te rmina l  

cannot  change  the informat ion  to  transmit  ( real  PHR→virtua l  PHR) in t ime.  

[0087]  Consequent ly,  wi th the  present  embodiment,  the  user  te rminal  can be 

contro lled to  t ransmi t  informat ion about  a  prede te rmined PHR regardless  of  20 

the resul t  o f  LBT for  UL t ransmission in  a  TCC.  By thi s  means,  even when  

UL t ransmission  in  a  TCC is  l imi ted (LBT_busy),  the user  terminal  s t i l l  can  

genera te  and t ransmit  in format ion about PHRs adequate ly.   The user  

te rminal  may repor t  the  type of  PHR-re la ted informat ion ( for  example ,  a  

real  PHR or a  vi r t ua l  PHR) to  genera te  and transmit ,  to  the  radio base 25 
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s ta t ion,  in  advance .   Al ternat ive ly,  the radio base s tat ion  may conf igu re  

the type  of  PHRs to  t ransmit  from the  user  te rminal  in  advance . 

[0088]  For example,  even when UL t ransmission is  l imi ted (LBT_busy) in a  

TCC, the  use r te rmina l  s t i l l  can report  a  rea l PHR to the TCC.  In this  case ,  

th is  TCC’s UL signal  i s  a l ready a l loca ted from the rad io base  s ta t ion to the 5 

user  te rminal ,  so tha t  the use r t erminal  can  ca lculate  and repor t  a  rea l  PHR. 

[0089]  Note tha t  the  user terminal  can send  a rea l  PHR to  a  TCC via  another  

CC (for  example ,  the PCC and/or  an SCC) where  UL t ransmission is  

possib le .   Also,  s ince  the  user  te rminal  can de termine the  type  of  PHRs to  

repor t  depending on  whether  or not  UL s ignals  a re  a l loca ted,  rega rdless  of  10 

the resul t  o f  LBT,  and  genera te  PHRs (genera te  MAC CEs) ,  so tha t  i t  i s  

possib le  to  reduce  the  load  of  the user  te rminal .  

[0090]  Al terna t ive ly,  the  use r te rminal  may be  s t ructured to  always send  

vi r tua l  PHRs to  TCCs,  or  the user  te rminal  may be  s truc tured to  se lec t the  

type  of  PHRs to  send (rea l  PHR/vir tua l  PHR).  15 

[0091]  (St ruc ture of  Radio Communica t ion  Sys tem)  

 Now,  the s t ruc ture  of  the radio communica tion  system according to  

an  embodiment  of  the  present  invent ion  wi l l  be  described be low.   In  this  

radio communica t ion system,  the  radio communica t ion methods according  

to  the  embodiments  of  the present  invention  are  employed.   Note tha t  the 20 

radio communica t ion methods of  the  above-desc ribed embodiments  may be 

appl ied  ind ividual ly or  may be applied in  combinat ion.  

[0092]  FIG.  13 is  a  d iagram to show an example  of  a schemat ic  s truc ture  of  

a  radio communica tion system accord ing to an  embodiment  of  the present  

invent ion.   Note that  the radio communica t ion system shown in  FIG.  13 is  25 
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a  system to  incorpora te ,  for  example ,  an LTE system,  super  3G,  an LTE-A 

system and so on.   In  th is  radio communica tion sys tem, carr ier  aggrega tion  

(CA) and/or dual  connect ivity (DC) to  bundle a plura l i ty of  component  

ca rr ie rs  (PCC, SCC,  TCC, e tc . ) in to one can be used.   Note tha t  this rad io  

communica t ion syst em may be referred  to  a s  “IMT-Advanced ,” or may be  5 

referred  to  a s “4G,”  “5G,”  “FRA” (Future Radio Access )  and so on.  

[0093]  The rad io communica t ion  system 1 shown in  FIG.  13 inc ludes  a  radio 

base  s ta t ion 11  tha t  forms a macro ce l l  C1,  and rad io  base s ta t ions  12a to  

12c  tha t  form smal l ce l l s  C2,  which are placed  wi th in  the macro ce l l  C1 and 

which a re  narrower  than the macro ce l l  C1.   Also,  user  te rmina ls  20  are  10 

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

[0094]  The user  te rminal s  20 can connect  wi th both the  radio base s ta t ion  11  

and the radio base  s ta t ions  12.   The user  te rminals 20 may use  the macro  

ce l l  C1 and the small  ce l ls  C2,  which use d ifferent  f requencies ,  a t  the  same 

t ime,  by means of  CA or DC.   Also,  the use r  te rminals  20 can execute CA 15 

or DC by using a t  leas t  s ix or  more  CCs (ce l ls) .   For example ,  i t  i s  possible  

to  conf igure ,  in  the  use r te rminal ,  the macro ce l l  C1 as the PCel l  (PCC) and  

the smal l ce l l s  C2 as  SCe l ls  (SCCs) and/or  TCel ls  (TCCs).   Also,  for  TCCs,  

l i censed bands and/or  unl icensed  bands can be  conf igured.  

[0095]  Between the user  te rmina ls  20 and  the  radio base s ta t ion 11 ,  20 

communica t ion is  car ried out  using a  car rie r  of  a re lat ive ly low f requency  

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

example ,  “exis t ing car r ie r,”  “legacy car r ier”  and so on).   Meanwhile ,  

be tween the  user  te rmina ls  20 and the radio base  s ta t ions  12 ,  a  ca rr ie r  of  a  

re la t ive ly high  f requency band ( for  example,  3 .5 GHz,  5 GHz and so on) and 25 
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a  wide  bandwidth may be  used,  or the  same carr ie r a s  tha t  used  in  the rad io  

base  s ta t ion 11 may be used.   Between the radio base  s ta t ion 11 and the 

radio base  s ta t ions  12  (or  between two radio base  s ta t ions  12) ,  wire  

connect ion (opt ica l  f ibe r,  the X2 inte rface,  e tc . )  or  wire less  connect ion may 

be  es tabl ished.  5 

[0096]  The radio base s ta t ion 11 and the  radio  base s ta t ions 12 a re each 

connected  with a  higher  s ta t ion  appara tus  30 ,  and a re  connected wi th  a  core  

ne twork  40 via  the h igher  s ta t ion appara tus  30.   Note  tha t  the higher  

s ta t ion appara tus  30 may be ,  for  example ,  an  access  gateway appara tus ,  a  

radio ne twork  control ler  (RNC),  a  mobi l i ty management  ent i ty  (MME) and  10 

so on ,  bu t i s  by no means l imi ted to  these .   Also,  each radio base  s tat ion  12 

may be  connected wi th  higher  s tat ion appara tus  30 via  the  rad io  base  s tat ion 

11 .  

[0097]  Note tha t  the radio base s ta t ion 11  i s  a  radio base  s ta t ion having a  

re la t ive ly wide coverage ,  and  may be refer red to  a s a “macro  base s ta t ion,” 15 

a  “central  node ,”  an “eNB” (eNodeB),  a  “ t ransmit t ing/rece iving point”  and  

so on.   Also ,  the rad io base s tat ions  12 are  radio base  s ta t ions  having loca l  

coverages ,  and may be refe rred  to as “ smal l  base s ta t ions , ”  “mic ro base 

s ta t ions ,”  “pico base  s ta t ions ,” “femto base s ta t ions ,”  “HeNBs” (Home 

eNodeBs) ,  “RRHs” (Remote  Radio Heads) ,  “ t ransmit t ing/ receiving point s”  20 

and so  on .   Here inaf ter  the rad io base  s ta t ions  11 and 12 wi l l  be  

co llec t ive ly referred  to  as  “rad io  base  s ta t ions  10,” unless  spec if ied 

o therwise .   The user  te rminals  20 a re  te rminals to  support  various  

communica t ion schemes such as LTE,  LTE-A and so on ,  and may be  e i ther  

mobi le  communica t ion  te rminals  or s ta t ionary communica t ion terminals .  25 



30 

 

[0098]  In  the  rad io  communica t ion system,  a s  radio access  schemes,  

OFDMA (Orthogona l  Frequency Divis ion Mul t iple  Access)  is  appl ied to the 

downlink,  and SC-FDMA (Single-Car rier  Frequenc y Divis ion Mult iple  

Access)  i s  appl ied to  the  uplink .   OFDMA is  a  mul t i-ca rr ie r  communica t ion  

scheme to perform communica t ion by dividing a  f requency band in to  a  5 

plura l i ty  of  na rrow f requency bands  (subcarr iers )  and mapping data to each 

subcarr ie r.   SC-FDMA is  a s ingle-ca rr ie r communica tion scheme to  

mi t iga te  inter ference  be tween terminals  by dividing the  system band in to  

bands formed with one or  continuous  resource blocks per  te rminal ,  and  

a l lowing a plura l i ty of  te rminals  to use mutual ly  d i fferent  bands.   Note  10 

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

to  the  combina t ion of  these .  

[0099]  In  the  rad io  communica t ion system 1,  a  downlink shared channe l 

(PDSCH: Physica l  Downlink Shared CHannel) ,  which i s  used by each  user  

te rminal  20  on a sha red basis ,  a  broadcas t  channe l  (PBCH: Physica l  15 

Broadcast  CHanne l) ,  downl ink L1/L2 control  channels  and  so on a re  used  as  

downlink channe ls .   User  da ta ,  higher laye r  cont rol  i nformation and  

prede te rmined  SIBs  (System Informat ion  Blocks) a re communica ted in  the  

PDSCH.   Also,  MIBs (Maste r Informat ion  Blocks) a re  communica ted in  the 

PBCH.  20 

[0100]  The downlink L1/L2 cont rol  channels  include a PDCCH (Phys ica l  

Downlink  Contro l  CHannel) ,  an EPDCCH (Enhanced Physical  Downlink  

Control  CHannel) ,  a  PCFICH (Phys ica l  Cont ro l  Format Indica tor  CHanne l) ,  

a  PHICH (Physica l  Hybrid-ARQ Indica tor  CHannel ) and so on.   Downlink  

contro l  information  (DCI) inc luding  PDSCH and PUSCH schedul ing  25 
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in format ion is  communica ted  by the  PDCCH.  The  number of  OFDM 

symbols  to  use  for  the PDCCH is  t ransmi t ted by the  PCFICH.  HARQ 

delive ry acknowledgement  s ignals  (ACKs/NACKs) in  response  to  the 

PUSCH are communica ted by the  PHICH.   The EPDCCH may be  

f requency-d ivis ion-mult iplexed wi th the PDSCH (downl ink shared data 5 

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

[0101]  Also ,  as  downlink re fe rence s ignal s ,  cel l - speci f ic  reference s igna ls  

(CRS:  Cel l -speci f ic  Reference Signals) ,  channel  s tate  measurement 

reference  s igna ls  (CSI-RS:  Channe l  St ate  Informat ion-Reference  Signa ls ) ,  

user-specif ic  reference s ignal s  (DM-RS:  Demodulat ion  Reference  Signa ls )  10 

for  use  for  demodula t ion and  o thers  are inc luded.  

[0102]  In  the  rad io  communicat ion system 1,  an  uplink shared channe l 

(PUSCH: Physica l  Uplink Sha red CHannel ) ,  which is  used by each user  

te rminal  20 on  a  shared  basis ,  an upl ink cont ro l  channel  (PUCCH:  Phys ica l  

Upl ink Cont ro l  CHannel) ,  a random access channel  (PRACH:  Physica l  15 

Random Access  CHannel)  and  so on are  used  as  up link  channels .   Use r da ta 

and higher layer  cont rol  information are  communica ted by the  PUSCH.   

Also ,  downlink radio  qual i ty  informat ion (CQI:  Channel Qual i ty  Indica tor ) ,  

de live ry acknowledgment  s ignal s  (HARQ-ACKs)  and  so on are 

communica ted  by the PUCCH.   Random access  preambles (RA preambles)  20 

for  es tabl ishing connections  wi th  ce l ls  a re communica ted by the  PRACH.  

[0103]  <Radio base  s ta t ion> 

 FIG.  14 is  a  d iagram to  show an example  of an overa ll  s t ruc ture  of  a  

radio base  s ta t ion according to  one  embodiment  of  the present  invention .   

A radio  base s ta t ion 10 has  a  plura li ty of  t ransmit t ing /rece iving an tennas 10 ,  25 
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ampli fying sec t ions  102,  t ransmitt ing/rece iving sec tions  103 ,  a  baseband 

s ignal  processing sec t ion 104,  a  cal l  processing sec t ion  105 and a 

communica t ion pa th in terface 106 .   Note  tha t  the  t ransmit t ing/rece iving  

sec t ions  103 are comprised of  t ransmission sec t ions  and rece iving sec tions .  

[0104]  User  da ta to be  t ransmit ted  f rom the radio  base  s ta t ion 10  to  a  user  5 

te rminal  20 on the downl ink is  input  f rom the higher  s ta t ion appara tus 30  to  

the baseband s igna l  processing sect ion  104,  via  the communica t ion path 

in te rface 106.  

[0105]  In  the  baseband s ignal  processing sec tion  104,  the  user da ta is  

subj ec ted to  a  PDCP (Packet  Data  Conve rgence  Pro tocol )  laye r  process ,  10 

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

t ransmission  processes  such as RLC re transmission control ,  MAC (Medium 

Access  Cont rol )  re t ransmission control  (for  example ,  an HARQ (Hybr id  

Automat ic  Repeat  reQues t)  transmission process),  schedul ing,  t ransport  

format  se lec t ion,  channe l  coding,  an inverse  fas t  Four ier  t ransform (IFFT)  15 

process  and  a  precoding process ,  and the  resu lt  i s  forwarded to  each  

t ransmit t ing/ rece iving sect ion  103 .   Furthe rmore ,  downlink  control  s igna ls  

a re a lso subjec ted to t ransmission processes  such as channel  coding and  an 

inverse  fas t  Fourie r t ransform,  and forwarded to  each t ransmit t ing/rece iving  

sec t ion 103.  20 

[0106]  Each  transmit t ing/ rece iving sec t ion  103 converts  baseband s igna ls  

that  a re pre-coded and output  f rom the baseband s ignal  processing sec tion  

104  on a pe r antenna basis ,  in to  a  radio f requency band.   The rad io  

f requency s ignals  having been  subjec ted to  f requency conve rs ion  in  the  

t ransmit t ing/ rece iving sec t ions  103 are  ampli f i ed in  the ampl i fying sec t ions  25 
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102,  and transmit ted from the t ransmit t ing/ rece iving an tennas 101 .  

[0107]  For example ,  the t ransmi t t ing/ rece iving sec t ions  103 can t ransmi t  

in format ion about CCs tha t  execute  CA (fo r  example ,  in formation  about  a  

CC to serve  as a  TCC, and so  on) .   The  t ransmit t ing/ rece iving sec t ions  103  

can t ransmit  downlink  contro l  in format ion  (for  example,  a  UL grant ) tha t  5 

commands UL t ransmission in  a  TCC.   For  example ,  the 

t ransmit t ing/ rece iving sec t ions  103  may transmit  a  UL gra nt  for a TCC by  

using the  TCC’s downlink  cont rol  channel  (PDCCH/EPDCCH),  or  by using  

the PCC’s and/or  an  SCC’s  downl ink cont rol  channel  (c ross  carr ier  

schedul ing) .  10 

[0108]  Also ,  when asynchronous UL HARQ is  appl ied to  the  TCC,  the 

t ransmit t ing/ rece iving sec t ions  103 can inc lude  HARQ process  numbers  for  

asynchronous HARQ in a  UL grant  and t ransmit  this  to  the  use r te rmina l  

( see  FIG.  10) .   Also ,  the t ransmi t t ing/ rece iving sec tions  103  can  t ransmi t  

UL grant s  tha t  inc lude  radio re sources  for UL t ransmission  to TCC groups  15 

comprised of  a  plural i ty  of  TCCs (see FIG.  11) .   In  thi s  case,  the 

t ransmit t ing/ rece iving sec t ions  103 can perform UL signal  rece iving  

processes  in each TCC tha t i s  inc luded in  the same TCC group.   For  the  

t ransmit t ing/ rece iving sec t ions  103,  t ransmi tte rs / rece ivers ,  

t ransmit t ing/ rece iving c ircui ts  o r t ransmi t t ing/rece iving devices  tha t  can  be  20 

described based on  common unders tanding of  the  technica l  f i e ld  to which  

the present  invent ion pe rta ins  can be used.  

[0109]  Meanwhile ,  as for  upl ink  s ignal s ,  rad io f requency s ignals  tha t  are 

rece ived in  the  t ransmi t t ing/receiving antennas 101 a re  each ampli f ied in  

the ampli fying sec tions  102 .   Each t ransmit t ing/rece iving sec tion 103  25 



34 

 

rece ives  the upl ink s ignals  ampl i f ied in the  ampl i fying sect ions  102.   The  

rece ived s ignals  a re  converted in to  the  baseband s ignal  through f requency  

conve rs ion in  the  transmit t ing/rece iving sec t ions  103 and output  to  the 

baseband s ignal  processing sec tion  104.  

[0110]  In  the  baseband s igna l  processing se c t ion 104,  use r data  tha t  i s  5 

included in the uplink s igna ls  that  a re input i s  subjec ted to a  fas t  Fourier  

t ransform (FFT) process ,  an inverse d isc re te  Four ier  t r ansform (IDFT)  

process ,  e rror cor rect ion  decoding,  a  MAC re transmiss ion control  rece iving  

process ,  and RLC layer  and PDCP layer  rece iving p rocesses ,  and forwarded  

to  the  higher  s ta t ion  appara tus  30  via  the  communicat ion path interface 106.   10 

The ca l l  process ing sect ion  105  performs ca l l processing such as  se t t ing up  

and re leasing communica t ion channels ,  manages the s tate  of  the  radio base 

s ta t ions  10  and manages the  rad io resources .  

[0111]  The communica tion pa th interface  sect ion 106 t ransmi ts  and rece ives  

s ignals  to  and f rom the  higher  s ta t ion  appara tus  30  via  a  predetermined  15 

in te rface.   The  communica t ion pa th inte rface 106  t ransmits  and rece ives  

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

via  an inter-base  s ta t ion inter face ( for  example,  opt ica l  f ibe r,  the X2 

in te rface,  e tc . ) .  

[0112]  FIG.  15 is  a  diagram to  show an  example  of  a  funct iona l  s truc ture  of  20 

a  radio base s ta t ion  according to  the  present  embodiment .   Note  tha t ,  

a l though FIG.  15  primari ly  shows func t ional  blocks tha t  perta in  to  

charac te ri s t i c  parts  of  the present embodiment,  the rad io  base  s tat ion 10 has  

o ther  func t ional  b locks tha t  a re  necessary for  rad io  communica t ion as  wel l .   

As shown in FIG.  15 ,  the  baseband s ignal  processing sec t ion  104 has  a  25 
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contro l  sect ion (scheduler)  301 ,  a  t ransmission s igna l  genera t ing sec t ion  

(generat ing sec t ion)  302,  a  mapping sect ion 303 and  a  received s igna l  

processing sec t ion 304.  

[0113]  The contro l  sec t ion (scheduler)  301 contro ls  the  scheduling of  ( for  

example ,  a l loca tes  resources  to) downlink da ta  s ignals  tha t  a re  t ransmit ted 5 

in  the  PDSCH and downlink control  s i gnal s  tha t  a re  communicated in  the 

PDCCH and/or  the  EPDCCH.   Furthermore ,  the control  sect ion (schedule r)  

301  a lso controls  the  schedul ing of  system information ,  synchroniza tion  

s ignals ,  paging informat ion,  CRSs,  CSI-RSs  and  so  on.  

[0114]  For an unl icensed CC (for  example ,  a  TCC),  the  contro l  sect ion 301  10 

contro ls  the  t ransmission  of  DL signal s  based on the resul t  o f  DL LBT.  

When LBT is  executed in  the  unl icensed band (TCC),  the control  sec t ion  

301  may control  the  re sul t  of  th is LBT to  be  reported to  the user  te rminal  in  

a  l icensed band ( the PCC and/or  an  SCC).  

[0115]  The control  sect ion 301  can apply asynchronous HARQ to the  TCC.   15 

In this  case,  the  cont rol  sec t ion 301  can control  the transmit t ing and  

rece iving opera t ions ,  assuming tha t  the  user te rminal  opera tes  wi thout  

reading (detec t ing)  ACKs/NACKs for  the PHICH (synchronous HARQ 

opera t ion) .   Also,  when asynchronous  UL HARQ is  used ,  the  control  

sec t ion 301 can cont ro l  HARQ process  numbers ,  which represent  20 

prede te rmined  UL da ta ,  to be a t t ached to UL grants  ( see  FIG.  10).  

[0116]  Also ,  the  cont ro l  sect ion 301  can control  resources  to be al loca ted  

f rom one CC (the  PCC and/or  an SCC) to  a  plura li ty of  TCCs,  a t  the same 

t ime (see  FIG.  11).   In this  case ,  the  control  sec t ion 301 can l ink be tween 

the CCs in  advance  for  the  use r  terminal ,  and control  in format ion about  the 25 
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associa t ions  be tween the CCs to be  reported to  the  user te rminal .  

[0117]  Also ,  the  control  sect ion  301  controls  the  schedul ing of  upl ink  

reference  s ignals ,  upl ink  da ta s ignals  that  a re t ransmit ted in  the  PUSCH,  

upl ink  cont ro l  s igna ls  that  a re  t ransmit ted  in  the  PUCCH and/or the  PUSCH,  

random access preambles  tha t  a re  t ransmitted in  the  PRACH,  and so on .   5 

Note  that ,  for  the  control  sec tion 301,  a  control ler,  a  contro l  ci rcu it  or  a  

contro l  device  tha t  can be desc ribed based  on common unders tanding of  the 

technica l f ie ld to  which the  present  invention perta ins  can be  used.  

[0118]  The t ransmission s igna l  genera t ing sec t ion 302 genera tes  DL signa ls  

based on commands f rom the  control  sec t ion 301 and outputs  these s igna ls  10 

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

genera t ing sect ion  302  genera tes  DL assignments ,  which repor t  downlink  

s ignal  a l loca t ion informat ion,  and UL grants ,  which repor t  up link s igna l  

a l loca t ion  informat ion ,  based on  commands from the  control  sec t ion  301 .   

Also ,  the downlink  data s igna ls  a re subj ec ted to a coding process  and a 15 

modula t ion process ,  based on coding ra t es  and modula t ion schemes that  a re  

de te rmined based on channel  s ta te  in format ion (CSI) f rom each user  

te rminal  20 and so  on .   Note that ,  for  the t ransmission  s ignal  genera t ing  

sec t ion 302 ,  a s igna l  generator,  a  s ignal  genera ting c i rcui t  or  a  s igna l  

genera t ing device  tha t  can be desc ribed  based on common unders tanding of  20 

the technical  f ie ld to  which the  present  invent ion  pe rtains  can be used.  

[0119]  The mapping sect ion  303  maps the downlink  s ignals  genera ted in the 

t ransmission  s ignal  genera t ing sec t ion 302 to  predete rmined rad io  resources 

based on commands f rom the cont ro l  sect ion  301,  and outputs  these to the 

t ransmit t ing/ rece iving sec t ions  103.   Note  tha t ,  for  the mapping sec t ion  25 
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303,  mapper,  a  mapping c i rcui t  or a  mapping device  tha t  can be described 

based on common unders tanding of  the technica l  f ie ld to which the present  

invent ion per ta ins  can be used.  

[0120]  The rece ived s ignal  processing sec tion 304 performs the rece iving 

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

the UL signal s  tha t  a re  t ransmitted f rom the use r terminal  (for  example ,  

de live ry acknowledgement  s ignal s  (HARQ-ACKs) ,  da ta  s ignal s  tha t  are 

t ransmit ted  in  the PUSCH,  random access  preambles  that  a re  t ransmit ted  in  

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

sec t ion 301.  10 

[0121]  Also ,  by using the  rece ive  s igna ls ,  the  received  s igna l  processing  

sec t ion 304 may measure  the rece ived  power ( for  example ,  the RSRP 

(Reference  Signal  Rece ived Power )) ,  the  received qua l i ty (for example ,  the 

RSRQ (Refe rence Signal  Rece ived Qua li ty) ) ,  channel  s ta tes and so on .   

Alternat i ve ly,  the  rece ived s ignal  processing sec t ion  304 may execute  DL 15 

LBT before DL signal s  a re t ransmit ted.   Note tha t  the measurement  resul ts  

in  the  rece ived s igna l  processing sec t ion  304 may be  output  to the control  

sec t ion 301.   Note  that  a  measurement  sect ion to  perform the  measurement  

opera t ions  may be  provided  apar t  f rom the  received  s igna l  processing 

sec t ion 304.  20 

[0122]  The rece iving process  sect ion 304 can be  const i tuted by  a s igna l  

processor,  a  s ignal  proces sing c i rcui t  or  a  s igna l  processing device ,  and a 

measurer,  a measurement  ci rcui t  or  a measurement  device tha t  can be 

described based on  common unders tanding of  the  technica l  f i e ld  to which  

the present  invent ion perta ins .  25 
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[0123]  <User  t e rmina l> 

 FIG.  16 is  a  d iagram to  show an example  of an overa ll  s t ruc ture  of  a  

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

a  p lura l i ty  of  t ransmit t ing/rece iving antennas 201 for MIMO communica t ion ,  

ampl i fying sec t ions  202,  t ransmitt ing/rece iving sec tions  203 ,  a  baseband 5 

s ignal  processing sec t ion 204 and an applica t ion  sect ion 205 .   Note  tha t  

the t ransmit t ing/ receiving sec tions  203 may be compri sed of  t ransmission  

sec t ions  and  rece iving sec t ions .  

[0124]  Radio f requency s ignals  tha t  a re rece ived in  a  p lura l i ty  of  

t ransmit t ing/ rece iving antennas  201 a re  each ampl if ied in  the ampl i fying  10 

sec t ions  202.   Each  t ransmit t ing/ receiving sec t ion 203 rece ives  the 

downlink s ignals  ampl i f ied in  the ampl ifying sect ions  202 .   The rece ived  

s ignals  a re  subjected to  f requency convers ion and conver ted  into the  

baseband s ignal  in  the  t ransmi tt ing/ rece iving sec t ions  203,  and output  to  the  

baseband s ignal  processing sec tion  204.  15 

[0125]  The transmit t ing/ rece iving sec t ions  203 receive DL signals ,  such as 

downlink control  informat ion (for  example,  a  UL grant )  tha t  commands UL 

t ransmission  in a  TCC.  In thi s case,  the  t ransmit t ing/ receiving sec t ions  

203  can rece ive  downlink  control  informat ion tha t  inc ludes  a UL grant  for  

the TCC in  the  downlink cont rol  channe ls  (PDCCH/EPDCCH) of  the  PCC,  20 

an  SCC and/or  the  TCC.  

[0126]  Also ,  when the t ransmit t ing/ rece iving  sec t ions 203 can opera te  to  

t ransmit  UL data by using padding bi ts  when judging tha t  there is  no UL 

data  tha t  corresponds to the UL grant  in  the PCC or the  SCC,  and  not to  

t ransmit  UL da ta  when judging tha t  there  is  no UL da ta  tha t  correspond to  25 
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the UL grant  in  the  TCC.   In  this  case ,  the  transmit t ing/ rece iving sec t ions  

203  may inc lude  and  transmit  informat ion to  ind ica te  tha t  no UL data  in  the 

TCC corresponds to  the UL grant ,  in the  PCC’s  and/or the SCC’s UL signa l  

( see  FIG.  8).  

[0127]  Also ,  the t ransmit t ing/rece iving sect ions  203 can report  the  user  5 

te rminal ’s  capabi l i ty  information  (capabi l i ty)  to  the  radio base s ta t ion .   

For example,  the t ransmi t t ing/ rece iving sec t ions  203 transmits  in format ion  

about  TCCs tha t  can be  used at  the same t ime (for  example ,  in format ion  

about  the  combinat ion of  TCCs) ,  in  addi t ion to  informat ion about  the  

f requenc ies in  which  TCCs can be  used ,  to  the radio base s ta t ion.   Note 10 

that ,  for the transmit t ing/rece iving sec tions  203,  t ransmi tte rs / rece iver s ,  

t ransmit t ing/ rece iving c ircui ts  o r t ransmi t t ing/rece iving devices  tha t  can  be  

described based on  common unders tanding of  the  technica l  f i e ld  to which  

the present  invent ion pe rta ins  can be used.  

[0128]  In  the  baseband s ignal  processing sect ion  204,  the baseband s igna ls  15 

that  a re  input  are  subj ec ted to an FFT process ,  e rror correct ion decoding,  a  

re transmission control  rece iving process ,  and so on .   Downlink  user  data  is  

forwarded to  the applica t ion  sect ion 205.   The appl ica tion sec t ion 205  

performs processes  rela ted to higher  layers  above  the physica l  laye r  and the  

MAC layer,  and so on.   Fur thermore,  in the  downl ink da ta,  broadcast  20 

in format ion i s  a lso  forwarded  to  the  applicat ion sec t ion 205.  

[0129]  Meanwhile ,  upl ink use r  da ta  is  input f rom the  appl ica t ion sect ion 

205  to  the  baseband s igna l  processing sec tion 204.   The baseband s igna l  

processing sec t ion 204  pe rforms a  re t ransmission control  t ransmission  

process  ( for  example ,  an HARQ transmission process),  channe l  coding,  25 
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pre -coding,  a  discre te  Fourie r t ransform (DFT)  process ,  an IFFT process  

and so on,  and the  re sul t  is  forwarded  to  each t ransmit t ing/ receiving sec t ion  

203 .   The  baseband s ignal  tha t  i s  output  f rom the  baseband s igna l  

processing sec t ion 204 is  converted into a  rad io  f requency band in  the  

t ransmit t ing/ rece iving sec t ions  203 .   The  radio frequency s ignals  tha t  are 5 

subj ec ted to  f requency convers ion  in  the  t ransmi tt ing/rece iving sec t ions  

203  are  ampli f ied in the ampl ifying sec tions  202,  and t ransmit ted  f rom the 

t ransmit t ing/ rece iving antennas  201.  

[0130]  FIG.  17 is  a  diagram to  show an  example  of  a  funct iona l  s truc ture  of  

a  user  terminal  according to  the  present  embodiment.   Note  that ,  a l though  10 

FIG.  17 primari ly shows func tional  blocks  tha t  per ta in to  cha rac ter is t i c  

parts  of  the present  embodiment ,  the  user  t e rmina l  20  has other  funct iona l  

b locks tha t  a re necessary for  rad io  communica t ion  as  well .   As shown in  

FIG.  17 ,  the baseband s ignal  processing sect ion  204 provided  in the user  

te rminal  20  has a  control  sec tion  401,  a  t ransmission s ignal  genera t ing  15 

sec t ion 402,  a  mapping sec t ion 403  and a received  s igna l  processing sec t ion  

404 .  

[0131]  The contro l  sec t ion 401  acquires  the  downlink cont ro l  s igna ls  

( s igna ls  t ransmit ted  in the PDCCH/EPDCCH) and downl ink da ta  s igna ls  

( s igna ls  transmit ted  in  the  PDSCH) t ransmi t ted  f rom the rad io  base s ta t ion  20 

10,  f rom received  s ignal  process  sec t ion  404.   The  control  sec tion 401  

contro ls  the  genera t ion  of  upl ink contro l  s ignals  (for  example ,  de l ive ry  

acknowledgement  s igna ls  (HARQ-ACKs)  and so on)  and uplink da ta s igna ls ,  

based on the downl ink cont ro l  s ignals ,  the resul ts  of  dec id ing whether  or  

not  re t ransmission  cont ro l  i s  necessary for the  downlink  da ta s ignals ,  and so  25 
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on.  

[0132]  The contro l  sec t ion 401 can contro l  the t ransmission  s igna l  

genera t ing sec t ion  402 ,  the  mapping sec t ion 403 and  the rece ived s igna l  

processing sec t ion  404.   Also,  the cont ro l  sec t ion 401 can  cont rol  the  

t ransmit t ing/ rece iving sec t ions  203 as  wel l .   For example ,  when the user  5 

te rminal  employs CA that  uses TCCs (see  FIG.  5 and FIG.  6) ,  the contro l  

sec t ion 401 can apply,  to  the TCCs,  UL signa l  t ransmission  opera t ions  tha t  

a re di fferent  f rom those  of  the PCC and/or  the  SCCs.  

[0133]  For example,  when judging tha t  there is  no  UL data  tha t corresponds 

to  a  UL grant  in  the  PCC or the SCCs,  the  control  sec tion  401  controls  UL 10 

data  to  be transmit ted by using padding b i ts .   Also ,  when judging tha t  

there  is  no  UL data  that  correspond to  the  UL grant  in  the  TCC, the  control  

sec t ion 401 can contro l  UL data  not  to  be  t ransmit ted (see FIG.  8) .  

[0134]  Also ,  the  control  sec t ion  401 can apply asynchronous HARQ to a  UL 

s ignal  t ransmitted in  a  TCC (see  FIG.  10) .   When a UL grant  to  command 15 

UL signal  t ransmiss ion in  a  TCC is received in the  t ransmit t ing/rece iving  

sec t ions  203,  the  control  sec t ion 401 can control  PHICH detec t ion not  to  be 

ca rr ied  out  in the  TCC.  Also,  the control  sec t ion 401 can apply  

re transmission contro l  to  a  UL signal  t ransmit ted  in  a TCC based on the 

HARQ process  numbers  included  in  the  UL grant .  20 

[0135]  Also ,  when a UL grant  to  command UL signa l  t ransmission  in  a TCC 

is  rece ived in the  t ransmi t t ing/ rece iving sec tions  203,  the control  sec t ion  

401  can execute  l i s tening with respect  to mul t iple  TCCs that  a re  conf igured  

in  advance,  and,  based on the  resul ts  of  l i s ten ing,  t ransmi t  UL signal s  in  a  

prede te rmined  TCC (see  FIG.  11) .  25 
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[0136]  Also ,  a s  a  PHR (Power  Headroom Repor t )  for  a  TCC, the  control  

sec t ion 401 can control  a  predetermined PHR (for  example,  a rea l PHR) to  

be  repor ted  to  the rad io  base  s ta t ion regardless  of  the  resul t  of  l i s ten ing.  

[0137]  For the  control  sec tion  401,  a  control le r,  a  contro l  ci rcu it  or  a  

contro l  device  tha t  can be desc ribed based  on common unders tanding of  the 5 

technica l f ie ld to  which the  present  invention perta ins  can be  used.  

[0138]  The t ransmission s igna l  genera t ing sec t ion 402 genera tes  UL signa ls  

based on commands f rom the  control  sec t ion 401 and outputs  these s igna ls  

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

genera t ing sec t ion 402 generates  upl ink  control  s igna ls  such as  de l ive ry  10 

acknowledgement  s igna ls  (HARQ-ACKs),  channel  s ta te  informat ion (CSI)  

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

[0139]  Also ,  the  transmiss ion s ignal  genera t ing sec t ion 402  generates  

upl ink  data  s igna ls  based on commands  f rom the  control  sec t ion 401.   For  

example ,  when judging tha t  the re  is  no UL data  tha t  corresponds  to  a  UL 15 

grant  in  a  TCC, the  t ransmission  s igna l  genera t ing sec tion 402  can operate  

not  to  genera te  UL data  (padding bi ts) .   Also,  the  t ransmission s igna l  

genera t ing sec tion 402 genera tes  upl ink  da ta  s igna ls  for  ret ransmission  

based on  commands f rom the control  sec t ion 401  (for  example ,  HARQ 

process  numbers  inc luded in  a  UL grant ).   For  the  t ransmission s igna l  20 

genera t ing sec t ion 402 ,  a  s igna l  genera tor,  a  s igna l  genera t ing c ircui t  or  a  

s ignal  genera t ing device  tha t  can be  descr ibed  based on common 

unders tanding of  the  technica l f ie ld to  which the  present  invention  pe rtains  

can be used.  

[0140]  The mapping sec tion 403  maps the  upl ink  s ignal s  (upl ink  control  25 
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s ignals  and/or  upl ink  data) genera ted in  the  transmiss ion s igna l  genera ting  

sec t ion 402 to radio resources  based on commands f rom the control  sec t ion  

401 ,  and  output  the  resu lt  to  the  transmit t ing/ rece iving sect ions  203.   For  

the mapping sec t ion  403 ,  a  mapper,  a  mapping c i rcui t  or  a  mapping device  

that  can be  described based on common unders tanding of  the  technica l  f i eld  5 

to  which  the present  invent ion per ta ins  can be  used. 

[0141]  The rece ived s ignal  processing sec tion 404 performs the rece iving 

processes  ( for  example ,  demapping,  demodula t ion ,  decoding and so on) of  

the DL signals  (for  example ,  downlink control  s igna ls  tha t  a re  t ransmit ted  

f rom the  radio base  s ta t ion  in  the  PDCCH/EPDCCH,  downlink  da ta  s igna ls  10 

t ransmit ted  in the  PDSCH,  and  so on) .   The  rece ived s ignal  processing  

sec t ion 404 outputs  the informat ion rece ived from the radio base s ta t ion 10,  

to  the  cont ro l  sect ion  401.   The rece ived s ignal  processing sec tion 404  

outputs ,  for example,  broadcast  informat ion,  system information,  RRC 

s ignal ing,  DCI and so on ,  to the cont rol  sect ion 401 .  15 

[0142]  The rece ived s ignal  processing sec t ion 404 can control  the  DL signa l  

rece iving opera t ions  based on commands f rom the control  sec tion 401.   For  

example ,  when asynchronous UL HARQ is  appl ied to a  TCC and a UL grant  

to  command UL signa l  transmiss ion in  the  TCC is  rece ived,  the rece ived  

s ignal  processing sec t ion 404 can opera te  not  to carry out  PHICH detec t ion  20 

in  the  TCC. 

[0143]  Also ,  by using the  rece ive  s igna ls ,  the  received  s igna l  processing  

sec t ion 404 may measure  the rece ived  power ( for  example ,  the RSRP 

(Reference  Signa l  Received  Power )) ,  the received qual i ty (RSRQ 

(Reference  Signal  Rece ived  Qual i ty)) ,  channel  s ta tes  and  so  on .   25 
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Alternat i ve ly,  the  rece ived s ignal  processing sec t ion  404 may execute  UL 

LBT before UL signals  a re t ransmit ted.   The measurement  re sul ts  in the 

rece ived s ignal  proc essing sect ion  404  may be  output  to the  control  sec t ion  

401 .   Note  tha t  a  measurement  sec t ion to pe rform the  measurement  

opera t ions  may be  provided  apar t  f rom the  received  s igna l  processing 5 

sec t ion 404.  

[0144]  The rece iving process  sect ion 404 can be  const i tuted by  a s igna l  

processor,  a  s ignal  proces sing c i rcui t  or  a  s igna l  processing device ,  and a 

measurer,  a measurement  ci rcui t  or  a measurement  device tha t  can be 

described based on  common unders tanding of  the  technica l  f i e ld  to which  10 

the present  invent ion pe rta ins .  

[0145]  Note tha t  the block d iagrams tha t  have  been used to describe  the  

above  embodiments  show blocks in  funct ional  un its .   These  funct ional  

b locks (components )  may be  implemented  in  arbi t rary combinat ions  of  

hardware and sof tware .   Also,  means for  implement ing each funct iona l  15 

block is  no t  par t icula rly l imited.   Tha t i s ,  each funct ional  b lock  may be  

implemented wi th one  physica l ly-integra ted device ,  o r  may be  implemented  

by connect ing two phys ica l ly separa te  devices  via  rad io  or  wire and using  

these  mul t ip le  devices .  

[0146]  For example ,  pa rt  or  a l l  o f  the  funct ions  of  radio base  s ta t ions  10 and 20 

user  te rminals  20 may be  implemented  using ha rdware  such as  ASICs  

(Appl ica tion-Speci f ic  Integrated Circui ts ) ,  PLDs (Programmable Logic  

Devices) ,  FPGAs (Fie ld Programmable  Ga te  Arrays) ,  and so  on.   Also,  the 

radio base  s ta t ions  10 and the user  te rminal s  20 may be implemented wi th a  

compute r device tha t  inc ludes a  processor  (CPU),  a  communicat ion 25 



45 

 

in te rface for  connect ing wi th  networks,  a  memory and a  compute r- readable  

s torage  medium tha t  holds  programs.  

[0147]  Here,  the processor  and  the memory are  connected wi th a  bus  for  

communica t ing informat ion.   Also,  the computer-readable  recording  

medium is a  s torage  medium such as ,  for  example,  a  f lexible  disk,  an 5 

opto-magne tic  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 ne twork  

through,  for example,  e lec t r ic  communica t ion channe ls.   Also ,  the  rad io  

base  s ta t ions  10 and  the  user te rminal s  20  may inc lude  input devices  such  as  

input  keys and output  devices  such  as disp lays .  10 

[0148]  The func t ional  s t ructures  of radio base sta t ions  10 and  use r te rmina ls  

20 may be implemented wi th the above-described  hardware,  may be 

implemented wi th  sof tware  modules  tha t  are executed  on the processor,  or  

may be  implemented wi th combina t ions  of  bo th.   The processor  control s  

the whole of  the  user  te rminal s  by running an opera ting system.  Also,  the  15 

processor reads  programs,  sof tware  modules  and  data  f rom the  s torage  

medium in to  the  memory,  and executes  var ious  t ypes  of  processes .   Here ,  

these  programs have  only to  be programs  tha t  make a  computer  execute each 

opera t ion tha t  has been descr ibed wi th  the  above embodiments .   For  

example ,  the  contro l  sec t ion 401  of  the use r te rminals  20 may be  s tored in  20 

the memory and implemented by a  contro l  program tha t  opera tes  on the  

processor,  and othe r funct iona l b locks may be  implemented l ikewise .  

[0149]  Now,  al though the  present  invention  has  been desc ribed in  de ta i l  

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

invent ion is  by no means l imi ted  to  the  embodiments  desc r ibed  he re in.   For  25 
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example ,  the  above-described embodiments  may be  used ind ividual ly or in  

combina tions .   The present  invent ion can  be implemented with various  

correc t ions  and in  various  modif ica tions ,  without  depart ing f rom the spi ri t  

and scope  of the present  invent ion def ined by the  reci ta tions  of c laims.   

Consequent ly,  the  descript ion  here in is  p rovided only for  the purpose  of  5 

expla in ing examples ,  and should  by no  means be construed to  l imi t  the 

present  invent ion  in  any way.  

[0150]  The d isc losure  of  Japanese  Paten t  Appl ica tion  No.  2015-030785,  

f i led on February 19,  2015,  inc luding the speci f icat ion ,  drawings and  

abst rac t ,  is  incorpora ted he re in by refe rence in i t s  en t irety.  10 
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CLAIMS 

 1 .  A user  terminal  tha t  communica tes with a radio base s ta t ion  

by means  of  carr ier  aggregat ion using a  plura l i ty of  component  carr iers  

(CCs),  the  user  te rminal  compris ing:  

 a  rece iving sec tion  tha t  rece ives  DL signa ls  t ransmi tted f rom each 5 

CC; 

 a  t ransmission sec t ion tha t  t ransmi ts  UL signals ;  and 

 a  control  sec t ion that  control s  transmission opera tions  in  the 

t ransmission  sec t ion,  

 where in ,  when a  p lura l i ty  of  CCs,  including at  l east  a  f ir s t  CC,  which 10 

corresponds to  a  primary CC of  an exis t ing system,  and a  thi rd CC,  which  is  

d i ffe ren t  f rom the f ir s t  CC and a second CC tha t  corresponds  to  a  secondary  

CC of  the  exi s t ing system,  are  conf igure d,  the  control  sect ion  appl ies ,  to  the 

th ird CC,  UL signal  transmission  opera t ions  tha t  a re di fferent  from those of  

the second CC.  15 

 

 2 .  The  user  te rminal according to  c la im 1,  where in  the control  

sec t ion t ransmit s  UL data  by using padding bi ts  when i t  i s  judged tha t  there 

is  no UL data  tha t  corresponds to  a  UL grant  in  the  f ir s t  CC or the second 

CC, and does not  t ransmit  the UL data  when i t  i s  judged tha t  there is  no UL 20 

data  tha t corresponds to  the UL grant  in  the thi rd CC.  

 

 3 .  The  user  te rminal  accord ing to  c la im 2,  wherein  the  

t ransmission  sec t ion inc ludes  and  t ransmi ts  information that  indica tes  tha t  

there  is  no UL da ta  tha t  corresponds to  the  UL grant  in  the  thi rd  CC,  in  a  UL 25 
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s ignal  of  the f i rs t  CC and/or  the  second CC. 

 

 4 .  The  user  te rminal according to  c la im 1,  where in  the control  

sec t ion appl ies asynchronous  HARQ to UL signals  transmit ted  in the thi rd  

CC.  5 

 

 5 .  The  use r  te rmina l  accord ing to  c la im 4,  where in,  when a UL 

grant  to command UL signal  t ransmission  in the  thi rd  CC i s  rece ived in  the  

rece iving sec t ion,  the  control  sec tion  control s  a  PHICH (Phys ica l  

Hybrid-ARQ Indica tor Channel ) not  to  be  de tec ted in  the third CC. 10 

 

 6 .  The  user  te rminal according to  c la im 5,  where in  the control  

sec t ion appl ie s  ret ransmission  control  to  the  UL signal  t ransmi t ted  in  the  

th ird CC based  on a HARQ process  number tha t  i s  inc lude  in the  UL grant .  

 15 

 7 .  The  use r  te rmina l  accord ing to  c la im 1,  where in,  when a UL 

grant  to command UL signal  t ransmission  in the  thi rd CC i s  rece ived in  the  

rece iving sec t ion,  the  contro l  sec t ion executes  l i s t en ing in  a  plura li ty of  

th ird CCs tha t a re conf igured in advance ,  and,  based on resul ts  of  l i s tening,  

t ransmits  UL signal s  in  a  prede termined  thi rd CC.  20 

 

 8 .  The  use r  te rmina l  accord ing to  c la im 1, where in,  when a UL 

grant  to command UL signal  t ransmission  in the  thi rd CC i s  rece ived in  the  

rece iving sec tion,  the  contro l  sect ion report s  a  predetermined PHR (Power  

Headroom Report )  to  the  radio base  s tat ion ,  as  a  PHR for the  thi rd CC,  25 
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rega rd less  of  a  resu lt  of  l i s tening.  

 

 9 .  A radio communic a t ion method in  a use r t erminal  tha t  

communica tes  wi th a radio base s ta t ion by means of  carr ie r aggregat ion  

using a  p lura l i ty of  component  ca rr iers  (CCs),  the radio communica t ion  5 

method compris ing the s teps  of : 

 rece iving DL signals  t ransmit ted  f rom each  CC;  and 

 t ransmi t t ing UL signal s ,  

 where in ,  when a  p lura l i ty  of  CCs,  including at  l east  a  f ir s t  CC,  which 

corresponds to  a  primary CC of  an exis t ing system,  and a  thi rd CC,  which  is  10 

diffe ren t  f rom the f ir s t  CC and a second CC tha t  corresponds  to  a  secondary  

CC of  the exis t ing system,  are conf igured,  UL signal  t ransmission  

opera t ions  tha t  a re d iffe rent  f rom those of  the second CC are  appl ied to the 

th ird CC.  

 15 

 10.  A rad io  base  s ta t ion tha t  communica tes wi th a use r  te rmina l  

that  employs carr ie r aggregat ion  using a  plura l i ty  of component  carr iers  

(CCs),  the  radio base  s ta t ion compris ing:  

 a  t ransmission sec t ion tha t  t ransmi ts  DL signals  in  each  CC;  and 

 a  cont rol  sec t ion that  controls  a l loca t ion of UL signals ;  20 

 where in ,  when a  p lura l i ty  of  CCs,  including at  l east  a  f ir s t  CC,  which 

corresponds to  a  primary CC of  an exis t ing system,  and a  thi rd CC,  which  is  

d i ffe ren t  f rom the f ir s t  CC and a second CC tha t  corresponds  to  a  secondary  

CC of  the ex is t ing system,  are conf igured in the user  terminal ,  the control  

sec t ion a l loca tes resources  for  a  plural i ty  of  thi rd CCs a t  the  same t ime,  25 
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f rom one  of the f i rs t  CC and/or  the second CC. 

  


