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USER TERMINAL, RADIO BASE STATION AND RADIO 

COMMUNICATION METHOD 

 

Technical  Field  

[0001]  The present  invent ion relates  to  a  user  terminal ,  a  radio  base s tat ion  5 

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

communicat ion  systems.  

 

Background Art  

[0002]  In  the  UMTS (Universal  Mobi le  Telecommunicat ions  System) 10 

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

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

delays  and so on (see non-patent  l i te rature 1) .   Also,  successor  systems of  

LTE (referred to  as ,  for  example,  "LTE-A" (LTE-Advanced) ,  "FRA" (Future 

Radio  Access ) ,  "4G,"  "5G," and so  on)  are  under  s tudy for  the  purpose  of  15 

achieving further  broadbandizat ion  and increased speed beyond LTE.  

[0003]  Now, accompanying the cost  reduct ion of  communicat ion  devices  in  

recent  years ,  act ive  development  is  in  progress  in  the f ield  of  technology 

related to  machine-to-machine  communicat ion (M2M) to  implement  

automat ic  cont rol  of  ne twork-connected  devices  and  al low these devices  to  20 

communicate wi th each other  wi thout  involving people.   In  part icular,  

3GPP (3rd Generat ion Partnership Project)  i s  p romoting the s tandardizat ion  

of  MTC (Machine-Type Communicat ion)  for  cel lular  sys tems  for  

machine-to-machine  communicat ion,  among al l  M2M technologies  (see  

non-patent  l i t erature 2) .   User  te rminals  for  MTC (MTC UE (User  25 
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Equipment ))  are being s tudied for  use in  a  wide range of  f i elds  such as ,  for  

example ,  elect r ic  meters ,  gas  meters ,  vending machines ,  vehicles  and  other  

indust r ial  equipment .  

 

Ci tat ion Lis t  5 

Non-Patent  Li terature  

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

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

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

 Non-Patent  Li terature  2:  3GPP TS 36 .888 "Study on  provis ion  of  10 

low-cost  Machine-Type Communicat ions  (MTC) User  Equipments  (UEs)  

based on LTE (Release  12)"  

 

Summary of  Invent ion 

Technical  Problem 15 

[0005]  From the perspect ive of  reducing the cost  and improving the  

coverage area in  ce l lular  systems ,  in  MTC, user  t erminals  for  MTC (LC 

(Low-Cost)  MTC UEs,  hereinafter  referred to  s imply as  "MTC terminals")  

that  can be implemented  in  s imple  hardware s t ructures  have been  

increasingly in  demand.   MTC terminals  can be implemented by l imit ing  20 

the upl ink  (UL)  band and the downlink (DL)  band  to  part i al  f requency 

blocks in  a  sys tem band.   These frequency blocks are formed to  be,  for  

example ,  1 .4  MHz,  and are also referred to  as  "narrow bands"  (NBs) .  

[0006]  Furthermore,  in  MTC, a s tudy is  in  progress  to  make repet i t ious  

t ransmission (“repet i t ion”) ,  in  which the  same downlink s ignal  is  25 
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t ransmit ted over  a  p lural i t y of  subframes,  for  enhanced coverage (coverage  

enhancement ) .   However,  when repet i t ious  t ransmission i s  made within  the  

same frequency block,  a  f requency divers i t y effect  cannot  be  gained,  and  

therefore there  is  a  threat  that  the  number of  repet i t ions  required to  ful f i l l  

the desi red s ignal - to- inter ference-plus-noise  rat io  (SINR) might  increase .  5 

[0007]  The present  invent ion has  been made in  view of  the above,  and i t  i s  

therefore an object  of  the present  invent ion to  provide a user  te rminal ,  a  

radio base  s tat ion  and a  radio  communicat ion  method,  whereby a  downlink  

s ignal  can achieve  a  frequency divers i t y  effect  when the downlink  s ignal  is  

t ransmit ted in  repet i t ions  to  a  user  t erminal  that  i s  l imited to  using part ia l  10 

frequency b locks in  a  system band as  bands for  i t s  use.   

 

Solut ion to  Problem 

[0008]  According to  one aspect  of  the present  invent ion,  a  user  t e rminal ,  in  

which the band to  use is  l imited to  part ial  nar row bands in  a  system band,  15 

has  a  receiving sect ion that  receives  a  downlink  s ignal ,  which is  t ransmit ted  

in  repet i t ions  in  nar row bands that  are subject  to  f requency hopping,  and a  

cont rol  sect ion that  cont rols  receipt  o f  the downlink s ignal  based on a  

s tar t ing index ,  which indicates  a  nar row band where the  downlink s ignal  

s tar t s  being al located,  and a f requency offset  wi th  respect  to  the narrow 20 

band.  

[0009]  According to  another  aspect  of  the present  invent ion,  a  radio base  

s tat ion that  communicates  wi th a  user  terminal ,  in  which a band to  use i s  

l imited  to  a  part ial  nar row band in  a  system band,  has  a  t ransmission sect ion  

that  t ransmits  a  downlink s ignal ,  in  repet i t ions ,  in  narrow bands that  are  25 
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subject  to  f requency hopping,  and a control  sect ion  that  cont rols  

t ransmission of  the downlink s ignal  based on a s tar t ing index ,  which  

indicates  a  narrow band where  the downlink s ignal  s tar t s  being al located ,  

and a frequency offset  wi th  respect  to  the nar row band.  

[0010]  According to  ye t  another  aspect  of  the present  invent ion ,  a  radio  5 

communicat ion method for  a  user  t erminal ,  in  which a band  to  use is  l imited  

to  a  part i al  narrow band in  a  system band,  includes  the s teps  of  receiv ing a  

downlink s ignal ,  which i s  t ransmit ted in  repet i t ions  in  nar row bands  that  are  

subject  to  f requency hopping,  and  contro l l ing receipt  o f  the downlink s ignal  

based on a  s tar t ing index ,  which indicates  a  nar row band where  the  10 

downlink s ignal  s tar ts  being al located,  and a frequency offset  wi th  respect  

to  the  nar row band.  

 

Advantageous Effec ts  of  Invent ion  

[0011]  According to  the present  invent ion ,  when a downlink s ignal  is  15 

t ransmit ted in  repet i t ions  to  a  user  t erminal  that  i s  l imited to  using part ia l  

f requency blocks  in  a  system band as  bands for  i t s  use ,  the  downlink  s ignal  

can achieve a f requency divers i t y effec t .  

 

Br ief  Descript ion of  Drawings  20 

[0012]  FIG.  1  is  a  diagram to explain the bands for  use for  LTE terminals  

and MTC terminals ;  

 FIG.  2A and FIG.  2B provide  diagrams to  explain the ar rangement  of  

a  nar row band that  serves  as  a  band for  use for  MTC terminals ;  

 FIG.  3  is  a  diagram to show an example of  a  f requency hopping 25 
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pat tern;  

 FIG.  4  is  a  diagram to show other  examples  of  frequency hopping 

pat terns;  

 FIG.  5  is  a  diagram to show other  examples  of  frequency hopping 

pat terns;  5 

 FIG.  6  i s  a  diagram to show examples  of  frequency hopping pat terns  

according to  a  f i rs t  example;  

 FIG.  7  i s  a  diagram to show examples  of  frequency hopping pat terns  

according to  a  second example;  

 FIG.  8  i s  a  diagram to show examples  of  frequency hopping pat terns  10 

according to  a  thi rd  example;  

 FIG.  9  i s  a  diagram to show examples  of  frequency hopping pat terns  

according to  a  fourth  example;  

 FIG.  10  is  a  diagram to show examples  of  frequency hopping pat terns  

according to  a  f i f th  example;  15 

 FIG.  11 is  a  diagram to show examples  of  frequency hopping  pat terns  

according to  a  s ix th  example;  

 FIG.  12  is  a  diagram to show examples  of  frequency hopping pat terns  

according to  a  seventh example;  

 FIG.  13 i s  a  diagram to  show a schemat ic s t ructure  of  a  radio  20 

communicat ion sys tem according to  an embodiment  of  the present  

invent ion;  

 FIG.  14 i s  a  diagram to show an  example of  an overal l  s t ructure of  a  

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

 FIG.  15  is  a  diagram to  show an  example of  a  funct ional  s t ructure  of  25 



6 

 

a radio base s tat ion according to  one  embodiment  of  the present  invent ion;  

 FIG.  16 i s  a  diagram to show an  example of  an overal l  s t ructure of  a  

user  t erminal  accord ing to  an embodiment  of  the  present  invent ion;  

 FIG.  17  is  a  diagram to  show an  example of  a  funct ional  s t ructure  of  

a  user  te rminal  according to  an embodiment  of  the present  invent ion;  and  5 

 FIG.  18 i s  a  diagram to show other  examples  of  frequency hopping 

pat terns  according to  the  thi rd  example .  

 

Descript ion  of  Embodiments  

[0013]  Studies  are in  progress  to  s impl i fy the hardware s t ruc tures  of  10 

low-cost  MTC terminals  at  the r i sk of  lowering thei r  p rocess ing capabi l i t i es .   

For  example,  s tud ies  are in  progress  to  apply l imitat ions  to  low-cost  MTC 

terminals ,  in  comparison to  ex is t ing user  te rminals ,  by,  for  example,  

lowering the peak ra te ,  l imi t ing the t ransport  block s ize (TBS),  l imit ing the 

resource blocks (al so referred to  as  "RBs,"  "PRBs" (Physical  Resource  15 

Blocks)  and so on (hereinafter  referred to  as  “PRBs”)) ,  l imi t ing the RFs  

(Radio Frequencies)  to  receive,  and so  on.  

[0014]  Here ,  ex is t ing user  te rminals  are  referred  to  as  "LTE terminals , "  

"LTE-A terminals , "  "LTE UEs" (User  Equipment ) ,  "normal  UEs," and  

"non-MTC terminals ,"  or  may be  refer red  to  s imply as  "user  te rminals , "  20 

"UEs,"  and  so  on.   Also,  MTC terminals  are  referred  to  s imply as  "user  

terminals , "  "UEs" and so on.   Hereinaf ter,  fo r  ease of  explanat ion,  ex is t ing 

user  te rminals  wi l l  be referred to  as  "LTE terminals , "  and user  te rminals  for  

MTC (low-cost  MTC) wil l  be  referred to  as  "MTC terminals ."  

[0015]  FIG.  1  is  a  diagram to explain the bands for  use for  LTE terminals  25 
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and MTC terminals .   As  shown in  FIG.  1 ,  the  maximum band for  use  for  

LTE terminals  i s  configured to  a  system band ( for  example,  20 MHz (= 100  

PRBs) ,  one  component  car r ier,  and  so  on) .   By cont ras t ,  the maximum band 

for  use  for  MTC terminals  is  l imited to  a  part ial  f requency block  in  a  system 

band (for  example,  1 .4  MHz (= 6 PRBs)) .   Hereinafter,  th is  f requenc y 5 

block  wil l  be  also refer red to  as  a  "narrow band" (NB).  

[0016]  Furthermore,  there  i s  an ongoing s tudy to  run MTC terminals  in  the  

sys tem bands  of  LTE/LTE-A.  In  this  case,  

f requency-divis ion-mult iplex ing of  MTC terminals  and LTE terminals  can  

be supported.   In  this  way,  MTC terminals  may be seen as  te rminals  that  10 

support  only a par t i al  f requency block (narrow band)  in  a  sys tem band as  

the maximum band they can  support ,  and seen as  user  te rminals  that  have  

the funct ions  to  t ransmit  and  receive  in  a  nar rower band than  the sys tem 

bands of  LTE/LTE-A.  

[0017]  FIGs.  2  provide  diagrams to  explain  the ar rangement  of  a  nar row 15 

band that  serves  as  a  band for  use for  MTC terminals .   As shown in FIG.  

2A,  a  nar row band ( for  example,  1 .4  MHz)  may be  f ixed in  a  speci f ic  

frequency locat ion  in  a  sys tem band ( for  example,  20  MHz) .   In  this  case,  

there is  a  th reat  that  the t raff ic  concentrates  in  a  speci f ic  f requency ( for  

example ,  the center  frequency) .   Furthermore,  s ince no f requency divers i t y 20 

effect  can be achieved,  the  spect ral  e ff iciency might  decrease.  

[0018]  So,  as  shown in  FIG.  2B,  i t  may be  possible  to  move a nar row band 

(for  example,  1 .4  MHz) to  di fferent  frequency locat ions  ( frequency 

resources)  in  a  sys tem band (for  example,  20  MHz) every f ixed period  

(every subframe,  for  example) .   In  this  case,  the  t raff ic  of  MTC terminals  25 
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can be spread out .   Furthermore,  s ince  a frequency divers i ty effect  can be  

achieved ,  i t  i s  possible to  reduce the decrease of  spect ral  e ff iciency.  

[0019]  As shown in FIG.  2B,  when the frequency locat ion of  a  nar row band 

that  serves  as  a  band for  use for  MTC terminals  is  variable,  considering that  

frequency hopping,  frequency schedul ing and  so on may be  appl ied to  the 5 

narrow band,  MTC terminals  should preferably have an  RF re- tuning 

funct ion.  

[0020]Now, MTC terminals  support  only a part ial  nar row band (for  example ,  

1 .4  MHz) in  a  system band,  and cannot  detect  a  downlink cont rol  channel  

(PDCCH:  Physical  Downlink Control  CHannel )  that  i s  ar ranged over  the  10 

whole sys tem band.   Consequent ly,  a  s tudy is  in  progress  to  al locate  

resources  for  a  downlink shared channel  (PDSCH),  an upl ink shared channel  

(PUSCH:  Physical  Upl ink  Shared CHannel )  and  so on,  by using a downlink  

cont rol  channel  for  MTC (MPDCCH: Machine t ype  communicat ion PDCCH) 

that  i s  a rranged  in  a  narrow band.  15 

[0021]  Here ,  the  MTC downlink cont rol  channel  (MPDCCH) is  a  downlink 

cont rol  channel  that  i s  t ransmit ted in  a  part i al  nar row band in  a  system band,  

and may be frequency-divis ion-mult iplexed with  a  downlink  shared channel  

(PDSCH:  Physical  Downlink  Shared  CHannel )  for  LTE or  MTC.   The 

MPDCCH may be refer red to  as  an "M-PDCCH" (Machine-type  20 

communicat ion  PDCCH),  an "enhanced downlink control  channel"  

(EPDCCH: Enhanced Physical  Downl ink Control  CHannel)  and so on.   

Downlink  control  informat ion (DCI)  to  include informat ion  regarding 

PDSCH al locat ion  ( for  example,  DL (downlink)  gran ts) ,  informat ion  

regarding PUSCH al locat ion  ( for  example,  UL (upl ink)  grants)  and suchl ike  25 
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informat ion is  communicated by the MPDCCH.  

[0022]  Note that ,  o ther  than the MPDCCH, any channel  that  i s  used  by MTC 

terminals  may be represented by aff ix ing an "M," which s tands for  MTC, to  

the ex is t ing channel  that  i s  used for  the same purpose.   For  example,  a  

PDSCH that  i s  al located by an MPDCCH may be refer red to  as  an  5 

"MPDSCH" (Machine t ype communicat ion PDSCH),  an "M-PDSCH" 

(Machine-type communicat ion  PDSCH),  and  so  on.   S imilar ly,  a  PUSCH 

that  i s  al located  by an  "MPDCCH" may be refer red to  as  an  "MPUSCH" 

(Machine t ype  communicat ion  PUSCH),  an "M-PUSCH" (Machine-type  

communicat ion  PUSCH),  and so on.  10 

[0023]  Now,  in  MTC,  a  s tudy i s  in  progress  to  use  repet i t ious  

t ransmission/receipt ,  in  which the  same downlink s ignal  and/or  upl ink  

s ignal  a re  t ransmit ted/received in  repet i t ions  over  a  plural i ty of  subframes ,  

for  enhanced coverage.   Note that  the number of  a  plural i ty of  subframes  

where the same downlink s ignal  and/or  upl ink s ignal  are t ransmit ted and  15 

received is  al so refer red to  as  “the  number of  repet i t ions” (or  the  

“repet i t ion number”) .   Also,  the number of  repet i t ions  may be represented  

by the repet i t ion level .   This  repet i t ion level  i s  also referred to  as  “the 

coverage enhancement  (CE) level .”  

[0024]  When a downlink s ignal  i s  t ransmit ted to  an MTC terminal  in  20 

repet i t ions ,  the  MTC terminal  combines  the  downlink s ignals  received in  a  

plural i t y of  subframes.   Consequent ly,  even when a part ial  nar row band in  

a  system band is  used,  the  desi red S INR can be  ful f i l l ed .   On the other  

hand ,  when a downlink s ignal  for  an MTC terminal  is  t ransmit ted  in  

repet i t ions  in  the  same narrow band,  a  f requency divers i t y effect  cannot  be  25 



10 

 

gained,  and therefore there is  a  threat  the number of  repet i t ions  required to  

ful f i l l  the desi red  SINR might  increase.  

[0025]  So,  frequency hopping is  under  s tudy to  be appl ied to  a  downlink  

s ignal  (for  example,  the PDSCH),  when the downlink  s ignal  is  t ransmit ted  

to  an  MTC terminal  in  repet i t ions ,  to  ga in a  frequency divers i ty effect .  5 

[0026]  FIG.  3  is  a  diagram to show an example of  a  f requency hopping 

pat tern .   The  f requency hopping pat tern shown in  FIG.  3  can be specif ied  

by a  period X,  in  which t ransmission is  repeated in  the same narrow band 

(f requency block) ,  a  period Y,  which i s  a  total  of  period X and the period  

(for  example,  1  ms) i t  takes  to  re- tune  to  another  narrow band,  and Z,  which  10 

i s  an offset  between narrow bands in  the  f requency di rect ion (hereinafter  

referred  to  as  “hopping offset”) .   Note  that  periods  X and Y are common in  

al l  MTC terminals  that  employ f requency hopping.   Also,  s ince a subframe  

is  1  ms ,  period  X i s  equal  to  the  number of  repet i t ions  in  the same narrow 

band.  15 

[0027]  Now, frequency hopping to  use periods  X and Y and hopping offset  Z 

wil l  be described in  detai l  wi th  reference to  FIG.  4  and FIG.  5 .   Also,  in  

FIG.  4  and FIG.  5 ,  the retuning period upon hopping to  other  nar row bands  

is  not  i l lus t rated.   Furthermore,  al though the sys tem band is  comprised of  

8  narrow bands (NBs #0 to  #7)  in  FIG.  4  and FIG.  5 ,  this  i s  by no means  20 

l imi t ing.  

[0028]  FIG.  4  shows,  as  an example,  a  frequency hopping pat tern that  i s  

specif ied by X = 4,  Y = 5  and Z = 2.   In  FIG.  4 ,  periods  X and  Y and  

hopping offset  Z are common in al l  MTC terminals  that  employ f requenc y 

hopping.  25 
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[0029]  Refer r ing to  FIG.  4 ,  when the number of  repet i t ions  of  the PDSCH 

for  MTC terminal  (UE) #1 is  16,  the downlink s ignal  (PDSCH) for  MTC 

terminal  #1 is  al located 4 NBs (#0,  #2,  #4 and #6) that  each hop 2 NBs every 

4 subframes.   Furthermore,  when the  number  of  repet i t ions  of  the PDSCH 

for  MTC terminal  (UE)  #2  is  8 ,  the PDSCH for  MTC terminal  #2  is  al located  5 

to  2  NBs (#0 and  #2) that  each hop 2 NBs every 4 subframes.  

[0030]  To each  MTC terminal ,  an index  to  represent  the narrow band (NB) 

where the PDSCH star ts  being al located (“s tar t ing NB index ,” and  

hereinafter  refer red  to  as  the  “s tar t ing index”)  is  reported.   Here,  the  

s tar t ing index  is  reported by using DCI ( for  example,  DCI that  contains  10 

PDSCH al locat ion informat ion (downlink grant ) )  that  i s  communicated in  an  

MPDCCH,  higher  l ayer  s ignal ing,  and so on.   Each MTC terminal  specif ies  

the  f requency hopping pat tern  of  the  PDSCH based  on  the  s tar t ing index ,  

periods  X and Y and  hopping offset  Z.   Here ,  periods  X and  Y and hopping  

offset  Z may be reported in  higher  laye r  s ignal ing,  or  may be provided in  15 

the specif icat ion  in  advance .  

[0031]  Meanwhile,  when,  as  shown in FIG.  4 ,  periods  X and Y and hopping 

offset  Z are  common among al l  MTC terminals  that  employ f requenc y 

hopping,  the PDSCH for  an MTC terminal  where the number of  repet i t ions  

is  smal l  has  di ff icul ty gaining a f requency divers i t y effect .   For  example,  20 

the PDSCH for  MTC terminal  #2 in  FIG.  4  is  t ransmit ted only in  2  NBs (#0  

and #2) ,  and therefore  has  di ff icu l ty gaining a  f requency divers i t y effect  

when compared to  the PDSCH for  MTC terminal  #1,  which  i s  t ransmit ted in  

4  NBs (#0 ,  #2 ,  #4  and #6).  

[0032]  As a method of  gaining a frequency divers i t y effect  even when the  25 
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number of  repet i t ions  is  smal l ,  fo r  example,  i t  may be possible  to  control  

hopping offset  Z adapt ively.   In  the frequency hopping pat terns  shown in  

FIG.  5 ,  hopping offset  Z is  cont rol led based on the number of  repet i t ions .  

[0033]  In  FIG.  5 ,  hopping offset  Z for  MTC terminal  (UE)  #1  is  2  when the  

number of  repet i t ions  is  16 .   On the o ther  hand,  hopping offset  Z is  4  for  5 

MTC terminal  #2 where the number of  repet i t ions  is  8 .   In  this  way,  i t  

becomes eas ier  to  gain  a  f requency d ivers i t y effect  by making hopping  

offset  Z greater  as  the number of  repet i t ions  becomes smal ler.  

[0034]  However,  when hopping offset  Z is  control led in  order  to  gain a  

frequency divers i t y effect ,  there is  a  threat  that ,  as  shown in  FIG.  5 ,  the  10 

resources  to  al locate a  plural i t y of  MTC terminals’ PDSCHs col l ide  with  

each other  (FIG.  5  shows a col l is ion in  NB #6).   In  this  way,  there  is  a  feat  

that ,  even when an  at tempt  is  made to  improve the  frequency divers i t y 

effect  by using the above-described  frequency hopping pat terns ,  the  

resources  to  al locate  downlink  s ignals  (for  example,  PDSCHs)  for  a  15 

plural i t y of  MTC terminals  might  col l ide.  

[0035]  So,  assuming the  case where downlink s ignals  (for  example,  

PDSCHs)  are  t ransmit ted to  MTC terminals  in  repet i t ions ,  the present  

inventors  have come up wi th the  idea  to  make i t  possible to  reduce the  

col l is ions  of  resources  al located to  downlink s ignals  for  a  p lural i t y of  MTC 20 

terminals ,  whi le  gaining a f requency divers i t y effect ,  and thereupon arr ived  

at  the present  invent ion.  

[0036]  Now, the radio communicat ion  method according to  an embodiment  

of  the present  invent ion wil l  be descr ibed.   Note that ,  a l though,  in  the  

fol lowing descript ion,  a  part ial  narrow band (f requency block) in  a  sys tem 25 
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band wil l  be  i l lus t rated to  be  1.4  MHz and formed with  6  resource blocks  

(PRBs),  thi s  i s  by no means l imit ing.   Also ,  al though,  in  the fol lowing 

descript ion,  the system band wil l  be formed with 8  narrow bands (NBs),  thi s  

i s  by no means l imit ing.   Furthermore ,  al though the downlink s ignals  in  

the fol lowing descript ion wil l  be  the  PDSCH, this  is  by no means l imit ing,  5 

and the present  invent ion i s  equal ly appl icable  to  various  downlink s ignal  

and upl ink  s ignals .  

[0037]  Also,  al though cases  where  X = 4 and  Y = 5  wil l  be  described  as  

examples  wi th reference to  FIGs.  6  to  12,  these are by no means l imit ing.   

Note  that  the  retuning period  (1 ms)  i s  not  i l lus t rated in  FIGs.  6  to  12.   10 

Furthermore,  the indices  ass igned to  the 8  nar row bands (NBs) in  FIGs.  6  to  

12 are s imply examples ,  and are by no means l imit ing.  

[0038]  (Fi rs t  Example)  

 According to  the  f i rs t  example,  an  MTC terminal  (user  terminal )  

receives  a  PDSCH (downlink s ignal)  that  i s  t ransmit ted in  repet i t ions  in  a  15 

pre-determined  f requency hopping pat tern ,  and  specif ies  the frequency 

hopping pat tern tha t  i s  appl ied to  this  PDSCH.  To be more specif ic ,  the  

MTC terminal  rece ives  a  s tar t ing index  that  indicates  the narrow band 

(f requency block) where the PDSCH s tar ts  being al located,  and,  based on 

this  s tar t ing index  and  the t ime offset  for  this  PDSCH al locat ion-s tar t ing 20 

subframe,  specif ies  the f requency hopping pat tern that  i s  appl ied to  the  

PDSCH.  

[0039]  Here ,  in format ion to  indica te  the  above t ime offset  may be reported  

to  the MTC terminal  by higher  layer  s ignal ing ( for  example,  RRC signal ing,  

broadcast  in format ion,  etc . ) ,  may be included in  DCI that  i s  communicated  25 
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to  the MTC terminal  in  an MPDCCH,  or  may be configured  in  the MTC 

terminal  in  advance .   Also,  the  s tar t ing index  is  included  in  DCI that  i s  

communicated to  the MTC terminal  in  an MPDCCH.  

[0040]  FIG.  6  i s  a  diagram to show examples  of  frequency hopping pat terns  

according to  the  f i rs t  example.   Assume that ,  in  FIG.  6 ,  X and  Y are  5 

common in al l  MTC terminals  that  employ f requency hopping.   X and Y 

may be  configured  in  advance,  or  may be reported  to  the  MTC terminals  by 

way of  higher  laye r  s ignal ing.   Also,  Z may be control led based on the  

number of  repet i t ions ,  and may be reported to  the MTC terminals  by higher  

layer  s ignal ing or  by an  MPDCCH,  or  may be  determined  by the  MTC 10 

terminals  based on  the number of  repet i t ions .  

[0041]  In  FIG.  6 ,  the t ime offset  for  the s tar t ing subframe where the  PDSCH 

for  MTC terminal  #2 s tar ts  being al located  is  configured 4.   Also ,  the  

s tar t ing index  to  indicate  the  nar row band where  the PDSCH for  MTC 

terminal  #2  s tar t s  being al located  is  #2 .   Based  on th is  t ime offset ,  MTC 15 

terminal  #2  appl ies  a  4-subframe shi f t ,  in  the  di rect ion  of  t ime,  to  the  

frequency hopping pat tern speci f ied by the above s tar t ing index  #2,  X = 4,  

Y = 5 and  Z = 4 .   By means of  this  t ime offset -based shif t ,  i t  i s  possible  to  

prevent  MTC terminals  #1 and #2 f rom col l iding in  narrow band (NB) #6.  

[0042]  According to  the f i rs t  example ,  a  f requency hopping pat tern  is  20 

shif ted in  the di rec t ion of  t ime by a t ime offset ,  so  that  i t  i s  possible t o  

reduce  the  col l is ions  of  PDSCH al locat ion  resources  be tween MTC 

terminals  even when hopping offset  Z i s  cont rol led based  on the number  of  

repet i t ions  in  order  to  gain a  f requency divers i t y effect .  

[0043]  (Second Example)  25 
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 According to  a  second example,  an MTC terminal  receives  a  s tar t ing 

index  that  indicates  the nar row band (f requency block) where the PDSCH 

star t s  being al located,  and ,  based on  this  s tar t ing index  and the f requency 

offset  for  the narrow band ( frequency b lock) indicated by this  s tar t ing index ,  

specif ies  the  f requency hopping pat tern  that  i s  appl ied to  the PDSCH.  The 5 

second example is  d i fferent  f rom the f i r s t  example in  that  a  frequency offse t  

i s  used  instead of  a  t ime offset .   Note that  the second example can  be 

combined with the f i rs t  example,  and  can use both a  t ime offset  and  a  

frequency offset .   Now, the second example wil l  be  descr ibed,  pr imari l y 

focusing on differences  f rom the f i rs t  example.  10 

[0044]  Here ,  in format ion to  indica te  the  above t ime offset  may be reported  

to  the  MTC terminal  by higher  layer  s ignal ing ( for  example,  RRC signal ing) ,  

may be  included  in  DCI that  i s  communicated  to  the MTC terminal  in  an  

MPDCCH, or  may be configured in  the MTC terminal  in  advance .  

[0045]  FIG.  7  i s  a  diagram to show examples  of  frequency hopping pat terns  15 

according to  the second example.   In  FIG.  7 ,  the frequency offset  for  

nar row band (#2)  indicated by the s tar t ing index  for  MTC terminal  #2 i s  

configured 2.   MTC terminal  #2 appl ies  a  2-NB shif t ,  in  the di rect ion of  

frequency,  to  the f requency hopping pat tern speci f ied by the above s tar t ing 

index  #2 ,  X = 4,  Y = 5 and  Z = 4.   By means of  this  f requency offset -based  20 

shif t ,  i t  i s  possible  to  prevent  MTC terminals  #1 and  #2  f rom col l iding in  

NB #6.  

[0046]  According to  the second example ,  a  f requency hopping pat tern is  

shif ted in  the di rec t ion of  frequency by a  f requency offse t ,  so  that  i t  i s  

possible to  reduce  the  co l l is ions  of  PDSCH al locat ion  resources  between  25 
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MTC terminals  even when hopping offset  Z i s  cont rol led based on  the  

number of  repet i t ions  in  order  to  gain  a  frequency divers i t y  effect .  

[0047]  (Thi rd Example)  

 According to  a  thi rd  example,  an MTC terminal  (user  terminal )  

receives  a  PDSCH (downlink s ignal)  that  i s  t ransmit ted in  repet i t ions  in  a  5 

pre-determined  f requency hopping pat tern ,  and  specif ies  the frequency 

hopping pat tern tha t  i s  appl ied to  this  PDSCH.  To be more specif ic ,  the  

MTC terminal  rece ives  a  s tar t ing index  that  indicates  the narrow band 

(f requency block) where the PDSCH s tar ts  being al located,  and,  based on 

this  s tar t ing index ,  specif ies  the  f requency hopping pat tern  that  i s  appl ied  10 

to  the PDSCH,  from the frequency hopping pat terns  that  are  determined  in  

advance (pre-determined) among a plura l i ty of  nar row bands  configured by 

higher  l ayer  s ignal ing.  

[0048]  Here ,  in  the above pre-determined frequency hopping pat terns ,  the  

nar row band to  al locate  a  PDSCH may be  inter leaved every f ixed  number  of  15 

subframes  across  the mul t iple nar row bands configured by higher  l ayer  

s ignal ing.  

[0049]  Also,  in  the pre-determined  frequency hopping pat terns ,  f requency 

hopping sets  that  are designed  so that  the PDSCH of the minimum number of  

repet i t ions  ( for  example,  8 )  is  al located  to  at  leas t  two narrow bands  may be  20 

configured.   The MTC terminal  receives  a  PDSCH that  i s  t ransmit ted  in  

repet i t ions ,  by us ing at  leas t  one f requency hopping set  that  sui ts  to  the  

number of  repet i t ions .  

[0050]  FIG.  8  i s  a  diagram to show examples  of  frequency hopping pat terns  

according to  the thi rd  example.   In  FIG.  8 ,  f requency hopping (FH)  25 
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pat terns  #1 to  #4 are pre-determined,  and configured in  the MTC terminal .   

Frequency hopping (FH)  pat terns  #1  to  #4  may be determined  based on  

pre-determined parameters  (such as  in format ion provided in  higher  l ayer  

s ignal ing (for  example,  cel l -speci f ic  informat ion) ,  f ixed values ,  etc . ) .  

[0051]  In  FIG.  8 ,  4  NBs  (#1,  #3,  #4  and  #8) are configured  by higher  l aye r  5 

s ignal ing as  nar row bands (NBs) for  frequency hopping.   FIG.  8  shows  the  

s tate  where  above f requency hopping pat terns  #1 to  #4  are appl ied  to  the 4  

NBs configured by higher  l ayer  s ignal ing.   In  this  way,  according to  the  

thi rd  example,  f requency hopping pat terns  that  a re  determined  in  advance or  

that  a re  determined  based on speci f ic  parameters  such  as  the  number  of  NBs 10 

are appl ied  to  a  p lural i t y of  narrow bands configured by higher  l ayer  

s ignal ing.  

[0052]Furthermore,  in  f requency hopping pat terns  #1 to  #4 shown in FIG.  8 ,  

the narrow band to  al locate a  PDSCH is  inter leaved  every f ixed number of  

subframes across  a  plural i t y of  nar row bands configured  by higher  l ayer  15 

s ignal ing.   For  example,  in  f requency hopping pat tern #1  in  FIG.  8 ,  the  

PDSCH is  al located  (mapped) to  di fferent  NBs every 4 subframes,  which  

goes  l ike :  NB #0 →  NB #4  →  NB #2 →  NB #6.  

[0053]  In  FIG.  8 ,  an MTC terminal  specif ies  the f requency hopping pat tern  

that  i s  appl ied to  the PDSCH, f rom frequency hopping pat terns  #1 to  #4 ,  20 

based on  the  above s tar t ing index .   To be more speci f ic ,  the MTC terminal  

receives ,  via  an MPDCCH, DCI that  contains  the s tar t ing index .   For  

example ,  in  FIG.  8 ,  when the MTC terminal  receives  DCI that  contains  

s tar t ing index  #2  in  subframe #0,  the  MTC terminal  specif ies  f requency 

hopping pat tern #2  based on this  s tar t ing index  #2.   Here,  the s tar t ing 25 
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index  may be reported in  higher  l ayer  s ignal ing and so on .  

[0054]  Also,  in  the frequency hopping pat terns  shown in  FIG.  8 ,  f requency 

hopping sets  that  are designed  so that  the PDSCH of the minimum number of  

repet i t ions  (here ,  8 )  is  al located to  a t  leas t  two narrow bands may be  

configured.   For  example,  FIG.  8 ,  a  PDSCH is  al located to  di fferent  NBs  5 

every 4  subframes,  so that  f requency hopping sets  (FH set s  #1  to  #4)  are  

configured every 8 subframes.  

[0055]  For example,  in  FIG.  8 ,  f requency hopping set  #1  alone  is  ass igned 

to  the PDSCH where the number of  repet i t ions  is  8 .   Also ,  two f requenc y 

hopping set s  #1 and #2 are ass igned to  the PDSCH where the number of  10 

repet i t ions  is  16.   Furthermore,  to  the  PDSCH where  the  number of  

repet i t ions  is  32,  four  f requency hopping sets  #1 to  #4 are ass igned .   This  

ass ignment  of  f requency hopping sets  may be reported to  the MTC terminal  

by higher  l ayer  s ignal ing or  by an MPDCCH,  or  may be es t imated by the  

MTC terminal  based  on the number of  repet i t ions .  15 

[0056]  According to  the thi rd  example,  f requency hopping pat terns ,  in  

which the al locat ing narrow band is  inter leaved every f ixed number of  

subframes,  a re pre-determined ,  and these f requency hopping pat terns  are  

appl ied to  a  plural i ty of  narrow bands  that  are configured by higher  layer  

s ignal ing.   To be more  specif ic ,  a  p lural i t y of  narrow bands that  a re  20 

dis t r ibuted  over  the  system band are configured by higher  l ayer  s ignal ing,  

and  f requency hopping pat terns  that  are determined  in  advance  so  as  to  

prevent  col l is ions  are appl ied  to  these mul t iple  nar row bands.   By this  

means,  i t  i s  possible to  prevent  the col l is ions  of  PDSCH resources  between  

MTC terminals ,  whi le  improving the frequency divers i t y effect .  25 
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[0057]  In  the above-described f requency hopping pat terns ,  f requency 

hopping sets  that  are designed  so that  the PDSCH of the minimum number of  

repet i t ions  ( for  example,  8 )  is  al located to  at  l eas t  two narrow bands are  

configured,  and Y is  f ixed regardless  of  the number of  repet i t ions .   By 

cont ras t  wi th  this ,  as  shown in  FIG.  18,  frequency hopping sets  that  are 5 

designed  so that  the PDSCH of  the maximum number  of  repet i t ions  (for  

example ,  32)  is  al located to  al l  nar row bands configured  by higher  layer  

s ignal ing may be configured as  wel l .   In  this  case,  the number  of  

repet i t ions  can be changed by making Y smal ler.   For  example,  in  FIG.  18 ,  

Y = 8  when the maximum number of  repet i t ions  is  32 .   Meanwhile,  the  10 

number of  repet i t ions  can be  made 16 by making Y = 4.  

[0058]  Note  that ,  in  FIG.  18,  Y is  determined  by the number  of  t imes the  

PDSCH is  repeated and the number  of  nar row bands  configured by higher  

layer  s ignal ing.   For  example,  when 4 narrow bands are  configured b y 

higher  l ayer  s ignal ing as  shown in  FIG.  8 ,  Y = 8 (=32/4)  i f  the number of  15 

repet i t ions  is  32,  or  Y = 4 (= 16/4)  i f  the number of  repet i t ions  is  16.  

[0059]  (Fourth Example)  

 According to  a  fourth  example ,  an MTC terminal  (user  terminal )  

receives  a  PDSCH (downlink s ignal)  that  i s  t ransmit ted in  repet i t ions  in  a  

pre-determined  f requency hopping pat tern ,  and  specif ies  the frequency 20 

hopping pat tern tha t  i s  appl ied to  this  PDSCH.  To be more specif ic ,  the  

MTC terminal  rece ives  a  s tar t ing index  that  indicates  the narrow band 

(f requency block) where the PDSCH s tar ts  being al located,  and,  based on 

this  s tar t ing index ,  specif ies  the  f requency hopping pat tern  that  i s  appl ied  

to  the PDSCH from the f requency hopping pat terns  that  a re determined in  25 
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advance  among a  plural i t y of  nar row bands that  const i tute  the whole system 

band.  

[0060]  Here ,  in  the pre-determined  f requency hopping pat terns ,  the nar row 

band to  al locate a  PDSCH (hereinafter  refer red to  as  an “al locat ing narrow 

band” (NB)) may be sh if ted every f ixed number of  subframe across  a  5 

plural i t y of  narrow bands that  const i tute  the sys tem band.   The  f requency 

hopping pat terns  that  are  determined in  advance  in  the  fourth  example  are  

formed with  narrow bands  that  cover  the  whole  sys tem band,  and thus  

di fferent  f rom those  of  the thi rd  example.   Now, the fourth  example wil l  be 

described ,  p r imari l y focusing on  di fferences  f rom the  thi rd  example .  10 

[0061]  FIG.  9  i s  a  diagram to show examples  of  frequency hopping pat terns  

according to  the fourth  example.   In  FIG.  9 ,  f requency hopping (FH)  

pat terns  #1 to  #8 are pre-determined,  and configured in  the MTC terminal .   

Frequency hopping (FH)  pat terns  #1  to  #4  may be determined  based on  

pre-determined parameters  (such as  in format ion provided in  higher  l ayer  15 

s ignal ing (for  example,  cel l -speci f ic  informat ion) ,  f ixed values ,  etc . ) .  

[0062]  As shown in FIG.  9 ,  in  frequency hopping pat terns  #1 to  #8,  

al locat ing NBs are  configured across  the whole sys tem band.   Also,  in  

frequency hopping pat terns  #1  to  #8 ,  the al locat ing NBs shi f t  in  the  

di rect ion of  frequency every f ixed number  of  subframes (here,  four  SFs) .   20 

For example,  in  f requency hopping pat tern #1,  NB #0  is  the s tar t ing NB,  and  

the al locat ing NBs shif t  by one by one  every 4 subframes .   Likewise,  in  

frequency hopping pat terns  #2 to  #8 ,  NBs #1 to  #7 are the s tar t ing NBs,  and 

the al locat ing NBs shif t  one by one  every 4  subframes.  

[0063]  In  FIG.  9 ,  an MTC terminal  specif ies  the f requency hopping pat tern  25 
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appl ied to  the PDSCH, f rom among frequency hopping pat terns  #1  to  #8,  

based on  the  above s tar t ing index .   To be more speci f ic ,  the MTC terminal  

receives ,  via  an MPDCCH, DCI that  contains  the s tar t ing index .   For  

example ,  in  FIG.  9 ,  when the MTC terminal  receives  DCI that  contains  the  

s tar t ing index  (NB #2) in  subframe #0,  the MTC terminal  specif ies  5 

frequency hopping pat tern #3 based on this  s tar t ing index .  

[0064]  According to  the fourth  example,  f requency hopping pat terns ,  which 

are  formed with  narrow bands  that  cover  the  whole  sys tem band,  and  in  

which a l locat ing narrow bands are shif ted every f ixed number of  subframes,  

are determined in  advance.   By using frequency hopping pat terns  that  a re 10 

determined  in  advance to  prevent  col l i s ions ,  i t  i s  possible  to  prevent  the  

col l is ions  of  PDSCH resources  between MTC terminals  whi le  gaining a 

frequency d ivers i t y effect .  

[0065]  (Fi f th  Example)  

 According to  a  f i f th  example ,  as  in  the  fourth  example ,  an MTC 15 

terminal  receives  a  s tar t ing index  that  indicates  the narrow band (f requency 

block) where the PDSCH star ts  being al located,  and,  based on this  s tar t ing 

index ,  specif ies  the  frequency hopping pat tern that  i s  appl ied to  the PDSCH 

from the frequency hopping pat terns  that  are determined in  advance among 

a plural i t y of  narrow bands  that  const i tute  the whole sys tem band.  20 

[0066]  The f requency hopping pat terns  that  are  determined  in  advance  in  the 

f i f th  example are di fferent  f rom those of  the fourth  example in  that  a  

PDSCH-al locat ing narrow band (NB) is  inter leaved every f ixed number of  

subframes  across  a  p lural i t y of  nar row bands  that  const i tute  the  system band.   

Now, the f i f th  example wi l l  be described,  pr imari l y focusing on di fferences  25 
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from the fourth  example.  

[0067]  FIG.  10  is  a  diagram to show examples  of  frequency hopping pat terns  

according to  the f i f th  example .   In  FIG.  10,  frequency hopping (FH)  

pat terns  #1 to  #8 are pre-determined,  and configured in  the MTC terminal .   

Frequency hopping (FH)  pat terns  #1  to  #8  may be determined  based on  5 

pre-determined parameters  (such as  in format ion provided in  higher  l ayer  

s ignal ing (for  example,  cel l -speci f ic  informat ion) ,  f ixed values ,  etc . ) .  

[0068]  As shown in FIG.  10,  in  f requency hopping pat terns  #1 to  #8,  

al locat ing NBs are  configured across  the whole sys tem band.   Also,  in  

frequency hopping pat terns  #1 to  #8,  the  al locat ing NBs are  inter leaved  10 

every f ixed number of  subframes (here,  four  SFs) .   For  example ,  in  

frequency hopping pat terns  #1 to  #8 ,  the al locat ing NBs are inter leaved in  

accordance with equat ion 1:  

[0069]   

 { } ( )   24/4,mod2 −+= ixy ・    … (Equat ion 1)  15 

Here ,  x  is  the index  of  a  subframe set  comprised of  a  cer tain  number of  

subframes (here,  four  SFs) .   y is  the  index  of  an  al locat ing NB to be  

inter leaved every f ixed number of  subframes (here,  four  SFs) .   

Furthermore,  i s  the  index  of  a  f requency hopping (FH) pat tern .  

[0070]  According to  above equat ion  1,  NB #0 is  the  al locat ing NB in 20 

frequency hopping (FH) pat tern #1 in  subframe (SF) set  #0.   S imilar ly,  the  

al locat ing NBs in  f requency hopping pat tern  #1 in  subframe se ts  #1,  #2 ,  #3,  

#4,  #5 ,  #6 and #7 are NBs #5,  #2,  #6 ,  #3,  #7,  #4 and #8,  respect ively.   

S imilar ly,  the al locat ing NBs in  frequency hopping pat terns  #2 to  #8  in  each  

subframe set  can be determined  by above equat ion 1.  25 
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[0071]  In  FIG.  10,  an MTC terminal  specif ies  the f requency hopping pat tern  

that  i s  appl ied to  the PDSCH, f rom among f requency hopping pat terns  #1 to  

#8,  based  on  the  above s tar t ing index .   To  be  more  specif ic ,  the MTC 

terminal  receives ,  v ia  an MPDCCH, DCI that  contains  the s tar t ing index .   

For  example,  in  FIG.  10 ,  when the  MTC terminal  receives  DCI that  conta ins  5 

the s tar t ing index  (NB #2) in  subframe #0,  the  MTC terminal  specif ies  

frequency hopping pat tern #3 based on this  s tar t ing index .  

[0072]  According to  the f i f th  example,  f requency hopping pat terns ,  which 

are  formed with  narrow bands  that  cover  the  whole  sys tem band,  and  in  

which al locat ing narrow bands are inter leaved every f ixed number of  10 

subframes,  are determined  in  advance.   By using frequency hopping 

pat terns  that  a re de termined  in  advance to  prevent  col l i s ions  and  that  use 

inter leaving,  i t  i s  possible to  prevent  the col l i s ions  of  PDSCH resources  

between MTC terminals  whi le  gaining a  frequency divers i t y  effect .  

[0073]  (Six th example)  15 

 According to  a  s ix th example ,  as  in  the fourth  example ,  an  MTC 

terminal  receives  a  s tar t ing index  that  indicates  the narrow band (f requency 

block) where the PDSCH star ts  being al located,  and,  based on this  s tar t ing 

index ,  specif ies  the  frequency hopping pat tern that  i s  appl ied to  the PDSCH 

from the frequency hopping pat terns  that  are determined in  advance among 20 

a plural i t y of  nar row bands  that  const i tute  the  whole  sys tem band.   Also,  

s imilar  to  the  fourth  example,  in  the f requency hopping pat terns  that  are  

determined in  advance in  the s ix th example,  PDSCH-al locat ing NBs are  

shif ted every f ixed  number of  subframes across  a  plura l i t y of  narrow bands  

that  cons t i tute  the sys tem band.  25 
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[0074]  Now, the s ix th example is  di fferent  f rom the fourth  example in  that  a  

PDSCH-al locat ing NB is  selected,  f rom among a plural i t y of  narrow bands  

included in  a  f requency hopping pat tern,  based on the f requency offset .   

Now, the s ix th example wil l  be described,  pr imari l y focusing on differences  

from the fourth  example.  5 

[0075]  FIG.  11 is  a  diagram to show examples  of  frequency hopping  pat terns  

according to  the  s ix th example .   In  FIG.  11,  frequency hopping pat terns  #1  

to  #8  are determined in  advance  as  in  FIG.  9 .   For  example,  F IG.  11  

assumes  a  case  where the  number  of  repet i t ions  of  the  PDSCH for  user  

terminal  #1 is  16 and where frequency hopping pat tern #2 is  used.  10 

[0076]  A s  shown in FIG.  11,  for  the PDSCH for  user  te rminal  #1,  NBs #1 ,  

#3,  #5 and #7 are selected from the al locat ing NBs in  f requency hopping 

pat tern  #2 (NB #1  to  #7  and  #0 ,  which  are shif ted  every 4  subframes)  based  

on the f requency offset .   Here ,  f requency offset  (hopping offset )  Z can be  

determined  by,  for  example,  equat ion 2:  15 

 Z = N*offset_uni t    … (Equat ion  2)  

[0077]  Also,  o ffset_uni t  in  equat ion 2 can be determined  by,  for  example ,  

equat ion  3:  

Here ,  NN B  i s  the number of  NBs ( in  FIG.  11,  8 ) .   Rm a x  i s  the maximum 

number of  repet i t ions  for  the PDSCH (in  FIG.  11,  32) .   X i s  the number of  20 

t imes to  repeat  the PDSCH in the  same narrow band ( in  FIG.  11 ,  4 ) .  
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[0078]  Also,  N in  equat ion  2 is  a  value that  i s  unique  to  user  t erminal  i ,  and  
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can be determined  by,  for  example ,  equat ion 4.   Here,  R i  i s  the  number of  

t imes the PDSCH for  user  te rminal  i  i s  repeated.  
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   … (Equat ion 4)  

[0079]  In  FIG.  11,  o ffset_uni t  = 1  and  N = 2 ,  so that  equat ion 2 gives  Z = 2.   5 

That  is ,  in  FIG.  11 ,  NBs are  selected,  for  every 2 NBs,  from among the  

al locat ing NBs in  frequency hopping pat tern  #2.  

[0080]  According to  the s ix th example,  f requency hopping pat terns ,  which 

are  formed with  narrow bands  that  cover  the  whole  sys tem band,  and  in  

which a l locat ing narrow bands are shif ted every f ixed number of  subframes,  10 

are determined  in  advance .   Al locat ing NBs are  selected ,  based on  the 

frequency offset ,  f rom the al locat ing NBs of  the frequency hopping pat terns  

that  a re de termined  in  advance to  prevent  col l is ions .   Consequent ly,  even  

when the number of  repet i t ions  is  smal l ,  i t  i s  s t i l l  possible to  expand the  

interval s  between  NBs,  so  that  i t  i s  possible to  prevent  the  co l l is ions  of  15 

PDSCH resources  between MTC terminals  whi le  gaining a frequency 

divers i t y effect .  

[0081]  (Seventh  Example)  

 According to  a  seventh example,  as  in  the  fourth  example,  an  MTC 

terminal  receives  a  s tar t ing index  that  indicates  the narrow band (f requency 20 

block) where the PDSCH star ts  being al located,  and,  based on this  s tar t ing 

index ,  specif ies  the  frequency hopping pat tern that  i s  appl ied to  the PDSCH 

from the frequency hopping pat terns  that  are determined in  advance among 
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a plural i t y of  nar row bands  that  const i tute  the  whole  sys tem band.   Also,  

s imilar  to  the  fourth  example,  in  the f requency hopping pat terns  that  are  

determined  in  advance in  the  seventh example,  PDSCH-al locat ing NBs are  

shif ted every f ixed  number of  subframes across  a  plura l i t y of  narrow bands  

that  cons t i tute  the sys tem band.  5 

[0082]  Now, the seventh example is  di fferent  from the fourth  example in  

that  a  PDSCH-al locat ing NB is  selected ,  from among a p lural i t y of  nar row 

bands included in  a  f requency hopping pat tern,  based  on  the  t ime offset .   

Now, the  seventh  example  wil l  be  described,  p r imar i ly focusing on  

differences  from the  fourth  example.  10 

[0083]  FIG.  12  is  a  diagram to show examples  of  frequency hopping pat terns  

according to  the seventh example .   In  FIG.  12,  f requency hopping pat terns  

#1 to  #8  are  determined  in  advance as  in  FIG.  9 .   For  example,  F IG.  12 

assumes  a  case  where the  number  of  repet i t ions  of  the  PDSCH for  user  

terminal  #1 is  16 and where frequency hopping pat tern #2 is  used.  15 

[0084]  As shown in  FIG.  12,  for  the PDSCH for  user  t e rminal  #1 ,  NBs  #1,  

#3,  #5 and #7 are selected from the al locat ing NBs in  f requency hopping 

pat tern  #2 (NB #1  to  #7  and  #0 ,  which  are shif ted  every 4  subframes)  based  

on the  t ime offset .   Here,  t ime offset  ( t ransmission t ime in terval )  T can  be  

determined  by,  for  example,  equat ion 5:  20 

 T =  (N -  1)*X   … (Equat ion 5)  

[0085]  N in  equat ion 5 can be determined by,  for  example,  equat ion 6 .   

Note that  the  parameters  that  have been  described  above in  relat ionship to  

equat ions  2  to  4  wi l l  not  be explained here.  

 25 



27 

 

  





































=

X

R

unitoffset

N

N

NB

_
   … (Equat ion 6)  

[0086]  In  FIG.  12 ,  o ffset_uni t  =  1  and N = 2,  so that  equat ion 5  gives  T = 4.   

That  is ,  NBs are  selected at  4-subframes intervals  from among the  

al locat ing NBs in  frequency hopping pat tern  #2.  

[0087]  According to  the  seventh  example,  f requency hopping pat terns ,  5 

which are formed with narrow bands that  cover  the  whole  sys tem band,  and  

in  which al locat ing narrow bands are shi f ted every f ixed number  of  

subframes,  a re determined in  advance .   Al locat ing NBs are  selected,  based  

on the t ime offset ,  f rom the al locat ing NBs of  the f requency hopping 

pat terns  that  a re  de termined in  advance to  prevent  col l i s ions .   10 

Consequent ly,  even  when the number  of  repet i t ions  i s  smal l ,  i t  i s  s t i l l  

possible to  expand the  intervals  between NBs,  so  that  i t  i s  possible to  

prevent  the col l is ions  of  PDSCH resources  between MTC terminals  whi le  

gaining a f requency divers i t y effect .  

[0088]  (Radio Communicat ion System)  15 

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

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

radio communicat ion system, the  radio  communicat ion methods according  

to  the  above-described embodiments  of  the present  invent ion  are employed .   

Note that  the rad io communicat ion  methods of  the  above-described  20 

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

Here ,  al though MTC terminals  wi l l  be shown as  examples  of  user  t e rminals  

that  a re l imited to  using narrow bands as  bands for  use,  the present  
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invent ion is  by no means l imited to  MTC terminals .  

[0089]  FIG.  13 is  a  diagram to show a  schemat ic  s t ructure of  the radio  

communicat ion sys tem according to  an embodiment  of  the present  invent ion.   

The radio communicat ion system 1 shown in FIG.  13 is  an example of  

employing an  LTE system in  the  network domain  of  a  machine-type  5 

communicat ion (MTC) system.  The radio communicat ion system 1 can  

adopt  car r ier  aggregat ion  (CA) and/or  dual  connect ivi t y (DC) to  group a  

plural i t y of  fundamental  frequency blocks  (component  car r iers)  into  one ,  

where the LTE system band const i tutes  one uni t .   Also,  a l though,  in  this  

LTE sys tem, the  sys tem band is  configured  to  maximum 20 MHz in both  the  10 

downlink and the up l ink,  this  conf igurat ion is  by no means l imit ing.   Note  

that  the  radio communicat ion  sys tem 1  may be  refer red  to  as  "SUPER 3G,"  

"LTE-A" (LTE-Advanced),  " IMT-Advanced," "4G,"  "5G,"  "FRA" (Future  

Radio  Access)  and  so on.  

[0090]  The radio communicat ion system 1  is  comprised of  a  radio base 15 

s tat ion  10  and a plural i t y of  user  t erminals  20A, 20B and 20C that  are  

connected with  the  radio  base  s tat ion  10.   The  radio base  s tat ion  10  is  

connected with a  higher  s tat ion appara tus  30,  and connected with a  core  

network  40  via  the  higher  s tat ion apparatus  30.   Note  that  the higher  

s tat ion  apparatus  30 may be,  for  example,  an  access  ga teway apparatus ,  a  20 

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

so on,  but  i s  by no means l imited to  these.  

[0091]  A plural i t y of  user  t erminal  20A, 20B and 20C can communicate wi th  

the  radio  base s tat ion 10  in  a  cel l  50.   For  example,  the user  t erminal  20A 

is  a  user  te rminal  that  suppor ts  LTE (up  to  Rel -10)  or  LTE-Advanced  25 
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( including Rel -10 and later  vers ions)  (hereinafter  referred  to  as  an "LTE 

terminal") ,  and the other  user  t erminals  20B and 20C are MTC terminals  

that  serve as  communicat ion  devices  in  MTC systems ,  and are l imited  to  

using part ial  narrow bands  ( frequency blocks)  in  a  system band as  bands for  

their  use.   Hereinaf ter  the user  t erminals  20A, 20B and  20C wil l  be  s impl y 5 

referred  to  as  "user  terminals  20,"  unless  speci f ied otherwise.  

[0092]  Note  tha t  the MTC terminals  20B and  20C are te rminals  tha t  support  

various  communicat ion schemes  including LTE and LTE-A,  and  are by no  

means l imited  to  s tat ionary communicat ion terminals  such  elect r ic  meters ,  

gas  meters ,  vending machines  and so on ,  and can be mobi le  communicat ion  10 

terminals  such  as  vehicles .   Furthermore ,  the  user  t erminals  20  ma y 

communicate  wi th  other  user  te rminals  20 di rect l y,  or  communicate wi th 

other  user  te rminals  20 via the radio base s tat ion  10.  

[0093]  In  the radio communicat ion sys tem 1 ,  as  radio access  schemes,  

OFDMA (Orthogonal  Frequency Divis ion Mult iple  Access )  i s  appl ied  to  the  15 

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

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

scheme to  per form communicat ion by dividing a  f requency band into  a  

plural i t y of  nar row frequency bands (subcarr iers )  and mapping data to  each  

subcarr ier.   SC-FDMA is  a  s ingle-carr ier  communicat ion scheme to  20 

mit igate inter ference between terminals  by dividing the system band into  

bands formed with  one or  cont inuous  resource blocks per  t erminal ,  and  

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

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

to  the  combinat ion  of  these.  25 
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[0094]  In  the radio communicat ion system 1,  a  downlink shared  channel  

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

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

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

downlink channels .   User  data,  higher  layer  cont rol  informat ion and  5 

pre-determined  SIBs (Sys tem Informat ion Blocks)  are communicated in  the  

PDSCH.  Also ,  the  MIB (Master  Informat ion Block) is  communicated in  

the PBCH.  

[0095]  The downlink L1/L2 cont rol  channels  include a PDCCH (Phys ical  

Downlink Control  CHannel ) ,  an EPDCCH (Enhanced Phys ical  Downlink 10 

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

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

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

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

symbols  to  use  for  the PDCCH is  communicated by the PCFICH.  HARQ 15 

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

PUSCH are  communicated  by the PHICH.  The EPDCCH/MPDCCH is  

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

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

MPDCCH is  t ransmit ted  in  part i al  narrow bands  ( frequency blocks)  in  a  20 

sys tem band.  

[0096]  In  the radio communicat ion  system 1 ,  an  upl ink shared  channel  

(PUSCH: Phys ical  Upl ink Shared CHannel ) ,  which is  used by each user  

terminal  20  on a shared  basis ,  an  upl ink  control  channel  (PUCCH:  Physical  

Upl ink  Cont rol  CHannel) ,  a  random access  channel  (PRACH:  Physical  25 
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Random Access  CHannel )  and  so on are  used  as  upl ink  channels .   User  data  

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

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

del ivery acknowledgement  s ignals  and  so on  are communicated  by the  

PUCCH.  By means of  the  PRACH, random access  preambles  (RA 5 

preambles)  for  es tab l ishing connect ions  with cel l s  a re communicated.  

[0097]  <Radio base s tat ion> 

FIG.  14 is  a  diagram to show an  example of  an  overal l  s t ructure  of  a  radio  

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

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

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

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

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

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

[0098]  User  data to  be t ransmit ted from the radio base s tat ion 10 to  a  user  15 

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

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

inter face 106.  

[0099]  In  the baseband s ignal  p rocessing sect ion 104,  the user  da ta is  

subjected to  a  PDCP (Packet  Data  Convergence  Protocol)  layer  process ,  20 

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

t ransmission processes  such  as  an  RLC ret ransmission cont rol  t ransmiss ion  

process ,  MAC (Medium Access  Control )  ret ransmission cont rol  (for  

example ,  an  HARQ (Hybrid  Automat ic  Repeat  reQuest)  t ransmission  

process) ,  schedul ing,  t ransport  format  se lect ion,  channel  coding,  an inverse  25 
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fas t  Fourier  t ransform ( IFFT) process  and  a  precoding process ,  and the  

resul t  i s  forwarded to  each t ransmit t ing/receiving sect ion 103 .   

Furthermore,  downl ink control  s ignals  are a lso subjected to  t ransmission  

processes  such as  channel  coding and  an  inverse fas t  Fourier  t ransform,  and  

forwarded to  each t ransmit t ing/receiving sect ion  103 .  5 

[0100]  The t ransmit t ing/receiving sect ions  103 receive downlink  s ignals ,  

and,  furthermore,  t ransmit  upl ink s ignals .   The downlink s ignals  inc lude 

downlink contro l  s ignals  (for  example,  the PDCCH/EPDCCH/MPDCCH),  

downlink data  s ignals  ( for  example,  the PDSCH),  downlink  reference  

s ignals  ( for  example,  CSI-RSs (Channel  State  Informat ion-Reference  10 

Signals ) ,  CRSs (Cel l -speci f ic  Reference Signals) ) ,  h igher  layer  cont ro l  

s ignals ,  and so on.   The  upl ink s ignals  include  upl ink cont rol  s ignals  (for  

example ,  the PUCCH),  upl ink data s ignals  (for  example,  the PUSCH),  

upl ink reference s ignals  (for  example ,  SRSs (Sounding Reference Signals) ,  

DM-RSs (DeModula t ion-Reference Signals) ) ,  h igher  l ayer  cont rol  s ignals ,  15 

and so on.  

[0101]  To be more  speci f ic ,  each t ransmit t ing/receiving sect ion 103 

converts  baseband s ignals  that  a re  pre-coded  and  output  from the  baseband 

s ignal  processing sect ion 104 on a per  antenna basi s ,  in to  a  radio frequency 

band .   The radio f requency s ignals  having been subjected to  frequenc y 20 

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

ampli fying sect ions  102,  and t ransmit ted f rom the t ransmit t ing/receiving 

antennas  101 .   The  t ransmit t ing/ receiving sect ions  103 can  t ransmit  and/or  

receive various  s ignals  in  a  nar row bandwidth (for  example ,  1 .4  MHz) that  

i s  more l imited than  a sys tem band (for  example ,  one component  car r ier ) .  25 
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[0102]  For the t ransmit t ing/ receiving sect ions  103,  t ransmit ters / receivers ,  

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

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

the present  invent ion pertains  can be used.  

[0103]  Meanwhile,  as  for  upl ink  s ignals ,  radio f requency s ignals  that  are  5 

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

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

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

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

convers ion in  the t ransmit t ing/ receiving sect ions  103 and  output  to  the  10 

baseband s ignal  p rocessing sect ion  104 .  

[0104]  In  the baseband s ignal  processing sect ion 104,  user  data that  i s  

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

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

process ,  e rror  correct ion  decoding,  a  MAC ret ransmission control  receiving 15 

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

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

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

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

s tat ion  10 and manages the radio resources .  20 

[0105]  The communicat ion  path  inter face sect ion 106 t ransmits  and receives  

s ignals  to  and f rom the  higher  s tat ion apparatus  30  via a  pre-determined  

inter face.   Also,  the communicat ion  path inter face 106 may t ransmit  and/or  

receive  s ignals  (backhaul  s ignal ing)  wi th other  radio base s tat ions  10 via an  

inter-base s tat ion inter face ( for  example,  an inter face in  compliance with  25 
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the  CPRI (Common Publ ic  Radio Inter face) ,  such  as  opt ical  f iber,  the  X2 

inter face,  etc . ) .  

[0106]  FIG.  15  is  a  diagram to  show an  example of  a  funct ional  s t ructure  of  

a  radio base s tat ion according to  the  present  embodiment .   Note that ,  

a l though FIG.  15  primari l y shows funct ional  blocks that  pertain  to  5 

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

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

As shown in FIG.  15,  the baseband s ignal  processing sec t ion 104 has  a  

cont rol  sect ion 301,  a  t ransmission s ignal  generat ing sect ion 302,  a  

mapping sect ion 303 and a received  s ignal  p rocessing sect ion 304 .  10 

[0107]  The cont rol  sect ion 301 control s  the schedul ing ( for  example ,  

resource al locat ion)  of  downlink  data  s ignals  (PDSCH),  downlink  control  

s ignals  (at  leas t  one  of  the PDCCH,  the EPDCCH and the  MPDCCH).   Also,  

the control  sect ion  301  controls  the  schedul ing of  system informat ion ,  

synchronizat ion s ignals ,  and downlink reference s ignals  (CRSs,  CSI-RSs,  15 

DM-RSs  and  so  on) .   Furthermore,  the cont rol  sect ion  301 cont rols  the  

schedul ing of  upl ink  reference s ignals ,  upl ink data s ignals  (PUSCH),  upl ink  

cont rol  s ignals  (PUCCH),  random access  preambles  that  are t ransmit ted in  

the PRACH, and  so on.  

[0108]  The cont rol  sect ion  301  cont rols  the t ransmission  s ignal  generat ing 20 

sect ion 302  and the mapping sect ion  303 to  a l locate var ious  s ignals  to  

nar row bands and t ransmit  these to  the user  t e rminals  20 .   For  example ,  the  

cont rol  sect ion 301 cont rols  downlink sys tem informat ion ( the MIB,  SIBs ,  

etc . ) ,  downlink cont rol  s ignals  (MPDCCH),  downlink data s ignals  (PDSCH) 

and so on to  be t ransmit ted in  nar row bands .  25 
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[0109]  ⇒ Also ,  the cont rol  sect ion 301 cont rols  the  t ransmission s ignal  

generat ing sect ion 302,  the mapping sect ion 303 and the  

t ransmit t ing/ receiving sec t ion  103  to  determine the  f requency hopping  

pat tern  to  apply to  a  downlink s ignal  (for  example,  the  PDSCH),  and  

t ransmit  the  downlink s ignal  by using the determined frequency hopping 5 

pat tern .  

[0110]  To be  more  speci f ic ,  the  cont rol  sec t ion 301 selects  the index  

(s tar t ing index) of  the nar row band (NB) where the determined frequenc y 

hopping pat tern s tar ts .   Also,  the control  sect ion 301 exert s  cont rol  so that  

DCI that  contains  this  s tar t ing index  i s  t ransmit ted  in  a  downlink cont rol  10 

s ignal  (MPDCCH).   Note that  the  cont rol  sect ion 301 may exert  contro l  so  

that  higher  layer  control  informat ion to  contain thi s  s tar t ing index  is  

t ransmit ted.  

[0111]  For example,  the control  sec t ion  301  may determine the  frequency 

hopping pat tern based on a period X,  in  which t ransmission is  repeated in  15 

the same narrow band ( frequency block),  a  period Y,  which is  a  total  of  

period X and the period (for  example ,  1  ms) i t  t akes  to  re- tune to  another  

nar row band,  and  Z,  which is  the  hopping offset  between  narrow bands.   

Furthermore,  the  control  sect ion 301  may determine  the  t ime offset  wi th  

respect  to  the subframe where the determined f requency hopping pat tern  20 

s tar t s  (f i rs t  example)  and/or  the  f requency offset  wi th  respect  to  the narrow 

band indicated  by the above s tar t ing index  (second example) .  

[0112]  Here ,  the control  sect ion 301 may exert  cont rol  so that  informat ion  

to  represent  the  above t ime offset  i s  placed  in  higher  layer  control  

informat ion and t ransmit ted  to  the user  te rminals  20  or  placed in  DCI and  25 
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t ransmit ted to  the user  te rminals  20 in  a  downlink cont rol  s ignal  (MPDCCH).   

Al ternat ively,  the informat ion to  represent  the above t ime offset  may be  

configured in  the  user  t e rminals  20 in  advance.  

[0113]  Also,  the  contro l  sect ion 301 may determine the frequency hopping 

pat tern  to  apply to  a  downlink  s ignal  ( for  example,  the  PDSCH) for  a  user  5 

terminal  20 from the frequency hopping pat terns  that  a re determined in  

advance among a plural i t y of  frequency blocks configured by higher  l ayer  

s ignal ing (see  frequency hopping pat terns  #1 to  #4 in  FIG.  8)  ( thi rd  

example) .   Furthermore ,  the control  sect ion 301 may control  the al locat ion  

of  downlink  s ignals  to  radio resources  by using frequency hopping sets  that  10 

are designed  so  that  the  downlink s ignal  of  the  minimum number  of  

repet i t ions  is  al located to  at  leas t  two frequency blocks (see  FIG.  8) .  

[0114]  Also,  the  contro l  sect ion 301 may determine the frequency hopping 

pat tern  to  apply to  a  downlink  s ignal  ( for  example,  the  PDSCH) for  a  user  

terminal  20 from the frequency hopping pat terns  that  a re determined in  15 

advance among a plural i t y of  frequency blocks tha t  const i tute  the system 

band (see  f requency hopping pat terns  #1 to  #8  in  FIGs.  9  to  12)  ( fourth  to  

seventh examples) .  

[0115]  Furthermore,  the control  sect ion 301 may exert  control  so that  a  

downlink s ignal  is  mapped to  a  narrow band that  i s  selected  from a  plural i t y 20 

of nar row bands included  in  a  f requency hopping pat tern based on a  

frequency offset  ( s ix th example)  or  a  t ime offset  (seventh  example) .  

[0116]  For the cont rol  sect ion 301,  a  control ler,  a  cont rol  ci rcui t  o r  a  

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

technical  f i eld  to  which the  present  invent ion  pertains  can be used .  25 
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[0117]  The t ransmission s ignal  generat ing sec t ion 302  generates  downlink  

s ignals  based on commands from the control  sect ion 301 and outputs  these  

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

generat ing sect ion 302 generates  downlink grants  (downlink ass ignments ) ,  

which report  downlink data s ignal  a l locat ion  informat ion,  and upl ink  grants ,  5 

which report  upl ink data s ignal  al locat ion informat ion ,  based on  commands  

from the control  sec t ion 301.  

[0118]  Also,  the t ransmiss ion s ignal  generat ing sect ion 302 generates  a  

downlink control  s ignal  (MPDCCH) tha t  contains  del ivery acknowledgment  

informat ion  in  response  to  an  upl ink data s ignal  (PUSCH) based on  a  10 

command from the control  sect ion 301.  

[0119]  For the t ransmission s ignal  generat ing sect ion 302,  a  s ignal  

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

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

the present  invent ion pertains  can be used.  15 

[0120]  The mapping sect ion 303 maps the downlink s ignals  genera ted in  the  

t ransmission s ignal  generat ing sect ion 302 to  pre-determined narrow band  

radio resources  ( for  example ,  maximum 6 resource b locks)  based on  

commands from the cont rol  sect ion  301,  and outputs  these to  the  

t ransmit t ing/ receiving sect ions  103.  20 

[0121]  To be more  speci f ic ,  the mapping sect ion 303 maps downlink s ignals  

to  radio resources  in  pre-determined  narrow bands  fol lowing the frequency 

hopping pat terns  de termined in  the control  sect ion 301.   For  the mapping  

sect ion 303,  mapper,  a  mapping c i rcui t  or  a  mapping device that  can be  

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

[0122]  The received s ignal  p rocessing sect ion 304 performs receiving 

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

received s ignals  tha t  a re  input  from the t ransmit t ing/ receiving sect ions  103 .   

Here ,  the rece ived s ignals  include,  for  example ,  upl ink s ignals  t ransmit ted  5 

from user  t erminal  20 (upl ink data s ignals  (PUSCH),  up l ink cont rol  s ignals  

(PUCCH),  upl ink reference s ignals  (SRSs,  DMRSs,  etc . ) ,  h igher  l aye r  

cont rol  s ignals ,  e tc . ) .   The received s ignal  p rocessing sect ion 304 outputs  

the received informat ion to  the cont rol  sect ion 301.  

[0123]  Also,  by using the received s ignals ,  the received s ignal  p rocessing 10 

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

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

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

measurement  resul ts  may be  output  to  the cont rol  sect ion 301.  

[0124]  The receiving process  sect ion 304 can be const i tuted by a s ignal  15 

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

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

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

the present  invent ion pertains .  

[0125]  <User  te rminal> 20 

FIG.  16  is  a  diagram to  show an  example  of  an overal l  s t ructure  of  a  user  

terminal  according to  the present  embodiment .   Note tha t ,  a l though not  

described in  detai l  herein,  normal  LTE terminals  may operate to  act  as  MTC 

terminals .   A user  t erminal  20 has  a  t ransmit t ing/ receiving antenna 201,  an  

ampli fying sect ion 202,  a  t ransmi t t ing/ receiving sect ion 203,  a  baseband 25 
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s ignal  processing sect ion 204 and an appl icat ion sect ion 205.   Note tha t ,  

the t ransmit t ing/ receiving sect ion 203 is  comprised of  a  t ransmit t ing  

sect ion and a receiving sect ion.   Also ,  the user  te rminal  20 may have a  

plural i t y of  t ransmi t t ing/receiving an tennas  201,  ampli fying sect ions  202,  

t ransmit t ing/ receiving sect ions  203 and/or  others .  5 

[0126]  A radio f requency s ignal  that  i s  received in  the  

t ransmit t ing/ receiving antenna 201  is  ampli f ied  in  the  ampli fying sect ion  

202.   The t ransmit t ing/receiving sect ion 203 receives  downlink s ignals  

ampli f ied  in  the ampli fying sect ion 202  ( including downlink control  s ignals  

(PDCCH/EPDCCH/MPDCCH),  downlink data s ignals  (PDSCH),  downlink  10 

reference  s ignals  (CSI-RSs,  CRSs,  etc . )  and  so  on.   The  received s ignals  

are subjected to  f requency convers ion  and  converted into the  baseband 

s ignal  in  the t ransmit t ing/receiving sect ion 203 ,  and output  to  the baseband 

s ignal  processing sect ion 204.  

[0127]  To be more specif ic ,  the t ransmit t ing/ receiving sect ion  203 receives  15 

a s tar t ing index ,  which indicates  the narrow band ( frequency block) where a  

downlink s ignal  (for  example,  the PDSCH) s tar ts  being al located .   This  

s tar t ing index  may be  included  in  DCI that  i s  communicated in  a  downlink  

cont rol  s ignal  (MPDCCH),  or  may be  included in  higher  layer  control  

informat ion.  20 

[0128]  Also,  the t ransmit t ing/receiving sect ion  203 may receive informat ion  

that  represents  the  t ime offset  wi th  respect  to  the subframe where the  

determined frequency hopping pat tern  s tar ts  (f i rs t  example)  and/or  the  

frequency offset  wi th  respect  to  the nar row band indicated by the above 

s tar t ing index   (second example) .   Note that  the  informat ion to  represent  25 
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the t ime offset  and/or  the  f requency offset  may be  included  in  higher  layer  

cont rol  in format ion,  o r  may be  inc luded  in  DCI that  i s  communicated in  a  

downlink cont rol  s ignal  (MPDCCH).  

[0129]  Furthermore,  the  t ransmit t ing/ receiving sect ion  203  t ransmi t s  upl ink 

s ignals  ( including upl ink cont rol  s ignals  (PUCCH),  upl ink data  s ignals  5 

(PUSCH),  upl ink  reference  s ignals  (DM-RSs,  SRSs,  etc . )  and  so on)  that  are  

output  f rom the baseband s ignal  p rocessing sect ion 204.   For  the  

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

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

described  based on common unders tanding of  the  technical  f i eld  to  which  10 

the present  invent ion pertains  can be used.  

[0130]  The baseband s ignal  p rocessing sect ion 204 performs  receiving  

processes  for  the baseband s ignal  that  i s  input ,  including an FFT process ,  

er ror  correct ion decoding,  a  ret ransmiss ion cont rol  receiving process  and so  

on.   Downlink  user  data  is  forwarded  to  the  appl icat ion sect ion  205.   The 15 

appl icat ion  sect ion 205 performs  processes  related  to  higher  layers  above 

the physical  l ayer  and  the  MAC layer,  and so on.   Furthermore,  in  the  

downlink data,  b roadcast  in format ion is  also  forwarded to  the appl icat ion  

sect ion 205.  

[0131]  Meanwhile,  upl ink  user  data  is  input  f rom the  appl icat ion  sect ion 20 

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

processing sect ion  204 performs  a  ret ransmission control  t ransmission  

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

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

and so on,  and the resul t  i s  forwarded to  each t ransmit t ing/ receiving sect ion  25 
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203.   The  baseband s ignal  that  i s  output  f rom the  baseband s ignal  

processing sect ion 204 is  converted  into a  rad io frequency band in  the  

t ransmit t ing/ receiving sect ion 203.   The radio frequency s ignal  that  i s  

subjected to  f requency convers ion in  the  t ransmit t ing/receiving sect ion 203  

is  ampli f ied in  the ampli fying sect ion 202,  and t ransmit ted f rom the 5 

t ransmit t ing/ receiving antenna 201 .  

[0132]  FIG.  17  is  a  diagram to  show an  example of  a  funct ional  s t ructure  of  

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

FIG.  17 primari l y shows funct ional  blocks that  per tain  to  charac ter is t i c  

part s  o f  the present  embodiment ,  the  user  te rminal  20 has  other  funct ional  10 

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

FIG.  17,  the baseband s ignal  p rocessing sect ion 204 provided in  the user  

terminal  20 has  a  cont rol  sect ion 401 ,  a  t ransmission s ignal  generat ing 

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

404 and a measurement  sect ion 405.  15 

[0133]  The cont rol  sect ion  401  cont rols  the t ransmission  s ignal  generat ing 

sect ion 402 and the mapping sect ion 403 .   The cont rol  sect ion 401 acqui res  

the  downlink  cont rol  s ignals  (PDCCH/EPDCCH/MPDCCH) and  downlink  

data s ignals  (PDSCH),  t ransmit ted f rom the radio base s ta t ion 10,  from the  

received s ignal  p rocessing sect ion 404 .   The control  sect ion 401 cont rols  20 

the  generat ion  of  upl ink control  s ignals  (PUCCH) and  upl ink data s ignals  

(PUSCH) based on  the downlink cont rol  s ignals ,  the resul ts  of  deciding 

whether  or  not  ret ransmission  control  i s  necessary for  the  downlink  data  

s ignals ,  and so on.  

[0134]  Furthermore,  the control  sect ion 401  may cont rol  the  receiving 25 
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s ignal  generat ing sect ion  404 and the  t ransmit t ing/receiving sect ion  203  to  

specify the  f requency hopping pat tern  to  appl ied  a downlink s ignal  (for  

example ,  the PDSCH),  and  receive downlink s ignals  by using the  f requenc y 

hopping pat tern  specif ied.   To  be  more specif ic ,  the cont rol  sect ion  401  

specif ies  the f requency hopping pat tern appl ied to  the downlink s ignal  5 

based  on  the index  (s tar t ing index) of  the narrow band (NB) where  the  

frequency hopping pat tern i s  s tar ted.  

[0135]  For example ,  the control  sect ion 401 may specify the frequency 

hopping pat tern that  i s  appl ied to  a  downlink s ignal  based on the t ime offset  

wi th  respect  to  the  subframe where  the  downlink  s ignal  (for  example,  the  10 

PDSCH) s tar ts  being al located ( f i rs t  example)  and/or  based on the  

frequency offset  wi th  respect  to  the narrow band ( frequency block)  

indicated by the above s tar t ing index  (second example) .  

[0136]  Furthermore,  based  on the  above s tar t ing index ,  the  cont rol  sect ion  

401 may specify the  frequency hopping pat tern that  i s  appl ied to  a  downlink  15 

s ignal  ( for  example,  the PDSCH) across  a  plural i t y of  narrow bands  

(f requency blocks)  configured by higher  l ayer  s ignal ing ( thi rd  example) .   

Here ,  in  this  frequency hopping pat tern ,  the narrow bands  to  a l locate the  

downlink s ignal  may be inter leaved  every pre-determined number of  

subframes,  across  a  plural i t y of  nar row bands configured  by higher  layer  20 

s ignal ing (see FIG.  8) .   Furthermore,  in  this  f requency hopping pat tern,  

f requency hopping sets  that  are designed so that  the downlink s ignal  of  the  

minimum number of  repet i t ions  is  al located to  at  l eas t  two frequency blocks  

may be configured (see  FIG.  8) .  

[0137]  Furthermore,  the control  sect ion 401  may specify the  frequency 25 
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hopping pat tern that  i s  appl ied  to  a  downlink s ignal  ( for  example ,  the 

PDSCH),  based  on  the  above s tar t ing index ,   among a plural i t y of  nar row 

bands ( frequency blocks)  that  const i tute  the whole system band ( fourth  to  

seventh examples) .  

[0138]  Here ,  in  this  f requency hopping pat tern ,  the nar row bands to  al locate  5 

the downlink  s ignal  may be sh if ted  every pre-determined  number of  

subframes,  across  the nar row bands const i tut ing the whole system band 

(fourth  example,  s ix th and seventh example) .   In  this  case,  the cont rol  

sect ion 301 speci fy the narrow bands to  al locate the downlink s ignal ,  f rom 

among a plural i t y of  nar row bands included in  the frequency hopping 10 

pat tern ,  based  on  a frequency offset  (s ix th example)  or  a  t ime offset  

(seventh example) .  

[0139]  Furthermore,  in  this  frequency hopping pat tern ,  the narrow bands to  

al locate the  downl ink s ignal  may be  inter leaved  every pre-determined  

number of  subframes,  across  the narrow bands const i tut ing the whole  15 

sys tem band (f i f th  example) .  

[0140]  For the cont rol  sect ion 401,  a  control ler,  a  cont rol  ci rcui t  o r  a  

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

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

that ,  the cont rol  sec t ion 401 ,  combined with the measurement  sect ion 405,  20 

may const i tute  the measurement  sect ion of  the  present  invent ion .  

[0141]  The t ransmission  s ignal  generat ing sect ion  402 generates  upl ink 

s ignals  based  on  commands  from the  control  sect ion 401,  and outputs  these 

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

generat ing sect ion 402 generates  an upl ink control  s ignal  (PUCCH),  which  25 
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includes  upl ink control  informat ion  (UCI),  based on a command f rom the  

cont rol  sect ion  401.   The  UCI may include  at  leas t  one of  de l ivery 

acknowledgment  in format ion (HARQ-ACK),  channel  s ta te  informat ion  

(CSI)  and a schedul ing request  (SR) .  

[0142]  Also,  the t ransmiss ion s ignal  generat ing sect ion  402  generates  an  5 

upl ink data s ignal  (PUSCH) based  on a  command f rom the  cont rol  sect ion  

401.   For  example,  when an  upl ink grant  is  included in  a  downlink cont rol  

s ignal  that  i s  reported from the  radio base  s tat ion 10,  the cont rol  sect ion  

401 commands the t ransmission s ignal  generat ing sec t ion 402 to  generate an  

upl ink data s ignal .  10 

[0143]  For the t ransmission s ignal  generat ing sect ion 402,  a  s ignal  

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

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

the present  invent ion pertains  can be used.  

[0144]  The mapping sect ion 403 maps the upl ink s ignals  generated in  the  15 

t ransmission s ignal  generat ing sect ion 402 to  radio resources  (maximum 6  

resource blocks)  based on commands f rom the control  sect ion 401,  and  

outputs  these to  the  t ransmit t ing/ receiv ing sect ions  203 .   For  the mapping  

sect ion 403,  mapper,  a  mapping c i rcui t  or  a  mapping device that  can be  

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

the present  invent ion pertains  can be used.  

[0145]  The received s ignal  p rocessing sect ion 404 performs receiving 

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

received s ignals  tha t  a re  input  from the t ransmit t ing/ receiving sect ions  203 .   

Here ,  the received s ignals  include,  for  example ,  downlink s ignals  25 
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t ransmit ted f rom the radio base s tat ion 10  (downlink cont rol  s ignals  

(PDCCH/EPDCCH/MPDCCH),  downlink data s ignals  (PDSCH) and  so on) ,  

higher  l ayer  contro l  s ignals  and so on.  

[0146]  The received  s ignal  processing sec t ion 404  outputs  the  received 

informat ion to  the  cont rol  sect ion  401 .   The received  s ignal  processing 5 

sect ion 404  outputs ,  for  example ,  broadcast  in format ion,  system 

informat ion,  RRC s ignal ing,  DCI and so on,  to  the control  sect ion 401.   

Also,  the received  s ignal  processing  sect ion 404 outputs  the  received  

s ignals ,  the  s ignals  af ter  the  receiv ing processes  and  so  on  to  the  

measurement  sect ion 405.  10 

[0147]  For the  received s ignal  processing sect ion 404,  a  s ignal  processor,  a  

s ignal  p rocessing ci rcui t  o r  a  s ignal  p rocessing device  that  can be  described  

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

invent ion pertains  can be used .   Also,  the received s ignal  p rocessing 

sect ion 404 can const i tute  the receiving sect ion according to  the present  15 

invent ion.  

[0148]  The measurement  sect ion 405 measures  the CSI of  a  narrow band 

(f requency block),  which is  frequency-hopped  in  a  pre-determined  cycle,  

based on commands from the control  sect ion 401.   The CSI includes  at  

leas t  one of  a  rank  indicator  (RI) ,  a  channel  qual i t y indica tor  (CQI) and  a  20 

precoding matr ix  indicator  (PMI) .   Also,  the measurement  sect ion 405 ma y 

measure the received power (RSRP) ,  the  receive qual i t y (RSRQ),  and so on,  

by using received  s ignals .   Note that  the processing resul ts  and the  

measurement  resul ts  may be  output  to  the cont rol  sect ion 401.  

[0149]  For the received  s ignal  processing sect ion 404,  a  s ignal  25 
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processor/measurer,  a  s ignal  p rocessing/measurement  ci rcui t  o r  a  s ignal  

processing/measurement  device that  can be described based on common 

unders tanding of  the technical  f i eld  to  which the present  invent ion pertains  

can be used.  

[0150]  Note  that  the block  diagrams that  have been used to  describe the  5 

above embodiments  show blocks  in  funct ional  uni ts .   These funct ional  

blocks (components )  may be  implemented  in  arbi t rary combinat ions  of  

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

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

implemented  with  one  phys ical l y- integrated device,  or  may be  implemented  10 

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

these mul t iple devices .  

[0151]  For example ,  part  o r  al l  of  the funct ions  of  the radio base s tat ion 10  

and the user  t erminal  20 may be implemented by using hardware such as  an  

ASIC (Appl icat ion-Speci f ic  In tegrated  Circui t ) ,  a  PLD (Programmable  15 

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

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

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

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

s torage medium that  holds  programs.   That  is ,  the rad io base s tat ions  and  20 

user  t erminals  according to  an embodiment  of  the present  invent ion may 

funct ion as  computers  that  execute the processes  of  the radio 

communicat ion  method of  the present  invent ion.  

[0152]  Here ,  the processor  and the memory are  connected  with  a  bus  for  

communicat ing informat ion.   Also,  the computer- readable recording  25 
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medium is  a  s torage medium such as ,  for  example,  a  f l ex ible disk ,  an  

opto-magnet ic  d isk,  a  ROM (Read  Only Memory) ,  an EPROM (Erasable  

Programmable ROM),  a  CD-ROM (Compact  Disc-ROM),  a  RAM (Random 

Access  Memory) ,  a  hard disk and so  on.   Also,  the programs may be  

t ransmit ted f rom the  network through,  for  example,  elect r ic  communicat ion  5 

channels .   Also ,  the radio  base  s tat ions  10 and user  te rminals  20  may 

include input  devices  such as  input  keys  and output  devices  such as  

displays .  

[0153]  The funct ional  s t ructures  of  the radio  base s ta t ions  10 and user  

terminals  20 may be implemented with  the above-described hardware ,  ma y 10 

be implemented with software modules  that  are executed on the  processor,  

or  may be implemented with combinat ions  of  both .   The  processor  cont rol s  

the whole of  the user  te rminals  20 by running an operat ing system.  Also ,  

the  processor  reads  programs,  sof tware modules  and  data  from the s torage  

medium into the memory,  and executes  various  t ypes  of  processes .  15 

[0154]  Here ,  these programs have  only to  be programs that  make a  computer  

execute  each operat ion that  has  been described  with the  above embodiments .   

For  example,  the  control  sect ion 401 of  the user  t e rminals  20 may be s tored 

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

processor,  and other  funct ional  blocks may be implemented  l ikewise .  20 

[0155]  Also,  sof tware and  commands  may be t ransmit ted and received  via  

communicat ion media.   For  example ,  when software is  t ransmit ted f rom a  

websi te ,  a  server  or  other  remote sources  by using wi red technologies  such  

as  coaxial  cab les ,  opt ical  f iber  cables ,  twis ted-pair  cab les  and  digi tal  

subscriber  l ines  (DSL) and/or  wi reless  technologies  such as  inf rared  25 
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radiat ion,  radio and  microwaves,  these wired technologies  and/or  wireless  

technologies  are  al so included in  the  defini t ion  of  communicat ion media.  

[0156]  Note that  the terminology used in  this  descript ion  and the  

terminology that  i s  needed to  unders tand this  descript ion may be  replaced  

by other  t erms that  convey the same or  s imilar  meanings.   For  example,  5 

"channels" and/or  "symbols" may be rep laced by "s ignals" (or  "s ignal ing") .   

Also,  "s ignals" may be "messages ."  Furthermore,  "component  car r iers "  

(CCs) may be  referred to  as  "carr ier  f requencies , " "cel ls" and so on.  

[0157]  Also,  the informat ion and parameters  described in  this  descript ion  

may be represented in  absolute values  or  in  relat ive values  wi th respect  to  a  10 

pre-determined  value,  or  may be represented in  other  in format ion  formats .   

For  example ,  radio resources  may be specif ied by indices .  

[0158]  The informat ion,  s ignals  and/or  others  described  in  this  descript ion  

may be represented  by using a variety of  di fferent  t echnologies .   For  

example ,  data,  ins t ruct ions ,  commands,  informat ion,  s ignals ,  b i ts ,  symbols  15 

and chips ,  al l  o f  which may be referenced throughout  the  descript ion,  may 

be represented by vol tages ,  currents ,  e lect romagnet ic  waves,  magnet ic  

f ields  or  part i cles ,  opt ical  f i elds  or  photons,  o r  any combinat ion of  these.  

[0159]  The examples/embodiments  i l lus t rated in  this  descript ion may be  

used  individual ly or  in  combinat ions ,  and  the mode of  may be  switched  20 

depending on the implementat ion.   Also,  a  report  o f  pre-determined 

informat ion ( for  example,  a  report  to  the effect  that  "X holds")  does  not  

necessari l y have to  be sent  expl ici t l y,  and can be sent  impl ici t l y (by,  for  

example ,  not  report ing this  piece of  in format ion) .  

[0160]  Report ing of  informat ion is  by no means l imited  to  the 25 
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examples/embodiments  described  in  th is  descript ion,  and  other  methods  

may be used as  wel l .   For  example ,  report ing of  in format ion may be  

implemented by using phys ical  l ayer  s ignal ing (for  example ,  DCI 

(Downlink Cont rol  Informat ion)  and UCI (Upl ink Control  Informat ion)) ,  

h igher  layer  s ignal ing (for  example,  RRC (Radio Resource  Cont rol )  5 

s ignal ing,  MAC (Medium Access  Control )  s ignal ing,  and broadcast  

informat ion ( the MIB (Master  Informat ion Block) and  SIBs (System 

Informat ion  Blocks) )) ,  o ther  s ignals  or  combinat ions  of  these.   Also ,  RRC 

signal ing may be referred  to  as  "RRC messages ,"  and can be,  for  example,  

an RRC connect ion setup message,  RRC connect ion  reconfigurat ion  10 

message,  and so on.  

[0161]  The examples/embodiments  i l lus t rated in  this  descript ion may be  

appl ied  to  LTE (Long Term Evolut ion) ,  LTE-A (LTE-Advanced) ,  SUPER 3G,  

IMT-Advanced,  4G,  5G,  FRA (Future  Radio  Access ) ,  CDMA 2000,  UMB 

(Ult ra Mobi le  Broadband),  IEEE 802.11 (Wi-Fi ) ,  IEEE 802.16 (WiMAX),  15 

IEEE 802.20,  UWB (Ult ra-WideBand),  Bluetooth (regis tered  t rademark),  

and other  adequate systems,  and/or  next-generat ion sys tems that  a re  

enhanced based on  these.  

[0162]  The order  of  p rocesses ,  sequences ,  f lowcharts  and so on  that  have  

been used  to  describe the examples/embodiments  herein  may be re-ordered  20 

as  long as  inconsis tencies  do not  ar ise.   For  example,  a l though various  

methods have been i l lus t rated in  this  descript ion with various  components  

of  s teps  in  exemplary orders ,  the  speci f ic  orders  that  i l lus t rated herein are  

by no means l imit ing.  

[0163]  Now, al though the present  invent ion has  been described in  detai l  25 
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above,  i t  should  be  obvious to  a  person ski l l ed in  the  ar t  that  the  present  

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

The present  invent ion can be implemented with various  correct ions  and in  

various  modif icat ions ,  wi thout  depart ing f rom the spir i t  and scope of  the  

present  invent ion defined  by the  reci ta t ions  of  claims.   Consequent ly,  the  5 

descript ion  herein  i s  p rovided  only for  the  purpose of  expla ining examples ,  

and should by no  means be construed  to  l imit  the present  invent ion in  any 

way.  

[0164]  The disclosure of  Japanese  Patent  Appl icat ion  No.  2015-159987,  

f i led  on August  13,  2015,  including the  specif icat ion,  d rawings and  abst ract ,  10 

i s  incorporated here in by reference  in  i t s  ent i rety.  
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CLAIMS 

 1.  A user  t e rminal ,  in  which a band  to  use  is  l imited to  a  par t i al  

nar row band in  a  system band,  the user  terminal  compris ing:  

 a  receiv ing sect ion that  receives  a  downlink s ignal ,  which is  

t ransmit ted in  repet i t ions  in  nar row bands that  a re subject  to  f requenc y 5 

hopping;  and  

 a  contro l  sect ion that  controls  receipt  of  the downlink s ignal  based 

on a s tar t ing index ,  which indicates  a  narrow band where the downlink  

s ignal  s tar ts  being al located,  and  a  f requency offset  wi th  respect  to  the  

nar row band.  10 

 

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

sect ion  receives  in format ion  that  represents  the  f requency offset  in  higher  

layer  s ignal ing.  

 15 

 3 .  The user  t e rminal  according to  claim 1  or  claim 2,  wherein  

the receiving sect ion receives  downlink cont rol  informat ion that  contains  

the s tar t ing index .  

 

 4 .  The user  te rminal  according to  one of  claim 1 to  claim 3,  20 

wherein the receiving sect ion receives  the number of  nar row bands that  are  

subject  to  f requency hopping,  in  higher  layer  s ignal ing.  

 

 5 .  The user  te rminal  according to  one of  claim 1 to  claim 4,  

wherein the  downlink s ignal  is  a  downlink shared  channel  and/or  a  downlink  25 
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cont rol  channel .  

 

 6 .  A radio base s tat ion  that  communicates  wi th a  user  t erminal ,  

in  which  a band to  use i s  l imited  to  a  part ial  nar row band in  a  system band,  

the radio base s tat ion compris ing:  5 

 a  t ransmission sect ion that  t ransmi ts  a  downlink s ignal ,  in  

repet i t ions ,  in  nar row bands  that  a re subject  to  frequency hopping;  and  

 a  control  sect ion that  controls  t ransmission of  the downlink s ignal  

based on a  s tar t ing index ,  which indicates  a  nar row band where  the  

downlink s ignal  s tar ts  being al located,  and a frequency offset  wi th  respect  10 

to  the  nar row band.  

 

 7 .  A radio communicat ion method for  a  user  te rminal ,  in  which a  

band  to  use is  l imited to  a  part ial  nar row band in  a  system band,  the  radio  

communicat ion  method compris ing the s teps  of:  15 

 receiving a  downlink s ignal ,  which is  t ransmit ted in  repet i t ions  in  

nar row bands  that  a re subject  to  frequency hopping;  and  

 cont rol l ing receipt  of  the downlink s ignal  based on a  s tar t ing index ,  

which indicates  a  nar row band where  the downlink  s ignal  s tar ts  being 

al located,  and a f requency offset  wi th  respect  to  the narrow band.  20 

  


