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( 57 ) ABSTRACT 
A user equipment according to a first aspect is a user 
equipment for a mobile communication system . The user 
equipment transmits and receives radio signals within a 
reduced bandwidth narrower than a system transmission and 
reception band . The user equipment performs radio com 
munication with a base station by using the transceiver . The 
base station provides MBMS services via SC - PTM . The user 
equipment receives first information from the base station . 
The first information indicates at least one of : a maximum 
number of repetitions of a physical downlink control chan 
nel having a bandwidth equal to or less than the reduced 
bandwidth and a maximum number of repetitions of a 
physical downlink shared channel having a bandwidth equal 
to or less than the reduced bandwidth . The first information 
is transmitted from the base station by a system information 
block for the SC - PTM or a multicast control channel for the 
SC - PTM . 
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USER EQUIPMENT AND BASE STATION 
CROSS - REFERENCE TO RELATED 

APPLICATION 
[ 0001 ] The present application is a continuation based on 
PCT Application No . PCT / JP2017 / 028452 filed on Aug . 4 , 
2017 , which claims the benefit of U . S . provisional applica 
tion No . 62 / 372 , 919 ( filed on Aug . 10 , 2016 ) . The content of 
which are incorporated by reference herein in their entirety . 

a reduced bandwidth narrower than a system transmission 
and reception band . The controller is configured to perform 
a process of transmitting first information to the user equip 
ment . The first information indicates at least one of : a 
maximum number of repetitions of a physical downlink 
control channel having a bandwidth equal to or less than the 
reduced bandwidth and a maximum number of repetitions of 
a physical downlink shared channel having a bandwidth 
equal to or less than the reduced bandwidth . The first 
information is transmitted from the base station by a system 
information block for the SC - PTM or a multicast control 
channel for the SC - PTM . 

FIELD 
[ 0002 ] The present invention relates to a user equipment 
and a base station for a mobile communication system . 

BACKGROUND 
[ 0003 ] In 3GPP ( Third Generation Partnership Project ) , 
which is a project aiming to standardize a mobile commu 
nication system , the specifications of MBMS ( Multimedia 
Broadcast Multicast Service ) have been laid out to provide 
a radio terminal with a multicast / broadcast service . As radio 
transmission schemes for MBMS , there are two schemes : 
MBSFN ( Multicast Broadcast Single Frequency Network ) 
transmission and SC - PTM ( Single Cell Point - To - Multi 
point ) transmission . Since MBMS transmits the same data to 
a plurality of radio terminals using the same radio resource , 
the utilization efficiency of radio resources can be enhanced . 
10004 ] Meanwhile , radio terminals meant for MTC ( Ma 
chine Type Communication ) and IoT ( Internet of Things ) 
services , which perform communication without human 
intervention , have been studied . Such a radio terminal is 
required to achieve low cost , wide coverage area , and low 
power consumption . For this reason , in 3GPP , a new cat 
egory for radio terminals having a transmission and recep 
tion bandwidth reduced to just a part of the system trans 
mission and reception band is specified . However , at 
present , there is a problem that there is no mechanism for the 
radio terminals in the new category to efficiently receive 
multicast / broadcast services using MBMS . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0007 ] FIG . 1 is a diagram illustrating a configuration of 
an LTE system according to an embodiment . 
[ 0008 ] FIG . 2 is a diagram illustrating a network configu 
ration for MBMS according to the embodiment . 
10009 ] . FIG . 3 is a diagram illustrating a configuration of 
a UE ( radio terminal ) according to the embodiment . 
[ 0010 ] FIG . 4 is a diagram illustrating a configuration of 
an eNB ( base station , according to the embodiment . 
[ 0011 ] FIG . 5 is a diagram illustrating a protocol stack of 
a radio interface in the LTE system according to the embodi 
ment . 
[ 0012 ] FIGS . 6A and 6B are diagrams illustrating a chan 
nel configuration of downlink of the LTE system according 
to the embodiment . 
[ 0013 ] FIG . 7 is a diagram illustrating a configuration of 
a radio frame of the LTE system according to the embodi 
ment . 
[ 0014 ] FIG . 8 is a diagram illustrating a relationship 
between a hyperframe , a radio frame , and a subframe 
according to the embodiment . 
0015 FIG . 9 is a diagram illustrating a downlink physical 
channel for category M1 according to the embodiment . 
[ 0016 ] FIG . 10 is a diagram illustrating an example of an 
operation of SC - PTM reception performed by the UE 
according to the embodiment . 
[ 0017 ] FIGS . 11A and 11B are diagrams illustrating Direct 
Indication according to the embodiment . 
[ 0018 ] FIG . 12 is a diagram illustrating an SIB20 accord 
ing to the embodiment . 
[ 0019 ] FIG . 13 is a diagram illustrating SCPTM setting 
information ( SCPTM Configuration ) in SC - MCCH accord 
ing to the embodiment . 
100201 FIGS . 14A and 14B are diagrams illustrating a 
provision start time expressed by H - SFN according to the 
embodiment . 
10021 ] FIGS . 15A and 15B are diagrams illustrating rep 
etition number information according to the embodiment . 

SUMMARY 
[ 0005 ] A user equipment according to a first aspect is a 
user equipment for a mobile communication system . The 
user equipment transmits and receives radio signals within a 
reduced bandwidth narrower than a system transmission and 
reception band . The user equipment performs radio com 
munication with a base station by using the transceiver . The 
base station provides MBMS services via SC - PTM . The user 
equipment receives first information from the base station . 
The first information indicates at least one of : a maximum 
number of repetitions of a physical downlink control chan 
nel having a bandwidth equal to or less than the reduced 
bandwidth and a maximum number of repetitions of a 
physical downlink shared channel having a bandwidth equal 
to or less than the reduced bandwidth . The first information 
is transmitted from the base station by a system information 
block for the SC - PTM or a multicast control channel for the 
SC - PTM . 
[ 0006 ] A base station according to a second aspect is a 
base station for a mobile communication system . The base 
station comprises a controller configured to provide Multi 
media Broadcast Multicast Service ( MBMS ) services via 
Single Cell Point - To - Multipoint ( SC - PTM ) to a user equip 
ment configured to transmit and receive radio signals within 

DESCRIPTION OF THE EMBODIMENT 
Mobile Communication System 

[ 0022 ] The configuration of the mobile communication 
system according to the embodiment will be described . The 
mobile communication system according to the embodiment 
is an LTE ( Long Term Evolution ) system whose specifica 
tions are defined in 3GPP . FIG . 1 is a diagram illustrating a 
configuration of the LTE system according to the embodi 
ment . FIG . 2 is a diagram illustrating a network configura 
tion for MBMS . 
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[ 0023 ] As illustrated in FIG . 1 , the LTE system includes a 
radio terminal ( UE : User Equipment ) 100 , a radio access 
network ( E - UTRAN : Evolved - UMTS Terrestrial Radio 
Access Network ) 10 , and a core network ( Evolved Packet 
Core ) 20 . The E - UTRAN 10 and the EPC 20 configure a 
network of the LTE system . 
[ 0024 ] The UE 100 is a mobile communication device . 
The UE 100 performs radio communication with the eNB 
200 that manages the cell ( serving cell ) in which the UE 100 
exists . 
[ 0025 ] The E - UTRAN 10 includes base stations ( evolved 
Node - Bs ) 200 . The eNBs 200 are connected to each other 
via an X2 interface . The eNB 200 manages one or a plurality 
of cells and performs radio communication with the UE 100 
that has established connection with a cell of the eNB 200 . 
The eNB 200 has a radio resource management ( RRM ) 
function , a routing function of user data ( hereinafter referred 
to simply as " data ” ) , a measurement control function for 
mobility control / scheduling , and the like . “ Cell ” is used as 
a term indicating the smallest unit of radio communication 
area . “ Cell ” is also used as a term indicating a function or 
resource for performing radio communication with the UE 
100 . 
[ 0026 ] The EPC 20 includes a mobility management 
entity ( MME ) and a serving gateway ( S - GW ) 300 . The 
MME performs various mobility control and the like for the 
UE 100 . The S - GW performs data transfer control . The 
MME / S - GW 300 is connected to the eNB 200 via an S1 
interface . 
[ 0027 ] Network entity for MBMS will be described . The 
E - UTRAN 10 includes an MCE ( Multi - Cell / Multicast Coor 
dinating Entity ) 11 . The MCE 11 is connected to the eNB 
200 via an M2 interface and is connected to the MME 300 
via an M3 interface ( see FIG . 2 ) . The MCE 11 performs 
MBSFN radio resource management / allocation and the like . 
Specifically , the MCE 11 performs scheduling of MBSFN 
transmission . On the other hand , the scheduling of the 
SC - PTM transmission is performed by the eNB 200 . 
[ 0028 ] The EPC 20 includes an MBMS GW ( MBMS 
Gateway ) 21 . The MBMS GW 21 is connected to the eNB 
200 via an M1 interface , connected to the MME 300 via an 
Sm interface , and is connected to the BM - SC 22 via an 
SG - mb and SGi - mb interfaces ( see FIG . 2 ) . The MBMS GW 
21 performs IP multicast data transmission , session control 
and the like to the eNB 200 . 
[ 0029 ] The EPC 20 includes a BM - SC ( Broadcast Multi 
cast Service Center ) 22 . The BM - SC 22 is connected to the 
MBMS GW 21 via the SG - mb and SGi - mb interfaces and is 
connected to the P - GW 23 via an SGi interface ( see FIG . 2 ) . 
The BM - SC 22 manages and allocates TMGI ( Temporary 
Mobile Group Identity ) and the like . 
[ 0030 ] AGCS AS ( Group Communication Service Appli 
cation Server ) 31 is provided in a network ( that is , the 
Internet ) outside the EPC 20 . The GCS AS 31 is an appli 
cation server for group communication . The GCS AS 31 is 
connected to the BM - SC 22 via an MB2 - U interface and an 
MB 2 - C interface , and is connected to the P - GW 23 via the 
SGi interface . The GCS AS 31 performs management of 
groups and data distribution etc . in group communication . 
[ 0031 ] FIG . 3 is a diagram illustrating the configuration of 
the UE 100 ( radio terminal ) according to the embodiment . 
As illustrated in FIG . 3 , the UE 100 includes a receiver 110 , 
a transmitter 120 , and a controller 130 . 

[ 0032 ] The receiver 110 performs various types of recep 
tion under the control of the controller 130 . The receiver 110 
includes antennas and a receiving machine . The receiving 
machine converts the radio signal received by the antennas 
into a baseband signal ( reception signal ) and outputs it to the 
controller 130 . 
0033 ] The transmitter 120 performs various transmis 
sions under the control of the controller 130 . The transmitter 
120 includes antennas and a transmitting machine . The 
transmitting machine converts a baseband signal ( transmis 
sion signal ) output from the controller 130 into a radio signal 
and transmits it from the antennas . 
[ 0034 ] The controller 130 performs various controls in the 
UE 100 . The controller 130 includes a processor and a 
memory . The memory stores programs executed by the 
processor and information used for processing by the pro 
cessor . The processor includes a baseband processor and a 
CPU ( Central Processing Unit ) . The baseband processor 
performs modulation and demodulation , encoding , decod 
ing , and the like of the baseband signal . The CPU executes 
various processes by executing programs stored in the 
memory . The processor may include a codec for encoding 
decoding audio / video signals . The processor executes vari 
ous processes to be described later . 
[ 0035 ] FIG . 4 is a diagram illustrating a configuration of 
an eNB ( base station ) according to the embodiment . As 
illustrated in FIG . 4 , the eNB 200 includes a transmitter 210 , 
a receiver 220 , a controller 230 , and a backhaul communi 
cation unit 240 . 
100361 The transmitter 210 performs various transmis 
sions under the control of the controller 230 . The transmit 
ting unit 210 includes antennas and a transmitting machine . 
The transmitting machine converts a baseband signal ( trans 
mission signal ) outputted by the controller 230 into a radio 
signal and transmits it from the antennas . 
[ 0037 ] The receiver 220 performs various types of recep 
tion under the control of the controller 230 . The receiver 220 
includes antennas and a receiving machine . The receiving 
machine converts the radio signal received by the antennas 
into a baseband signal ( received signal ) and outputs it to the 
controller 230 . 
[ 0038 ] The controller 230 performs various controls in the 
eNB 200 . The controller 230 includes a processor and a 
memory . The memory stores programs executed by the 
processor and information used for processing by the pro 
cessor . The processor includes a baseband processor and a 
CPU ( Central Processing Unit ) . The baseband processor 
performs modulation and demodulation , encoding , decod 
ing , and the like of the baseband signal . The CPU executes 
various processes by executing programs stored in the 
memory . The processor executes various processes to be 
described later . 
[ 0039 ] The backhaul communication unit 240 is con 
nected to the adjacent eNB via the X2 interface . The 
backhaul communication unit 240 is connected to the MME / 
S - GW 300 via the S1 interface . The backhaul communica 
tion unit 240 is used for communication performed on the 
X2 interface , communication performed on the S1 interface , 
and the like . 
10040 ] FIG . 5 is a diagram illustrating a protocol stack of 
a radio interface in the LTE system . As illustrated in FIG . 5 , 
the radio interface protocol is divided into the first layer to 
the third layer of the OSI reference model . The first layer is 
a physical ( PHY ) layer . The second layer includes a MAC 
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( Medium Access Control ) layer , an RLC ( Radio Link Con 
trol ) layer , and a PDCP ( Packet Data Convergence Protocol ) 
layer . The third layer includes an RRC ( Radio Resource 
Control ) layer . 
[ 0041 ] The physical layer performs coding / decoding , 
modulation / demodulation , antenna mapping / demapping , 
resource mapping / demapping . Between the physical layer of 
the UE 100 and the physical layer of the eNB 200 , data and 
control signals are transmitted via the physical channel . 
[ 0042 ] The MAC layer performs priority control of data , 
retransmission processing by HARQ ( Hybrid ARQ ) , and the 
like . Between the MAC layer of the UE 100 and the MAC 
layer of the eNB 200 , data and control signals are transmit 
ted via the transport channel . The MAC layer of the eNB 200 
includes a scheduler . The scheduler determines the uplink 
and downlink transport format ( Transport Block Size , 
Modulation and Coding Scheme ( MCS ) and the allocated 
resource block to the UE 100 . 
[ 0043 ] The RLC layer uses the functions of the MAC layer 
and the physical layer to transmit data to the RLC layer on 
the receiving side . Between the RLC layer of the UE 100 and 
the RLC layer of the eNB 200 , data and control signals are 
transmitted via logical channels . 
[ 0044 ] The PDCP layer carries out header compression / 
decompression , encryption / decryption . 
[ 0045 ] The RRC layer is defined only in the control plane 
handling the control signal . Messages ( RRC messages ) for 
various settings are transmitted between the RRC layer of 
the UE 100 and the RRC layer of the eNB 200 . The RRC 
layer controls logical channels , transport channels , and 
physical channels in response to establishment , reestablish 
ment and release of radio bearers . If there is a connection 
( RRC connection ) between the RRC of the UE 100 and the 
RRC of the eNB 200 , the UE 100 is in the RRC connected 
mode , otherwise the UE 100 is in the RRC idle mode . 
[ 0046 ] The NAS ( Non - Access Stratum ) layer located 
above the RRC layer performs session management , mobil 
ity management , and the like . 
[ 0047 ] FIGS . 6A and 6B are diagrams illustrating a chan 
nel configuration of downlink of the LTE system . FIG . 6A 
illustrates mapping between a logical channel ( Downlink 
Logical Channel ) and a transport channel ( Downlink Trans 
port Channel ) . 
[ 0048 ] As illustrated in FIG . 6A , a PCCH ( Paging Control 
Channel ) is a logical channel for notifying paging informa 
tion and system information change . The PCCH is mapped 
to PCH ( Paging Channel ) that is a transport channel . 
[ 0049 ] A BCCH ( Broadcast Control Channel ) is a logical 
channel for system information . The BCCH is mapped to 
BCH ( Broadcast Control 
[ 0050 ] Channel ) and DL - SCH ( Downlink Shared Chan 
nel ) , both of which are transport channels . 
[ 0051 ] A CCCH ( Common Control Channel ) is a logical 
channel for transmission control information between the 
UE 100 and the eNB 200 . The CCCH is used if the UE 100 
has no RRC connection with the network . The CCCH is 
mapped to the DL - SCH . 
[ 0052 ] A DCCH ( Dedicated Control Channel ) is a logical 
channel for transmitting individual control information 
between the UE 100 and the network . The DCCH is used if 
the UE 100 has an RRC connection . The DCCH is mapped 
to the DL - SCH . 

[ 0053 ] A DTCH ( Dedicated Traffic Channel ) is an indi 
vidual logical channel for data transmission . The DTCH is 
mapped to the DL - SCH . 
[ 0054 ] An SC - MTCH ( Single Cell Multicast Traffic Chan 
nel ) is a logical channel for SC - PTM transmission . The 
SC - MTCH is a point - to - multipoint downlink channel for 
transmitting data from the network to the UE 100 by using 
the SC - PTM transmission . 
[ 0055 ] An SC - MCCH ( Single Cell Multicast Control 
Channel ) is a logical channel for SC - PTM transmission . The 
SC - MCCH is a point - to - multipoint downlink channel for 
transmitting MBMS control information for one or more 
SC - MTCHs from the network to the UE 100 . The SC 
MCCH is used for the UE 100 that is to receive MBMS 
using SC - PTM or that is interested in the reception . Further , 
there is only one SC - MCCH in one cell . 
[ 0056 ] An MCCH ( Multicast Control Channel ) is a logical 
channel for MBSFN transmission . The MCCH is used for 
transmitting MBMS control information for MTCH from 
the network to the UE 100 . The MCCH is mapped to an 
MCH ( Multicast Channel ) that is a transport channel . 
[ 0057 ] An MTCH ( Multicast Traffic Channel ) is a logical 
channel for MBSFN transmission . The MTCH is mapped to 
the MCH . 
[ 0058 ] FIG . 6B illustrates mapping between a transport 
channel ( Downlink Transport Channel ) and a physical chan 
nel ( Downlink Physical Channel ) . 
[ 0059 ] As illustrated in FIG . 6B , the BCH is mapped to a 
PBCH ( Physical Broadcast channel ) . 
[ 0060 ] The MCH is mapped to a PMCH ( Physical Mul 
ticast Channel ) . The MCH supports MBSFN transmission 
by a plurality of cells . 
10061 ] The PCH and the DL - SCH are mapped to a 
PDSCH ( Physical Downlink Shared Channel ) . The DL - SCH 
supports HARQ , link adaptation , and dynamic resource 
allocation . 
[ 0062 ] A PDCCH carries resource allocation information 
of the PDSCH ( DL - SCH , PCH ) , HARQ information on the 
DL - SCH , and the like . Further , the PDCCH carries an uplink 
scheduling grant . 
[ 0063 ] FIG . 7 is a diagram illustrating a configuration of 
a radio frame of the LTE system . In the LTE system , 
OFDMA ( Orthogonal Frequency Division Multiplexing 
Access ) is applied to a downlink , and SC - FDMA ( Single 
Carrier Frequency Division Multiple Access ) is applied to an 
uplink , respectively . 
[ 0064 ] As illustrated in FIG . 7 , a radio frame is configured 
by 10 subframes arranged in a time direction . Each subframe 
is configured by two slots arranged in the time direction . 
Each subframe has a length of 1 ms and each slot has a 
length of 0 . 5 ms . Each subframe includes a plurality of 
resource blocks ( RBs ) in a frequency direction ( not shown ) , 
and a plurality of symbols in the time direction . Each 
resource block includes a plurality of subcarriers in the 
frequency direction . One symbol and one subcarrier forms 
one resource element . Of the radio resources ( time and 
frequency resources ) assigned to the UE 100 , a frequency 
resource can be identified by a resource block and a time 
resource can be identified by a subframe ( or a slot ) . 
[ 0065 ] In the downlink , a section of several symbols at the 
head of each subframe is a control region used as a physical 
downlink control channel ( PDCCH ) for mainly transmitting 
a downlink control signal . Furthermore , the other portion of 
each subframe is a region available as a physical downlink 
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extended DRX cycle is set performs the extended DRX 
operation . The UE 100 performs the above - mentioned PO 
monitoring within a periodic paging window set in the UE 
itself . The paging window is specific to the UE . The paging 
window is defined by a paging hyperframe ( PH ) , a start 
point ( PW _ start ) in the PH , and an end point ( PW _ end ) in 
the PH . 
[ 0078 ] Here , the PH is H - SFN satisfying the following 
equation ( 3 ) . 

H - SFN mod TDRX7 + ( UE _ ID mod T . DRXH ) ( 3 ) 

[ 0079 ] UE _ ID is “ IMSI mod 1024 ” . Te DRY , H is an 
extended DRX cycle ( eDRX cycle ) set in the UE 100 . 
[ 0080 ] PW _ start indicates the first radio frame of the 
paging window , and is SFN satisfying the following equa 
tion ( 4 ) . tin 

SFN = 256 * i DRY 

[ 0081 ] iepry is “ floor ( UE _ ID / T DRY , H ) mod 4 ” . 
[ 0082 ] PW _ end indicates the last radio frame of the pag 
ing window and is SFN satisfying the following equation 
( 5 ) . 

SFN = ( PW _ start + L * 100 - 1 ) mod 1024 ( 5 ) 

[ 0083 ] L is a paging window length set in the UE 100 . 

shared channel ( PDSCH ) for mainly transmitting downlink 
data . Furthermore , in the downlink , an MBSFN subframe 
which is a subframe for MBSFN transmission may be set . 
[ 0066 ] In the uplink , both ends in the frequency direction 
of each subframe are control regions used as a physical 
uplink control channel ( PUCCH ) for mainly transmitting an 
uplink control signal . 
[ 0067 ] In the LTE system , Discontinuous Reception 
( DRX ) may be set in the UE 100 to reduce power consump 
tion . In the DRX operation , the UE 100 in the RRC idle 
mode monitors a paging message at a paging reception 
opportunity ( Paging Occasion ) occurring at a predetermined 
time interval ( DRX cycle ) . 
[ 0068 ] In the DRX operation , the UE 100 discontinuously 
monitors the PDCCH to receive the paging . The UE 100 
decodes the PDCCH using a paging identifier ( P - RNTI : 
Paging Radio Network Temporary Identifier ) and acquires 
paging channel allocation information . The UE 100 acquires 
the paging message , based on the allocation information . A 
PDCCH monitoring timing in the UE 100 is determined , 
based on an identifier ( IMSI : International Mobile Sub 
scriber Identity ) of the UE 100 . 
[ 0069 ] A PDCCH monitoring timing in the DRX opera 
tion ( PDCCH monitoring subframe ) is referred to as Paging 
Occasion ( PO ) . The PO corresponds to the paging reception 
opportunity . 
10070 ] The UE 100 and the eNB 200 calculate the Paging 
Occasion ( PO ) and a Paging Frame ( PF ) which is a radio 
frame that may include the Paging Occasion , as follows . 
[ 0071 ] A system frame number ( SFN ) of the PF is evalu 
ated from the following equation ( 1 ) . 

SFN mod T = ( T div 1 ) * ( UE _ ID mod M ) ( 1 ) 
[ 0072 ] Here , T is a DRX cycle of the UE 100 for moni 
toring the paging , and is represented by the number of radio 
frames . Further , T is the smaller one of the default DRX 
value broadcasted by the eNB 200 by an SIB ( System 
Information Block ) and the UE specific DRX value set to the 
UE 100 by an NAS message . When the UE specific DRX 
value is not set , the UE 100 applies the default DRX value . 
Further , N is a minimum value out of T and nB . nB is a value 
selected from 4T , 2T , T , T / 2 , T / 4 , T / 8 , T / 16 , and T / 32 . 
UE _ ID is a value evaluated by “ IMSI mod 1024 ” . 
[ 0073 ] From the PFs thus obtained , an index i _ s is 
obtained by the following equation ( 2 ) and the subframe 
number of the PO corresponding to the index i _ s is found . 

i _ s = floor ( UE _ ID / N ) mod Ns ( 2 ) 
[ 0074 ] Here , Ns is a maximum value out of 1 and nB / T . 
10075 ] Next , extended DRX will be described . In the 
extended DRX , hyperframes are used to support very long 
DRX cycles . 
[ 0076 ] FIG . 8 is a diagram illustrating a relationship 
between a hyperframe , a radio frame , and a subframe . As 
illustrated in FIG . 8 , the hyperframe is identified by H - SFN 
( Hyper System Frame Number ) . The H - SFN is informed 
from the cell . The radio frame is identified by SFN ( System 
Frame Number ) . The subframe is identified by subframe 
number . One hyperframe is composed of 1024 radio frames . 
System frame numbers from 0 to 1023 are allocated to the 
1024 radio frames . Further , one radio frame includes 10 
subframes . Subframe numbers from 0 to 9 are allocated to 
the 10 subframes . 
[ 0077 ] When system information indicates that the cell 
supports the extended DRX , the UE 100 in which the 

Assumed Scenario 
[ 0084 ] An assumed scenario according to the embodiment 
will be described . In the embodiment , the assumed scenario 
is that a new category of UE 100 having a transmission and 
reception bandwidth reduced to just a part of the system 
transmission and reception band receives a multicast / broad 
cast service using MBMS . As such a scenario ( use case ) , 
there is a case where batch distribution of firmware to a large 
number of UEs 100 , which is an MBMS service , is per 
formed . 
100851 The new UE category are referred to as category 
M1 and NB ( narrow band ) — IoT category . Category M1 
reduces the transmission and reception bandwidth of the UE 
100 to 1 . 08 MHz ( that is , the bandwidth of six resource 
blocks ) and supports the coverage enhancement ( CE : 
Enhanced Coverage ) technique using repetitive transmission 
and the like . NB - IoT category further reduces the transmis 
sion and reception bandwidth of the UE 100 to 180 kHz ( that 
is , the bandwidth of one resource block ) and supports the 
coverage enhancement technique . The repetitive transmis 
sion is a technique of repeatedly transmitting the same signal 
using a plurality of subframes . In the following , it is mainly 
assumed that the UE 100 is of category M1 . However , it may 
be assumed that the UE 100 is of NB - IoT category . It is 
noted that it is assumed that such a UE 100 is set for eDRX 
in terms of power saving . 
[ 0086 ] As an example , the system bandwidth of the LTE 
system is 10 Hz , of which the transmission and reception 
bandwidth is 9 MHz ( that is , the bandwidth of 50 resource 
blocks ) . On the other hand , the UE 100 of the category M1 
cannot receive a normal PDCCH because it cannot receive 
a downlink radio signal transmitted with a wider bandwidth 
than six resource blocks . For this reason , an MPDCCH 
( MTC - PDCCH ) which is a PDCCH for MTC is introduced . 
For the same reason , an NPDCCH ( NB - PDCCH ) which is 
a PDCCH for NB - IoT is introduced . 
[ 0087 ] FIG . 9 is a diagram illustrating a downlink physical 
channel for category Ml . As illustrated in FIG . 9 , the eNB 
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200 transmits an MPDCCH within six resource blocks . The 
MPDCCH includes scheduling information for allocating a 
PDSCH . As an example , the MPDCCH allocates a PDSCH 
of a subframe different from the subframe in which the 
MPDCCH is transmitted . The eNB 200 transmits the 
PDSCH within six resource blocks . Further , the eNB 200 
allocates PDSCHs to a plurality of subframes in order to 
repeatedly transmit the same signal . The UE 100 of category 
M1 identifies the allocated PDSCH by receiving the MPD 
CCH and receives the data transmitted with the allocated 
PDSCH . 
[ 0088 ] Next , the MBMS will be described . As radio trans 
mission schemes for MBMS , there are two schemes : 
MBSFN transmission and SC - PTM transmission . In the 
MBSFN transmission , data is transmitted via the PMCH on 
an MBSFN area basis which is composed of a plurality of 
cells . By contrast , in the SC - PTM transmission , data is 
transmitted via the PDSCH on a cell basis . In the following , 
a scenario in which the UE 100 of category M1 or NB - IoT 
category performs SC - PTM reception is mainly assumed . 
However , MBSFN may be assumed . 
10089 ] The UE 100 may receive the MBMS service in the 
RRC connected mode . The UE 100 may receive the MBMS 
service in the RRC idle mode . In the following , the case 
where the UE 100 receives the MBMS service in the RRC 
idle mode is mainly assumed . It is noted that the RRC idle 
mode includes a suspend state . In the suspend state , since the 
context information of the UE 100 is maintained in the eNB 
200 , the RRC connection can be promptly restored . 
[ 0090 ] FIG . 10 is a diagram illustrating an example of an 
operation of SC - PTM reception performed by the UE 100 
according to the embodiment . The UE 100 is a UE 100 of 
category M1 or NB - IoT category . 
[ 0091 ] As illustrated in FIG . 10 , in step Si , the UE 100 
acquires a USD ( User Service Description from the EPC 20 
via the eNB 200 . The USD provides basic information on 
each MBMS service . For each MBMS service , the USD 
includes a TMGI for identifying the MBMS service , a 
frequency at which the MBMS service is provided , and a 
provision start / end time of the MBMS service . 
[ 0092 ] In step S2 , the UE 100 receives the MPDCCH or 
the NPDCCH from the eNB 200 . Each of the MPDCCH and 
NPDCCH includes update notification information ( Direct 
Indication ) indicating update of system information ( SIB : 
System Information Block ) . FIGS . 11A and 11B are dia 
grams illustrating the Direct Indication . FIG . 11A illustrates 
the Direct Indication in the MPDCCH , and FIG . 11B illus 
trates the Direct Indication in the NPDCCH . Based on the 
Direct Indication , the UE 100 recognizes that one of the 
pieces f system information has been updated and further 
receives SIB Type 1 ( SIB1 ) . The SIB1 includes a tag number 
( valueTag ) indicating whether or not each SIB is updated . 
Based on the tag number , the UE 100 determines whether or 
not to update SIB type 20 ( SIB20 ) which is an SIB for 
SC - PTM . Here , it is assumed that the SIB20 has been 
updated , and further explanation is provided . Since the 
SIB20 includes only the scheduling information of the 
SC - MCCH , its update is considered to be rare . 
10093 ] In step S3 , the UE 100 receives the SIB20 from the 
eNB 200 via the BCCH . The SIB20 includes information 
( scheduling information ) necessary for acquiring the SC 
MCCH . FIG . 12 is a diagram illustrating the SIB20 . As 
illustrated in FIG . 12 , the SIB20 includes sc - mcch - Modifi 
cationPeriod that represents a cycle in which the content of 

the SC - MCCH can be changed , sc - mcch - RepetitionPeriod 
that represents a transmission ( retransmission ) time interval 
of the SC - MCCH in the number of radio frames , sc - mcch 
Offset that represents a scheduled radio frame offset of the 
SC - MCCH , sc - mcch - Subframe that represents a subframe in 
which the SC - MCCH is scheduled , and so forth . An SC 
MCCH ( SCPTM Configuration ) is transmitted in sc - mcch 
RepetionPeriod ( every up to 2 , 560 ms ) . The UE 100 
acquires the SC - MCCH every sc - mcch - ModificationPeriod 
( up to 655 , 360 ms = about 10 . 92 minutes ) . This acquisition of 
the SC - MCCH makes it possible to increase the power 
consumption of the UE 100 . 
[ 0094 ] In step S4 , the UE 100 receives SCPTM setting 
information ( SCPTM Configuration ) from the eNB 200 via 
the SC - MCCH , based on the SIB20 . For the SC - MCCH 
transmission in the physical layer , an SC - RNTI ( Single Cell 
RNTI ) is used . FIG . 13 is a diagram illustrating SCPTM 
setting information ( SCPTM Configuration ) in the SC 
MCCH . As illustrated in FIG . 13 , the SCPTM setting 
information includes control information applicable to the 
MBMS service , which is transmitted via SC - MRB ( Single 
Cell MBMS Point to Multipoint Radio Bearer ) . The SCPTM 
setting information includes SC - mtch - InfoList containing 
setting for each SC - MTCH in the cell transmitting that 
information , and scptmNeighbourCellList which is a list of 
neighbour cells providing the MBMS service via the SC 
MRB . Sc - mtch - InfoList contains one or more pieces of 
SC - MTCH - Info . Each piece of SC - MTCH - Info contains 
information on an ongoing MBMS session ( mbmsSession 
Info ) to be transmitted via the SC - MRB , a G - RNTI ( Group 
RNTI ) corresponding to the MBMS session , and sc - mtch 
schedulingInfo which is DRX information for the SC 
MTCH . mbmsSessionInfo contains a TMGI and a session 
ID ( sessionId ) that identify the MBMS service . The G - RNTI 
is an RNTI that identifies a multicast group ( specifically , an 
SC - MTCH addressed to a specific group ) . The G - RNTI is 
mapped to the TMGI on a one - to - one basis . 
[ 0095 ] Sc - mtch - schedulingInfo contains onDurationTim 
erSCPTM , drx - Inactivity TimerSCPTM , and schedulingPe 
riodStartOffsetSCPTM . schedulingPeriodStartOff 
setSCPTM contains SC - MTCH - SchedulingCycle and 
SC - MTCH - SchedulingOffset . Now , DRX for SC - PTM 
transmission will be described . The DRX for SC - PTM 
transmission is an operation independent of the DRX 
described above . The UE 100 in which the DRX for SC 
PTM transmission has been set intermittently monitors the 
PDCCH using the corresponding G - RNTI in the RRC 
connected mode or the RRC idle mode . If onDuration Tim 
erSCPTM or drx - Inactivity TimerSCPTM is in operation 
( running ) , the active time is on . The UE 100 monitors the 
PDCCH during the active time . Further , if " T ( SFN * 10 ) + 
subframe number ] modulo ( SC - MTCH - SchedulingCycle ) 
= SC - MTCH - Scheduling Offset " is satisfied , the UE 100 
starts onDurationTimerSCPTM . If the PDCCH indicates DL 
transmission , the UE 100 starts the drx - Inactivity Tim 
erSCPTM . 

[ 0096 ] In step S5 , the UE 100 receives the MBMS service 
( data ) corresponding to the TMGI , in which the UE 100 
itself is interested , via the SC - MTCH , based on SC - MTCH 
SchedulingInfo in the SCPTM setting information ( SCPTM 
Configuration ) . In the physical layer , after transmitting the 
PDCCH using the G - RNTI , the eNB 200 transmits data via 

IPR2024-00986 
Petitioners’ Exhibit 1011 

Page 000019



US 2019 / 0182632 A1 Jun . 13 , 2019 

the PDSCH . The UE 100 attempts to receive the data every 
at most 8192 ms . This data reception may increase the power 
consumption of the UE 100 . 

Operation Pattern 
[ 0097 ] An operation pattern according to the embodiment 
will be described . As a premise , the UE 100 includes a 
transceiver ( the receiver 110 and the controller 130 ) config 
ured to transmit and receive a radio signal within a reduced 
bandwidth narrower than the system transmission and recep 
tion band , and the controller 130 that performs a radio 
communication with the eNB 200 using the transceiver . The 
reduced bandwidth is , for example , 1 . 08 MHz ( that is , the 
bandwidth of six resource blocks ) for the UE 100 belonging 
to the M1 category , and 180 kHz ( that is , the bandwidth of 
one resource block ) for the UE 100 belonging to the NB - IoT 
category . The controller 130 performs processing of receiv 
ing , from the ENB 200 within the reduced bandwidth , 
information necessary for receiving a multicast / broadcast 
service ( MBMS service ) provided via the eNB 200 . 

( 1 ) Operation Pattern 1 
[ 0098 ] As described above , when the UE 100 of category 
M1 or the NB - IoT category performs the SC - PTM recep 
tion , the power consumption of UE 100 is increased . In 
particular , assuming a case where the UE 100 is set fro the 
eDRX , there is a concern that sufficient power consumption 
reduction effect cannot be obtained due to wakeup related to 
the SC - PTM reception . Therefore , it is desirable that the UE 
100 can perform the SC - PTM reception while an increase in 
its power consumption is suppressed . 
[ 0099 ] In operation pattern 1 , the UE 100 is provided with 
a predetermined storage medium for storing a preset service 
identifier ( TMGI ) . As an example , the predetermined storage 
medium is a UICC ( Universal Integrated Circuit Card ) . The 
preset service identifier is a service identifier dedicated to a 
specific MBMS service . The specific MBMS service may be 
a firmware distribution service . 
10100 ] As a result , the UE 100 can confirm that the 
specific MBMS service is provided from the eNB 200 just 
by looking at the SC - MCCH provided from the eNB 200 
( serving cell ) , without acquiring the USD by unicast . There 
fore , the UE 100 in the RRC idle mode does not have to 
make a transition to the RRC connected mode only in order 
to acquire the USD . Further , the UE 100 may receive the 
SC - MCCH at the time of wakeup ( paging confirmation ) of 
the eDRX . 

block ( SIB20 ) for SC - PTM ; a second update notification 
indicating update of the multicast control channel ( SC 
MCCH ) for SC - PTM ; and a third update notification indi 
cating update related to a specific MBMS service indicated 
in the multicast control channel ( SC - MCCH ) for SC - PTM . 
Each of the first to third update notifications may be defined 
as a 1 - bit flag . The update notification information ( Direct 
Indication ) may use an existing format or may define a new 
format ( a new PDCCH format ) . 
[ 0103 ] The first update notification is an update notifica 
tion by the SIB20 alone . In response to the update notifi 
cation information ( Direct Indication ) in the MPDCCH or 
NPDCCH including the first update notification , the UE 100 
can recognize the update of the SIB20 even without receiv 
ing the SIB1 . 
0104 ] The second update notification is an update noti 
fication of SC - MCCH ( that is , SCPTM Configuration ) . The 
eNB 200 may transmit the second update notification to the 
UE 100 by the MPDCCH or the NPDCCH which is 
scrambled with an SC - N - RNTI . In response to the update 
notification information ( Direct Indication ) in the MPDCCH 
or NPDCCH including the second update notification , the 
UE 100 can recognize the update of SC - MCCH . 
10105 ] . The third update notification is an update notifica 
tion on specific SC - MTCH - Info in sc - mtch - InfoList in the 
SC - MCCH . The specific SC - MTCH - Info is associated with 
a specific MBMS service ( for example , a firmware distri 
bution service ) . Specifically , the specific SC - MTCH - Info 
includes a TMGI ( service identifier ) that identifies a specific 
MBMS service . In response to the update notification infor 
mation ( Direct Indication ) in the MPDCCH or NPDCCH 
including the third update notification , the UE 100 can 
recognize the update of the specific SC - MTCH - Info even 
without receiving the SC - MCCH . In a case where each 
update of a plurality of MBMS services can be noticed , two 
or more bits in the update notification information ( Direct 
Indication ) may be assigned to the third update notification . 
The position of each bit is associated with the MBMS 
service ( specifically , SC - MTCH - Info ) . The correspondence 
between the bit position and the MBMS service may be set 
by an SIB or the like from the eNB 200 to the UE 100 . In 
this case , based on the bit position of the third update 
notification in the update notification information ( Direct 
Indication ) , the UE 100 checks which SC - MTCH - Info in 
SC - mtch - InfoList in the SC - MCCH has been updated . 
f0106 ] . When the second and third update notifications are 
not provided , the UE 100 receives the SC - MCCH every 
SC - MCCH modification boundary or every time the UE 100 
receives the PDCCH scrambled with the SC - N - RNTI , and 
the UE 100 may then check whether or not the setting 
( SC - MTCH - Info ) related to a TMGI of interest has been 
updated . 

( 2 ) Operation Pattern 2 
[ 0101 ] As described above , after receiving the update 
notification information ( Direct Indication ) in the MPDCCH 
or the NPDCCH , the UE 100 cannot recognize the update of 
the SIB20 unless the UE 100 receives and confirms the tag 
number ( valueTag ) in the SIB1 . Such processing for receiv 
ing and confirming the tag number increases the power 
consumption of the UE 100 . 
[ 0102 ] In operation pattern 2 , the UE 100 receives the 
update notification information ( Direct Indication ) from the 
eNB 200 on a predetermined physical downlink control 
channel ( MPDCCH or NPDCCH ) having a bandwidth equal 
to or less than the reduced bandwidth . The update notifica 
tion information includes at least one of ; a first update 
notification indicating update of the system information 

( 3 ) Operation Pattern 3 
[ 0107 ] Operation pattern 3 is an operation pattern for 
directly notifying the UE 100 of start of distribution of a 
specific MBMS service . 
[ 0108 ] In operation pattern 3 , the UE 100 receives a 
paging message from the eNB 200 on the PDSCH having a 
bandwidth equal to or less than the reduced bandwidth . The 
paging message includes a service identifier ( TMGI ) of the 
specific MBMS service . The paging message may include a 
list of a plurality of service identifiers ( TMGIS ) . As a result , 
the UE 100 recognizes that distribution of the specific 

IPR2024-00986 
Petitioners’ Exhibit 1011 

Page 000020



US 2019 / 0182632 A1 Jun . 13 , 2019 

MBMS service is started , and can start processing for 
receiving the specific MBMS service . Therefore , it is pos 
sible to keep wakeup of the UE 100 to the minimum 
necessary . It is noted that the general paging message does 
not include the service identifier ( TMGI ) , but includes the 
identifier ( IMSI etc . ) of the UE 100 to be called . 
10109 ] The eNB 200 specifies the PDSCH ( narrowband 
PDSCH ) that carries the paging message by the MPDCCH 
or the NPDCCH which is scrambled with the P - RNTI . Then , 
the eNB 200 transmits the paging message with the specified 
PDSCH . The UE 100 recognizes the PDSCH ( narrowband 
PDSCH ) that carries the paging message by receiving the 
MPDCCH or the NPDCCH which is scrambled with the 
P - RNTI . Then , the UE 100 receives the paging message with 
the recognized PDSCH . The UE 100 may check whether or 
not the preset service identifier ( TMGI ) described in opera 
tion pattern 1 is indicated in the paging message . 
[ 0110 ] When the UE 100 desires to receive the MBMS 
service identified by the service identifier ( TMGI ) included 
in the paging message , the UE 100 may establish an RRC 
connection with the eNB 200 . In this case , the UE 100 may 
transmit an RRC Connection Request message to the eNB 
200 , or may send an RRC Resume Request message to the 
eNB 200 in the suspended state . Alternatively , the UE 100 
may acquire the SIB20 and / or the SC - MCCH instead of 
establishing the RRC connection , and then attempt to 
receive the SC - PTM as transmitted . 

this case , the UE 100 considers that provision of the MBMS 
service is started at the H - SFN = 200 after the wrap around 
( # 1023 > # 0 ) . Defining such a rule makes it possible to 
prevent a mismatch in interpretation of the provision start 
time between the UE 100 and the network . As such a rule , 
there may be a rule that “ the UE 100 have to understand as 
the provision start timing the specified H - SFN which is the 
H - SFN after the wrap around ( after the upper limit is 
reached ) ” . In the same way of thinking , using the modifi 
cation boundary of the SC - MCCH or the SIB instead of the 
upper limit of the H - SFN , the provision may be started with 
the H - SFN corresponding to the timing of the next modifi 
cation boundary to the modification boundary of the SC 
MCCH or the SIB and later . 
[ 0114 ] On the other hand , in the case of UTC expression , 
there might be a case where the UE 100 does not include a 
GPS or the like and thus cannot confirm the current UTC . 
However , if the current UTC is provided in SIB type 16 
( SIB16 ) , the UE 100 , even if having no GPS or the like , can 
confirm UTC . Therefore , the eNB 200 may provide the 
provision start time expressed by UTC to the UE 100 only 
when the eNB 200 itself transmits the SIB16 . 

( 4 ) Operation Pattern 4 
[ 0111 ] In operation pattern 4 , the UE 100 receives , from 
the eNB 200 , time information indicating at least one of a 
time at which provision of the specific MBMS service is 
started and a time at which the provision is ended . The time 
information is transmitted from the eNB 200 by the system 
information block ( SIB20 ) for SC - PTM or the multicast 
control channel ( SC - MCCH ) for SC - PTM . The SIB20 or the 
SC - MCCH ( SCPTM Configuration ) may include a list con 
sisting of a plurality of service identifiers ( TMGIs ) and 
pieces of time information of the respective service identi 
fiers ( TMGIS ) . As a result , it is possible to notify the UE 100 
of the start time or the like for each TMGI . Therefore , the 
UE 100 can maintain a sleep state until provision of the 
MBMS service ( for example , an MBMS service identified 
by the preset service identifier ) in which the UE 100 itself is 
interested is started . 
[ 0112 ] The time information may be a combination of the 
provision start time and the provision end time . Alterna 
tively , the time information may be a combination of the 
provision start time and the provision duration ( for example , 
1 minute ) . The provision start time ( and the provision end 
time ) may be expressed by H - SFN or may be expressed by 
UTC ( Coordinated Universal Time ) . 
[ 0113 ] In the case of H - SFN expression , the UE 100 
recognizes that the H - SFN indicating the provision start time 
is the H - SFN after the wrap around ( # 1023 > # 0 ) . FIGS . 14A 
and 14B are diagrams is a diagram illustrating the provision 
start time expressed by the H - SFN . FIG . 14A illustrates a 
case where the provision start time in the SC - MCCH is 
expressed as H - SFN = 200 at the time of H - SFN = 150 in the 
UE 100 . In this case , the UE 100 considers that provision of 
the MBMS service is started at the H - SFN = 200 after the 
wrap around ( # 1023 - > # 0 ) . FIG . 14B illustrates a case where 
the provision start time in the SC - MCCH is expressed as 
H - SFN = 200 at the time of H - SFN = 300 in the UE 100 . In 

( 5 ) Operation Pattern 5 
[ 0115 ] As described above , repetitive transmission can be 
applied to the MPDCCH ( or NPDCCH ) and the PDSCH 
( narrowband PDSCH ) for the purpose of coverage enhance 
ment ( CE ) . When the repetitive transmission is applied , the 
UE 100 preferably knows the maximum number of repeated 
transmissions and the actual number of repeated transmis 
sions . 
[ 0116 ] In operation pattern 5 , the UE 100 receives , from 
the eNB 200 , repetition number information that indicates at 
least one of ; the number of repeated transmissions of a 
predetermined physical downlink control channel ( MPD 
CCH or NPDCCH ) having a bandwidth equal to or less than 
the reduced bandwidth ; and the number of repeated trans 
missions of a physical downlink shared channel ( narrow 
band PDSCH ) having a bandwidth equal to or less than the 
reduced bandwidth . The repetition number information indi 
cates at least one of the maximum number of repeated 
transmissions and the actual number of repeated transmis 
sions . The repetition number information is transmitted from 
the eNB 200 by the system information block ( SIB20 ) for 
SC - PTM or the multicast control channel ( SC - MCCH ) for 
SC - PTM . 
[ 0117 ] FIGS . 15A and 15B are diagrams is a diagram 
illustrating the repetition number information . FIG . 15A 
illustrates a case where the repetition number information 
( # of repetition ) is provided in the SIB20 . As illustrated in 
FIG . 15A , the eNB 200 provides the repetition number 
information of the MPDCCH ( or NPDCCH ) corresponding 
to the SC - MCCH and the repetition number information of 
the narrowband PDSCH corresponding to the SC - MCCH in 
the SIB20 . Even when the repetitive transmission is applied 
to the SC - MCCH , the UE 100 can appropriately receive the 
SC - MCCH based on the repetition number information in 
the SIB20 . FIG . 15B illustrates a case where the repetition 
number information ( # of repetition is provided in the 
SC - MCCH . As illustrated in FIG . 15B , the eNB 200 pro 
vides the repetition number information of the MPDCCH ( or 
NPDCCH ) corresponding to the SC - MTCH and the repeti 
tion number information of the narrowband PDSCH corre 
sponding to the SC - MTCH in the SC - MCCH . Here , an 
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example is illustrated in which the repetition number infor 
mation is provided for each MBMS service ( TMGI ) . The UE 
100 can appropriately receive the SC - MTCH based on the 
repetition number information in the SC - MCCH . 

( 6 ) Operation Pattern 6 
[ 0118 ] The UE 100 may move from one cell to another 
during SC - PTM reception . In such a case , it is desirable that 
the SC - PTM reception can be continued . 
[ 0119 ] In operation pattern 6 , the UE 100 receives a group 
RNTI ( G - RNTI ) associated with MBMS services provided 
by neighbour cells adjacent to the serving cell managed by 
the eNB 200 , from the eNB 200 via the serving cell . That is , 
the UE 100 receives the G - RNTI used by the neighbour cell 
from the serving cell . That G - RNTI is transmitted from the 
eNB 200 ( serving cell ) by the system information block 
( SIB20 ) for SC - PTM or the multicast control channel ( SC 
MCCH ) for SC - PTM . 
[ 0120 ] In addition to the G - RNTI , the eNB 200 ( serving 
cell ) may provide the UE 100 with the SC - MTCH sched 
uling information ( sc - mtch - scheduling Info ) of the neigh 
bour cell . Alternatively , the eNB 200 ( serving cell ) may 
provide the SC - MCCH information ( SCPTM Configuration ) 
of all the neighbour cells to the UE 100 . As a result , even 
when the UE 100 moves from the serving cell to a neighbour 
cell , the UE 100 can quickly receive the SC - MTCH of the 
neighbour cell . It is noted that the eNB 200 ( serving cell ) 
may provide at least a part of the SIB20 of the neighbour cell 
to the UE 100 . 

[ 0125 ] Information that SC - PTM reception failed 
[ 0126 ] TMGI whose reception failed 
0127 ] The first packet number whose reception failed 

( PDCP sequence number etc . ) 
[ 0128 ] HARQ process ID whose reception failed 

[ 0129 ] Here , notifying the packet number and / or the 
HARQ process ID enables the eNB 200 not to retransmit the 
entire MBMS service ( data ) by unicast but to retransmit only 
the data after the moment the UE 100 fails to receive . As a 
result , the UE 100 can utilize the data normally received by 
multicast . 
101301 When performing unicast retransmission , the eNB 
200 may notify the UE 100 of at least one of the following 
information . 

10131 ) ID of retransmission bearer 
0132 ] PDCP sequence number of retransmission start 
packet 

[ 0133 ] HARQ process ID 
[ 0134 ] It is noted that an example in which the UE 100 
transmits an RRC Connection Request message in response 
to failed reception of the MBMS service has been described ; 
however , the example does not limit that transmission , and 
feedback information indicating failed reception of the SC 
MTCH may be transmitted . That feedback information may 
be a retransmission control signal ( ACK or NACK ) or the 
like . 

( 7 ) Operation Pattern 7 
[ 0121 ] The UE 100 does not necessarily succeed in receiv 
ing the MBMS service ( data ) transmitted on the SC - MTCH . 
Assuming a firmware distribution service , data ( firmware ) 
missing , even partly , is a problem . 
[ 0122 ] In operation pattern 7 , the UE 100 establishes an 
RRC connection in response to failed reception of the 
MBMS service in a state where the UE 100 has no RRC 
connection with the eNB 200 ( that is , in the RRC idle mode ) , 
and transmits information related to the MBMS service 
corresponding to the failed reception to the eNB 200 . As a 
result , it is possible to urge the eNB 200 to perform unicast 
retransmission of the MBMS service . 
[ 0123 ] In operation pattern 7 , the eNB 200 buffers the 
MBMS service ( data ) that has been transmitted on the 
SC - MTCH for a certain period of time . The eNB 200 may 
set a timer value related to the time to buffer the data in the 
UE 100 by an SIB or the like . The timer value defines an 
allowable time from when the UE 100 fails to receive the 
SC - MTCH to when the UE 100 establishes an RRC con 
nection ( for example , transmits an RRC Connection Request 
message ) . When failing the reception , the UE 100 has to 
activate a timer that sets the timer value and transmit the 
RRC Connection Request message ( or an RRC Connection 
Resume message ) before the timer expires . The eNB 200 
activates the timer for each SC - MTCH transmission or 
buffering , and discards the buffered data when the timer 
expires . 
[ 0124 ] After making a transition to the RRC connected 
mode , the UE 100 that has failed to receive the MBMS 
service may notify the eNB 200 of at least one of the 
following information . 

Other Embodiments 
[ 0135 ] Each of the above - described operation patterns is 
not limited to independent implementation ; a combination 
of two or more of the operation patterns may be imple 
mented . For example , a part of processing according to one 
operation pattern may be added to another operation pattern . 
Alternatively , a part of the processing according to one 
operation pattern may be replaced with a part of the con 
figuration of another operation pattern . 
[ 0136 ] In the embodiment described above , a firmware 
distribution is assumed as the MBMS service . However , 
MBMS services , such as distribution of group messages , 
distribution of group chat messages , distribution of virus 
definition files , regular distribution of update files such as 
weather forecast , irregular distribution of files such as news 
bulletin , night distribution of files such as video contents ( off 
peak distribution ) , audio / video streaming distribution , tele 
phone / video phone ( group communication ) , live video dis 
tribution , and radio audio distribution , may be assumed . 
0137 ] In the above - described embodiment , the LTE sys 
tem is exemplified as the mobile communication system . 
However , the present invention is not limited to the LTE 
system . The present invention may be applied to a mobile 
communication system other than the LTE system . 

Supplementary Note 

1 . Introduction 
0138 ] In this supplementary note , the general issues to 
enhance the existing multicast mechanism for FeMTC UES 
are discussed . 

2 . Discussion 

2 . 1 . Rel - 13 SC - PTM 
[ 0139 ] The SC - PTM was specified on top of the eMBMS 
architecture to support DL multicast transmission in a single 
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cell using PDSCH , unlike MBSFN with PMCH . The 
PDSCH - based multicast mechanism allows dynamic sched 
uling by PDCCH scrambled with SC - RNTI or G - RNTI , 
which also well matches with the objective of this WI , i . e . , 
“ for machine - type communications for BL / CE ( eMTC ) 
UEs ” , although MPDCCH has not supported SC - RNTI , 
SC - N - RNTI and G - RNTI in Rel - 13 . 
[ 0140 ] Observation 1 : Rel - 13 SC - PTM potentially sup 
ports 6 PRBs operation , although MPDCCH needs the 
RNTIs for SC - PTM transmission . 
[ 0141 ] Before the UE receives DL multicast data , it needs 
to acquire SIB20 to know the occasions of SC - MCCH 
transmission , wherein SC - MCCH conveys the detailed 
information for SC - PTM reception , i . e . , SC - MTCH - Info 
List , such as TMGI , corresponding G - RNTI , SC - PTM 
scheduling information and so on . 
[ 0142 ] The current upper bound of SC - MCCH modifica 
tion period is about 10 . 92 minutes , i . e . , rf65536 . So , the UE 
interested in SC - PTM needs to check whether the contents 
of SC - MCCH has changed at least once every 10 . 92 minutes 
even if it has already received the current SC - MCCH , i . e . , to 
try receiving the SC - MCCH change notification ( PDCCH 
scrambled with SC - N - RNTI ) . On the other hand , Rel - 13 
eDRX extends the idle mode DRX cycle up to 43 . 69 
munities . While it could be assumed that FeMTC UEs are 
configured with the eDRX cycle , if the UE is interested in 
SC - PTM reception then it may not take the full benefit of 
eDRX from the power saving point of view . 
[ 0143 ] The UE monitors the SC - RNTI in the PDCCH to 
obtain the SC - MCCH transmission in the DL - SCH . The 
SC - MCCH provides the list of all MBMS services with 
on - going sessions transmitted on SC - MTCH ( s ) , including 
for each MBMS service TMGI and optional session ID , 
associated G - RNTI and scheduling information . When the 
TMGI of interest is available in SC - MCCH , the UE moni 
tors PDCCH scrambled with G - RNTI , i . e . , SC - PTM , in the 
subframe occasions . The current scheduling period of SC 
PTM is defined up to 8 , 192 ms , i . e . , sf8192 , so the UE needs 
to decode PDCCH once every 8 seconds , which is much 
shorter period compared to the eDRX cycle . 
10144 ) Observation 2 : The IDLE UE interested in SC 
PTM reception may need to decode PDCCH scrambled with 
SC - N - RNTI and / or G - RNTI in shorter period than its con 
figured eDRX cycle . 
10145 ] In order to avoid the additional power consumption 
of FeMTC UEs , it should be discussed that the SC - MCCH 
change notification mechanism and / or SC - PTM scheduling 
period needs to be extended , e . g . , to align with eDRX 
mechanisms using H - SFN . 
[ 0146 ] Proposal 1 : RAN2 should discuss whether the 
SC - MCCH change notification and SC - PTM scheduling 
period are extended , in order to minimize the UE power 
consumption . 

[ 0148 ] Regarding the unicast transmissions , HARQ and 
ARQ functionalities ensured the reliable packet transfer 
which could match the required QoS of e . g . , firmware 
update case . However , considering the massive number of 
connections expected for IoT devices in the near future , it 
could no longer make sense that the reliable communication 
only relies on the unicast ( and possibly on a robust network 
deployment ) . 
f0149 ) On the other hand , the multicast transmissions 
could provide a data transfer to multiple UEs simultane 
ously , which is beneficial to serve massive number of 
devices in a cell . However , the existing multicast scheme is 
not robust enough for some cases since there is no protocol 
support for the packet failed to decode . 
[ 0150 Observation 3 : The unicast transmission could 
ensure the reliable data transfer for e . g . , firmware , while the 
multicast transmission could serve more number of UES , 
massive MTC devices . 
[ 0151 ] There are three approaches for the enhancements , 
a ) a combination of unicast and multicast , b ) enhancements 
to unicast and c ) enhancements to multicast , whereby only 
a ) and c ) are in - line with the scope of WI . 
[ 0152 ] Regarding a ) , it could be considered that the UE , 
which fails the integrity check of a file downloaded via 
multicast , would be expected to reacquire the file via unicast 
by e . g . , an upper layer - initiated retransmission request . 
While it ' s simple mechanism from the AS specification 
point of view , there could be some drawbacks from the 
perspective of UE power consumption . For example , the UE 
may need to reacquire whole the file even if a part of packets 
is not successfully decoded , wherein it ' s not efficient espe 
cially if the file is not small size , e . g . , firmware / software . 
Additionally , if the UE was in IDLE , i . e . , idle mode recep 
tion of multicast , then it needs to establish RRC connection 
for the unicast transfer , wherein it takes additional signaling 
for connection establishment / resumption . 
[ 0153 ] Regarding c ) , it may be one of the approaches to 
introduce the retransmission scheme in AS specifications for 
multicast . It needs the standardization efforts for e . g . , UL 
feedback and / or retransmission mechanisms , while it would 
improve the efficiency of FeMTC UEs to download the 
firmware completely . Considering that low power consump 
tion is key performance of MTC devices , the retransmission 
scheme should be considered for DL multicast . 
[ 0154 ] Proposal 2 : RAN2 should discuss whether the 
retransmission scheme , including UL feedback , should be 
introduced in SC - PTM for FeMTC UEs . 

2 . 2 . Rel - 14 Multicast Requirements 
2 . 2 . 1 . Support of Firmware Update Use Case 

[ 0147 ] The WID identifies the motivation of DL multicast 
for FeMTC UEs , “ e . g . firmware or software updates , group 
message delivery ” . It would require more reliable commu 
nication compared to the group communication and video 
streaming that were assumed as main applications in the 
legacy eMBMS , i . e . , the firmware makes no sense even if 
only one packet is missed . 

2 . 2 . 2 . Support of Enhanced Coverage 
[ 0155 ] Currently , pre - Rel - 14 UEs in Connected and IDLE 
are able to receive MBMS services . Since Rel - 14 UEs are 
assumed to be in Enhanced Coverage , the principle of 
current multicast mechanism should be applied . 
[ 0156 ] Proposal 3 : Rel - 14 UEs in Connected and IDLE 
should also be able to receive SC - PTM in Enhanced Cov 
erage . 
[ 0157 The repetition of signals was a key component to 
support Coverage Enhancements in Rel - 13 , in addition to 
the bandwidth reduced access technology . The repetition 
technique could be considered to be reused for Rel - 14 
multicast to UEs in Enhanced Coverage . From RAN2 point 
of view , at least BCCH ( SIB20 ) and DL - SCH ( SC - MCCH 
and SC - PTM ) should be considered and the maximum ) 
number of repetitions for these channels are already pro 
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vided by RRC , i . e . , pdsch - maxNumRepetitionCEmodeA , 
pdsch - maxNumRepetitionCEmodeB and mpdcch - Num 
Repetition and MPDCCH provides actual number of 
PDSCH repetition , while mpdoch - NumRepetition for SC 
MCCH / SC - PTM transmissions may need to be provided in 
SIB for IDLE UEs if MPDCCH is used to assign the 
corresponding PDSCHs . In addition , the repetition of SC 
MCCH is already provided in SIB20 , i . e . , sc - mcch - Repet 
ionPeriod - r13 , in order to limit the access latency . It may be 
also reused to support Enhanced Coverage . If RAN2 agrees 
these changes are needed , RANI should also be informed 
about RAN2 ' s views . 
[ 0158 ] Observation 4 : The repetition technique should be 
reused for multicasting in Enhanced Coverage . 
10159 ] Proposal 4 : If RAN2 agrees with Observation 4 , an 
LS should be send to RANI to inform them of desired 
changes . 
[ 0160 ] According to the current idle mode procedure , the 
UE receiving or interested in an MBMS service may pri 
oritize the frequency providing SC - PTM over the other 
frequencies , i . e . , to consider the highest priority . On the 
other hand , it ' s also specified that “ Ranking with cell 
selection criterion S for enhanced coverage is applied for 
intra - frequency and inter - frequency cell reselection when 
the current serving cell can only be accessed using enhanced 
coverage ” , wherein it seems to handle all the frequencies as 
equal priority if the UE is in Enhanced Coverage . Since the 
SC - PTM reception in Enhanced Coverage was not clearly 
assumed in Rel - 13 , it would be confirmed that the current 
specification allows the UE in Enhanced Coverage to pri 
oritize SC - PTM frequency as it is done in normal coverage . 
Also , RAN2 should discuss whether some small enhance 
ments are necessary , e . g . , to add notes in the specification . 
10161 ] Proposal 5 : RAN2 should discuss and clarify 
whether the UE in Enhanced Coverage is allowed to priori 
tize the frequency providing multicast service of interest . 

layer provides for each service the TMGI , the session start 
and end time , the frequencies and the MBMS service area 
identities ” in the USD . It may allow performing a one - shot 
multicasting , i . e . , the one firmware is multicasted only once , 
by setting appropriate start / end time in the USD . However , 
the USD should be obtained via unicast ; therefore , the 
associated UEs needs to establish RRC Connection at least 
once when the firmware is delivered , which is not efficient 
from the perspectives of NW capacity and UE power con 
sumption . So , it may need some sort of RAN - level optimi 
zations , e . g . , RAN - level information like the start / stop time , 
TMGI - based paging and so on , which may interact with / 
complement the USD . 
[ 0165 ] Proposal 7 : RAN2 should discuss whether RAN 
level optimization to facilitate the one - shot multicast deliv 
ery is necessary . 

1 . A user equipment for a mobile communication system , 
comprising ; 

a transceiver configured to transmit and receive radio 
signals within a reduced bandwidth narrower than a 
system transmission and reception band ; and 

a controller configured to perform radio communication 
with a base station by using the transceiver , the base 
station providing Multimedia Broadcast Multicast Ser 
vice ( MBMS ) services via Single Cell Point - To - Mul 
tipoint ( SC - PTM ) , 

wherein the controller is configured to perform a process 
of receiving first information from the base station , 

the first information indicates at least one of : 
a maximum number of repetitions of a physical down 

link control channel having a bandwidth equal to or 
less than the reduced bandwidth and 

a maximum number of repetitions of a physical down 
link shared channel having a bandwidth equal to or 
less than the reduced bandwidth , and 

the first information is transmitted from the base station 
by a system information block for the SC - PTM or a 
multicast control channel for the SC - PTM . 

2 . The user equipment according to claim 1 , wherein 
the controller is configured to perform a process of 

receiving update notification information from the base 
station on the physical downlink control channel hav 
ing a bandwidth equal to or less than the reduced 
bandwidth , and 

the update notification information includes at least one of 
a first update notification that indicates update of the 

system information block for the SC - PTM , 
a second update notification that indicates update of the 

multicast control channel for the SC - PTM , and 
a third update notification that indicates update of a 

specific MBMS service indicated in the multicast con 
trol channel . 

3 . The user equipment according to claim 1 , wherein the 
controller is configured to perform a process of receiving , 
from the base station , information indicating that provision 
of a specific MBMS service is ended . 

4 . The user equipment according to claim 1 , wherein 
the controller is configured to perform a process of 

receiving , from the base station via a serving cell , a 
group RNTI associated with an MBMS service pro 
vided by a neighbour cell adjacent to the serving cell 
managed by the base station , and 

the group RNTI is transmitted from the base station by the 
multicast control channel for the SC - PTM . 

2 . 2 . 3 . Other Optimizations 

2 . 2 . 3 . 1 . Service Continuity 
[ 0162 ] In the current specification , SC - MCCH provides 
the neighbour cell information in SCPTM - NeighbourCell 
List , i . e . , physical cell ID and frequency . If the UE is 
interested in a TMGI of which the serving cell does not 
provide SC - PTM , the UE needs to decode the neighbour 
cells ' SC - MCCHs to seek the TMGI of interest . It would 
consume the UE ' s battery for additional decoding over 
inter - frequency measurements , which will have more impact 
on UE ' s mobility that is somewhat enhanced in this WI . So , 
it should be discussed whether some additional information 
needs to be broadcasted in order to facilitate FeMTC UES 
mobility with low power consumption . 
[ 0163 ] Proposal 6 : RAN2 should discuss whether addi 
tional information is broadcasted in e . g . , SC - MCCH , to 
assist the UE mobility with lower power consumption . 

2 . 2 . 3 . 2 . One - Shot Multicasting 
[ 0164 ] As discussed in section 2 . 2 . 1 , the use case of 
firmware / software update is the multicast - type service rather 
than the broadcast service . It could be also assumed that the 
firmware is a ( set of ) file ( s ) , so it would be not efficient that 
the same firmware is multicasted many times . In the current 
MBMS service , it ' s assumed that “ the application / service 
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5 . A base station for a mobile communication system , 
comprising : 

a controller configured to provide Multimedia Broadcast 
Multicast Service ( MBMS ) services via Single Cell 
Point - To - Multipoint ( SC - PTM ) to a user equipment 
configured to transmit and receive radio signals within 
a reduced bandwidth narrower than a system transmis 
sion and reception band , 

the controller is configured to perform a process of 
transmitting first information to the user equipment , 

the first information indicates at least one of : 
a maximum number of repetitions of a physical down 

link control channel having a bandwidth equal to or 
less than the reduced bandwidth and 

a maximum number of repetitions of a physical down 
link shared channel having a bandwidth equal to or 
less than the reduced bandwidth , and 

the first information is transmitted from the base station 
by a system information block for the SC - PTM or a 
multicast control channel for the SC - PTM . 

6 . A method used in a mobile communication system 
comprising a user equipment configured to transmit and 
receive radio signals within a reduced bandwidth narrower 
than a system transmission and reception band and a base 
station configured to provide Multimedia Broadcast Multi 
cast Service ( MBMS ) services via Single Cell Point - To 
Multipoint ( SC - PTM ) , the method comprising : 

receiving first information from the base station , by the 
user terminal , wherein 

the first information indicates at least one of : 
a maximum number of repetitions of a physical down 

link control channel having a bandwidth equal to or 
less than the reduced bandwidth and 

a maximum number of repetitions of a physical down 
link shared channel having a bandwidth equal to or 
less than the reduced bandwidth , and 

the first information is transmitted from the base station 
by a system information block for the SC - PTM or a 
multicast control channel for the SC - PTM . 
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