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DESCRIPTION 

 

BASE STATION AND SYNCHRONIZATION SIGNAL TRANSMISSION 

METHOD 

 5 

TECHNICAL FIELD 

The present invention relates to a base 

station and a synchronization signal transmission 

method. 

 10 

BACKGROUND ART 

As initial access to a carrier provided by 

a base station (eNB: enhanced Node B) in Long Term 

Evolution (LTE), a user equipment apparatus (UE: 

user equipment) detects synchronization signals 15 

(SSs) referred to as a primary synchronization 

signal (PSS) and a secondary synchronization signal 

(SSS), and then demodulates a physical broadcast 

channel (PBCH). 

Fig. 1 is a diagram illustrating a frame 20 

structure for initial access in LTE.  In LTE, two 

sets of PSSs and SSSs are multiplexed into a radio 

frame of 10 ms, and a PBCH is multiplexed together 

with one of the two sets.  The PSS is typically used 

for synchronization of symbol timing and detection 25 

of a local ID.  The SSS is typically used for 

synchronization of the radio frame and detection of 

a cell group ID.  When synchronization is 

established and a cell ID is identified using the 

PSS and the SSS, a PBCH of a carrier corresponding 30 

to the cell ID can be decoded.  The PBCH includes 

basic information such as a system bandwidth, a 

system frame number (SFN), and so on.  When the PSS, 

the SSS, and the PBCH are detected, a system 

information block (SIB) can be subsequently received 35 

and a location of a time resource for random access 

can be obtained (see Non-Patent Document 1). 
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[Prior Art Document] 

[Non-Patent Document] 

  [Non-Patent Document 1] 3GPP TS 36.212 

V14.1.1 (2016-12) 5 

 

DISCLOSURE OF INVENTION 

[PROBLEM(S) TO BE SOLVED BY THE INVENTION]  

In the 3rd Generation Partnership Project 

(3GPP), a next-generation system called 5G, which 10 

follows LTE and LTE-Advanced, is currently under 

discussion. 

In LTE, a single beam operation, in which 

a beam direction is fixed during initial access, is 

supported.  In a next-generation system, it is 15 

expected that a single beam operation, in which a 

PSS, an SSS, and a PBCH are repeatedly transmitted 

in the time domain without changing a beam direction, 

as well as a multi-beam operation (also referred to 

as "beam sweeping"), in which a PSS, an SSS, and a 20 

PBCH are repeatedly transmitted by changing a beam 

direction, will be supported.  In order for a user 

equipment apparatus to receive a SIB and obtain a 

location of a time resource for random access after 

detecting a PSS, an SSS, and a PBCH, the user 25 

equipment apparatus needs to identify, for the PSS, 

the SSS, and the PBCH that were detected, the number 

of PSS, SSS, and PBCH that had been transmitted 

within a repetition period.  For this reason, a base 

station needs to provide to the user equipment 30 

apparatus an index (hereinafter referred to as an 

"SS block index") indicating a time-domain location 

of a resource (hereinafter referred to as an "SS 

block") where the PSS, the SSS, and the PBCH are 

placed. 35 

In LTE, information necessary for SIB 

reception and random access can be transmitted on a 



 

- 3 -  

PBCH.  In a next-generation system, as the amount of 

information such as an SFN and the number of cell 

IDs may increase, providing an SS block index on the 

PBCH may cause a shortage of a payload size of the 

PBCH.  On the other hand, providing an SS block 5 

index using the PSS and the SSS may increase a 

workload of a user equipment apparatus, because the 

user equipment apparatus has to detect a combination 

of a cell ID and the SS block index at one time. 

It is an object of the present invention 10 

to provide an SS block index to a user equipment 

apparatus while avoiding a shortage of a payload 

size of a PBCH and reducing a workload of the user 

equipment apparatus during initial access. 

 15 

[MEANS FOR SOLVING THE PROBLEM(S)] 

In one aspect of the present invention, 

there is provision for a base station, including: 

an index generation unit configured to 

generate an index indicating a time-domain location 20 

of a synchronization signal block where a 

synchronization signal or a physical broadcast 

channel is placed; and 

a transmission unit configured to transmit 

a portion of the index using one or more 25 

synchronization signals from among a primary 

synchronization signal, a secondary synchronization 

signal, and a tertiary synchronization signal and 

transmit a remaining portion of the index using the 

physical broadcast channel. 30 

 

[ADVANTAGEOUS EFFECT OF THE INVENTION]  

According to the present invention, it is 

possible to provide an SS block index to a user 

equipment apparatus while avoiding a shortage of a 35 

payload size of a PBCH and reducing a workload of 

the user equipment apparatus during initial access. 



 

- 4 -  

 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram illustrating a frame 

structure for initial access in LTE. 

Fig. 2 is a diagram illustrating an 5 

exemplary configuration of a radio communication 

system according to an embodiment of the present 

invention. 

Fig. 3A is a diagram illustrating a first 

exemplary frame structure for initial access 10 

assuming that a multi-beam operation is supported. 

Fig. 3B is a diagram illustrating a second 

exemplary frame structure for initial access 

assuming that a multi-beam operation is supported. 

Fig. 4 is a sequence diagram illustrating 15 

a communication procedure in a radio communication 

system according to an embodiment of the present 

invention. 

Fig. 5A is a diagram illustrating a first 

exemplary structure (1-1) of SS blocks. 20 

Fig. 5B is a diagram illustrating a first 

exemplary structure (1-2) of SS blocks. 

Fig. 5C is a diagram illustrating a first 

exemplary provisioning scheme of an SS block. 

Fig. 6A is a diagram illustrating a second 25 

exemplary structure (2-1) of SS blocks. 

Fig. 6B is a diagram illustrating a second 

exemplary structure (2-2) of SS blocks. 

Fig. 6C is a diagram illustrating a second 

exemplary structure (2-3) of SS blocks. 30 

Fig. 6D is a diagram illustrating a second 

exemplary structure (2-4) of SS blocks. 

Fig. 6E is a diagram illustrating a second 

exemplary structure (2-5) of SS blocks. 

Fig. 6F is a diagram illustrating a second 35 

exemplary provisioning scheme of an SS block. 

Fig. 7 is a block diagram illustrating a 
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functional configuration of a base station according 

to an embodiment of the present invention. 

Fig. 8 is a block diagram illustrating a 

functional configuration of a user equipment 

apparatus according to an embodiment of the present 5 

invention. 

Fig. 9 is an exemplary hardware 

configuration of a base station or a user equipment 

apparatus according to an embodiment of the present 

invention. 10 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, embodiments of the invention 

will be described with reference to the accompanying 

drawings.  The embodiments described below are 15 

merely examples and embodiments of the invention are 

not limited to the following embodiments.  While the 

embodiments are described using the terms defined in 

LTE, for example, the invention is not limited to 

LTE but can be also applied to another system.  In 20 

the specification and the appended claims, "LTE" is 

used in a broad meaning including not only a 

communication system corresponding to Release 8 or 9 

of 3GPP but also a communication system 

corresponding to Release 10, 11, 12, or 13 of 3GPP 25 

and a fifth-generation communication system 

corresponding to Release 14 or later of 3GPP. 

<System Configuration> 

Fig. 2 is a conceptual diagram of an 

exemplary configuration of a radio communication 30 

system according to an embodiment of the present 

invention.  As illustrated in Fig. 2, the radio 

communication system according to the embodiment of 

the present invention includes a base station eNB 

and a user equipment apparatus UE.  While a single 35 

base station eNB and a single user equipment 

apparatus UE are illustrated in Fig. 2, a plurality 
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of base stations eNBs or a plurality of user 

equipment apparatuses UEs may be included. 

The base station eNB can accommodate one 

or more (for example, three) cells (also referred to 

as "sectors").  When the base station eNB 5 

accommodates a plurality of cells, the entire 

coverage area of the base station eNB can be divided 

into a plurality of small areas, and in each small 

area, a communication service can be provided 

through a base station subsystem (for example, a 10 

small indoor base station remote radio head (RRH)).  

The term "cell" or "sector" refers to a part or 

whole of the coverage area in which the base station 

and/or the base station subsystem provides a 

communication service.  Further, the terms "base 15 

station", "eNB", "cell", and "sector" can be used 

interchangeably in this specification.  In some 

cases, the base station eNB is also referred to as a 

fixed station, a NodeB, an eNodeB (eNB), a gNodeB 

(gNB), an access point, a femto cell, a small cell, 20 

or the like. 

In some cases, the user equipment 

apparatus UE is referred to as a subscriber station, 

a mobile unit, a subscriber unit, a wireless unit, a 

remote unit, a mobile device, a wireless device, a 25 

wireless communication device, a remote device, a 

mobile subscriber station, an access terminal, a 

mobile terminal, a wireless terminal, a remote 

terminal, a handset, a user agent, a mobile client, 

a client, or any other suitable term by those 30 

skilled in the art. 

Next, initial access between the user 

equipment apparatus and the base station is 

described below. 

The user equipment apparatus needs to 35 

perform cell search in order to communicate with the 

base station.  Signals used for cell search are 
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referred to as synchronization signals (SSs), which 

include a primary synchronization signal (PSS) and a 

secondary synchronization signal (SSS).  In addition, 

a newly-defined synchronization signal (hereinafter 

referred to as a "tertiary synchronization signal 5 

(TSS)") may be also used.  A sequence for 

identifying a local ID is used for the PSS and a 

sequence for identifying a cell group ID is used for 

the SSS.  A cell ID can be identified by a 

combination of the local ID and the cell group ID.  10 

In the embodiment of the present invention, the 

combination of the local ID and the cell group ID is 

used to identify a cell ID; however, another ID may 

be alternatively used.  For example, a cell ID may 

be identified only by either the sequence used for 15 

the PSS or the sequence used for the SSS.  Each of 

the sequences used for the PSS and the SSS may be 

formed by a Zadoff-Chu sequence or the like.  

Similarly, the sequence used for the TSS may be 

formed by a Zadoff-Chu sequence or the like. 20 

Basic information which the user equipment 

apparatus UE should read after cell search is 

referred to as broadcast information, which includes 

a master information block (MIB) including a system 

bandwidth, a system frame number, and so on, and a 25 

system information block (SIB) including other kinds 

of system information.  The MIB may be transmitted 

on a PBCH and the SIB may be transmitted on a 

physical downlink shared channel (PDSCH). 

The PSS, the SSS, the TSS, and the PBCH 30 

are placed in an SS block at a predetermined 

resource location.  In other words, an SS block is a 

resource including any of the PSS, the SSS, the TSS, 

and the PBCH.  In the radio communication system 

according to the embodiment of the present invention, 35 

it is assumed that in addition to a single beam 

operation, a multi-beam operation is supported 
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during initial access. 

Figs 3A and 3B are diagrams illustrating 

an exemplary frame structure for initial access 

assuming that a repetitive transmission is performed 

in the time domain.  In these examples, it is 5 

assumed that a multi-beam operation is applied.  

When the multi-beam operation is applied, SS blocks 

are repeatedly placed in the time domain by changing 

a beam direction.  It should be noted that SS blocks 

may be repeatedly placed in the time domain even if 10 

a single beam operation rather than the multi-beam 

operation is applied.  A group of SS blocks 

continuously placed in the time domain is referred 

to as an "SS burst".  The SS burst may be 

periodically or aperiodically transmitted.  15 

An SS block index indicating a time-domain 

location of an SS block (for example, a location of 

the first symbol of the SS block in the SS burst) is 

assigned to the SS block.  Fig. 3A illustrates an 

example where SS block indexes are assigned on a 20 

per-SS burst basis.  For example, indexes starting 

from zero are sequentially assigned to L SS blocks 

in an SS burst, and then the same indexes starting 

from zero are also sequentially assigned to SS 

blocks in a next SS burst.  Fig. 3B illustrates an 25 

example where an SS burst series that is a group of 

SS bursts are defined and SS block indexes are 

assigned on a per-SS burst series basis.  For 

example, indexes starting from zero are sequentially 

assigned to L SS blocks in an SS burst, and then 30 

indexes starting from L are sequentially assigned to 

SS blocks in a next SS burst. 

When an operation using an SS burst is 

supported, the user equipment apparatus may detect 

an SS block with an SS block index of zero or an SS 35 

block with an SS block index of one.  In either of 

the frame structures of Figs. 3A and 3B, the user 
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equipment apparatus can use the SS block index to 

identify the time-domain location of the detected SS 

block within the radio frame. 

<Communication Procedure in Radio 

Communication System> 5 

Next, an example where a base station 

transmits a portion of an SS block index using one 

or more SSs of a PSS, an SSS, and a TSS, and 

transmits the remaining portion of the SS block 

index using a PBCH is described. 10 

Fig. 4 is a sequence diagram illustrating 

a communication procedure in a radio communication 

system according to an embodiment of the present 

invention. 

The base station generates an SS block 15 

index to be assigned to an SS block and, in the SS 

block, transmits at least one of a PSS, an SSS, and 

a TSS including a portion of the SS block index and 

transmits a PBCH including the remaining portion of 

the SS block index (S101).  When the portion of the 20 

SS block index is included in the PSS or the SSS, a 

remaining sequence of the PSS or the SSS may be used.  

For example, nine hundred sixty-one sequences can be 

generated as an SSS in LTE; however, the SSS is used 

as a sequence to identify one of one hundred sixty-25 

eight cell group IDs.  In other words, for an SSS in 

LTE, (nine hundred sixty-one minus one hundred 

sixty-eight) remaining sequences are available.  

Similarly, for a PSS, remaining sequences are 

available.  As a sequence indicating the portion of 30 

the SS block index, these remaining sequences may be 

used.  Further, the fact that the remaining 

sequences are available for the PSS and the SSS 

means that resources for the PSS and the SSS are 

available.  Within the available resources, a new 35 

sequence may be defined to indicate the portion of 

the SS block index. 
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When the portion of the SS block index is 

transmitted using the PSS, the sequence indicating 

the portion of the SS block index and a local ID for 

identifying a cell ID are multiplexed in the code 

domain, the frequency domain, or the time domain.  5 

Similarly, when the portion of the SS block index is 

transmitted using the SSS, the sequence indicating 

the portion of the SS block index and a cell group 

ID for identifying a cell ID are multiplexed in the 

code domain, the frequency domain, or the time 10 

domain.  When the portion of the SS block index is 

transmitted using the TSS, a new sequence indicating 

the portion of the SS block index may be defined.  

The sequence indicating the portion of the SS block 

index may be transmitted using the PSS, the SSS, the 15 

TSS, or any combination thereof.  The sequence 

indicating the remaining portion of the SS block 

index is transmitted using the PBCH. 

For example, two hundred forty SS block 

indexes can be expressed as a first sequence which 20 

can represent twenty kinds of information and a 

second sequence which can represent twelve kinds of 

information.  For example, the first sequence is 

transmitted using the PBCH and the second sequence 

is transmitted using one or more SSs of the PSS, the 25 

SSS, and the TSS.  In other words, the second 

sequence may be included in the PSS, the SSS, or the 

TSS.  Further, it is possible to express the second 

sequence as a combination of a third sequence which 

can represent two kinds of information and a fourth 30 

sequence which can represent six kinds of 

information, include the third sequence in one of 

the PSS, the SSS, and the TSS, and include the 

fourth sequence in another of the PSS, the SSS, and 

the TSS.  It is also possible to express the second 35 

sequence as a combination of a fifth sequence which 

can represent two kinds of information, a sixth 
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sequence which can represent two kinds of 

information, and a seventh sequence which can 

represent three kinds of information, and include 

the fifth sequence, the sixth sequence, and the 

seventh sequence in the PSS, the SSS, and the TSS, 5 

respectively. 

The user equipment apparatus detects the 

portion of the SS block index included in one or 

more SSs of the PSS, the SSS, and the TSS at the 

time of detecting a cell ID using the PSS and the 10 

SSS.  The user equipment apparatus also detects the 

remaining portion of the SS block index at the time 

of detecting the PBCH.  The user equipment apparatus 

detects the SS block index by combining the portion 

of the SS block index included in one or more SSs of 15 

the PSS, the SSS, and the TSS and the remaining 

portion of the SS block index included in the PBCH 

(S103).  As a result, the user equipment apparatus 

can use the SS block index to identify the time-

domain location of the SS block within the radio 20 

frame. 

Then, the user equipment apparatus can 

receive a SIB or the like and start random access 

(S105). 

<First Exemplary Provisioning Scheme of SS 25 

Block Index> 

Figs. 5A-5C are diagrams illustrating 

first exemplary structures of SS blocks and first 

exemplary provisioning schemes of an SS block index.  

Fig. 5A illustrates an example (exemplary structure 30 

1-1) where sets of SS blocks including PSSs, SSSs, 

or PBCHs are placed with a predetermined spacing in 

the time domain.  Fig. 5B illustrates an example 

(exemplary structure 1-2) where a set of SS blocks 

including a PSS, an SSS, and a PBCH is continuously 35 

placed in the time domain.  An example is described 

below with reference to the case (exemplary 
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provisioning scheme 1-1 in Fig. 5C) where a sequence 

indicating a portion of an SS block index is 

included in an SSS. 

It is assumed that a base station can 

transmit one or more SS blocks, and generate an SSS 5 

sequence to be transmitted in an SS block, including 

information for identifying a cell group ID and a 

sequence indicating a portion of an SS block index. 

The user equipment apparatus can identify 

the information for identifying the cell group ID 10 

and the portion of the SS block index from an SSS 

sequence included in a detected SS block.  Further, 

the user equipment apparatus can identify the 

remaining portion of the SS block index by decoding 

a PBCH. 15 

The base station may scramble the sequence 

indicating the portion of the SS block index using 

the sequence for identifying the cell group ID.  

Correspondingly, the user equipment apparatus may 

detect the cell group ID, and then detect the 20 

portion of the SS block index.  Alternatively, the 

base station may scramble the sequence for 

identifying the cell group ID using the sequence 

indicating the portion of the SS block index.  

Correspondingly, the user equipment apparatus may 25 

detect the portion of the SS block index, and then 

detect the cell group ID. 

A similar procedure can be applied to the 

case (exemplary provisioning scheme 1-2 in Fig. 5C) 

where a sequence indicating a portion of an SS block 30 

index is included in a PSS.  Further, a similar 

procedure can be also applied to the case (exemplary 

provisioning scheme 1-3 in Fig. 5C) where a sequence 

indicating a portion of an SS block index is 

included in both a PSS and an SSS. 35 

<Second Exemplary Provisioning Scheme of 

SS Block Index> 
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Figs. 6A-6F are diagrams illustrating 

second exemplary structures of SS blocks and second 

exemplary provisioning schemes of an SS block index.  

Fig. 6A illustrates an example (exemplary structure 

2-1) where sets of SS blocks including PSSs, SSSs, 5 

TSSs, or PBCHs are placed with a predetermined 

spacing in the time domain.  Fig. 6B illustrates an 

example (exemplary structure 2-2) where a set of SS 

blocks including a PSS, an SSS, a TSS, and a PBCH is 

continuously placed in the time domain.  Fig. 6C 10 

illustrates an example (exemplary structure 2-3) 

where sets of SS blocks are placed with a 

predetermined spacing in the time domain and a set 

of SS blocks is continuously placed in the time 

domain.  Figs. 6D and 6E illustrate examples 15 

(exemplary structures 2-4 and 2-5) where frequency 

multiplexing is used in part of a PSS/SSS/TSS/PBCH.  

An example is described below with reference to the 

case (exemplary provisioning scheme 2-1 in Fig. 6F) 

where a sequence indicating a portion of an SS block 20 

index is included in a TSS. 

It is assumed that a base station can 

transmit one or more SS blocks, and generate a TSS 

sequence to be transmitted in an SS block, including 

a sequence indicating a portion of an SS block index. 25 

The user equipment apparatus can identify 

the portion of the SS block index from a TSS 

sequence included in a detected SS block.  Further, 

the user equipment apparatus can identify the 

remaining portion of the SS block index by decoding 30 

a PBCH. 

The base station may scramble the sequence 

indicating the portion of the SS block index using 

the sequence for identifying a local ID or a cell 

group ID.  Correspondingly, the user equipment 35 

apparatus may detect the local ID or the cell group 

ID, and then detect the portion of the SS block 
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index.  Alternatively, the base station may scramble 

the sequence for identifying the local ID or the 

cell group ID using the sequence indicating the 

portion of the SS block index.  Correspondingly, the 

user equipment apparatus may detect the portion of 5 

the SS block index, and then detect the local ID or 

the cell group ID. 

A similar procedure can be applied to the 

case (exemplary provisioning scheme 2-2 in Fig. 6F) 

where a sequence indicating a portion of an SS block 10 

index is included in both a PSS and a TSS.  Further, 

a similar procedure can be also applied to the case 

(exemplary provisioning scheme 2-3 in Fig. 6F) where 

a sequence indicating a portion of an SS block index 

is included in both an SSS and a TSS.  Further, a 15 

similar procedure can be also applied to the case 

(exemplary provisioning scheme 2-4 in Fig. 6F) where 

a sequence indicating a portion of an SS block index 

is included in a PSS, an SSS, and a TSS. 

It should be noted that an exemplary 20 

structure of a PSS, an SSS, a TSS, and a PBCH for 

providing an SS block index is not limited to Figs. 

5A-5B and 6A-6E, clearly, the PSS, the SSS, the TSS, 

and the PBCH may be placed anywhere in one or more 

SS blocks. 25 

<Configuration of Base Station> 

Fig. 7 is a block diagram illustrating a 

functional configuration of a base station 10 

according to an embodiment of the present invention.  

The base station 10 includes an SS block index 30 

generation unit 101, a PSS sequence generation unit 

103, an SSS sequence generation unit 105, a TSS 

sequence generation unit 107, a PBCH generation unit 

109, and a transmission unit 111.  The names of 

these functional units in Fig. 7 are merely examples, 35 

and these functional units may be differently termed.  

For example, when a portion of an SS block index is 
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transmitted using a PSS and a remaining portion of 

the SS block index is transmitted using a PBCH, the 

SS block index generation unit 101, the PSS sequence 

generation unit 103, and the PBCH generation unit 

109 may be collectively referred to as an SS block 5 

index generation unit. 

The SS block index generation unit 101 

generates an SS block index to be assigned to an SS 

block. 

The PSS sequence generation unit 103 10 

combines a sequence indicating a portion of an SS 

block index and a sequence for identifying a local 

ID to generate a PSS sequence, when the portion of 

the SS block index is transmitted using a PSS. 

The SSS sequence generation unit 105 15 

combines a sequence indicating a portion of an SS 

block index with a sequence for identifying a cell 

group ID to generate an SSS sequence, when the 

portion of the SS block index is transmitted using 

an SSS. 20 

The TSS sequence generation unit 107 

generates a TSS sequence indicating a portion of an 

SS block index, when the portion of the SS block 

index is transmitted using a TSS.  When a TSS is not 

used, the TSS sequence generation unit 107 need not 25 

be included in the base station 10. 

The PBCH generation unit 109 generates a 

sequence indicating a remaining portion of the SS 

block index and inputs the sequence to a payload of 

a PBCH. 30 

The transmission unit 111 transmits the 

generated PSS sequence, the generated SSS sequence, 

the generated TSS sequence, the PBCH, or any 

combination thereof in the SS block. 

<Configuration of User Equipment 35 

Apparatus> 

Fig. 8 is a block diagram illustrating a 
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functional configuration of a user equipment 

apparatus 20 according to an embodiment of the 

present invention.  The user equipment apparatus 20 

includes a reception unit 201, a PSS sequence 

estimation unit 203, an SSS sequence estimation unit 5 

205, a TSS sequence estimation unit 207, a PBCH 

reception processing unit 209, and an SS block index 

estimation unit 211.  The names of these functional 

units in Fig. 8 are merely examples, and these 

functional units may be differently termed.  10 

The reception unit 201 receives a signal 

transmitted from a base station. 

The PSS sequence estimation unit 203 

detects reception timing of a PSS based on the 

signal received by the reception unit 201.  The PSS 15 

sequence estimation unit 203 detects a local ID, and 

also detects a portion of an SS block index when the 

portion of the SS block index is included in a PSS 

sequence. 

The SSS sequence estimation unit 205 20 

detects a cell group ID based on the signal received 

by the reception unit 201, and also detects a 

portion of an SS block index when the portion of the 

SS block index is included in an SSS sequence. 

The TSS sequence estimation unit 207 25 

detects a portion of an SS block index when the 

portion of the SS block index is included in a TSS 

sequence.  When a TSS is not used, the TSS sequence 

estimation unit 207 need not be included in the user 

equipment apparatus 20. 30 

The PBCH reception processing unit 209 

decodes a PBCH of a carrier corresponding to the 

cell ID identified by a combination of the local ID 

and the cell group ID.  Then, the PBCH reception 

processing unit 209 detects a remaining portion of 35 

the SS block index. 

The SS block index estimation unit 211 
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estimates the SS block index by combining the 

portion of the SS block index detected by the PSS 

sequence estimation unit 203, the SSS sequence 

estimation unit 205, or the TSS sequence estimation 

unit 207 and the remaining portion of the SS block 5 

index detected by the PBCH reception processing unit 

209. 

<Hardware Configuration> 

The block diagrams used to describe the 

above-mentioned embodiment illustrate blocks of 10 

functional units.  The functional blocks 

(components) are implemented by an arbitrary 

combination of hardware and/or software.  A means 

for implementing each functional block is not 

particularly limited.  That is, each functional 15 

block may be implemented by one apparatus in which a 

plurality of elements are physically and/or 

logically coupled or by a plurality of apparatuses 

that are physically and/or logically separated from 

each other and are connected directly and/or 20 

indirectly (for example, in a wired manner and/or 

wirelessly). 

For example, the base station 10, the user 

equipment apparatus 20, or the like according to the 

embodiment of the invention may function as a 25 

computer that performs a synchronization signal 

transmission method according to this embodiment.  

Fig. 9 is a diagram illustrating an example of a 

hardware configuration of the base station 10 or the 

user equipment apparatus 20 according to this 30 

embodiment.  Each of the base station 10 and the 

user equipment apparatus 20 may be physically 

configured as a computer device including, for 

example, a processor 1001, a memory 1002, a storage 

1003, a communication device 1004, an input device 35 

1005, an output device 1006, and a bus 1007. 

In the following description, the term 
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"device" can be substituted with, for example, a 

circuit, an apparatus, or a unit.  The hardware 

configuration of the base station 10 or the user 

equipment apparatus 20 may include one or a 

plurality of devices illustrated in Fig. 9 or may 5 

not include some of the devices. 

Each function of the base station 10 and 

the user equipment apparatus 20 may be implemented 

by the following process: predetermined software 

(program) is read onto hardware such as the 10 

processor 1001 or the memory 1002, and the processor 

1001 performs an operation to control the 

communication of the communication device 1004 and 

the reading and/or writing of data from and/or to 

the memory 1002 and the storage 1003. 15 

The processor 1001 operates, for example, 

an operating system to control the overall operation 

of the computer.  The processor 1001 may be a 

central processing unit (CPU) including, for example, 

an interface with peripheral devices, a control 20 

device, an arithmetic device, and a register.  For 

example, the SS block index generation unit 101, the 

PSS sequence generation unit 103, the SSS sequence 

generation unit 105, the TSS sequence generation 

unit 107, the PBCH generation unit 109, the PSS 25 

sequence estimation unit 203, the SSS sequence 

estimation unit 205, the TSS sequence estimation 

unit 207, the PBCH reception processing unit 209, 

the SS block index estimation unit 211, and so on 

may be implemented in the processor 1001. 30 

The processor 1001 reads a program 

(program code), a software module, and/or data from 

the storage 1003 and/or the communication device 

1004 to the memory 1002 and performs various types 

of processes according to the program, the software 35 

module, or the data.  A program that causes a 

computer to perform at least some of the operations 
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described in the embodiment may be used.  For 

example, the SS block index generation unit 101 in 

the base station 10 may be implemented by a control 

program that is stored in the memory 1002 and is 

executed by the processor 1001.  The other 5 

functional blocks may be similarly implemented.  In 

the embodiment, the above-mentioned various 

processes are performed by one processor 1001.  

However, the processes may be simultaneously or 

sequentially performed by two or more processors 10 

1001.  The processor 1001 may be mounted on one or 

more chips.  The program may be transmitted over the 

network through a telecommunication line. 

The memory 1002 is a computer-readable 

recording medium and may include, for example, at 15 

least one of a read only memory (ROM), an erasable 

programmable ROM (EPROM), an electrically erasable 

programmable ROM (EEPROM), and a random access 

memory (RAM).  The memory 1002 may be also referred 

to as, for example, a register, a cache, or a main 20 

memory (main storage device).  The memory 1002 can 

store, for example, an executable program (program 

code) and a software module that can perform a 

synchronization signal transmission method according 

to the embodiment of the invention. 25 

The storage 1003 is a computer-readable 

recording medium and may include, for example, at 

least one of an optical disk such as a compact disc 

ROM (CD-ROM), a hard disk drive, a flexible disk, a 

magneto-optical disk (for example, a compact disc, a 30 

digital versatile disc, or a Blu-ray (registered 

trademark) disc), a smart card, a flash memory (for 

example, a card, a stick, or a key drive), a floppy 

(registered trademark) disk, and a magnetic strip.  

The storage 1003 may be also referred to as an 35 

auxiliary storage device.  The above-mentioned 

storage medium may be, for example, a database, a 



 

- 20 -  

server, and other suitable media including the 

memory 1002 and/or the storage 1003. 

The communication device 1004 is hardware 

(a transmission and reception device) for 

communicating with a computer through a wired and/or 5 

wireless network and is also referred to as, for 

example, a network device, a network controller, a 

network card, or a communication module.  For 

example, the transmission unit 111, the reception 

unit 201, and the like may be implemented by the 10 

communication device 1004. 

The input device 1005 is an input unit 

(for example, a keyboard, a mouse, a microphone, a 

switch, a button, or a sensor) that receives an 

input from the outside.  The output device 1006 is 15 

an output unit (for example, a display, a speaker, 

or an LED lamp) that performs an output process to 

the outside.  The input device 1005 and the output 

device 1006 may be integrated into a single device 

(for example, a touch panel). 20 

Devices such as the processor 1001 and/or 

the memory 1002 are connected to each other via the 

bus 1007 for information communication.  The bus 

1007 may be a single bus or the devices may be 

connected to each other by different buses. 25 

Each of the base station 10 and the user 

equipment apparatus 20 may include hardware such as 

a microprocessor, a digital signal processor (DSP), 

an application specific integrated circuit (ASIC), a 

programmable logic device (PLD), and a field 30 

programmable gate array (FPGA).  Some or all of the 

functional blocks may be implemented by the hardware.  

For example, the processor 1001 may be implemented 

by at least one of these hardware components. 

<Effects of Embodiments> 35 

According to an embodiment of the present 

invention, it is possible to provide an SS block 
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index to a user equipment apparatus while avoiding a 

shortage of a payload size of a PBCH and reducing a 

workload of the user equipment apparatus during 

initial access.  Specifically, since the SS block 

index is transmitted using a PSS, an SSS, or a TSS 5 

in addition to the PBCH, a shortage of the payload 

size of the PBCH can be avoided.  Further, since 

only a portion of the SS block index is transmitted 

using the PSS, the SSS, or the TSS, the range of the 

sequence to be detected by the user equipment 10 

apparatus can be limited, and consequently a 

workload of the user equipment apparatus during 

initial access can be reduced.  It should be noted 

that the TSS may not be needed because the TSS 

occupies additional resources.  Even if the TSS is 15 

used, according to an embodiment of the present 

invention, the number of resources for the TSS can 

be reduced.  In this manner, the workload of the 

user equipment apparatus to detect SSs and the 

amount of information to be transmitted on the PBCH 20 

can be optimized. 

Further, when a PSS, an SSS, a TSS, and a 

PBCH are multiplexed in an SS burst as illustrated 

in Figs. 5B and 6B-6D, a user equipment apparatus 

which can decode the PBCH in an SS burst at an early 25 

stage in a SS burst series can immediately proceed 

with SIB reception or the like. 

<Supplementary Explanation> 

Each aspect/embodiment described in the 

specification may be applied to systems using Long 30 

Term Evolution (LTE), LTE-Advanced (LTE-A), SUPER 3G, 

IMT-Advanced, 4G, 5G, Future Radio Access (FRA), W-

CDMA (registered trademark), GSM (registered 

trademark), CDMA2000, Ultra Mobile Broadband (UMB), 

IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 35 

802.20, Ultra-WideBand (UWB), Bluetooth (registered 

trademark), and other suitable systems and/or next-
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generation systems that have functionality enhanced 

based on these systems. 

The terms "system" and "network" used in 

the specification are interchangeably used. 

In the specification, a specific operation 5 

performed by the base station may be performed by an 

upper node of the base station.  In a network having 

one or a plurality of network nodes including the 

base station, it is clearly understood that various 

operations performed for communication with the user 10 

equipment apparatus can be performed by the base 

station and/or a network node (for example, 

including an MME or an S-GW without limitation) 

other than the base station.  The number of network 

nodes other than the base station is not limited to 15 

one, and a plurality of other network nodes (for 

example, an MME and an S-GW) may be combined with 

each other. 

Information or the like can be output from 

a higher layer (or a lower layer) to a lower layer 20 

(or a higher layer).  Information or the like may be 

input or output via a plurality of network nodes. 

The input or output information or the 

like may be stored in a specific location (for 

example, a memory) or may be managed in a management 25 

table.  The input or output information or the like 

may be overwritten, updated, or edited.  The output 

information or the like may be deleted.  The input 

information or the like may be transmitted to 

another apparatus. 30 

The transmission of information is not 

limited to the aspects/embodiments described in the 

specification and may be performed by other means.  

For example, the transmission of information may be 

performed by physical layer signaling (for example, 35 

downlink control information (DCI) or uplink control 

information (UCI)), higher layer signaling (for 
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example, radio resource control (RRC) signaling, 

medium access control (MAC) signaling, or broadcast 

information (a master information block (MIB) and a 

system information block (SIB))), another signal, or 

a combination thereof.  The RRC signaling may be 5 

also referred to as an RRC message and may be, for 

example, an RRC connection setup message or an RRC 

connection reconfiguration message. 

Determination may be made based on a value 

(0 or 1) represented by 1 bit, may be made based on 10 

a true or false value (boolean: true or false), or 

may be made based on comparison with a numerical 

value (for example, comparison with a predetermined 

value). 

Regardless of the fact that software is 15 

referred to as software, firmware, middleware, a 

microcode, a hardware description language, or 

another name, the software is broadly interpreted to 

include an instruction, an instruction set, a code, 

a code segment, a program code, a program, a sub-20 

program, a software module, an application, a 

software application, a software package, a routine, 

a subroutine, an object, an executable file, an 

execution thread, a procedure, a function, or the 

like. 25 

Software, an instruction, or the like may 

be transmitted or received via a transmission medium.  

For example, when software is transmitted from a 

website, a server, or another remote source using a 

wired technology such as a coaxial cable, an optical 30 

cable, a twisted pair, and a digital subscriber line 

(DSL) and/or a wireless technology such as an 

infrared ray, radio, and microwaves, the wired 

technology and/or the wireless technology is 

included in the definition of a transmission medium. 35 

The information, the signal, and the like 

described in the specification may be represented 
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using any of various technologies.  For example, the 

data, the instruction, the command, the information, 

the signal, the bit, the symbol, the chip, and the 

like mentioned throughout the description may be 

represented by a voltage, a current, an 5 

electromagnetic wave, a magnetic field, or a 

magnetic particle, an optical field or a photon, or 

any combination thereof. 

The terms described in the specification 

and/or terms necessary to understand the 10 

specification may be replaced with terms that have 

same or similar meanings.  For example, a channel 

and/or a symbol may be a signal.  A signal may be a 

message.  A component carrier (CC) may be referred 

to as a carrier frequency, a cell, or the like. 15 

The information, the parameter, or the 

like described in the specification may be 

represented by an absolute value, may be represented 

by a relative value from a predetermined value, or 

may be represented by another piece of corresponding 20 

information.  For example, a radio resource may be 

indicated using an index. 

The names used for the above-described 

parameters are not limited in any respect.  Further, 

a numerical expression or the like in which the 25 

parameters are used can be different from the 

numerical expression disclosed explicitly in the 

specification.  Since various channels (for example, 

a PUCCH and a PDCCH) and information elements (for 

example, TPC) can be identified with any suitable 30 

names, various names allocated to the various 

channels and the information elements are not 

limited in any respect. 

The terms "determining" and "deciding" 

used in the specification include various operations.  35 

The terms "determining" and "deciding" can include, 

for example, "determination" and "decision" for 



 

- 25 -  

calculating, computing, processing, deriving, 

investigating, looking-up (for example, looking-up 

in a table, a database, or another data structure), 

and ascertaining operations.  In addition, the terms 

"determining" and "deciding" can include 5 

"determination" and "decision" for receiving (for 

example, information reception), transmitting (for 

example, information transmission), input, output, 

and accessing (for example, accessing data in a 

memory) operations.  The terms "determining" and 10 

"deciding" can include "determination" and 

"decision" for resolving, selecting, choosing, 

establishing, and comparing operations.  That is, 

the terms "determining" and "deciding" can include 

"determination" and "decision" for any operation. 15 

The term "based on" used in the 

specification does not mean "only based on" unless 

otherwise stated.  In other words, the term "based 

on" means both "only based on" and "at least based 

on". 20 

When reference is made to elements in 

which terms "first," "second," and the like are used 

in the specification, the number or the order of the 

elements is not generally limited.  These terms can 

be used in the specification as a method to 25 

conveniently distinguish two or more elements from 

each other.  Accordingly, reference to first and 

second elements does not imply that only two 

elements are employed or the first element is prior 

to the second element in some ways. 30 

The terms "include" and "including" and 

the modifications thereof are intended to be 

inclusive, similarly to the term "comprising", as 

long as they are used in the specification or the 

claims.  In addition, the term "or" used in the 35 

specification or the claims does not mean exclusive 

OR. 
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In each aspect/embodiment described in the 

specification, for example, the order of the 

processes in the procedure, the sequence, and the 

flowchart may be changed unless a contradiction 

arises.  For example, for the method described in 5 

the specification, elements of various steps are 

presented in the exemplified order.  However, the 

invention is not limited to the presented specific 

order. 

The aspects/embodiments described in the 10 

specification may be individually used, may be 

combined, or may be switched during execution.  In 

addition, transmission of predetermined information 

(for example, transmission of "being X") is not 

limited to being performed explicitly, but may be 15 

performed implicitly (for example, the transmission 

of the predetermined information is not performed). 

The invention has been described in detail 

above.  It will be apparent to those skilled in the 

art that the invention is not limited to the 20 

embodiments described in the specification.  Various 

modifications and changes can be made, without 

departing from the scope and spirit of the invention 

described in the claims.  Therefore, the embodiments 

described in the specification are illustrative and 25 

do not limit the invention. 

The present international application is 

based on and claims the benefit of priority of 

Japanese Patent Application No. 2017-019141 filed on 

February 3, 2017, the entire contents of which are 30 

hereby incorporated by reference. 

 

[DESCRIPTION OF NOTATIONS]  

10 base station 

101 SS block index generation unit 35 

103 PSS sequence generation unit 

105 SSS sequence generation unit 
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107 TSS sequence generation unit 

109 PBCH generation unit 

111 transmission unit 

20 user equipment apparatus 

201 reception unit 5 

203 PSS sequence estimation unit 

205 SSS sequence estimation unit 

207 TSS sequence estimation unit 

209 PBCH reception processing unit 

211 SS block index estimation unit 10 

1001 processor 

1002 memory 

1003 storage 

1004 communication device 

1005 input device 15 

1006 output device 

1007 bus 
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CLAIMS 

 

1. A terminal comprising: 

a reception unit that receives at least 

one of a known sequence and broadcast information in 5 

a synchronization signal block where a 

synchronization signal and a physical broadcast 

channel are placed; and 

a control unit that determines a portion 

of an index of the synchronization signal block 10 

based on the known sequence and determines a 

remaining portion of the index of the 

synchronization signal block based on the broadcast 

information. 

 15 

2. The terminal as claimed in claim 1, 

wherein the known sequence is one of a plurality of 

sequences transmitted in the synchronization signal 

block. 

 20 

3. The terminal as claimed in claim 1 or 2, 

wherein the control unit synchronizes with a base 

station using the known sequence. 

 

4. A base station, comprising: 25 

a control unit that includes in broadcast 

information a portion of an index of a 

synchronization signal block where a synchronization 

signal and a physical broadcast channel are placed; 

and 30 

a transmission unit that transmits at 

least one of a known sequence and the broadcast 

information in the synchronization signal block, 

wherein the known sequence is used to determine a 

remaining portion of the index of the 35 

synchronization signal block. 




