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(57) ABSTRACT

An infrastructure equipment for use in a wireless commu-
nications system comprising the infrastructure equipment
and one or more communications devices is provided. The
infrastructure equipment comprises controller circuitry and
transceiver circuitry which are configured in combination to
broadcast one or more synchronisation signals for use by the
one or more communications devices to achieve synchroni-
sation with a cell provided by the infrastructure equipment,
and to broadcast an additional synchronisation signal, the
additional synchronisation signal including an indication of
a status of a first communications parameter selected from a
plurality of communications parameters in accordance with
conditions determined by the controller circuitry.

105 114

| 'fﬁ&;@sms‘r{&&ﬁ
s

WS i
JPEsame iz
CONTROLLER

2]

STORAGE MEDRH




Patent Application Publication  Sep. 22, 2022 Sheet 1 of 6 US 2022/0303931 A1

o e L
pa

ol ¥

B ‘? g’% b5 ! 13 : \%/ E
Wiyl g H ®
* LoOjUR alodeR

:
: \i) : §
¢ ¥ #
’4 ; f .jz
)’:’5 %}g . i §
« g ) e
¥ 3 L
‘« 104 ST B
r'&'
*e e S gy ey T wg “?’{}2
|  CORE NETWORK ¢/
,/:«:* b 3
; 5
lb* : ' bs' ‘,
.,F L {.\
i kit %
f 2 ) g4 % \s.
! : i 3o %
{) "‘ E {.}& "»‘
? b
; THRANSMITTER N ;
o e 104 ;
: TE~ _
o fue RECEIVER ;
3 T { ;
L 104 NTROLLEF N F 118
' CONTROLLER ' £
$ [
* L, R P

101a 114 Al [TransmTTER
1048~ et ||

£

— RECEWVER |
e 420
. o CONTROLLER |4

STORAGE MEDIUMMH 22

FIG. 1



Patent Application Publication  Sep. 22, 2022 Sheet 2 of 6 US 2022/0303931 A1

2{}{3“\. 1 radio Pame = 10ms

%
N ‘
i ‘\‘a :
M

4151817 BB IS

Yokl

BLIE

ot

is . wﬂwv
\%° 206 207 o

\( T 203
L S A e RN

; " 1*\ %s%m@ Grid e e s
SO T : o

e %‘%ﬁ Resource Block i »a” \i

BUUENCY | Ihabeial 2 | block of resource Q-..ﬁi“‘{‘.%”;i’s’iiv > 208
SOItEREIRE | iy asubltame J

B R AL T VR EER VY VR Vo)

ey
%
i

i
T

v S *@%ﬁé e 204 > 208

23@{ 203
3 o

205+

3338
i

Sub-Fraquency = iz /. L 4

%5
%5

: 3 ‘1«:; \**2{}6 i e S0

2054

- 3&“ ;"'%eo{mr e 8 >w 210
‘ TR 8 Reference Signa .,
L RLSEE- o Control Channel =~ =~
201~ Time “29?
N

FiG. 2

A DRI
(f.ﬁ
£¥%
R L)
:{3
L
S
{‘::} 2
o
3
]
mmﬁ%w
3
& ah
B B B
s b

77700 A
Lo SRR
:”?"

o
5
ol

)
D
m
i
b3
1
3
35



Patent Application Publication  Sep. 22, 2022 Sheet 3 of 6 US 2022/0303931 A1

H
5F1
K3 .
Sublrame

MTC Byne Bignal {MES)

fuss e Thna s




Patent Application Publication

TRANSCEIVER

502
CONTROLLER

S
504

L 401

Sep. 22,2022 Sheet 4 of 6

US 2022/0303931 A1l

500

TRANSUEIVER

512

CONTROLLER

514

et et e et et et et

™
104



Patent Application Publication  Sep. 22, 2022 Sheet 5 of 6 US 2022/0303931 A1

MESH#T

Thggus 8

ey
Pusssia 8
T St e e
. it
¥ A
| ¢4
é)?é’é‘;&w

FIG. 6

L] Paging Occasion MES

Time




Patent Application Publication  Sep. 22, 2022 Sheet 6 of 6 US 2022/0303931 A1

START - S800

3

broadcasting one or more synchronisation signals

for use by the one or more communications devices | - 8802

to achieve synchronisation with a cell provided by
the infrastructure squipment

broadeasting an additional synchronisation signal,
the additional synchronisation signal including an
indication of a status of a first communications S804
parameter selected from a plurality of AT
communications parameters in accordance with
conditions determined by the infrashructure
equipment

oNp | |-S808

FIG. 8



US 2022/0303931 Al

INFRASTRUCTURE EQUIPMENT,
WIRELESS COMMUNICATIONS SYSTEM,
COMMUNICATIONS DEVICE AND
METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 16/760,047, filed Apr. 29, 2020, which is based
on PCT filing PCT/EP2018/081246, filed Nov. 14, 2018,
which claims priority to EP 17201748.5, filed Nov. 14, 2017,
the entire contents of each are incorporated herein by
reference.

BACKGROUND

Field of Disclosure

[0002] The present disclosure relates to infrastructure
equipment and communications devices of wireless com-
munications systems, where infrastructure equipment are
configured to indicate a status of a communications param-
eter to communications devices using an additional synchro-
nisation signal.

Description of Related Art

[0003] The “background” description provided herein is
for the purpose of generally presenting the context of the
disclosure. Work of the presently named inventors, to the
extent it is described in this background section, as well as
aspects of the description which may not otherwise qualify
as prior art at the time of filing, are neither expressly or
impliedly admitted as prior art against the present invention.

[0004] Third and fourth generation mobile telecommuni-
cation systems, such as those based on the 3GPP defined
UMTS and Long Term Evolution (LTE) architecture, are
able to support more sophisticated services than simple
voice and messaging services offered by previous genera-
tions of mobile telecommunication systems. For example,
with the improved radio interface and enhanced data rates
provided by LTE systems, a user is able to enjoy high data
rate applications such as mobile video streaming and mobile
video conferencing that would previously only have been
available via a fixed line data connection. The demand to
deploy such networks is therefore strong and the coverage
area of these networks, i.e. geographic locations where
access to the networks is possible, may be expected to
increase ever more rapidly.

[0005] Future wireless communications networks will be
expected to routinely and efficiently support communica-
tions with a wider range of devices associated with a wider
range of data traffic profiles and types than current systems
are optimised to support. For example it is expected future
wireless communications networks will be expected to effi-
ciently support communications with devices including
reduced complexity devices, machine type communication
(MTC) devices, high resolution video displays, virtual real-
ity headsets and so on. Some of these different types of
devices may be deployed in very large numbers, for example
low complexity devices for supporting the “The Internet of
Things”, and may typically be associated with the transmis-
sions of relatively small amounts of data with relatively high
latency tolerance.
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[0006] Other types of device, for example supporting
high-definition video streaming, may be associated with
transmissions of relatively large amounts of data with rela-
tively low latency tolerance. Yet other types of device, for
example used for autonomous vehicle communications, may
be characterised by data that should be transmitted through
a network with very low latency and very high reliability. A
single device type might also be associated with different
data traffic profiles/characteristics depending on the appli-
cation(s) it is running. For example, different consideration
may apply for efficiently supporting data exchange with a
smartphone when it is running a video streaming application
(high downlink data) as compared to when it is running an
Internet browsing application (sporadic uplink and downlink
data) or being used for voice communications by an emer-
gency responder in an emergency scenario.

[0007] In view of this there is expected to be a desire for
future wireless communications networks, for example
those which may be referred to as 5G or new radio (NR)
system/new radio access technology (RAT) systems, as well
as future iterations/releases of existing systems, to efficiently
support connectivity for a wide range of devices associated
with different applications and different characteristic data
traffic profiles.

[0008] One example area of current interest in this regard
includes the so-called “The Internet of Things”, or IoT for
short. The 3GPP has proposed in Release 13 of the 3GPP
specifications to develop technologies for supporting nar-
rowband (NB)-IoT and so-called enhanced MTC (eMTC)
operation using a LTE/4G wireless access interface and
wireless infrastructure. More recently, there have been pro-
posals to build on these ideas in Release 14 of the 3GPP
specifications with so-called enhanced NB-IoT (eNB-IoT)
and further enhanced MTC (feMTC), and in Release 15 of
the 3GPP specifications with so-called further enhanced
NB-IoT (feNB-IoT) and even further enhanced MTC
(efeMTC). See, for example, [1], [2], [3], [4]. At least some
devices making use of these technologies are expected to be
low complexity and inexpensive devices requiring relatively
infrequent communication of relatively low bandwidth data.

[0009] The increasing use of different types of terminal
devices associated with different traffic profiles gives rise to
new challenges for efficiently handling communications in
wireless telecommunications systems that need to be
addressed.

SUMMARY OF THE DISCLOSURE

[0010] The present disclosure can help address or mitigate
at least some of the issues discussed above.

[0011] Embodiments of the present technique can provide
an infrastructure equipment for use in a wireless communi-
cations system comprising the infrastructure equipment and
one or more communications devices. The infrastructure
equipment comprises controller circuitry and transceiver
circuitry which are configured in combination to broadcast
one or more synchronisation signals for use by the one or
more communications devices to achieve synchronisation
with a cell provided by the infrastructure equipment, and to
broadcast an additional synchronisation signal, the addi-
tional synchronisation signal including an indication of a
status of a first communications parameter selected from a
plurality of communications parameters in accordance with
conditions determined by the controller circuitry.
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[0012] Embodiments of the present technique, which fur-
ther relate to wireless communications systems, communi-
cations devices, methods of operating communications
devices and infrastructure equipment and circuitry for com-
munications devices and infrastructure equipment, allow for
an additional synchronisation signal (MSS) to be broadcast
by the infrastructure equipment, which can be used to
provide a plurality of indications whilst minimising the
number of information bits required.

[0013] Respective aspects and features of the present
disclosure are defined in the appended claims.

[0014] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary, but are not restrictive, of the present tech-
nology. The described embodiments, together with further
advantages, will be best understood by reference to the
following detailed description taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] A more complete appreciation of the disclosure and
many of the attendant advantages thereof will be readily
obtained as the same becomes better understood by refer-
ence to the following detailed description when considered
in connection with the accompanying drawings wherein like
reference numerals designate identical or corresponding
parts throughout the several views, and wherein:

[0016] FIG. 1 schematically represents some aspects of a
LTE-type wireless telecommunication system which may be
configured to operate in accordance with certain embodi-
ments of the present disclosure;

[0017] FIG. 2 provides a schematic diagram of a structure
of a downlink of a wireless access interface of a mobile
communications system operating according to an LTE
standard;

[0018] FIG. 3 schematically represents the transmission of
the synchronisation signals in an FDD LTE system;

[0019] FIG. 4 illustrates an example of how additional
synchronisation signals (MSS) can be intermittently trans-
mitted;

[0020] FIG. 5 shows a part schematic, part message flow
diagram of communications in a wireless communications
system in accordance with embodiments of the present
technique;

[0021] FIG. 6 illustrates an example of how two MSS can
be configured to indicate different things in accordance with
embodiments of the present technique;

[0022] FIG. 7 illustrates an example of an MSS indicating
different paging occasion activations for different commu-
nications devices in accordance with embodiments of the
present technique; and

[0023] FIG. 8 shows a flow diagram illustrating a process
of communications in a communications system in accor-
dance with embodiments of the present technique.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0024] Long Term Evolution Advanced Wireless Commu-
nications System

[0025] FIG. 1 provides a schematic diagram illustrating
some basic functionality of a mobile telecommunications
network/system operating in accordance with LTE prin-
ciples and which may be adapted to implement embodi-
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ments of the disclosure as described further below. Various
elements of FIG. 1 and their respective modes of operation
are well-known and defined in the relevant standards admin-
istered by the 3GPP® body, and also described in many
books on the subject, for example, Holma H. and Toskala A
[5]. It will be appreciated that operational aspects of the
telecommunications network which are not specifically
described below may be implemented in accordance with
any known techniques, for example according to the rel-
evant standards.

[0026] FIG. 1 provides a schematic diagram of a mobile
telecommunications system, where the system includes
infrastructure equipment comprising base stations 101
which are connected to a core network 102, which operates
in accordance with a conventional arrangement which will
be understood by those acquainted with communications
technology. The infrastructure equipment 101 may also be
referred to as a base station, network element, infrastructure
apparatus, enhanced Node B (eNodeB) or a coordinating
entity for example, and provides a wireless access interface
to the one or more communications devices within a cov-
erage area or cell represented by a broken line 103. One or
more mobile communications devices 104 may communi-
cate data via the transmission and reception of signals
representing data using the wireless access interface.
[0027] The core network 102 may also provide function-
ality including authentication, mobility management, charg-
ing and so on for the communications devices served by the
network entity.

[0028] The mobile communications devices of FIG. 1 may
also be referred to as communications terminals, user equip-
ment (UE), terminal devices and so forth, and are configured
to communicate with one or more other communications
devices served by the same or a different coverage area via
the network entity. These communications may be per-
formed by transmitting and receiving signals representing
data using the wireless access interface over the two way
communications links.

[0029] The communications system may operate in accor-
dance with any known protocol, for instance in some
examples the system may operate in accordance with a
3GPP Long Term Evolution (LTE) standard. As shown in
FIG. 1, one of the base stations 101a is shown in more detail
to include a transmitter 110 for transmitting signals via a
wireless access interface to the one or more communications
devices or UEs 104, and a receiver 112 to receive signals
from the one or more UEs within the coverage area 103. A
controller 114 controls the transmitter 110 and the receiver
112 to transmit and receive the signals via the wireless
access interface. The controller 114 may perform a function
of controlling the allocation of communications resource
elements of the wireless access interface and may in some
examples include a scheduler for scheduling transmissions
via the wireless access interface for both an uplink and the
downlink.

[0030] In this example, the infrastructure equipment 101a
comprises a transmitter 110 for transmission of wireless
signals, a receiver 112 for reception of wireless signals and
a controller 114 configured to control infrastructure equip-
ment 1001a to operate in accordance with embodiments of
the present disclosure as described herein. The controller
114 may comprise various sub-units, such as a scheduler, for
providing functionality in accordance with embodiments of
the present disclosure as explained further below. These
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sub-units may be implemented as discrete hardware ele-
ments or as appropriately configured functions of the con-
troller 114. Thus, the controller 114 may comprise a pro-
cessor which is suitably configured/programmed to provide
the desired functionality described herein using conven-
tional programming/configuration techniques for equipment
in wireless telecommunications systems. The transmitter
110, receiver 112 and controller 114 are schematically
shown in FIG. 1 as separate elements for ease of represen-
tation. However, it will be appreciated that the functionality
of these units can be provided in various different ways, for
example using a single suitably programmed general pur-
pose computer, or suitably configured application-specific
integrated circuit(s)/circuitry. It will be appreciated the
infrastructure equipment 101a¢ will in general comprise
various other elements associated with its operating func-
tionality, such as a scheduler. For example, although not
shown in FIG. 1 for simplicity, the controller 114 may
comprise a scheduler, that is to say the controller 104 may
provide the scheduling function for the base station.

[0031] An example UE 104qa is shown in more detail to
include a transmitter 116 for transmitting signals on the
uplink of the wireless access interface to the eNodeB 103
and a receiver 118 for receiving signals transmitted by the
base station 101 on the downlink via the wireless access
interface. The UE 104q also comprises a storage medium
122, such as a solid state memory or similar, for storing data.
The transmitter 116, receiver 118 and storage medium 112
are controlled by a controller 120. In the embodiments of the
present disclosure, the UE 104a is a terminal device con-
figured to operate using feMTC (Further Enhanced Machine
Type Communications) or eNB-IoT (Enhanced Narrowband
Internet of Things).

[0032] In this example, the terminal device 104a com-
prises a transmitter 116 for transmission of wireless signals,
a receiver 118 for reception of wireless signals, a controller
120 configured to control the terminal device 104a and a
storage medium 122. The controller 120 may comprise
various sub-units for providing functionality in accordance
with embodiments of the present disclosure as explained
further herein. These sub-units may be implemented as
discrete hardware elements or as appropriately configured
functions of the controller 120. Thus the controller 120 may
comprise a processor which is suitably configured/pro-
grammed to provide the desired functionality described
herein using conventional programming/configuration tech-
niques for equipment in wireless telecommunications sys-
tems. The transmitter 116, receiver 118 and controller 120
are schematically shown in FIG. 1 as separate elements for
ease of representation. However, it will be appreciated that
the functionality of these units can be provided in various
different ways, for example using a single suitably pro-
grammed general purpose computer, or suitably configured
application-specific integrated circuit(s)/circuitry. It will be
appreciated the terminal device 104a will in general com-
prise various other elements associated with its operating
functionality, for example a power source, user interface,
and so forth, but these are not shown in FIG. 1 in the
interests of simplicity.

[0033] Mobile telecommunications systems such as those
arranged in accordance with the 3GPP defined Long Term
Evolution (LTE) architecture use an orthogonal frequency
division modulation (OFDM) based wireless access inter-
face for the radio downlink (so-called OFDMA) and a single
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carrier frequency division multiple access scheme (SC-
FDMA) on the radio uplink. The down-link and the up-link
of a wireless access interface according to an LTE standard
is presented in FIG. 2.

[0034] FIG. 2 provides a simplified schematic diagram of
the structure of a downlink of a wireless access interface that
may be provided by or in association with the base station
of FIG. 1 when the communications system is operating in
accordance with the LTE standard. In LTE systems the
wireless access interface of the downlink from a base station
to a UE is based upon an orthogonal frequency division
multiplexing (OFDM) access radio interface. In an OFDM
interface the resources of the available bandwidth are
divided in frequency into a plurality of orthogonal subcar-
riers and data is transmitted in parallel on a plurality of
orthogonal subcarriers, where bandwidths between 1.4 MHz
and 20 MHz bandwidth may be divided into orthogonal
subcarriers. Not all of these subcarriers are used to transmit
data. The number of subcarriers varies between 72 subcar-
riers (1.4 MHz) and 1200 subcarriers (20 MHz). In some
examples the subcarriers are grouped to form a scheduling
blocks. A resource block (RB) can consist of 12 sub-carriers.
A narrowband in MTC can consist of 6 RBs or 72 subcar-
riers. Each subcarrier bandwidth may take any value but in
LTE it is fixed at 15 kHz. As shown in FIG. 2, the resources
of the wireless access interface are also temporally divided
into frames where a frame 200 lasts 10 ms and is subdivided
into 10 subframes 201 each with a duration of 1 ms. Each
subframe 201 is formed from 14 OFDM symbols and is
divided into two slots 220, 222 each of which comprise six
or seven OFDM symbols depending on whether a normal or
extended cyclic prefix is being utilised between OFDM
symbols for the reduction of inter symbol interference. The
resources within a slot may be divided into resources blocks
203 each comprising 12 subcarriers for the duration of one
slot and the resources blocks further divided into resource
elements 204 which span one subcarrier for one OFDM
symbol, where each rectangle 204 represents a resource
element. The frame structure also contains primary synchro-
nisation signals (PSS) and secondary synchronisation sig-
nals (SSS): not shown in FIG. 2. The PSS occupies the
central 62 subcarriers of the 7 OFDM symbol of the first
subframe and the 7th OFDM symbol of the 6” subframe of
the radio frame. The SSS occupies the central 62 subcarriers
of the 6” OFDM symbol of the first subframe and the central
62 subcarriers of the 6” OFDM symbol of the 6th subframe
of the radio frame.

[0035] Before a terminal can use a cell provided by a base
station, the terminal is expected to carry out a series of steps.
For example, a terminal may be in a situation where it has
not yet achieved synchronisation after a long DRX period or
after having being switched on. A terminal would be
expected to detect the cell and cell-ID using the Primary
Synchronisation Signal (PSS) and Secondary Synchronisa-
tion Signal (SSS) to detect the cell, and then receive the
System Information (MIB) from the Physical Broadcast
Channel (PBCH) and further System Information from the
PDSCH. More specifically a terminal would have to first
achieve time and frequency synchronisation with the cell,
typically using the legacy PSS and SSS emitted by the base
station. Then, the terminal will decode the PBCH to acquire
the MIB. In eMTC, the MIB contains amongst other things
information for the terminal to acquire further System
Information, namely SIB1-BR that is transmitted via the
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PDSCH. SIB1-BR contains scheduling information for
acquiring the remaining System Information portions (other
SIBs).

[0036] As described above, it is expected future wireless
communications networks will be expected to efficiently
support communications with devices including reduced
complexity devices or machine type communication (MTC)
devices, which may be deployed for supporting the “The
Internet of Things”, and may typically be associated with the
transmissions of relatively small amounts of data with
relatively high latency tolerance.

[0037] One application of MTC is to provide periodic
reports, e.g. sensors, utility meters, where the reports or
readings are transmitted infrequently, e.g. once every several
hours or days. Hence, in order to save battery power, such
devices likely operate mostly in idle mode where they
operate with long DRX cycles. When a MTC UE is put into
long DRX it will lose synchronisation with the network and
hence upon waking up from DRX (e.g. to monitor the
Paging Occasion or perform a RACH), the UE needs to
re-synchronise to the network and perform system acquisi-
tion (read the MIB and SIB). In the legacy system, the UE
uses the legacy LTE PSS (Primary Synchronization Signal)
and SSS (Secondary Synchronization Signal) to achieve
synchronisation and thereafter, the UE acquires the PBCH
and then SIB1-BR. For a UE operating in coverage
enhanced mode, these re-synchronisation and system acqui-
sition operations are notoriously slow as numerous repeti-
tions are required to be able to decode the PBCH and
PDSCH channels carrying the System Information. Example
estimates of the expected acquisition times for the PSS/SSS,
PBCH (MIB) and SIB1 are shown in Table 1, which is
reproduced from [6], for a deep coverage scenario (e.g. a
coverage with a maximum coupling loss (MCL) of 164 dB).

TABLE 1

Estimated 90% acquisition time at 164 dB MCL

90% Acquisition Time (ms)

Channel at 164 dB MCL
PSS/SSS 850
PBCH (MIB) 250
PDSCH (SIB1-BR) 750

[0038] Table 1 shows the 90-th percentile of the time
required to detect each signal. As can be seen in this table,
a significant amount of time and energy needs to be spent on
system information acquisition in the deep coverage sce-
nario, once synchronisation has been achieved. It can thus be
desirable to try to reduce or eliminate the time and/or power
used for system acquisition, that is for acquiring the MIB
and SIBs (using the current terminology).

[0039] Legacy terminals (MTC terminals or otherwise)
use the existing PSS/SSS which occupy only 1 OFDM
symbol each and are transmitted sparsely; twice every radio
frame. This is illustrated in FIG. 3 which represents the
transmission of the synchronisation signals in an FDD LTE
system, where it can be seen that the PSS and SSS each
occupy a single OFDM symbol every 5 ms, where a radio
frame is 10 ms. Here the PSS is transmitted in the last
OFDM symbol of Slot 0 (Subframe 0) and Slot 10 (Sub-
frame 5) whilst the SSS is transmitted in the second to last
OFDM symbol of Slot 0 (Subframe 0) and Slot 10 (Sub-
frame 5). Hence, additional synchronisation signals for
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MTC (MSS) are proposed for efeMTC to increase the
density of available synchronisation signals so that the MTC
UE can use them to shorten its time to re-synchronise to the
network.

[0040] The MSS can be transmitted in a burst-like manner,
i.e. it is transmitted densely for T,,.c ms every P, ms [7],
for example T, can be 10 to 20 ms and P, 55 can be 100
ms to 3 seconds. The burst interval T, s and periodicity
P, 55 1s configurable thereby allowing the eNodeB to control
the percentage of resources used for MSS. This is shown in
FIG. 4.

[0041] In co-pending European patent application no.
EP17169821 [8], the contents of which are hereby incorpo-
rated by reference, it is proposed that the MSS provides a
system information (SI) change indication. That is, the MSS
indicates whether the MIB and SIBs have changed and if
they have not changed, the MTC UE can skip reading the
MIB and SIBs which would save a significant amount of
time and energy. Embodiments of the present technique also
recognise that MIB and SIBs changes rarely occur and hence
for the majority of the time the MTC UE will not need to
re-acquire MIB and SIBs.

[0042] In [7] it is further proposed that the MSS also
indicates Access Barring and possibly other indications. It
should be noted that the MSS is a preamble sequence and
hence it cannot carry too many information bits since that
would reduce the reliability of the MSS, or to maintain the
reliability it would be necessary to increase the number of
repetitions i.e. the burst time T, of the MSS.

[0043] Therefore, a technical problem to solve is how to
enable the MSS to provide a plurality of indications whilst
minimising the number of information bits required.
Embodiments of the present technique provide solutions to
this technical problem.

[0044] Configurable Indicator in Synchronisation Signal
[0045] FIG. 5 shows a part schematic, part message flow
diagram of communications in a wireless communications
system 500 in accordance with embodiments of the present
technique. The wireless communications system 500 com-
prises an infrastructure equipment 101 and one or more
communications devices 104, wherein each of the infra-
structure equipment 101 and communications device 104
comprises controller circuitry 504, 514 and transceiver cir-
cuitry 502, 512. The controller circuitry 504 and transceiver
circuitry 502 of the infrastructure equipment 101 are con-
figured in combination to broadcast 522 one or more syn-
chronisation signals for use by the one or more communi-
cations devices 104 to achieve synchronisation with a cell
provided by the infrastructure equipment 101, and to broad-
cast 524 an additional synchronisation signal, the additional
synchronisation signal including an indication of a status of
a first communications parameter selected from a plurality
of communications parameters in accordance with condi-
tions determined by the controller circuitry.

[0046] Each of the controllers 504, 514 may be, for
example, a microprocessor, a CPU, or a dedicated chipset,
etc. It will be appreciated by those skilled in the art that, in
arrangements of the present technique, the transceiver 512 of
the communications device 104 may not always include a
transmitter, for example in scenarios where the communi-
cations device 512 is a low-power wearable device.

[0047] The conditions determined by the infrastructure
equipment 101 in selecting the communications parameter
whose status to be indicated by the additional synchronisa-
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tion signal may be that the communications parameter is
fixed in the specifications and known to the infrastructure
equipment 101, or the particular communications parameter
may be something which the infrastructure equipment 101
can decide on or choose itself and is configurable. Embodi-
ments of the present technique discussed in the following
paragraphs provide more detail on these possibilities,
including, but not limited to, an MSS being able to indicate
more than one of the communications parameters at a time,
multiple MSS being broadcast, and that each of these might
contain a mixture of fixed and configurable communications
parameters.

[0048] Embodiments of the present technique allow the
network to configure a subset of indicators from a plurality
of indicators that can be carried by the MSS information
bit(s). For example, the plurality of indicators include MIB/
SI change, Access Barring & Active PTW (where “active
PTW?” indicates that a paging time window is active, i.e.
relevant UEs should wake up to monitor the PTW). The
MSS can carry only 1 bit of information and so this
invention allows the eNB to configure this 1 bit of infor-
mation to indicate either MIB/SI change, Access Barring or
Active PTW. This recognises that not all indications are
required at the same time and hence allows the network the
flexibility to decide which indicator to use and minimises the
number of information bits required of the MSS. In other
words, the status of the first or the others of the plurality of
communications parameters includes one or more of an
indication of a change in system information for the cell
provided by the infrastructure equipment, an indication of
whether a paging time window comprising a one or more
paging occasions during which the one or more communi-
cations devices may be paged by the infrastructure equip-
ment is active, and an indication of whether access for the
one or more communications is currently barred for the cell.

[0049] Embodiments of the present technique can also be
applied to the case where the MSS can carry more than one
bit of information, but the number of bits of information that
it can transmit is still limited (i.e. the invention is also
applicable to the case where the MSS can transmit Mbits of
information and there are N potential bits of information,
M<N). In other words, the additional synchronisation signal
comprises one or more bits, wherein the one or more bits are
fewer than a number of bits required to indicate the status of
all of the plurality of communications parameters.

[0050] In some embodiments of the present technique,
multiple MSS are transmitted and each MSS can be config-
ured to indicate a different indicator. For example two MSS,
MSS #1 and MSS #2 can be configured with different
lengths (T, 4+ and T, 4,) and periodicity (P, gc », and
Passs #2) as shown in FIG. 6, where MMS #1 can indicate
whether MIB/SI has changed and MMS #2 can indicate
whether the cell (or a specific narrowband) is barred from
access. These MSS are configured in different narrowbands
at frequency f; and £, for MSS #1 and MSS #2 respectively
and they are staggered in time allowing a UE to read both
MSS. These MSS can of course be configured in the same
narrowband. It should be appreciated that although in this
example each MSS carries only one information bit, the
invention also applies for MSS that carry more than one
information bit. In other words, in these embodiments, the
controller circuitry of the infrastructure equipment and
transceiver circuitry of the infrastructure equipment are
configured in combination to broadcast one or more other

Sep. 22, 2022

additional synchronisation signals providing an indication of
the status of one or more other communications parameters
selected from the plurality of communications parameters in
accordance with conditions determined by the controller
circuitry. In some arrangements, the additional synchroni-
sation signal is broadcast for a different amount of time than
the one or more other additional synchronisation signals. In
other arrangements, the additional synchronisation signal is
broadcast with a different periodicity to the one or more
other additional synchronisation signals. In some arrange-
ments, the additional synchronisation signal is broadcast in
a different narrowband of a wireless access interface pro-
vided by the infrastructure equipment to a narrowband in
which the one or more other additional synchronisation
signals are broadcast.

[0051] In these embodiments of the present technique, it
should also be appreciated that a UE can be configured to
monitor more than one MSS and a different UE can be
configured to monitor a different set of MSS, e.g. MSS #1
can indicate whether MIB/SIB1-BR have changed and MSS
#2 indicates access class barring status: in this case UE1 can
be configured to monitor MSS #1 and MSS #2 whilst UE2
can be configured to monitor only MSS #1 (e.g. UE2 serves
a critical application that is not subject to access class
barring, whereas UE1 is subject to access class barring). In
other words, the additional synchronisation signal is for
monitoring by a subset of the one or more communications
devices.

[0052] It should be appreciated that the MSS described in
these embodiments of the present technique can convey a
different number of bits. For example MSS #1 may convey
a single bit (e.g. where the single bit indicates whether
MIB/SIB1-BR have changed) and MSS #2 might convey
two bits (e.g. where the two bits indicate access barring
status for two access barring classes). In other words, in
these embodiments, the additional synchronisation signal
comprises a different number of bits than the one or more
other additional synchronisation signals.

[0053] In some embodiments of the present technique, for
MSS that carries more than one information bit, some of
these bits are configurable and the remaining ones are fixed.
For example an MSS can carry 2 information bits where 1
information bit indicates whether MIB/SI has changed and
the other information bit can be configured to indicate either
Access Barring or whether a PTW is active or not. In other
words, in these embodiments, the additional synchronisation
signal comprises a plurality of bits, a first portion of the
plurality of bits being fixed to indicate the status of a first of
the plurality of communications parameters, and a second
portion of the plurality of bits being configurable by the
infrastructure equipment to indicate the status of one or
more others of the plurality of communications parameters.
[0054] Insome embodiments of the present technique, the
MSS has a default indication unless it is configured to
indicate other things. For example, an MSS has 1 informa-
tion bit and by default would indicate whether MIB/SI has
changed. In the absence of any configuration, the UE would
interpret the MSS as per the default indication unless the
eNB configures (or reconfigures) the MSS to indicate dif-
ferent things e.g. Access Barring. In other words, in these
embodiments the additional synchronisation signal is con-
figured to provide the indication of the status of the first
communications parameter by default, and the controller
circuitry of the infrastructure equipment is configured in
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combination with the transceiver circuitry of the infrastruc-
ture equipment to reconfigure the additional synchronisation
signal to provide an indication of the status of one or more
others of the plurality of communications parameters, and to
provide an indication to the one or more communications
devices that the additional synchronisation signal has been
reconfigured.

[0055] Insome arrangements of these embodiments of the
present technique, this configuration is signalled via UE
specific RRC configuration. Hence it is therefore possible
that the same MSS can indicate different things to different
UEs. For example, FIG. 7 shows a PTW (Paging Time
Window) where in each PTW there are 4 Paging Occasions
(PO). The MSS carries 1 information bit and for UE1 it
indicates whether the first two POs in a PTW are active or
not active (i.e. whether UE needs to monitor them) and for
UE2 it indicates whether the last two POs in a PTW are
active or not active. Additional UEs can of course be
configured such that the indication means different POs, for
example a further UE3 can be configured such that the MSS
indicates the activation/deactivation of the first two POs in
the PTW, similar to UE1 and another UE4 can be configured
such that the MSS indicates the activation/deactivation of all
the POs in the PTW. It should be appreciated that this is not
limited to indication of POs in a PTW but can indicate other
things, e.g. a group of UEs can be configured such that the
MSS information bit indicates whether SIB14 has changed
and another group of UEs can be configured such that the
same MSS information bit indicates whether SIB1 has
changed. Note that this is more efficient for UEs than a
single MSS bit that indicates “either SIB1 or SIB14 has
changed”. Although some UEs will inadvertently read SIB1
or SIB14, UEs do not inadvertently read both SIB1 and
SIB14. In other words, in these arrangements, the controller
circuitry of the infrastructure equipment is configured in
combination with the transceiver circuitry of the infrastruc-
ture equipment to signal the indication that the additional
synchronisation signal has been reconfigured to the one or
more communications devices via Radio Resource Control
configurations specific to each of the one or more commu-
nications devices. The additional synchronisation signal
may indicate the status of a different communications
parameter to different ones of the communications devices.

[0056] In some other arrangements of these embodiments
of'the present technique, the indication is configured by SIB.
That is all the UEs will interpret the information carried by
the MSS the same way. This does not mean that particular
UESs cannot be further configured to monitor a different MSS
via RRC signaling. In other words, in these arrangements,
the controller circuitry of the infrastructure equipment is
configured in combination with the transceiver circuitry of
the infrastructure equipment to signal the indication that the
additional synchronisation signal has been reconfigured to
the one or more communications devices via system infor-
mation.

[0057] In some further arrangements of these embodi-
ments of the present technique, a subset of MSS information
is broadcast in the SIB and another set is RRC configured
(UE specific) by the network. For example, MSS has 2
information bits where the configuration of the 1% informa-
tion bit is broadcasted in the SIB to indicate whether
MIB/SIB has changed and the 2”¢ bit is RRC configured
which can be different for different UEs. In other words, in
these arrangements, the controller circuitry of the infrastruc-

Sep. 22, 2022

ture equipment is configured in combination with the trans-
ceiver circuitry of the infrastructure equipment to signal a
first indication that a first portion of the additional synchro-
nisation signal has been reconfigured to the one or more
communications devices via system information, and to
signal a second indication that a second portion of the
additional synchronisation signal has been reconfigured to
the one or more communications devices via Radio
Resource Control configurations specific to each of the one
or more communications devices.

[0058] Although embodiments of the present technique
are largely described in relation to MSS as the additional
synchronisation signal, those skilled in the art would appre-
ciate that they are equally applicable for other synchronisa-
tion signals such as a Wake Up Signal (WUS). In other
words, the additional synchronisation signal is a wake-up
signal, the wake-up signal providing an indication that one
of the communications devices will receive a downlink
message from the infrastructure equipment for the one of the
communications devices to decode. A description of a WUS
can be found in co-pending European patent application no.
EP17186065 [9], the contents of which are hereby incorpo-
rated by reference. A wake-up signal such as one discussed
in [9] may comprise a wake-up signal preamble including a
plurality of Orthogonal Frequency Division Multiplexed,
OFDM, symbols each being combined with a reference
sequence, and one or more of the OFDM symbols being
shifted in frequency with respect to one or more of the other
OFDM symbols.

[0059] FIG. 8 shows a flow diagram illustrating a process
of communications in a communications system comprising
an infrastructure equipment and a communications device in
accordance with embodiments of the present technique. The
process is a method of operating the infrastructure equip-
ment. The process starts in step S800. The method comprises
in step S802, broadcasting one or more synchronisation
signals for use by the one or more communications devices
to achieve synchronisation with a cell provided by the
infrastructure equipment. In step S804, the method com-
prises broadcasting an additional synchronisation signal, the
additional synchronisation signal including an indication of
a status of a first communications parameter selected from a
plurality of communications parameters in accordance with
conditions determined by the infrastructure equipment. The
process ends in step S806.

[0060] As described above, embodiments of the present
technique enable an additional synchronisation signal
(MSS) to be broadcast by the infrastructure equipment,
which can be used to provide a plurality of indications whilst
minimising the number of information bits required.
[0061] Those skilled in the art would appreciate that such
infrastructure equipment and/or communications devices as
herein defined may be further defined in accordance with the
various arrangements and embodiments discussed in the
preceding paragraphs. It would be further appreciated by
those skilled in the art that such infrastructure equipment
and communications devices as herein defined and described
may form part of communications systems other than those
defined by the present invention.

The following numbered paragraphs provide further
example aspects and features of the present technique:
Paragraph 1. An infrastructure equipment for use in a
wireless communications system comprising the infrastruc-
ture equipment and one or more communications devices,
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wherein the infrastructure equipment comprises controller
circuitry and transceiver circuitry which are configured in
combination

[0062] to broadcast one or more synchronisation signals
for use by the one or more communications devices to
achieve synchronisation with a cell provided by the infra-
structure equipment, and

[0063] to broadcast an additional synchronisation signal,
the additional synchronisation signal including an indication
of'a status of a first communications parameter selected from
a plurality of communications parameters in accordance
with conditions determined by the controller circuitry.
Paragraph 2. An infrastructure equipment according to Para-
graph 1, wherein the controller circuitry and transceiver
circuitry are configured in combination

[0064] to broadcast one or more other additional synchro-
nisation signals providing an indication of the status of one
or more other communications parameters selected from the
plurality of communications parameters in accordance with
conditions determined by the controller circuitry.
Paragraph 3. An infrastructure equipment according to Para-
graph 2, wherein the additional synchronisation signal com-
prises a different number of bits than the one or more other
additional synchronisation signals.

Paragraph 4. An infrastructure equipment according to Para-
graph 2, wherein the additional synchronisation signal is
broadcast for a different amount of time than the one or more
other additional synchronisation signals.

Paragraph 5. An infrastructure equipment according to Para-
graph 2, wherein the additional synchronisation signal is
broadcast in a different narrowband of a wireless access
interface provided by the infrastructure equipment to a
narrowband in which the one or more other additional
synchronisation signals are broadcast.

Paragraph 6. An infrastructure equipment according to any
of Paragraph 1 to 5, wherein the status of the first or the
others of the plurality of the communications parameters
includes one or more of an indication of a change in system
information for the cell provided by the infrastructure equip-
ment, an indication of whether a paging time window
comprising a one or more paging occasions during which the
one or more communications devices may be paged by the
infrastructure equipment is active, and an indication of
whether access for the one or more communications is
currently barred for the cell.

Paragraph 7. An infrastructure equipment according to any
of Paragraphs 1 to 6, wherein the additional synchronisation
signal comprises one or more bits, wherein the one or more
bits are fewer than a number of bits required to indicate the
status of all of the plurality of communications parameters.
Paragraph 8. An infrastructure equipment according to any
of Paragraphs 1 to 7, wherein the additional synchronisation
signal is for monitoring by a subset of the one or more
communications devices.

Paragraph 9. An infrastructure equipment according to any
of Paragraphs 1 to 8, wherein the additional synchronisation
signal comprises a plurality of bits, a first portion of the
plurality of bits being fixed to indicate the status of the first
of the communications parameters, and a second portion of
the plurality of bits being configurable by the infrastructure
equipment to indicate the status of one or more others of the
plurality of communications parameters.

Paragraph 10. An infrastructure equipment according to any
of Paragraphs 1 to 9, wherein the additional synchronisation
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signal is configured to provide the indication of the status of
the first communications parameter by default, and the
controller circuitry is configured in combination with the
transceiver circuitry

[0065] to reconfigure the additional synchronisation signal
to provide an indication of the status of one or more others
of the plurality of communications parameters, and

[0066] to provide an indication to the one or more com-
munications devices that the additional synchronisation sig-
nal has been reconfigured.

Paragraph 11. An infrastructure equipment according to
Paragraph 10, wherein the controller circuitry is configured
in combination with the transceiver circuitry

[0067] to signal the indication that the additional synchro-
nisation signal has been reconfigured to the one or more
communications devices via system information.
Paragraph 12. An infrastructure equipment according to
Paragraph 10, wherein the controller circuitry is configured
in combination with the transceiver circuitry

[0068] to signal the indication that the additional synchro-
nisation signal has been reconfigured to the one or more
communications devices via Radio Resource Control con-
figurations specific to each of the one or more communica-
tions devices.

Paragraph 13. An infrastructure equipment according to
Paragraph 12, wherein the additional synchronisation signal
indicates the status of a different communications parameter
to different ones of the communications devices.
Paragraph 14. An infrastructure equipment according to
Paragraph 10, wherein the controller circuitry is configured
in combination with the transceiver circuitry

[0069] to signal a first indication that a first portion of the
additional synchronisation signal has been reconfigured to
the one or more communications devices via system infor-
mation, and

[0070] to signal a second indication that a second portion
of the additional synchronisation signal has been reconfig-
ured to the one or more communications devices via Radio
Resource Control configurations specific to each of the one
or more communications devices.

Paragraph 15. An infrastructure equipment according to any
of Paragraphs 1 to 14, wherein the additional synchronisa-
tion signal is a wake-up signal, the wake-up signal providing
an indication that one of the communications devices will
receive a downlink message from the infrastructure equip-
ment for the one of the communications devices to decode.
Paragraph 16. A method of operating an infrastructure
equipment in a wireless communications system comprising
the infrastructure equipment and one or more communica-
tions devices, the method comprising

[0071] broadcasting one or more synchronisation signals
for use by the one or more communications devices to
achieve synchronisation with a cell provided by the infra-
structure equipment, and

[0072] broadcasting an additional synchronisation signal,
the additional synchronisation signal including an indication
of'a status of a first communications parameter selected from
a plurality of communications parameters in accordance
with conditions determined by the infrastructure equipment.
Paragraph 17. Circuitry for an infrastructure equipment for
use in a wireless communications system comprising the
infrastructure equipment and one or more communications
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devices, wherein the infrastructure equipment comprises
controller circuitry and transceiver circuitry which are con-
figured in combination

[0073] to broadcast one or more synchronisation signals
for use by the one or more communications devices to
achieve synchronisation with a cell provided by the infra-
structure equipment, and

[0074] to broadcast an additional synchronisation signal,
the additional synchronisation signal including an indication
of'a status of a first communications parameter selected from
a plurality of communications parameters in accordance
with conditions determined by the controller circuitry.

Paragraph 18. A wireless communications system compris-
ing an infrastructure equipment and one or more communi-
cations devices, wherein the infrastructure equipment com-
prises controller circuitry and transceiver circuitry which are
configured in combination

[0075] to broadcast one or more synchronisation signals
for use by the one or more communications devices to
achieve synchronisation with a cell provided by the infra-
structure equipment, and

[0076] to broadcast an additional synchronisation signal,
the additional synchronisation signal including an indication
of'a status of a first communications parameter selected from
a plurality of communications parameters in accordance
with conditions determined by the controller circuitry.

Paragraph 19. A communications device for use in a wireless
communications system comprising an infrastructure equip-
ment and the communications device, wherein the commu-
nications device comprises controller circuitry and trans-
ceiver circuitry which are configured in combination

[0077] to receive a first broadcast from the infrastructure
equipment comprising one or more synchronisation signals
for use by the communications device to achieve synchro-
nisation with a cell provided by the infrastructure equip-
ment,

[0078] to receive a second broadcast from the infrastruc-
ture equipment comprising an additional synchronisation
signal, the additional synchronisation signal including an
indication of a status of a first communications parameter
selected from a plurality of communications parameters in
accordance with conditions determined by the infrastructure
equipment, and

[0079] to determine, based on the received additional
synchronisation signal, the status of the communications
parameter.

Paragraph 20. A method of operating a communications
device in a wireless communications system comprising an
infrastructure equipment and the communications device,
the method comprising

[0080] receiving a first broadcast from the infrastructure
equipment comprising one or more synchronisation signals
for use by the communications device to achieve synchro-
nisation with a cell provided by the infrastructure equip-
ment,

[0081] receiving a second broadcast from the infrastruc-
ture equipment comprising an additional synchronisation
signal, the additional synchronisation signal including an
indication of a status of a first communications parameter
selected from a plurality of communications parameters in
accordance with conditions determined by the infrastructure
equipment, and
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[0082] determining, based on the received additional syn-
chronisation signal, the status of the communications param-
eter.

Paragraph 21. Circuitry for a communications device for use
in a wireless communications system comprising an infra-
structure equipment and the communications device,
wherein the communications device comprises controller
circuitry and transceiver circuitry which are configured in
combination

[0083] to receive a first broadcast from the infrastructure
equipment comprising one or more synchronisation signals
for use by the communications device to achieve synchro-
nisation with a cell provided by the infrastructure equip-
ment,

[0084] to receive a second broadcast from the infrastruc-
ture equipment comprising an additional synchronisation
signal, the additional synchronisation signal including an
indication of a status of a first communications parameter
selected from a plurality of communications parameters in
accordance with conditions determined by the infrastructure
equipment, and

[0085] to determine, based on the received additional
synchronisation signal, the status of the communications
parameter.

[0086] In so far as embodiments of the disclosure have
been described as being implemented, at least in part, by
software-controlled data processing apparatus, it will be
appreciated that a non-transitory machine-readable medium
carrying such software, such as an optical disk, a magnetic
disk, semiconductor memory or the like, is also considered
to represent an embodiment of the present disclosure.

[0087] It will be appreciated that the above description for
clarity has described embodiments with reference to differ-
ent functional units, circuitry and/or processors. However, it
will be apparent that any suitable distribution of function-
ality between different functional units, circuitry and/or
processors may be used without detracting from the embodi-
ments.

[0088] Described embodiments may be implemented in
any suitable form including hardware, software, firmware or
any combination of these. Described embodiments may
optionally be implemented at least partly as computer soft-
ware running on one or more data processors and/or digital
signal processors. The elements and components of any
embodiment may be physically, functionally and logically
implemented in any suitable way. Indeed the functionality
may be implemented in a single unit, in a plurality of units
or as part of other functional units. As such, the disclosed
embodiments may be implemented in a single unit or may be
physically and functionally distributed between different
units, circuitry and/or processors.

[0089] Although the present disclosure has been described
in connection with some embodiments, it is not intended to
be limited to the specific form set forth herein. Additionally,
although a feature may appear to be described in connection
with particular embodiments, one skilled in the art would
recognise that various features of the described embodi-
ments may be combined in any manner suitable to imple-
ment the technique.
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What is claimed is:

1. A method of operating a communications device in a
wireless communications system comprising an infrastruc-
ture equipment and the communications device, the method
comprising

receiving a first broadcast from the infrastructure equip-

ment comprising one or more synchronisation signals
for use by the communications device to achieve syn-
chronisation with a cell provided by the infrastructure
equipment,

receiving a second broadcast from the infrastructure

equipment comprising an additional synchronisation
signal, the additional synchronisation signal including
an indication of a status of a first communications
parameter selected from a plurality of communications
parameters in accordance with conditions determined
by the infrastructure equipment, and

determining, based on the received additional synchroni-

sation signal, the status of the communications param-
eter.



