
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

35
8 

88
9

A
1

TEPZZ¥¥58889A_T
(11) EP 3 358 889 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
08.08.2018 Bulletin 2018/32

(21) Application number: 18164607.6

(22) Date of filing: 25.06.2015

(51) Int Cl.:
H04W 52/02 (2009.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 25.06.2014 US 201462017133 P
24.06.2015 US 201514749001

(62) Document number(s) of the earlier application(s) in 
accordance with Art. 76 EPC: 
15744674.1 / 3 162 128

(71) Applicant: Telefonaktiebolaget LM Ericsson (publ)
164 83 Stockholm (SE)

(72) Inventors:  
• SCHLIWA-BERTLING, Paul

SE-590 71 Ljungsbro (SE)

• SUNDBERG, Mårten
SE-120 53 Årsta (SE)

• DIACHINA, John Walter
Garner, NC 27529 (US)

(74) Representative: Haseltine Lake LLP
Redcliff Quay 
120 Redcliff Street
Bristol BS1 6HU (GB)

Remarks: 
This application was filed on 28-03-2018 as a 
divisional application to the application mentioned 
under INID code 62.

(54) IMPROVED MONITORING OF RADIO BLOCKS IN EXTENDED RADIO COVERAGE

(57) A technique is described herein for saving power
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Description

CLAIM OF PRIORITY

[0001] This application is a continuation application of
U.S. Patent Application Serial No. 14/749,001, filed June
24, 2015, issued on September 19, 2017 as U.S. Patent
No. 9,769,748, which claims the benefit of priority to U.S.
Provisional Application No. 62/017,133, filed on June 25,
2014. The contents of each of these documents are here-
by incorporated by reference herein for all purposes.

TECHNICAL FIELD

[0002] The present disclosure relates generally to ra-
dio transmission and reception of radio blocks between
a receiving device and a transmitting device and, more
particularly, to techniques for saving power at the receiv-
ing device by having the transmitting device add an in-
dicator to repeated radio blocks, where the indicator can
be used by the receiving device to stop the monitoring
of one or more of the repeated radio blocks.

BACKGROUND

[0003] The following abbreviations and terms are here-
with defined, at least some of which are referred to within
the following description of the present disclosure.

3GPP 3rd-Generation Partnership Project
AGCH Access Grant Channel
ASIC Application Specific Integrated Circuit
BLER Block Error Rate
BSC Base Station Controller
BTS Base Transceiver Stations
CC Coverage Class
CN Core Network
CRC Cyclic Redundancy Check
DL Downlink
DSP Digital Signal Processor
EDGE Enhanced Data rates for GSM Evolution
EGPRS Enhanced General Packet Radio Service
eNB evolved Node B
E-UTRA Evolved Universal Terrestrial Radio Access
GSM Global System for Mobile Communications
GERAN GSM/EDGE Radio Access Network
GPRS General Packet Radio Service
HARQ Hybrid Automatic Repeat Request
LTE Long-Term Evolution
MAC Media Access Control
MME Mobile Management Entity
MT Mobile Terminal
MTC Machine Type Communications
PCH Paging Channel
PDN Packet Data Network
RAN Radio Access Network
RBS Radio Base Station
RLC Radio Link Control

RNC Radio Network Controller
SGSN Serving GPRS Support Node
UE User Equipment
UL Uplink
UMTS Universal Mobile Telecommunications Sys-

tem
WCDMA Wideband Code Division Multiple Access
WiMAX Worldwide Interoperability for Microwave

Access

[0004] Receiving device: The wireless devices (e.g.,
users, mobile stations) described herein are configured
to operate as a receiving device when receiving DL com-
munications from a wireless access node (e.g., base sta-
tion), which in this case would be configured to operate
as a transmitting device.
[0005] The anticipated ubiquitous deployment of wire-
less devices used for what is known as Machine-Type-
Communication (MTC) will result in wireless devices be-
ing placed outside the typical radio coverage of the ex-
isting radio networks, e.g., in basements and similar lo-
cations. One way to improve the radio coverage is by
expanding the radio access network infrastructure, such
as by adding additional Radio Base Station (RBS) equip-
ment. This, however, may very quickly result in an un-
reasonable investment effort and may not be acceptable
to operators.
[0006] An alternative approach to adding additional
equipment is to keep the existing radio access network
infrastructure unchanged but instead improve the radio
coverage through novel radio transmission and reception
techniques as well as new Radio Resource Management
algorithms. The latter approach is currently being dis-
cussed in the wireless industry and is a subject for a
standardization effort, for example, in the 3rd-Generation
Partnership Project (3GPP) as described in the 3GPP
TR 36.824 V11.0.0 Technical Report, entitled "Evolved
Universal Terrestrial Radio Access (E-UTRA); LTE cov-
erage enhancements" and the 3GPP TSG-GERAN
Meeting #62 Work Item Description GP-140421, entitled
"New Study Item on Cellular System Support for Ultra
Low Complexity and Low Throughput Internet of Things."
The contents of these two documents are hereby incor-
porated by reference for all purposes.
[0007] While there are many techniques that can be
used to enhance the radio coverage, one technique is to
enhance the radio coverage through the use of repeated
transmissions. The repeated transmissions technique is
currently being considered in the context of the related
standardization work in 3GPP TSG RAN, as described
in the above-referenced 3GPP TR 36.824 V11.0.0 Tech-
nical Report, entitled "Evolved Universal Terrestrial Ra-
dio Access (E-UTRA); LTE coverage enhancements" as
well as in 3GPP TSG GERAN as described in the 3GPP
TR 45.820 VI.3.0 Technical Report, entitled "Cellular
System Support for Ultra Low Complexity and Low
Throughput Internet of Things".
[0008] To explain a problem associated with the use
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of repeated transmissions, one should first realize that
for a receiving device to understand if it is being paged,
being assigned resources, receiving scheduled data in
the downlink (DL), being sent a radio resource request,
or receiving scheduled data in the uplink (UL), the receiv-
ing device needs to monitor the common DL channel
(e.g., in the case of paging, resource assignment), the
common UL channel (e.g., in the case of radio resource
request), or the data bearing channel assigned to the
receiving device (e.g., in the case of scheduled data). It
is to be noted that each radio block being received and
monitored by the receiving device will have a negative
impact on the receiving device from a power consumption
perspective.
[0009] In view of these realizations, one problem with
the existing DL monitoring functionality and repeated
transmissions is that the receiving device (e.g., a mobile
station (MS)) currently monitors all of the DL radio blocks
on the common channel (e.g., in the case of paging, re-
source assignment) or on the channel assigned for data
transfer (e.g., in the case of DL scheduling) when expect-
ing a radio block addressed to itself. For example, as-
sume the receiving device is not in extended coverage
and hence can decode any instance of a received radio
block without any additional repetitions, where the re-
ceived radio block in this case is actually one of multiple
repetitions of the same radio block intended for a device
in extended coverage. The receiving device will not know
that the particular received radio block is part of a repe-
tition period N (e.g., eight repetitions of a radio block) and
is repeated N times (e.g., there are seven more repeti-
tions of the radio block). Instead, the receiving device
would expect that it might be addressed in the coming
next radio blocks (e.g., seven more repeated radio blocks
after the first received radio block) and will monitor all the
repeated N radio blocks (e.g., eight repeated radio
blocks) when, in actuality, the receiving device would only
need to have monitored the first received repeated radio
block. The receiving device, by monitoring all of the re-
peated N radio blocks, will have a negative impact from
a power consumption perspective, and hence, it would
be desirable to minimize the monitoring time of the re-
ceiving device. This need and other needs are addressed
in the present disclosure.

SUMMARY

[0010] A receiving device, a transmitting device, and
various methods for addressing at least the aforemen-
tioned need are described in the independent claims. Ad-
vantageous embodiments of the receiving device, the
transmitting device, and the various methods are further
described in the dependent claims.
[0011] In one aspect, the present disclosure provides
a receiving device configured to communicate with a
transmitting device. The receiving comprises a processor
and a memory that stores processor-executable instruc-
tions, wherein the processor interfaces with the memory

to execute the processor-executable instructions, where-
by the receiving device is operable to perform a monitor
operation, an attempt operation, a determine operation,
and a stop monitoring operation. In the monitor operation,
the receiving device is operable to monitor up to N radio
blocks received from the transmitting device, wherein N
is based on a coverage class of the receiving device. In
the attempt operation, the receiving device is operable
to attempt to decode an original radio block by combining
the monitored radio blocks. In the determine operation,
the receiving device is operable to determine if the orig-
inal radio block is successfully decoded. In the stop mon-
itoring operation, when the original radio block is deter-
mined to be successfully decoded then the receiving de-
vice is operable to stop monitoring a remainder of radio
blocks in a repetition period, wherein the repetition period
comprises a set of radio blocks each of which corre-
sponds to the original radio block, and, wherein the rep-
etition period is indicated by an indicator in each of the
monitored radio blocks. The receiving device by imple-
menting the monitor operation, the attempt operation, the
determine operation, and the stop monitoring operation
will have a positive impact from a power consumption
perspective.
[0012] In another aspect, the present disclosure pro-
vides a method in a receiving device configured to com-
municate with a transmitting device. The method com-
prises a monitoring step, an attempting step, a determin-
ing step, and a stop monitoring step. In the monitoring
step, up to N radio blocks received from the transmitting
device are monitored, wherein N is based on a coverage
class of the receiving device. In the attempting step, an
original radio block is attempted to be decoded by com-
bining the monitored radio blocks. In the determining
step, it is determined if the original radio block is suc-
cessfully decoded. In the stop monitoring step, when the
original radio block is determined to be successfully de-
coded then monitoring a remainder of radio blocks in a
repetition period is stopped, wherein the repetition period
comprises a set of radio blocks each of which corre-
sponds to the original radio block, and wherein the rep-
etition period is indicated by an indicator in each of the
monitored radio blocks. The receiving device by imple-
menting the monitoring step, the attempting step, the de-
termining step, and the stop monitoring step will have a
positive impact from a power consumption perspective.
[0013] In yet another aspect, the present disclosure
provides a transmitting device configured to communi-
cate with a receiving device. The transmitting device
comprises a processor and a memory that stores proc-
essor-executable instructions, wherein the processor in-
terfaces with the memory to execute the processor-exe-
cutable instructions, whereby the transmitting device is
operable to perform a generate operation and a transmit
operation. In the generate operation, the transmitting de-
vice is operable to generate one or more radio blocks to
be transmitted during a repetition period, wherein the rep-
etition period is based on a coverage class of the receiv-
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ing device, and wherein the one or more radio blocks
each includes an indicator that indicates the repetition
period. In the transmit operation, the transmitting device
is operable to transmit the one or more radio blocks to
the receiving device during the repetition period. The
transmitting device by implementing the generate oper-
ation and the transmit operation will have a positive im-
pact on the power consumption at the receiving device.
[0014] In still yet another aspect, the present disclosure
provides a method in a transmitting device configured to
communicate with a receiving device. The method com-
prises a generating step and a transmitting step. In the
generating step, one or more radio blocks are generated
to be transmitted during a repetition period, wherein the
repetition period is based on a coverage class of the re-
ceiving device, and wherein the one or more radio blocks
each includes an indicator that indicates the repetition
period. In the transmitting step, the one or more radio
blocks are transmitted to the receiving device during the
repetition period. The transmitting device by implement-
ing the generate operation and the transmit operation will
have a positive impact on the power consumption at the
receiving device.
[0015] Additional aspects of the invention will be set
forth, in part, in the detailed description, figures and any
claims which follow, and in part will be derived from the
detailed description, or can be learned by practice of the
invention. It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory only and are not restric-
tive of the invention as disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] A more complete understanding of the present
invention may be obtained by reference to the following
detailed description when taken in conjunction with the
accompanying drawings:

FIGURE 1 is a diagram of an exemplary wireless
communication network in accordance with an em-
bodiment of the present disclosure;
FIGURE 2 is an illustration where a Paging Channel
(PCH) having repeated radio blocks is being moni-
tored by multiple receiving devices, each of which is
in a different coverage class;
FIGURE 3 is a flowchart of a method implemented
in a receiving device (e.g., MS1, MS2, MS3, MS4,
wireless devices) in accordance with an embodiment
of the present disclosure;
FIGURE 4 is an illustration where the PCH has re-
peated radio blocks which have a fixed frame struc-
ture and an indicator being monitored by receiving
devices (e.g., MS1, MS2, MS3 and MS4), each in a
different coverage class in accordance with an em-
bodiment of the present disclosure;
FIGURE 5 is an illustration where the PCH has re-
peated radio blocks which have a fixed frame struc-

ture and an indicator being monitored by receiving
devices (e.g., MS1, MS2, MS3 and MS4), each in a
different coverage class in accordance with another
embodiment of the present disclosure;
FIGURE 6 is an illustration where the PCH has mul-
tiple sets of different radio blocks which have a non-
fixed frame structure and indicators being monitored
by receiving devices (e.g., MS1, MS2, MS3 and
MS4), each in a different coverage class in accord-
ance with another embodiment of the present dis-
closure;
FIGURE 7 is a block diagram illustrating structures
of an exemplary receiving device (e.g., MS1, MS2,
MS3, MS4, wireless devices) configured in accord-
ance with an embodiment of the present disclosure;
FIGURE 8 is a flowchart of a method implemented
in a transmitting device (e.g., wireless access nodes)
in accordance with an embodiment of the present
disclosure; and
FIGURE 9 is a block diagram illustrating structures
of an exemplary transmitting device (e.g., wireless
access nodes) configured in accordance with an em-
bodiment of the present disclosure.

DETAILED DESCRIPTION

[0017] To describe the technical features of the present
disclosure, a discussion is provided first to describe an
exemplary wireless communication network which in-
cludes multiple wireless devices (e.g., receiving devices)
and multiple wireless access nodes (e.g., transmitting
devices), each of which are configured in accordance
with the present disclosure (see FIGURE 1). Then, a dis-
cussion is provided to explain the technique and associ-
ated different embodiments that can be implemented by
the wireless devices (e.g., receiving devices) and the
wireless access nodes (e.g., transmitting devices) in ac-
cordance with the present disclosure (see FIGURES
2-9).

Exemplary Wireless Communication Network 100

[0018] Referring to FIGURE 1, there is illustrated an
exemplary wireless communication network 100 in ac-
cordance with the present disclosure. The wireless com-
munication network 100 includes multiple wireless ac-
cess nodes 1021 and 1022 (only two shown), multiple
wireless devices 104i, 1042, 1043 and 104n, and a core
network 106 (e.g., EGPRS core network 106). The wire-
less communication network 100 also includes many oth-
er well-known components, but for clarity, only the com-
ponents needed to describe the features of the present
disclosure are described herein. Further, the wireless
communication network 100 is described herein as being
an GSM/EGPRS wireless communication network 100
which is also known as an EDGE wireless communica-
tion network 100. However, those skilled in the art will
readily appreciate that the techniques of the present dis-
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closure which are applied to the GSM/EGPRS wireless
communication network 100 are generally applicable to
other types of wireless communication systems, includ-
ing, for example, WCDMA, LTE, and WiMAX systems.
[0019] The wireless communication network 100 in-
cludes the wireless access nodes 1021 and 1022 (only
two shown) which provide network access to the wireless
devices 104i, 1042, 1043... 104n. In this example, the
wireless access node 1021 is providing network access
to wireless device 1041 while the wireless access node
1022 is providing network access to wireless devices
1042, 1043...104n. The wireless access nodes 1021 and
1022 are connected to the core network 106 (e.g., EG-
PRS core network 106). The core network 106 is con-
nected to an external PDN 108, such as the Internet, and
a server 110 (only one shown). The wireless devices
1041, 1042, 1043...104n may communicate with one or
more servers 110 (only one shown) connected to the
core network 106 or the packet data network 108.
[0020] The wireless devices 1041, 1042, 1043... 104n
may refer generally to an end terminal (user) that attach-
es to the wireless communication network 100, and may
refer to either a MTC device or a non-MTC device. Fur-
ther, the term "wireless device" is generally intended to
be synonymous with the term "User Equipment," or UE,
as that term is used by the 3rd-Generation Partnership
Project (3GPP), and includes standalone wireless devic-
es, such as terminals, cell phones, smart phones, and
wireless-equipped personal digital assistants, as well as
wireless cards or modules that are designed for attach-
ment to or insertion into another electronic device, such
as a personal computer, electrical meter, etc.
[0021] Likewise, the wireless access nodes 1021 and
1022 may refer in general to a base station or central
node in the wireless communication network 100, and
may refer to wireless access nodes 1021 and 1022 that
are controlled by a physically distinct radio network con-
troller as well as to more autonomous access points, such
as the so-called evolved Node Bs (eNBs or eNodeBs) in
Long-Term Evolution (LTE) networks. Accordingly, the
term "wireless access node" may also refer to Radio Net-
work Controllers (RNCs) and Node Bs (NBs) in 3G, or
Base Station Controllers (BSCs) or Base Transceiver
Stations (BTSs) in 2G.
[0022] Each wireless device 1041, 1042, 1043...104n
may include a transceiver circuit 1101, 1102, 1103...110n
for communicating with the wireless access nodes 1021
and 1022, and a processing circuit 1121, 1122, 1123...
112n for processing signals transmitted from and re-
ceived by the transceiver circuit 1101, 1102, 1103...110n
and for controlling the operation of the corresponding
wireless device 1041, 1042, 1043...104n. The transceiver
circuit 1101, 1102, 1103...110n may include a transmitter
1141, 1142, 1143...114n and a receiver 1161, 1162,
1163...116n, which may operate according to any stand-
ard, e.g., the GSM/EDGE standard. The processing cir-
cuit 1121, 1122, 1123...112n may include a processor
1181, 1182, 1183... 118n and a memory 1201, 1202,

1203...120n for storing program code for controlling the
operation of the corresponding wireless device 1041,
1042, 1043...104n. The program code may include code
for performing the procedures (e.g., indicating informa-
tion about blocks of multiple repetitions, monitoring
blocks, decoding blocks, determining if all blocks of mul-
tiple repetitions have been monitored, accumulating
blocks, and repeating transmissions) as described here-
inafter.
[0023] Each wireless access node 1021 and 1022 may
include a transceiver circuit 1221 and 1222 for commu-
nicating with wireless devices 1041, 1042, 1043... 104n,
a processing circuit 1241 and 1242 for processing signals
transmitted from and received by the transceiver circuit
1221 and 1222 and for controlling the operation of the
corresponding wireless access node 1021 and 1022, and
a network interface 126i and 1262 for communicating with
the core network 106 (e.g., via core network nodes such
as Serving GPRS Support Nodes (SGSNs) in GPRS or
Mobility Management Entity (MMEs) in LTE). The trans-
ceiver circuit 1221 and 1222 may include a transmitter
128i and 1282 and a receiver 130i and 1302, which may
operate according to any standard, e.g., the GSM/EDGE
standard. The processing circuit 1241 and 1242 may in-
clude a processor 1321 and 1322 and a memory 1341
and 1342 for storing program code for controlling the op-
eration of the corresponding wireless access node 1021
and 1022. The program code may include code for per-
forming the procedures (e.g., indicating information
about blocks of multiple repetitions, monitoring blocks,
decoding blocks, determining if all blocks of multiple rep-
etitions have been monitored, accumulating blocks, and
repeating transmissions) as described hereinafter.

Basic Techniques and Different Embodiments of Present 
Disclosure

[0024] In the wireless communication network 100
(cellular system 100) using extended coverage, one
method to increase the radio coverage is to repeat the
original radio blocks requiring transmission. The number
of repetitions would be known to the receiving device and
hence, would allow the receiving device to coherently
combine the separate repeated transmissions to achieve
improved reception of the radio blocks transmitted. In the
discussion below, DL communications are described
where the wireless devices 1041, 1042, 1043 and 104n
are considered the receiving devices and the wireless
access node 1021 and 1022 are considered the transmit-
ting devices.
[0025] If the wireless devices 1042, 1043...104n (for ex-
ample) are in different coverage classes and on the same
physical resources, then the monitoring time of the cor-
responding DL channels that is needed for the wireless
devices 1042, 1043...104n to be able to decode radio
blocks sent thereon will be different depending on par-
ticular coverage classes of the particular wireless devices
1042, 1043...104n. An example of this feature is dis-
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cussed next with respect to FIGURE 2 where wireless
devices 1042, 1043, 1044 and 1045 (i.e., MS1, MS2, MS3
and MS4) have different coverage classes and different
monitoring times to decode the repeated DL radio blocks.
[0026] Referring to FIGURE 2, there is an illustration
where the Paging Channel (PCH) having repeated radio
blocks 202 is being monitored by multiple receiving de-
vices MS1, MS2, MS3 and MS4 each of which are in a
different coverage class. In this example, the first row
applies to MS1 which has a coverage class of one. The
second row applies to MS2 which has a coverage class
of two. The third row applies to MS3 which has a coverage
class of four. The fourth row applies to MS4 which has a
coverage class of eight. The vertical black bars 204 illus-
trate the points in time that the respective MS can decode
the received radio block(s) 202. That is, this illustration
indicates that MS1 needs a single repetition and is there-
fore able to decode the original radio block 202 after re-
ceiving any repeated individual radio block 202. The MS2
needs two repetitions and is therefore able to decode the
original radio block 202 after receiving two repeated radio
blocks 202. The MS3 needs four repetitions and is there-
fore able to decode the original radio block 202 after re-
ceiving four repeated radio blocks 202. The MS4 needs
eight repetitions and is therefore able to decode the orig-
inal radio block 202 after receiving eight repeated radio
blocks 202. As such, FIGURE 2 represents the case
where no indicators are provided by the repeated radio
blocks 202 but where a fixed frame structure is still used
so that a device that makes use of a coverage class re-
quiring N repeated radio blocks will still know where the
first of these N repeated radio blocks can occur (i.e. in
the first radio block within the set of radio blocks deline-
ated by the vertical black lines) and therefore where all
remaining N-1 repetitions can occur.
[0027] The MS1 after receiving and decoding the first
radio block 202 (block 1) would in the past also receive
and decode the remaining seven repeated radio blocks
202 (blocks 2-8) but in the present disclosure the MS1
is configured to receive and decode the first radio block
202 (block 1) and then stop monitoring the remaining
seven repeated radio blocks 202 (blocks 2-8). Likewise,
the MS2 is configured in the present disclosure to receive
and decode the two repeated radio blocks 202 (blocks
1-2) and then stop monitoring the remaining six repeated
radio blocks 202 (blocks 3-8). The MS3 is configured in
the present disclosure to receive and decode the four
repeated radio blocks 202 (blocks 1-4) and then stop
monitoring the remaining four repeated radio blocks 202
(blocks 5-8). The MS4 is configured in the present dis-
closure to receive and decode the eight repeated radio
blocks 202 (blocks 1-8). A discussion is provided next to
explain in detail how the MS1, MS2, MS3 and MS4 or
any receiving device 301 can operate in accordance with
different embodiments of the present disclosure.
[0028] The present disclosure provides a new mech-
anism for improving power savings (e.g., in the battery
lifetime) of the receiving devices 301 (e.g., MS1, MS2,

M3, M4, wireless devices 1042, 1043...104n) when mon-
itoring a DL channel that is dimensioned for extended
coverage by having repeated DL radio blocks. To accom-
plish this, it is proposed that the transmitting device 801
(e.g., wireless access node 1022) explicitly include one
type of indicator in the transmitted DL radio blocks (e.g.,
for paging, resource assignment, or scheduling data) in-
dicating that the radio block is one of multiple repetitions
(e.g., one of N repetitions) or implicitly or explicitly provide
another type of indicator indicating the number of repe-
titions remaining in the current repetition period (e.g., Y
of N repetitions remaining). The later indicator (e.g., Y of
N repetitions remaining) may be provided implicitly (via
a fixed frame structure) or explicitly in the same trans-
mitted DL radio blocks as the former indicator (e.g., one
of N repetitions) (via a non-fixed frame structure) to the
receiving devices (e.g., MS1, MS2, MS3, MS4, wireless
devices 1042, 1043...104n) as described hereinafter. The
indicators may be used by the receiving devices (e.g.,
MS1, MS2, MS3, MS4, wireless devices 1042,
1043...104n) as discussed next with respect to FIGURES
3-6 to minimize the monitoring time and thereby provide
power savings (i.e., battery power savings).
[0029] Referring to FIGURE 3, there is a flowchart of
a method 300 implemented in a receiving device 301
(e.g., MS1, MS2, MS3, MS4, wireless devices 1041,
1042, 1043...104n) in accordance with an embodiment of
the present disclosure. At step 302, the receiving device
301 monitors up to N radio blocks 402, 502, 602a, 602b,
602c and 602d received from the transmitting device 801
(e.g., wireless access nodes 1021 and 1022), wherein N
is based on a coverage class (e.g., estimated coverage
class) of the receiving device 301. At step 304, the re-
ceiving device 301 attempts to decode an original radio
block 402, 502, 602a, 602b, 602c and 602d by combining
the monitored radio blocks 402, 502, 602a, 602b, 602c
and 602d. At step 306, the receiving device 301 deter-
mines if the original radio block 402, 502, 602a, 602b,
602c and 602d is successfully decoded. In the case
where the original radio block 402, 502, 602a, 602b, 602c
and 602d is determined to be successfully decoded, the
receiving device 301 at step 308 stops monitoring a re-
mainder of the radio blocks 402, 502, 602a, 602b, 602c
and 602d in a repetition period, wherein the repetition
period comprises a set of radio blocks 402, 502, 602a,
602b, 602c and 602d where each radio block corre-
sponds to the original radio block, and wherein the rep-
etition period is indicated by an indicator 404, 504, 604a,
604b, 604c and 604d in each of the monitored radio
blocks 402, 502, 602a, 602b, 602c and 602d. In the case
where the original radio block 402, 502, 602a, 602b, 602c
and 602d is determined to be not successfully decoded,
the receiving device 301 at step 310 determines if all of
the N radio blocks 402, 502, 602a, 602b, 602c and 602d
have been monitored. In the case where all of the N radio
blocks 402, 502, 602a, 602b, 602c and 602d have not
been determined to be monitored, the receiving device
301 at step 312 monitors a next radio block 402, 502,
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602a, 602b, 602c and 602d received from the transmit-
ting device 801, accumulates the monitored next radio
block 402, 502, 602a, 602b, 602c and 602d with the pre-
viously monitored radio blocks 402, 502, 602a, 602b,
602c and 602d, and returns to step 304. In the case where
all of the N radio blocks 402 have been determined to be
monitored, the receiving device 301 at step 314 deter-
mines that the original radio block 402, 502, 602a, 602b,
602c and 602d is not decodable. There are three exam-
ples of implementing the method 300 using different
types of indicators 404, 504, 604a, 604b, 604c and 604d
which may be provided implicitly (fixed frame structure)
or explicitly (non-fixed frame structure) in the radio blocks
402, 502, 602a, 602b, 602c and 602d transmitted to the
receiving device 301 which are described next with re-
spect to FIGURES 4-6.
[0030] Referring to FIGURE 4, there is an illustration
where the PCH has repeated radio blocks 402 (blocks
1, 2...8) with a fixed frame structure and an indicator 404
(e.g., 8 repetitions) that are being monitored by receiving
devices 301 (MS1, MS2, MS3 and MS4) each in a differ-
ent coverage class in accordance with an embodiment
of the present disclosure. In this example, the first row
applies to MS1 which has a coverage class of one. The
second row applies to MS2 which has a coverage class
of two. The third row applies to MS3 which has a coverage
class of four. The fourth row applies to MS4 which has a
coverage class of eight. The vertical black bars 406 illus-
trate the points in time that the respective MS can decode
the received radio blocks 402. That is, this illustration
indicates that MS1 needs a single repetition and is there-
fore able to successfully decode the original radio block
402 after receiving one repeated radio block 402 (block
1). The MS2 needs two repetitions and is therefore able
to successfully decode the original radio block 402 after
receiving two repeated radio blocks 402 (blocks 1 and
2). The MS3 needs four repetitions and is therefore able
to successfully decode the original radio block 402 after
receiving four repeated radio blocks 402 (blocks 1-4).
The MS4 needs eight repetitions and is therefore able to
successfully decode the original radio block 402 after re-
ceiving eight repeated radio blocks 402 (blocks 1-8). It
is to be noted that the number of coverage classes and
the number of repetitions for the coverage classes illus-
trated in FIGURE 4 (i.e., a single repetition of block for
the first coverage class, two repetitions of blocks for the
second coverage class, etc.) are provided as examples.
In other embodiments, there may be fewer or more cov-
erage classes and/or different numbers of repetitions
may be associated with the different coverage classes.
[0031] In this example, each transmitted DL radio block
1, 2...8 (sent within the context of a fixed frame structure
wherein DL radio block 1 is sent using frame number 1,
DL radio block 2 is sent using frame number 2 etc...) is
associated with an MS needing eight repetitions and
where MS1-MS4 are all assumed to be in sync with re-
gards to the fixed frame structure as of reading radio
block 1. Thus, in this example, the radio blocks 1, 2...8

are intended for MS4 not MS1-MS3. All eight radio blocks
1, 2...8 include an indicator 404 indicating that radio
blocks 1, 2...8 are sent using eight repetitions. In the re-
mainder of this disclosure, the term "number of repeti-
tions" and the term "coverage class" are interchangeably
used to describe this indicator 404. These terms may be
viewed as being effectively equivalent indicators 404 for
the purpose of the disclosed techniques, because cov-
erage classes map to respective numbers of repetitions.
That is, for an MS receiving any given radio block 1, 2...8
of the eight repetitions, this indicator 404 will indicate to
that MS the total number of times the radio block is being
repeated (e.g., 8 repetitions). Each MS that belongs to a
coverage class wherein less than eight repetitions of the
original radio block are needed (e.g., MS1, MS2, and
MS3 of FIGURE 4) will be able to decode the original
radio block 402 before all eight repetitions have been
transmitted and will therefore understand from the indi-
cator 404 therein that the original radio block 402 is not
intended for that MS and the MS can thereby determine
that it can stop monitoring the remaining repetitions of
the radio block. In this example, MS2 monitors radio
blocks 1 and 2 and sees these blocks are associated for
a MS which needs eight repetitions and will not monitor
radio blocks 3-8 but will monitor radio blocks 9-10 (not
shown) to see if radio blocks 9-10 have an indicator 404
identifying two repetitions. Further, an MS that belongs
to a coverage class needing eight repetitions but is not
the intended recipient (e.g., MS4 is the intended recipi-
ent) will potentially be able to decode the original radio
block before the end of the repetition period (i.e., before
receiving all eight repetitions) and will therefore be able
to stop monitoring that channel for the remainder of the
repetition period, providing a power savings.
[0032] Hence, implementing the disclosed technique
(method 300) and comparing, for each MS1, MS2, MS3
and MS4, their respective energy consumption in FIG-
URE 2 (no indicator case) to FIGURE 4 (indicator case),
in which the intended MS (i.e., MS4) needs eight repeti-
tions of radio blocks 202 and 402, results in the following
power savings ratios considering the full repetition peri-
od:

• MS1: 1/8 (7/8 reduction in power)
• MS2: 1/4 (3/4 reduction in power)
• MS3: 1/2 (1/2 reduction in power)
• MS4: No change

[0033] To summarize, the aforementioned embodi-
ment, within each radio block 402, a DL indicator 404 is
provided to the receiving devices 301 (e.g., MS1, MS2,
MS3, MS4) indicating the number of repetitions/the cov-
erage class (e.g., 8 repetitions) of devices (e.g., MS4)
targeted with the repeated radio blocks 402. For the re-
ceiving devices 301 (e.g., MS1, MS2 and MS3) not be-
longing to the indicated coverage class, those receiving
devices 301 may go back to sleep for the remainder of
the repetition period corresponding to the coverage class
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indicated. That is, assuming that the receiving device 301
knows its coverage class (i.e., the number of repetitions
expected for the DL channels the receiving device 301
is monitoring), then the receiving device 301 will know
whether or not all repetitions of the blocks 402 should be
received or not.
[0034] Referring to FIGURE 5, there is an illustration
where the PCH has repeated radio blocks 502 (blocks
1, 2...8) with a fixed frame structure and an indicator 504
(e.g., 8 repetitions) that are being monitored by receiving
devices 301 (MS1, MS2, MS3 and MS4) each in a differ-
ent coverage class in accordance with another embodi-
ment of the present disclosure. In this example, the first
row applies to MS1 which has a coverage class of one.
The second row applies to MS2 which has a coverage
class of two. The third row applies to MS3 which has a
coverage class of four. The fourth row applies to MS4
which has a coverage class of eight. The vertical black
bars 506 illustrate the points in time that the respective
MS can decode the received radio blocks 502. That is,
this illustration indicates that MS1 needs a single repeti-
tion and is therefore able to successfully decode the orig-
inal radio block 502 after receiving one repeated radio
block 502 (block 1). The MS2 needs two repetitions and
is therefore able to successfully decode the original radio
block 502 after receiving two repeated radio blocks 502
(blocks 1 and 2). The MS3 needs four repetitions and is
therefore able to successfully decode the original radio
block 502 after receiving four repeated radio blocks 502
(blocks 1-4). The MS4 needs eight repetitions and is
therefore able to successfully decode the original radio
block 502 after receiving eight repeated radio blocks 502
(blocks 1-8). It is to be noted that the number of coverage
classes and the number of repetitions for the coverage
classes illustrated in FIGURE 5 (i.e., a single repetition
of block for the first coverage class, two repetitions of
blocks for the second coverage class, etc.) are provided
as examples. In other embodiments, there may be fewer
or more coverage classes and/or different numbers of
repetitions may be associated with the different coverage
classes.
[0035] In this example, the frame structure on which
the DL indicator 504 is provided is based on a fixed frame
structure where in this embodiment the radio blocks 502
using N repetitions may only be allowed to start on frame
number (N*M) + 1, where M is an integer ≥ 0 (i.e., the
fixed frame structure in this embodiment is based on a
predetermined rule for determining where the first block
502 of a given set of repeated blocks 502 will be sent by
the transmitting device 1022), in which case, the DL in-
dicator 504 (e.g., 8 repetitions) may be identical in all
repeated radio blocks 502, allowing for a full coherent
combination (whereby the original radio block 502 is suc-
cessfully decoded) at the receiving device 301 thus, max-
imizing the received wanted signal energy. In other
words, with this fixed frame structure, each receiving de-
vice 301 will know the radio block 502 in which the first
of N repetitions (but not the N itself which it needs to

determine after the full coherent combination) will occur
(where N is determined by the coverage class) and there-
fore, the DL indicator 504 only needs to convey the value
for N (e.g., 8 repetitions) and need not convey which spe-
cific instance of repetition (e.g., 1/8 repetitions) any given
radio block represents. For example, as shown in FIG-
URE 5, receiving devices 301 (e.g., MS1, MS2, MS3,
MS4) of different coverage classes will look for the first
of the set of N radio blocks 502 expected for their respec-
tive coverage class using pre-defined rules as follows:

• MS1 has a coverage class requiring a single radio
block transmission (repetition) and can therefore ex-
pect such transmissions to occur in any radio block
position designated as "A" and upon coherent mon-
itoring of block 1 (for example MS1 is assumed to
be synchronized regarding the fixed frame structure
as of receiving radio block 1) will further inspect the
contents of the decoded radio block 502 to see indi-
cator 504 (8 repetitions) and realize radio block 1
and radio blocks 2-8 are not intended for it so MS1
will not monitor radio blocks 2-8.

• MS2 has a coverage class requiring two radio block
transmissions and can therefore expect the first
transmission to occur in any block position designat-
ed as "B" and the second transmission to occur in
block position "B+1" and upon coherent monitoring
of blocks 1-2 (MS2 is assumed to be synchronized
regarding the fixed frame structure as of receiving
block 1) will further inspect the contents of the re-
sulting decoded block to see indicator 504 (8 repe-
titions) and realize blocks 3-4 and blocks 5-8 are not
intended for it so MS2 will not monitor blocks 3-8.
Note: that when a MS becomes synchronized re-
garding the fixed frame structure it will have knowl-
edge of where any given radio block occurs within
the context of the set of repetitions required for any
coverage class. In other words, even though a MS
determines that a specific downlink coverage class
is applicable to itself, the fixed frame structure allows
it to know where the first of N repetitions of the original
radio block 502 will occur for all coverage classes
but must read the indicator 504 to determine what
the transmitting device 801 has actually sent using
that transmission opportunity.

• MS3 has a coverage class requiring four radio block
transmissions and can therefore expect the first
transmission to occur in any radio block position des-
ignated as "C" and the second, third and fourth trans-
missions to occur in block positions "C+1", "C+2"
and "C+3" respectively. Then, MS3 upon coherent
monitoring of blocks 1-4 (MS3 is assumed to be syn-
chronized regarding the fixed frame structure as of
receiving block 1) will further inspect the contents of
the resulting decoded radio block to see indicator
504 (8 repetitions) and realize blocks 5-8 are not
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intended for it so MS3 will not monitor blocks 5-8.

• MS4 has a coverage class requiring eight block
transmissions and can therefore expect the first
transmission to occur in any block position designat-
ed as "D" and the second, third, fourth... eighth trans-
missions to occur in block positions "D+1", "D+2",
"D+3"..."D+7" respectively. Then, MS4 upon coher-
ent monitoring of blocks 1-8 (MS4 is assumed to be
synchronized regarding the fixed frame structure as
of receiving block 1) will further inspect contents of
the resulting decoded radio block to see indicator
504 (8 repetitions) and realize blocks 1-8 are intend-
ed for a MS having the same coverage class and
then will determine if the decoded radio block is ac-
tually intended for it or some other MS with the same
coverage class.

[0036] Referring to FIGURE 6, there is an illustration
where the PCH having multiple sets of different radio
blocks 602a (blocks 1, 2...4), 602b (blocks 1, 2...8), 602c
(blocks 1 and 2) and 602d (block 1) which has a non-
fixed frame structure and indicators 604a (e.g., 1/4,
2/4...4/4 repetitions), 604b (e.g., 1/8, 2/8...8/8 repeti-
tions), 604c (e.g., 1/2, 2/2 repetitions) and 604d (e.g., 1/1
repetition) that are being monitored by receiving devices
301 (MS1, MS2, MS3 and MS4) each in a different cov-
erage class in accordance with another embodiment of
the present disclosure. In this example, the first row ap-
plies to MS1 which has a coverage class of one. The
second row applies to MS2 which has a coverage class
of two. The third row applies to MS3 which has a coverage
class of four. The fourth row applies to MS4 which has a
coverage class of eight. It is to be noted that the number
of coverage classes and the number of repetitions for the
coverage classes illustrated in FIGURE 6 (i.e., a single
repetition of block for the first coverage class, two repe-
titions of blocks for the second coverage class, etc.) are
provided as examples. In other embodiments, there may
be fewer or more coverage classes and/or different num-
bers of repetitions may be associated with the different
coverage classes.
[0037] In this example, the DL indicators 604a, 604b,
604c and 604d are not provided within the context of a
fixed frame structure, and hence, the DL indicators 604a,
604b, 604c and 604d included within each set of radio
blocks 602a, 602b, 602c contain instead of a fixed refer-
ence (e.g., 8 repetitions) supplemented by a reference
to where the currently received radio block is received in
the repetition period (e.g., 1/8 repetitions). For example,
if a block 602b is repeated eight times and the first trans-
mission of the block 602b is starting in frame number E+4
as shown in FIGURE 6 (used to transmit the first radio
block), then the DL indicator 604b included therein would
indicate ’1/8’, in frame number E+5, the DL indicator 604b
would indicate ’2/8’ in the second block 602b, in frame
number E+6, the DL indicator 604b would indicate ’3/8’
in the third block 602b etc... The advantage of this ap-

proach compared to the approach described in the em-
bodiment with respect to FIGURE 5 is that there is full
flexibility in when to start the transmission irrespective of
the number of repetitions used (i.e., there is no pre-de-
termined set of rules determining where the first block of
a given repetition set must be sent). The disadvantage
of this approach is that any MS needing extended cov-
erage will not be able to fully coherently combine the
information relating to the repetition number used be-
cause the blocks are not exactly the same due to the Y/N
repetition indicators 604a, 604b, 604c and 604d (i.e., the
repeated blocks are not the same because they each
have a different Y/N repetition indicator). For example,
the MS2 needs two repetitions to decode the block and
starts to monitor a DL channel being used to transmit
eight repetitions of a block 602b addressed to MS4. In
this case, the two blocks 602b monitored by MS4 have
indicators 604b indicating the block sequence ’1/8’ and
’2/8’. Even though the information in the rest of these two
monitored blocks 602b is identical (i.e. the information
other than the indicator 604b of instance is identical), the
indicator 604b of the instance of repetition (i.e., Y/8) in
each block 602b will not be identical and hence there will
be some reduction in the reliability (probability) with which
MS4 successfully decodes the original radio block using
coherent detection. This, in effect, may lead to the result
that only MSs not needing repetitions such as MS1 can
decode the block indicator 604b of block 602b with suf-
ficient reliability, and use the information to not monitor
the remaining blocks 602b and hence save battery life.
However, if a MS experiences an acceptable perform-
ance reduction regarding its ability to reliably decode the
blocks this embodiment may still be functional as dis-
cussed next where the MSs of different coverage classes
can look for the first of the set of N repeated blocks ex-
pected for their respective coverage class as follows:

• MS1 is in a coverage class requiring a single block
transmission and can expect such transmissions to
occur in any block (e.g., block 602d) that that has an
indicator (e.g., indicator 604d) that indicates 1 of 1
transmission. In this example, MS 1 (requiring 1 rep-
etition) may sync up and start to monitor block 604c
with frame number E+12 and after decoding this
block to recover the original block realize this block
is for a MS2 (requiring 2 repetitions) and therefore
not monitor block 604c with frame number E+13.
Then, MS1 will monitor block 604d with frame
number E+14 and after decoding it to recover the
original block will realize this block 604d is for a MS
with coverage class 1 and further examine the de-
coded original block to see if the block 604d is the
intended for it or for some other MS with coverage
class 1.

• MS2 in a coverage class requiring two block repeat-
ed transmissions and can expect the first transmis-
sion to occur in any block position that indicates 1 of
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2 transmissions (e.g. block E+12 in FIGURE 6). In
this example, MS2 (requiring 2 repetitions) may sync
up and start to monitor blocks 604a with frame num-
bers E and E+1 and after decoding them to recover
the original block realize these two blocks are for a
MS3 (requiring 4 repetitions) and therefore not mon-
itor blocks 604a with frame numbers E+2 and E+3.
Then, MS2 will monitor blocks 604b with frame num-
bers E+4 and E+5 and after decoding them to recov-
er the original block realize these two blocks are for
a MS4 (requiring 8 repetitions) and therefore will not
monitor the remaining repeated blocks 604b which
have frame numbers E+6 through E+11. Then, MS2
will start to monitor blocks 604c with frame numbers
E+12 and E+13 and after decoding them to recover
the original block will realize these two blocks 604c
are for a MS with coverage class 2 and further ex-
amine the decoded original block to see if the two
blocks 604c are intended for it or some other MS
with a coverage class 2.

• MS3 is in a coverage class requiring four block re-
peated transmissions can expect the first transmis-
sion to occur in any block position that indicates 1 of
4 transmissions (e.g. block E in FIGURE 6). In this
example, MS3 (requiring 4 repetitions) may sync up
and start to monitor blocks 604a with frame numbers
E, E+1, E+2 and E+3 and after decoding them to
recover the original block will realize these four
blocks 604a are for a MS with coverage class 4 and
further examine the decoded original block to see if
the four blocks 604a are the intended for it or some
other MS with a coverage class 4.

• MS4 is in a coverage class requiring eight block re-
peated transmissions can expect the first transmis-
sion to occur in any block position that indicates 1 of
8 transmissions (e.g. block with frame number E+4
in FIGURE 6). In this example, MS4 (requiring 8 rep-
etitions) may sync up and start to monitor blocks
604b with frame numbers E+5, E+6....E+12 and will
not be able to decode them to recover the original
block 604b because it did not sync up to monitor
blocks 604b with frame numbers E+4, E+5...E+11.
This is a drawback of this embodiment since the MS
with a specific coverage class N will in effect have
to go through a learning process (computational
process) by which it determines to sync up and start
to monitor a first block in the repetition period that
has an indicator that indicates the correct 1 of N. This
can require a lot of computational processing by an
MS that has a coverage class that is greater than 1.
However, if MS2, MS3 or MS4 happens to be in a
better coverage than expected then those devices
will be able to decode the block after fewer repetitions
than the maximum number of repetitions, realize that
the radio block is not addressing that device, but also
realize that the radio block will be further repeated,

and hence, can stop monitoring the channel for the
remainder of the repetition period. This is also the
case with any of the previous embodiments of the
present disclosure.

[0038] In all of the foregoing embodiments, the indica-
tor 404, 504, 604a, 604b, 604c and 604d provided in the
DL blocks 402, 502, 602a, 602b, 602c and 602d can ap-
ply to common control channels, and/or dedicated control
and data channels. Although the disclosed techniques
primarily address the DL, the disclosed or similar tech-
niques may apply in the UL, where a receiver can stop
monitoring a channel if a block is decoded after fewer
repetitions than indicated in the UL block.
[0039] In an implementation in a Global System for Mo-
bile (GSM) system 100, the indicator 404, 504, 604a,
604b, 604c and 604d may, for example, be provided in
an Information Element in the PCH, the Access Grant
Channel (AGCH), and/or a field in the Radio Link Control
(RLC)/ Media Access Control (MAC) header for dedicat-
ed control channels or data channels.
[0040] It should be appreciated that the disclosed tech-
niques do not preclude that the indicator 404, 504, 604a,
604b, 604c and 604d can be implemented in alternative
ways, for example, the coverage class can be indicated
by the use of a specific Cyclic Redundancy Check (CRC)
code in the RLC/MAC header, a specific Training Se-
quence Code, or for example, taking the exclusive-or
(XOR) of a bit pattern specific to a coverage class with
one or both of the CRC bits of a block and the data portion
of the block.
[0041] Referring to FIGURE 7, there is a block diagram
illustrating structures of an exemplary receiving device
301 (e.g., MS1, MS2, MS3, MS4, wireless devices 1041,
1042, 1043... 104n) configured in accordance with an em-
bodiment of the present disclosure. In an embodiment,
the receiving device 301 may comprise a first monitor
module 702, an attempt module 704, a first determine
module 706, a stop monitoring module 708, a second
determine module 710, a monitor/accumulate/return
module 712, and a third determine module 714. The first
monitor module 702 is configured to monitor up to N radio
blocks 402, 502, 602a, 602b, 602c and 602d received
from the transmitting device 801 (e.g., wireless access
nodes 1021 and 1022), wherein N is based on a coverage
class of the receiving device 301. The attempt module
704 is configured to attempt to decode an original radio
block 402, 502, 602a, 602b, 602c and 602d by combining
the monitored radio blocks 402, 502, 602a, 602b, 602c
and 602d. The first determine module 706 is configured
to determine if the original radio block 402, 502, 602a,
602b, 602c and 602d is successfully decoded. In the case
where the original radio block 402, 502, 602a, 602b, 602c
and 602d is successfully decoded, the stop monitoring
module 708 is configured to stop monitoring a remainder
of the radio blocks 402, 502, 602a, 602b, 602c and 602d
in a repetition period, wherein the repetition period com-
prises a set of radio blocks 402, 502, 602a, 602b, 602c
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and 602d where each radio block corresponds to the orig-
inal radio block, and wherein the repetition period is in-
dicated by an indicator 404, 504, 604a, 604b, 604c and
604d in each of the monitored radio blocks 402, 502,
602a, 602b, 602c and 602d. In the case where the original
radio block 402, 502, 602a, 602b, 602c and 602d is not
successfully decoded, the second determine module 710
is configured to determine if all of the N radio blocks 402,
502, 602a, 602b, 602c and 602d have been monitored.
In the case where all of the N radio blocks 402, 502, 602a,
602b, 602c and 602d have not been monitored, the mon-
itor/accumulate/return module 712 is configured to mon-
itor a next radio block 402, 502, 602a, 602b, 602c and
602d received from the transmitting device 801, accu-
mulate the monitored next radio block 402, 502, 602a,
602b, 602c and 602d with the previously monitored radio
blocks 402, 502, 602a, 602b, 602c and 602d, and provide
the results to the attempt module 704. In the case where
all of the N radio blocks 402 have been monitored, the
third determine module 714 is configured to determine
that the original radio block 402, 502, 602a, 602b, 602c
and 602d is not decodable.
[0042] As those skilled in the art will appreciate, the
above-described modules 702, 704, 706, 708, 710, 712,
and 714 of the receiving device 301 may be implemented
separately as suitable dedicated circuits. Further, the
modules 702, 704, 706, 708, 710, 712, and 714 can also
be implemented using any number of dedicated circuits
through functional combination or separation. In some
embodiments, the modules 702, 704, 706, 708, 710, 712,
and 714 may be even combined in a single application
specific integrated circuit (ASIC). As an alternative soft-
ware-based implementation, the receiving device 301
may comprise a memory 1201, 1202, 1203...120n, a proc-
essor 1181, 1182, 1183...118n (including but not limited
to a microprocessor, a microcontroller or a Digital Signal
Processor (DSP), etc.) and a transceiver 1101, 1102,
1103...110n. The memory 1201, 1202, 1203...120n stores
machine-readable program code executable by the proc-
essor 1181, 1182, 1183...118nto cause the receiving de-
vice 301 to perform the steps of the above-described
method 300.
[0043] Referring to FIGURE 8, there is a flowchart of
a method 800 implemented in a transmitting device 801
(e.g., wireless access nodes 1021 and 1022) in accord-
ance with an embodiment of the present disclosure. At
step 802, the transmitting device 801 generates one or
more radio blocks 402, 502, 602a, 602b, 602c and 602d
to be transmitted during a repetition period, wherein the
repetition period is based on a coverage class of the re-
ceiving device, and wherein the one or more radio blocks
402, 502, 602a, 602b, 602c and 602d each includes an
indicator 404, 504, 604a, 604b, 604c and 604d therein
that indicates the repetition period. At step 804, the trans-
mitting device 801 transmits the one or more repeated
radio blocks 402, 502, 602a, 602b, 602c and 602d to the
receiving device (e.g., MS1, MS2, MS3, MS4, wireless
devices 1041, 1042, 1043...104n) during the repetition pe-

riod. There are three examples of implementing the meth-
od 800 using different types of indicators 404, 504, 604a,
604b, 604c and 604d which may be provided implicitly
(fixed frame structure) or explicitly (non-fixed frame struc-
ture) to the receiving device 301 that have been de-
scribed above with respect to FIGURES 4-6.
[0044] Referring to FIGURE 9, there is a block diagram
illustrating structures of an exemplary transmitting device
801 (e.g., wireless access nodes 1021 and 1022) config-
ured in accordance with an embodiment of the present
disclosure. In an embodiment, the transmitting device
801 may comprise a generating module 902 and a trans-
mitting module 904. The generating module 902 is con-
figured to generate one or more radio blocks 402, 502,
602a, 602b, 602c and 602d to be transmitted during a
repetition period, wherein the repetition period is based
on a coverage class of the receiving device, and wherein
the one or more radio blocks 402, 502, 602a, 602b, 602c
and 602d each includes an indicator 404, 504, 604a,
604b, 604c and 604d therein that indicates the repetition
period. The transmitting module 904 is configured to
transmit the one or more radio blocks 402, 502, 602a,
602b, 602c and 602d to the receiving device (e.g., MS1,
MS2, MS3, MS4, wireless devices 1041, 1042, 1043...
104n) during the repetition period.
[0045] As those skilled in the art will appreciate, the
above-described modules 902 and 904 of the transmit-
ting device 801 may be implemented separately as suit-
able dedicated circuits. Further, the modules 902 and
904 can also be implemented using any number of ded-
icated circuits through functional combination or separa-
tion. In some embodiments, the modules 902 and 904
may be even combined in a single application specific
integrated circuit (ASIC). As an alternative software-
based implementation, the receiving device 301 may
comprise a memory 1341 and 1342, a processor 1321
and 1322 (including but not limited to a microprocessor,
a microcontroller or a Digital Signal Processor (DSP),
etc.) and a transceiver 1281 and 1282. The memory 1341
and 1342 stores machine-readable program code exe-
cutable by the processor 1321 and 1322 to cause the
transmitting device 801 to perform the steps of the above-
described method 800.
[0046] In view of the foregoing disclosure, it should be
appreciated that the present disclosure describes where
a transmitting device 801 includes an indicator in the DL
(or UL) radio block (e.g., for paging, resource assign-
ment, or scheduling data) for indicating the number of
repeated transmissions used for the radio block. The re-
ceiving device 301 may use this indicator to determine if
the receiving device 301 can stop monitoring the channel
if the radio block can be decoded prior to the end of the
repetition period, wherein the time duration of performing
all transmissions may be indicated in the radio block. The
receiving device 301 by stopping the monitoring before
the end of the repetition period allows the receiving de-
vice 301 to realize a power savings (e.g., battery power
savings).
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[0047] It should also be appreciated that the term "cov-
erage class" used herein can be defined as follows: At
any point in time a device belongs to a specific up-
link/downlink coverage class which determines the total
number of blind transmissions to be used when transmit-
ting/receiving radio blocks. An uplink/downlink coverage
class applicable at any point in time can differ between
different logical channels. Upon initiating a system ac-
cess a device determines the uplink/downlink coverage
class applicable to the RACH/AGCH based on estimating
the number of blind repetitions of a radio block required
by the BSS receiver/device receiver to experience a
BLER (block error rate) of approximately 10%. The BSS
determines the uplink/downlink coverage class to be
used by a device on its assigned packet channel resourc-
es based on estimating the number of blind repetitions
of a radio block required to satisfy a target BLER and
considering the number of HARQ retransmissions (of a
radio block) that will, on average, result from using that
target BLER.
[0048] Those skilled in the art will appreciate that the
use of the term "exemplary" is used herein to mean "il-
lustrative," or "serving as an example," and is not intend-
ed to imply that a particular embodiment is preferred over
another or that a particular feature is essential. Likewise,
the terms "first" and "second," and similar terms, are used
simply to distinguish one particular instance of an item
or feature from another, and do not indicate a particular
order or arrangement, unless the context clearly indi-
cates otherwise. Further, the term "step," as used herein,
is meant to be synonymous with "operation" or "action."
Any description herein of a sequence of steps does not
imply that these operations must be carried out in a par-
ticular order, or even that these operations are carried
out in any order at all, unless the context or the details
of the described operation clearly indicates otherwise.
[0049] Of course, the present disclosure may be car-
ried out in other specific ways than those herein set forth
without departing from the scope and essential charac-
teristics of the invention. One or more of the specific proc-
esses discussed above may be carried out in a cellular
phone or other communications transceiver comprising
one or more appropriately configured processing circuits,
which may in some embodiments be embodied in one or
more application-specific integrated circuits (ASICs). In
some embodiments, these processing circuits may com-
prise one or more microprocessors, microcontrollers,
and/or digital signal processors programmed with appro-
priate software and/or firmware to carry out one or more
of the operations described above, or variants thereof.
In some embodiments, these processing circuits may
comprise customized hardware to carry out one or more
of the functions described above. The present embodi-
ments are, therefore, to be considered in all respects as
illustrative and not restrictive.
[0050] Although multiple embodiments of the present
disclosure have been illustrated in the accompanying
Drawings and described in the foregoing Detailed De-

scription, it should be understood that the invention is not
limited to the disclosed embodiments, but instead is also
capable of numerous rearrangements, modifications and
substitutions without departing from the present disclo-
sure that as has been set forth and defined within the
following claims.
[0051] For the avoidance of doubt, the present inven-
tion includes the subject matter as defined in the following
numbered paragraphs (abbreviated "para.").
[0052] Para. 1. A receiving device (301, 1041, 1042,
1043...104n) configured to communicate with a transmit-
ting device (801, 1021, 1022), the receiving device com-
prising:

a processor (1181, 1182, 1183...118n); and,
a memory (1201, 1202, 1203...120n) that stores proc-
essor-executable instructions, wherein the proces-
sor interfaces with the memory to execute the proc-
essor-executable instructions, whereby the receiv-
ing device is operable to monitor (302) up to N radio
blocks (402, 502, 602a, 602b, 602c, 602d) received
from the transmitting device, wherein N is based on
a coverage class of the receiving device; to attempt
(304) to decode an original radio block by combining
the monitored radio blocks; to determine (306) if the
original radio block is successfully decoded; and,
when the original radio block is determined to be
successfully decoded, to stop (308) monitoring a re-
mainder of radio blocks in a repetition period, where-
in the repetition period comprises a set of radio
blocks each of which corresponds to the original ra-
dio block, and wherein the repetition period is indi-
cated by an indicator (404, 504, 604a, 604b, 604c,
604d) in each of the monitored radio blocks.

[0053] Para. 2. The receiving device of para. 1, wherein
the receiving device is further operable,
when the original radio block is determined to be not suc-
cessfully decoded, to determine (310) if all of the N radio
blocks have been monitored; when all of the N radio
blocks have not been determined to be monitored, to
monitor (312) a next radio block received from the trans-
mitting device, accumulate the monitored next radio
block with the previously monitored radio blocks, and re-
turn to attempting (304) to decode; and, when all of the
N radio blocks have been determined to be monitored,
to determine (314) that the original radio block is not de-
codable.
[0054] Para. 3. The receiving device of para. 1, wherein
each monitored radio block (402) in the repetition period
is received based on a fixed frame structure and includes
the indicator (404), which indicates a number of radio
block repetitions in the repetition period.
[0055] Para. 4. The receiving device of para. 1, wherein
each monitored radio block (502) in the repetition period
is received based on a fixed frame structure and includes
the indicator (504), which indicates a number of radio
block repetitions in the repetition period, and wherein a
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first radio block in the repetition period is only allowed to
be present at a specific frame number (N*M) + 1, where
M is an integer ≥ 0.
[0056] Para. 5. The receiving device of para. 1, wherein
each monitored radio block (602a, 602b, 602c, 602d) in
the repetition period is received based on a non-fixed
frame structure and includes the indicator (604a, 604b,
604c, 604d), which indicates a number of radio block
repetitions in the repetition period and further indicates
a number of radio block repetitions remaining in the rep-
etition period.
[0057] Para. 6. A method (300) in a receiving device
(301, 1041, 1042, 1043...104n) configured to communi-
cate with a transmitting device (801, 102i, 1022), the
method comprising:

monitoring (302) up to N radio blocks (402, 502,
602a, 602b, 602c, 602d) received from the transmit-
ting device, wherein N is based on a coverage class
of the receiving device;
attempting (304) to decode an original radio block
by combining the monitored radio blocks;
determining (306) if the original radio block is suc-
cessfully decoded; and,
when the original radio block is determined to be
successfully decoded, stopping (308) monitoring a
remainder of radio blocks in a repetition period,
wherein the repetition period comprises a set of radio
blocks each of which corresponds to the original ra-
dio block, and wherein the repetition period is indi-
cated by an indicator (404, 504, 604a, 604b, 604c,
604d) in each of the monitored radio blocks.

[0058] Para. 7. The method of para. 6, further compris-
ing:
when the original radio block is determined to be not suc-
cessfully decoded, determining (310) if all of the N radio
blocks have been monitored;

when all of the N radio blocks have not been deter-
mined to be monitored, monitoring (312) a next radio
block received from the transmitting device, accu-
mulating the monitored next radio block with the pre-
viously monitored radio blocks, and returning to the
attempting (304) to decode; and,
when all of the N radio blocks have been determined
to be monitored, determining (314) that the original
radio block is not decodable.

[0059] Para. 8. The method of para. 6, wherein each
monitored radio block (402) in the repetition period is
received based on a fixed frame structure and includes
the indicator (404), which indicates a number of radio
block repetitions in the repetition period.
[0060] Para. 9. The method of para. 6, wherein each
monitored radio block (502) in the repetition period is
received based on a fixed frame structure and includes
the indicator (504), which indicates a number of radio

block repetitions in the repetition period, and wherein a
first radio block in the repetition period is only allowed to
be present at a specific frame number (N*M) + 1, where
M is an integer ≥ 0.
[0061] Para. 10. The method of para. 6, wherein each
monitored radio block (602a, 602b, 602c, 602d) in the
repetition period is received based on a non-fixed frame
structure and includes the indicator (604a, 604b, 604c,
604d), which indicates a number of radio block repetitions
in the repetition period and further indicates a number of
radio block repetitions remaining in the repetition period.
[0062] Para. 11. A transmitting device (801, 1021,
1022) configured to communicate with a receiving device
(301, 1041, 1042, 1043...104n), the transmitting device
comprising:

a processor (1321, 1322); and,
a memory (1341, 1342) that stores processor-exe-
cutable instructions, wherein the processor interfac-
es with the memory to execute the processor-exe-
cutable instructions, whereby the transmitting device
is operable to generate (802) one or more radio
blocks (402, 502, 602a, 602b, 602c, 602d) to be
transmitted during a repetition period, wherein the
repetition period is based on a coverage class of the
receiving device, and wherein the one or more radio
blocks each includes an indicator (404, 504, 604a,
604b, 604c, 604d) that indicates the repetition peri-
od; and, to transmit (804), to the receiving device,
the one or more radio blocks during the repetition
period.

[0063] Para. 12. The transmitting device of para. 11,
wherein each radio block (402) in the repetition period is
transmitted based on a fixed frame structure and includes
the indicator (404), which indicates a number of radio
block repetitions in the repetition period.
[0064] Para. 13. The transmitting device of para. 11,
wherein each radio block (502) in the repetition period is
transmitted based on a fixed frame structure and includes
the indicator (504), which indicates a number of radio
block repetitions in the repetition period, and wherein a
first radio block in the repetition period is only allowed to
be present at a specific frame number (N*M) + 1, where
M is an integer ≥ 0.
[0065] Para. 14. The transmitting device of para. 11,
wherein each radio block (602a, 602b, 602c, 602d) in the
repetition period is transmitted based on a non-fixed
frame structure and includes the indicator (604a, 604b,
604c, 604d), which indicates a number of radio block
repetitions in the repetition period and further indicates
a number of radio block repetitions remaining in the rep-
etition period.
[0066] Para. 15. A method (800) in a transmitting de-
vice (801, 1021, 1022) configured to communicate with
a receiving device (301, 1041, 1042, 1043...104n,), the
method comprising:
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generating (802) one or more radio blocks (402, 502,
602a, 602b, 602c, 602d) to be transmitted during a
repetition period, wherein the repetition period is
based on a coverage class of the receiving device,
and wherein the one or more radio blocks each in-
cludes an indicator (404, 504, 604a, 604b, 604c,
604d) that indicates the repetition period; and,
transmitting (804), to the receiving device, the one
or more radio blocks during the repetition period.

[0067] Para. 16. The method of para. 15, wherein each
radio block (402) in the repetition period is transmitted
based on a fixed frame structure and includes the indi-
cator (404), which indicates a number of radio block rep-
etitions in the repetition period.
[0068] Para. 17. The method of para. 15, wherein each
radio block (502) in the repetition period is transmitted
based on a fixed frame structure and includes the indi-
cator (504), which indicates a number of radio block rep-
etitions in the repetition period, and wherein a first radio
block in the repetition period is only allowed to be present
at a specific frame number (N*M) + 1, where M is an
integer ≥ 0.
[0069] Para. 18. The method of para. 15, wherein each
radio block (602a, 602b, 602c, 602d) in the repetition
period is transmitted based on a non-fixed frame struc-
ture and includes the indicator (604a, 604b, 604c, 604d),
which indicates a number of radio block repetitions in the
repetition period and further indicates a number of radio
block repetitions remaining in the repetition period.

Claims

1. A receiving device comprising:

a transceiver circuit; and,
a processing circuit including a processor cou-
pled to a memory that stores processor-execut-
able instructions, wherein the processor inter-
faces with the memory to execute the processor-
executable instructions to cause the transceiver
circuit to:
receive, on a common channel dimensioned for
extended coverage, repeated radio blocks,
wherein each of the repeated radio blocks in-
cludes an indicator that indicates a coverage
class.

2. The receiving device of claim 1, wherein the cover-
age class indicates a number of the repeated radio
blocks.

3. The receiving device of claim 1, wherein the repeat-
ed radio blocks are for resource assignment.

4. The receiving device of claim 1, wherein the repeat-
ed radio blocks are for a paging purpose.

5. The receiving device of claim 1, wherein the receiv-
ing device is a mobile station.

6. A method implemented by a receiving device, the
method comprising:
receiving, by the receiving device on a common
channel dimensioned for extended coverage, re-
peated radio blocks, wherein each of the repeated
radio blocks includes an indicator that indicates a
coverage class.

7. The method of claim 6, wherein the coverage class
indicates a number of the repeated radio blocks.

8. The method of claim 6, wherein the repeated radio
blocks are for resource assignment.

9. The method of claim 6, wherein the repeated radio
blocks are for a paging purpose.

10. The method of claim 6, wherein the receiving device
is a mobile station.

11. A transmitting device comprising:

a transceiver circuit;
a processing circuit including a processor cou-
pled to a memory that stores processor-execut-
able instructions, wherein the processor inter-
faces with the memory to execute the processor-
executable instructions to cause the transceiver
circuit to:
transmit, on a common channel dimensioned for
extended coverage, repeated radio blocks,
wherein each of the repeated radio blocks in-
cludes an indicator that indicates a coverage
class.

12. The transmitting device of claim 11, wherein the cov-
erage class indicates a number of the repeated radio
blocks.

13. The transmitting device of claim 11, wherein the re-
peated radio blocks are for resource assignment.

14. The transmitting device of claim 11, wherein the re-
peated radio blocks are for a paging purpose.

15. A method implemented by a transmitting device, the
method comprising:

16. The method of claim 15, wherein the coverage class
indicates a number of the repeated radio blocks.

17. The method of claim 15, wherein the repeated radio
blocks are for resource assignment.

18. The method of claim 15, wherein the repeated radio
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blocks are for a paging purpose.
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