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DESCRIPTION

Related Applications

[0001] This application claims the benefit of provisional patent application serial number
61/725,951, filed November 13, 2012.

Field of the Disclosure

[0002] The present disclosure relates to a cellular communications network and more
particularly relates to triggering a long range extension mode of operation for a wireless device
operating in the cellular communications network.

Background

[0003] There is an increasing need to support efficient and cost-effective devices or terminals
in a cellular communications network. This is especially true with respect to the development of
Machine-to-Machine (M2M) communications, which is currently receiving an increasing
amount of attention and development. Unlike traditional services, such as voice and web
streaming, M2M services often have very different requirements on the cellular
communications network. This is due, at least in part, to the specific features of M2M services
such as those specified in the 3rd Generation Partnership Project (3GPP) Technical
Specification (TS) 22.368 V11.6.0, "Service requirements for Machine-Type Communications
(MTC); Stage 1." Another characteristic that distinguishes cellular communications networks
with  M2M communications is the large increase in the number of Machine Type
Communication (MTC) devices. Both the different requirements of M2M services and the large
number of MTC devices present new challenges to develop cost-efficient, spectrum-efficient,
and energy-efficient radio access technologies for M2M applications and MTC devices in a
cellular communications network.

[0004] In M2M communications, the MTC devices (e.g., smart meters, signboards, cameras,
remote sensors, laptops, and appliances) are connected to the cellular communications
network. Most of the MTC devices sporadically transmit one or only a few short packets
containing measurements, reports, and triggers, e.g., temperature, humidity, wind speed, etc.
In most cases, the MTC devices are expected to be static or to have low mobility. A common
understanding of MTC devices is that the MTC devices should be of low complexity targeting
low-end (low average revenue per user, low data rate, high latency tolerance) applications.
The power/energy consumption of the MTC devices is expected to be low as well.

[0005] Several factors affect the cost for both manufacturing and operating a given wireless
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device. The main manufacturing cost drivers are: (1) processing speed (mainly at reception),
(2) number of antennas, and (3) bandwidth. Therefore, 3GPP Radio Access Network (RAN)
Work Group 1 (i.e., RAN1) has studied Long Term Evolution (LTE) User Equipment (UE)
modem cost reduction techniques for provisioning of low-cost MTC UEs based on LTE. The
results of the study are documented in 3GPP Technical Report (TR) 36.888 V2.0.0 (3GPP
Tdoc RP-120714), "Study on provision of low-cost Machine-Type Communications (MTC) User
Equipments (UEs) based on LTE.” Since then, an updated Study Item Description (SID) (3GPP
Tdoc RP-121441, "Study on Provision of low-cost MTC UEs based on LTE") has been
approved which extends the scope of the study to also include study of coverage
enhancements. More specifically, the updated SID states that:

A 20dB improvement in coverage in comparison to defined LTE cell coverage footprint
engineered for "normal LTE UEs" should be targeted for low-cost MTC UEs, using very low
rate traffic with relaxed latency (e.g. size of the order of 100 bytes/imessage in UL and 20
bytes/imessage in DL, and allowing latency of up to 10 seconds for DL and up to 1 hour in
uplink, i.e. not voice). In identifying solutions, any other related work agreed for Release 12
should be taken into account.

[0006] This new requirement on enhanced coverage for very low rate traffic with relaxed
latency in accordance with the updated SID should be added to the list of requirements on the
low-cost MTC UE specified in 3GPP TR 36.888 section 5.1, which are:

s Support data rates equivalent to that supported by R'99 Enhanced General Packet
Radio Service (EGPRS) with an EGPRS multi-slot class 2 device (2 downlink timeslots
(118.4 Kilobits per second (Kbps)), 1 uplink timeslot (59.2 Kbps), and a maximum of 3
active timeslots) as a minimum. This does not preclude the support of higher data rates
provided the cost targets are not compromised.

« Enable significantly improved average spectrum efficiency for low data rate MTC traffic
compared to that achieved for R99 Global System for Mobile Communications (GSM)
/EGPRS terminals in GSM/EGPRS networks today, and ideally comparable with that of
LTE. Optimizations for low-cost MTC UEs should minimize impact on the spectrum
efficiency achievable for other terminals (normal LTE terminals) in LTE Release 8-10
networks.

e Ensure that service coverage footprint of low cost MTC UE based on LTE is not any
worse than the service coverage footprint of GSM/EGPRS MTC device (in an
GSM/EGPRS network) or that of "normal LTE UEs" (in an LTE network) assuming on the
same spectrum band.

= Ensure that overall power consumption is no worse than existing GSM/ General Packet
Radio Service (GPRS) based MTC devices.

» Ensure good radio frequency coexistence with legacy (Release 8-10) LTE radio interface
and networks.

e Target operation of low-cost MTC UEs and legacy LTE UEs on the same carrier.

» Re-use the existing LTE/ System Architecture Evolution (SAE) network architecture.

« Solutions should be specified in terms of changes to the Release 10 version of the LTE
specifications.
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» The study item shall consider optimizations for both Frequency Division Duplexing (FDD)
and Time Division Duplexing (TDD) mode.

e The initial phase of the study shall focus on solutions that do not necessarily require
changes to the LTE base station hardware.

« Low cost MTC device support limited mobility (i.e., no support of seamless handover or
ability to operate in networks in different countries) and are low power consumption
modules.

[0007] Thus, systems and methods for not only meeting the aforementioned requirements for
MTC communication and MTC devices but also for optimizing MTC communication and the
operation of MTC devices are desired.

[0008] US 2010/0304738 A1 is concerned with switching between networks of two different
types, and discloses a mobile terminal adapted to operate in a Wireless Local Area Network
(WLAN) and a Wireless Wide Area Network (WWAN). The mobile terminal performs
communication operations using its WLAN transceiver portion for maintaining a voice or data
call via a wireless access point (AP) of the WLAN. The mobile terminal may decide to stay
connected to the WLAN or switch to WWAN. During this time, in the downlink, the mobile
terminal identifies a Received Signal Strength Indicator (RSSI) value and a Signal-to-Noise
Ratio (SNR) value of a radio frequency signal of the wireless AP. When the RSSI value is less
than a predetermined RSSI value, and the SNR value is less than a predetermined SNR value,
the mobile terminal provides an indication to switch the communication operations from the
WLAN to the WWAN. However, when the RSSI value is less than the predetermined RSSI
value, but the SNR value is greater than the predetermined SNR value, the mobile terminal
provides an indication to maintain the communication operations in the WLAN. In a concurrent
process, in the uplink, the mobile terminal determines a transmission error value for data
packet transmissions based on a count of data packet errors identified over a predetermined
time period. A transmission error percentage value is calculated based on the transmission
error value and the total number of attempted data packet transmissions over the
predetermined time period. When the transmission error percentage value is greater than a
predetermined percent error value, the mobile terminal provides the indication to switch the
communication operations from the WLAN to the VWWAN.

[0009] In US 6 751 444 B1, a process for allocating carriers in a multi-carrier system
comprises determining a location of a subscriber with respect to a base station, selecting
carriers from a band of multiple carriers to allocate to the subscriber according to the location
of the subscriber with respect to the base station, allocating selected carriers to the subscriber,
and indicating to the subscriber whether or not to adjust transmit power above its normal
transmit power range. In a particular transmission process, the subscriber unit sends a
communication to a base station to indicate that it intends to transmit; the subscriber unit then
receives an indication of an allocation of carriers based on the location of the subscriber unit
with respect to a base station; the subscriber unit also receives a command from the base
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station to use either a normal or extended power control range. The received command
indicates to the subscriber unit that it is to drive up or reduce its transmit power, and whether it
is one or the other depends on the position of the subscriber relative to the base station.

[0010] In a network architecture disclosed in US 2004/0125776 A1, mobile terminals capable
of communicating with each other and forming a peer group are organized into local groups.
Each terminal within a local sub-group can communicate with another terminal in its local sub-
group either directly or using another terminal in the group as a relay. Terminals within an
extended range group can communicate using an extended range mode, wherein terminals
within a particular local sub-group transmit simultaneously to extend the range of a transmitted
message. Access stations can communicate with terminals within their associated groups. The
access stations are connected over the Internet. The access stations, in addition to providing
connectivity to servers and the like, can behave like ordinary peer terminals for relaying
messages. The result is a dynamic mesh network where connection paths are established
between terminals either directly or through the intermediary of intervening terminals acting as
relays. When it is desired to transmit a data message in the extended range mode, a data
message is first broadcast to all local terminals using the same protocol that is used for the
network connectivity table distribution with an indication that this message is to be re-broadcast
in the extension mode. At the appointed time, all terminals in the extended range sub-group re-
transmit the received message using the same frequency hopping code. Any terminal in a
second sub-group in extension mode receiving this message will try to route this message to
its destination if a path exists. When the destination terminal receives the message, the
acknowledgement message is returned to the originating terminal using the same transmission
method.

Summary

[0011] Systems and methods are disclosed for triggering a long range extension mode of
operation for a wireless device in a cellular communications network. In one preferred
embodiment, the wireless device is a Machine Type Communication (MTC) device. In one
embodiment, a node in the cellular communications network determines that the wireless
device is to operate in the long range extension mode if there is difficulty in establishing
communication between the wireless device and the cellular communications network. If the
wireless device is to operate in the long range extension mode, the node activates one or more
long range extension mechanisms with respect to the wireless device such that the wireless
device operates in the long range extension mode. In this manner, the long range extension
mode is selectively triggered for the wireless device. By selectively triggering the long range
extension mode for wireless devices in the cellular communications network in this manner,
performance is improved. In one embodiment, the node is the wireless device. In another
embodiment, the node is a network node such as, for example, a base station.

[0012] In one embodiment, the node determines that there is difficulty in establishing
communication between the wireless device and the cellular communications network if there



DK/EP 2921007 T3

is difficulty in establishing a downlink from the cellular communications network to the wireless
device. In another embodiment, the node determines that there is difficulty in establishing
communication between the wireless device and the cellular communications network if there
is difficulty in establishing an uplink from the wireless device to the cellular communications
network. In yet another embodiment, the node determines that there is difficulty in establishing
communication between the wireless device and the cellular communications network if there
is difficulty in establishing both a downlink from the cellular communications network to the
wireless device and an uplink from the wireless device to the cellular communications network.

[0013] In one embodiment, the one or more long range extension mechanisms include one or
more long range extension mechanisms for an uplink from the wireless device to the cellular
communications network. In another embodiment, the one or more long range extension
mechanisms include one or more long range extension mechanisms for a downlink from the
cellular communications network to the wireless device. In yet another embodiment, the one or
more long range extension mechanisms include one or more long range extension
mechanisms for both an uplink from the wireless device to the cellular communications network
and a downlink from the cellular communications network to the wireless device.

[0014] In one embodiment, the node determines that there is difficulty in establishing
communication between the wireless device and the cellular communications network when
one or more parameters indicative of the difficulty in establishing communication between the
wireless device and the cellular communications network are worse than one or more
corresponding predefined thresholds.

[0015] In one embodiment, the node determines that there is difficulty in establishing
communication between the wireless device and the cellular communications network when
communication between the wireless device and the cellular communications network is not
possible in a normal mode of operation.

[0016] In another embodiment, the node determines that there is difficulty in establishing
communication between the wireless device and the cellular communications network when
communication between the wireless device and the cellular communications network is not
possible in a normal mode of operation and a received strength of signal with respect to the
wireless device is less than or equal to a predefined threshold received strength of signal.

[0017] In another embodiment, the node determines that there is difficulty in establishing
communication between the wireless device and the cellular communications network when
Reference Signal Received Power (RSRP) measurements for a number, N, of strongest cells
made by the wireless device are each less than a predefined threshold RSRP.

[0018] In another embodiment, the node determines that there is difficulty in establishing
communication between the wireless device and the cellular communications network when a
number of unsuccessful random access attempts by the wireless device is greater than a
predefined threshold number of random access attempts.
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[0019] In another embodiment, the node determines that there is difficulty in establishing
communication between the wireless device and the cellular communications network when an
amount of time that has elapsed since a time at which the wireless device transmitted a last
scheduling request without receiving a grant of the scheduling request exceeds a predefined
threshold scheduling request delay.

[0020] In another embodiment, the node is a network node, and the network node determines
that there is difficulty in establishing communication between the wireless device and the
cellular communications network when no response is received from the wireless device after
the network node has sent a predefined number of uplink scheduling grants to the wireless
device.

[0021] In another embodiment, the node is a network node, and the network node determines
that there is difficulty in establishing communication between the wireless device and the
cellular communications network when no response is received from the wireless device after
the network node has sent a predefined number of paging requests to the wireless device.

[0022] In another embodiment, the node is a network node, and the network node determines
that there is difficulty in establishing communication between the wireless device and the
cellular communications network when a received strength of signal for an uplink from the
wireless device to the network node is less than a predefined uplink received strength of signal.

[0023] In one embodiment, the node is the wireless device, and, if the wireless device is to
operate in the long range extension mode, the wireless device attempts a random access
using one or more resources dedicated for the long range extension mode of operation. In
another embodiment, the node is the wireless device, and, if the wireless device is to operate
in the long range extension mode, the wireless device attempts a scheduling request
transmission using one or more resources dedicated for the long range extension mode of
operation.

[0024] In one embodiment, the node is a network node and, in order to activate the one or
more long range extension mechanisms, the network node is configured to signal information
to the wireless device that is indicative of one or more radio resources dedicated for random
access attempts in the long range extension mode of operation, one or more radio resources
dedicated for uplink scheduling requests in the long range extension mode of operation, or
both.

[0025] In one embodiment, the node is the wireless device. The wireless device is configured
to receive information that is indicative of one or more radio resources dedicated for random
access attempts in the long range extension mode of operation, one or more radio resources
dedicated for uplink scheduling requests in the long range extension mode of operation, or
both. In order to activate the one or more long range extension mechanisms, the wireless
device is further configured to activate use of the one or more radio resources dedicated for
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random access attempts in the long range extension mode of operation, the one or more radio
resources dedicated for uplink scheduling requests in the long range extension mode of
operation, or both.

[0026] In one embodiment, the node is a network node, and, in order to activate the one or
more long range extension mechanisms, the network node is further configured to transmit a
request to the wireless device for the wireless device to operate in the long range extension
mode of operation.

[0027] In one embodiment, the node is the wireless device, and the wireless device is further
configured to determine that there is difficulty in establishing communication between the
wireless device and the cellular communications network when the wireless device is stationary
and within a coverage hole within a coverage area of the cellular communications network.

[0028] In one embodiment, the node is the wireless device, and the wireless device is further
configured to de-activate the one or more long range extension mode mechanisms in
response to signaling from a network node of the cellular communications network that forces
the wireless device out of the long range extension mode of operation and into a normal mode
of operation.

[0029] In one embodiment, the node is a network node, and the network node is further
configured to subsequently force the wireless device to de-activate the one or more long range
extension mode mechanisms such that the wireless device enters a normal mode of operation.

[0030] In another embodiment, the node is further configured to select one or more
parameters for the long range extension mode of operation as a function of a difficulty level in
establishing communication between the cellular communications network and the wireless
device.

[0031] Those skilled in the art will appreciate the scope of the present disclosure and realize
additional aspects thereof after reading the following detailed description of the preferred
embodiments in association with the accompanying drawing figures.

Brief Description of the Drawing Figures

[0032] The accompanying drawing figures incorporated in and forming a part of this
specification illustrate several aspects of the disclosure, and together with the description serve
to explain the principles of the disclosure.

Figure 1 illustrates a cellular communications network according to one embodiment of the
present disclosure;

Figure 2 illustrates a process by which a node in the cellular communications network of Figure
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1 selectively triggers a long range extension mode for a wireless device according to one
embodiment of the present disclosure;

Figure 3 illustrates a process by which a node in the cellular communications network of Figure
1 decides whether a wireless device is to be in the long range extension mode or a normal
mode according to one embodiment of the present disclosure;

Figure 4 illustrates a process by which a node in the cellular communications network of Figure
1 decides whether a wireless device is to be in the long range extension mode or the normal
mode according to another embodiment of the present disclosure;

Figure 5 illustrates a process by which a node in the cellular communications network of Figure
1 decides whether a wireless device is to be in the long range extension mode or the normal
mode according to another embodiment of the present disclosure;

Figure 6 illustrates a process by which a wireless device attempts random access and/or a
scheduling request transmission using radio resources dedicated for the long range extension
mode according to one embodiment of the present disclosure;

Figure 7 illustrates the operation of the cellular communications network of Figure 1 according
to one embodiment in which the base station signals radio resources to the wireless device
that are dedicated for random access and/or scheduling request transmissions for the long
range extension mode of operation;

Figure 8 illustrates a process by which a network node (e.g., a base station) in the cellular
communications network of Figure 1 decides whether a wireless device is to be in the long
range extension mode or the normal mode according to another embodiment of the present
disclosure;

Figure 9 illustrates the operation of the cellular communications network of Figure 1 according
to one embodiment in which the base station sends a request to the wireless device to operate
in the long range extension mode of operation;

Figure 10 illustrates one example of a Radio Resource Control (RRC) message that can be
utilized by the base station of Figure 9 to send the request to the wireless device to operate in
the long range extension mode of operation according to one embodiment of the present
disclosure;

Figure 11 illustrates the operation of a stationary wireless device to permanently operate in the
long range extension mode of operation according to one embodiment of the present
disclosure;

Figure 12 illustrates the operation of a base station to force a wireless device out of the long
range extension mode extension mode of operation according to one embodiment of the
present disclosure;

Figure 13 illustrates a process by which a node selects value(s) for one or more parameter(s)
for the long range extension mode of operation according to one embodiment of the present
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disclosure;

Figure 14 Iillustrates the operation of the cellular communications network of Figure 1
according to one embodiment in which a base station selects value(s) for one or more
parameter(s) for the long range extension mode of operation of a wireless device according to
one embodiment of the present disclosure; and

Figure 15 is a block diagram of a node (e.g., a wireless device or a base station) in the cellular
communications network of Figure 1 according to one embodiment of the present disclosure.

Detailed Description

[0033] The embodiments set forth below represent the necessary information to enable those
skilled in the art to practice the embodiments and illustrate the best mode of practicing the
embodiments. Upon reading the following description in light of the accompanying drawing
figures, those skilled in the art will understand the concepts of the disclosure and will recognize
applications of these concepts not particularly addressed herein. It should be understood that
these concepts and applications fall within the scope of the disclosure and the accompanying
claims.

[0034] Systems and methods are disclosed for triggering a long range extension mode of
operation for a wireless device in a cellular communications network. The wireless device is
preferably a Machine Type Communication (MTC) device, but may alternatively be any
wireless device in the cellular communications network capable of operating in the long range
extension mode of operation. In one embodiment, a node in the cellular communications
network determines whether the wireless device is to operate in the long range extension
mode or a normal mode. If the wireless device is to operate in the long range extension mode,
the node activates one or more long range extension mechanisms with respect to the wireless
device such that the wireless device operates in the long range extension mode. In this
manner, the long range extension mode is selectively triggered for the wireless device.

[0035] By selectively triggering the long range extension mode for wireless devices in the
cellular communications network in this manner, performance is improved. More specifically,
wireless devices operating according to existing cellular communications standards (e.g.,
existing Long Term Evolution (LTE) standards) reach a practical limit with respect to the
maximum acceptable propagation loss while still maintaining corresponding radio links
between the wireless devices and the cellular communications network (particularly the Radio
Access Network (RAN) of the cellular communications network). One or more long range
extension mechanisms may be used to increase this maximum path loss. However, these long
range extension mechanisms may come at a cost in terms of a loss in other performance
metrics such as, for example, increased radio resources needed, decreased maximum
throughput, increased energy consumption, and decreased system spectral efficiency. These
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losses may be acceptable in order to serve the wireless devices that experience high
propagation loss but may result in unnecessary losses in other performance metrics for
wireless devices that do not experience high propagation loss. Embodiments of the systems
and methods disclosed herein can be utilized to selectively trigger the long range extension
mode only for those wireless devices that experience high propagation loss (i.e., only for those
wireless devices that need it). In this manner, wireless devices that do not suffer from high
propagation loss do not suffer from performance losses associated with the long range
extension mechanisms.

[0036] In this regard, Figure 1 illustrates a cellular communications network 10 according to
one embodiment of the present disclosure. Notably, in many of the embodiments described
herein, the cellular communications network 10 is a LTE (i.e., LTE or LTE-Advanced) cellular
communications network. As such, LTE terminology is oftentimes used throughout this
disclosure. However, the concepts and embodiments disclosed herein are not limited to LTE
and may be utilized in any suitable type of cellular or wireless network.

[0037] As illustrated, the cellular communications network 10 includes a RAN 12 including a
number of base stations 14-1 and 14-2 (generally referred to herein collectively as base
stations 14 and individually as base station 14). The base stations 14 provide wireless access
to wireless devices 16-1 through 16-3 (generally referred to herein collectively as wireless
devices 16 and individually as wireless device 16) within coverage areas (e.g., cells) of the
base stations 14. The base stations 14 are connected to a core network 18. Note that while
only two base stations 14 and three wireless devices 16 are illustrated in this example for
clarity and ease of discussion, the cellular communications network 10 may include many base
stations 14 serving many wireless devices 16. In LTE terminology, the wireless devices 16 are
referred to as User Equipments (UEs), and the base stations 14 are referred to as Evolved, or
Enhanced, Node Bs (eNBs). While in this embodiment the base stations 14 are macro base
stations, the RAN 12 may include a mixture of macro base stations and lower power base
stations (i.e., pico base stations, femto base stations, Home eNBs, etc.). At least some of the
wireless devices 16 are MTC devices that perform Machine-to-Machine (M2M) communication.
Some examples of MTC devices are smart meters, signboards, cameras, remote sensors,
laptops, and appliances. In this example, the wireless device 16-1 is an MTC device.

[0038] The wireless devices 16, or at least the wireless devices 16 that are capable of M2M
communication (i.e., the MTC devices), are configured to operate in either a normal mode of
operation or a long range extension mode of operation. In one embodiment, the normal mode
and the long range extension mode are two different modes (i.e., a first mode and a second
mode), where, in the long range extension mode, the wireless device 16 is configured to
maintain communication (i.e., uplink and/or downlink) with the cellular communications network
10 (via one of the base stations 14) over an extended range as compared to that in the normal
mode. This extended range is a range beyond which communication between the wireless
device 16 and a corresponding base station 14 would normally be difficult or impossible. In one
embodiment, a wireless device 16 operates in the long range extension mode when a radio
propagation path between the wireless device 16 and a nearest base station 14 (in terms radio
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distance, e.g., highest received signal strength, highest Reference Signal Received Power
(RSRP), highest Reference Signal Received Quality (RSRQ), or the like) is worse than a
predefined threshold degree. In one particular embodiment, a wireless device 16 operates in
the long range extension mode when a path loss for a propagation path between the wireless
device 16 and a nearest base station 14 (in terms radio distance, e.g., highest received signal
strength, highest RSRP, highest RSRQ, or the like) exceeds the typical path loss value of N
Decibels (dB) in the cellular communications network 10 for a typical inter-site distance in the
order of hundreds of meters.

[0039] In order to enable the long range extension mode of operation, one or more long range
extension mechanisms are utilized by the cellular communications network 10 (e.g., by the
base stations 14) and/or the wireless devices 16 that are capable of operating in the long
range extension mode (e.g., those wireless devices 16 that are MTC devices or are capable of
M2M communication). If a wireless device 16 is configured to operate in the long range
extension mode (specific to that wireless device 16), at least one of the one or more long
range extension mechanisms are activated with respect to the wireless device 16. Otherwise, if
the wireless device 16 is configured to operate in the normal mode of operation and the long
range extension mechanisms are deactivated. The one or more long range extension
mechanisms increase a maximum acceptable propagation loss while still maintaining the radio
link (uplink and/or downlink) between the wireless device 16 and the cellular communications
network 10 (specifically the RAN 12), which thereby enables communication within a long
range extension of the RAN 12. The long range extension mechanisms that are utilized to
provide the long range extension mode include, e.g., increased transmit power at the wireless
device 16 and/or the base station(s) 14 (e.g., the nearest base station 14), increased amount
of reference signal resources in the uplink and/or downlink, modified repetition schemes in the
uplink and/or downlink, scheduling restrictions in the uplink and/or downlink, different coding
and modulation schemes in the uplink and/or downlink, synchronization signals that are more
likely to be detected by the wireless device 16 when operating in the long range extension
mode, use of random access resources that improve probability of being detected by the RAN
12, or the like, or any combination thereof.

[0040] As discussed below, the long range extension mode is selectively triggered, or
activated, for the wireless devices 16 (e.g., the wireless device 16-1) that are capable of being
configured in the long range extension mode or the normal mode. In this regard, Figure 2
illustrates a process by which a node in the cellular communications network 10 selectively
triggers the long range extension mode for, in this example, the wireless device 16-1 according
to one embodiment of the present disclosure. The node may be either the wireless device 16-1
or a network node. As used herein, a "network node" is a node within the RAN 12 or the core
network 18. Further, a "radio network node" is a network node in the RAN 12 (e.g., one of the
base stations 14 or some other node in the RAN 12 such as, for example, a relay). A "core
network node” is a network node in the core network 18 (e.g., a Mobility Management Entity
(MME)).

[0041] First, the node determines whether the wireless device 16-1 is to be in the long range
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extension mode or the normal mode (step 100). Embodiments of how the node makes the
determination in step 100 are discussed below. However, the determination is not limited to the
embodiments discussed below. As one example, in one or more embodiments, the decision on
whether the wireless device 16-1 is to operate in the long range extension mode or the normal
mode is made based on an extent to which communication between the wireless device 16-1
and the RAN 12 (in the downlink, uplink, or both) proves to be difficult. Some examples of the
conditions, parameters, and thresholds that are indicative of the degree of difficulty, or difficultly
level, of maintaining communication are described below.

[0042] If the node determines that the wireless device 16-1 is to operate in the long range
extension mode, the node activates one or more long range extension mechanisms with
respect to the wireless device 16-1 such that the wireless device 16-1 operates in the long
range extension mode (step 102). As discussed below, in some embodiments, the long range
extension mechanisms activated include: increased transmit power at the wireless device 16-1
and/or the corresponding or nearest base station 14 (e.g., the serving base station 14 of the
wireless device 16-1), increased amount of reference signal resources in the uplink and/or
downlink, modified repetition schemes in the uplink and/or downlink, scheduling restrictions in
the uplink and/or downlink, different coding and modulation schemes in the uplink and/or
downlink, synchronization signals that are more likely to be detected by the wireless device 16-
1 when operating in the long range extension mode, use of random access resources that
improve probability of being detected by the RAN 12, or the like, or any combination thereof.
Note that these long range extension mechanisms are just some examples. Other long range
extension mechanisms may additionally or alternatively be used. Returning to step 100, if the
node determines that the wireless device 16-1 is not to operate in the long range extension
mode (i.e., is to operate in the normal mode), the node, if needed, de-activates the one or
more long range extension mechanisms with respect to the wireless device 16-1 such that the
wireless device 16-1 operates in the normal mode (step 104). Using this process, the node
selectively activates/de-activates the long range extension mode of operation for the wireless
device 16-1.

[0043] Figure 3 illustrates a process by which a node determines whether, in this example, the
wireless device 16-1 is to operate in the long range extension mode or the normal mode
according to one embodiment of the present disclosure. While not being limited thereto, the
process of Figure 3 may, in one embodiment, be utilized for step 100 of Figure 2. Again, the
node that performs the process of Figure 3 may be the wireless device 16-1 or a network node
(e.g., the serving base station 14 of the wireless device 16-1). First, the node determines
whether communication (e.g., uplink and/or downlink) between the wireless device 16-1 and
the cellular communications network 10 is possible (step 200). Note that determining whether
communication is possible need not be accomplished as a special step. Rather, such a
determination may be made by the node whenever the wireless device 16-1 has to
communicate with a base station 14, or vice versa, for any reason. The determination as to
whether communication is possible may be based on, for example, whether such
communication satisfies a required Quality of Service (QoS) target. In other words,
communication is determined to be possible if the required QoS target is met, and
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communication is determined to not be possible if the required QoS target is not met. The QoS
target may include, for example, one or more of:

e a minimum RSRP threshold such that the QoS target is not met if RSRP is below the
minimum RSRP threshold,

¢ a minimum RSRQ threshold such that the QoS target is not met if RSRQ is below the
minimum RSRQ threshold,

« a minimum Channel Quality Indication (CQl) threshold such that the QoS target is not
met if CQl is below the minimum CQI threshold,

= an Uplink (UL) Sounding Reference Signals received power threshold such that the QoS
target is not met if UL Sounding Reference Signals are below a threshold,

» an UL Signal-to-Interference-Plus-Noise Ratio (SINR) threshold such that the QoS target
is not met if UL SINR is below the UL SINR threshold,

¢ a Downlink (DL) SINR threshold such that the QoS target is not met if DL SINR is below
the DL SINR threshold,

¢ a synchronization time window such that the QoS target is not met if synchronization to
the Primary Synchronization Sequence (PSS), synchronization to the Secondary
Synchronization Sequence (SSS), and/or cell Identifier (ID) acquisition is not done within
an amount of time defined by the synchronization time window,

» a non-successful paging attempts threshold such that the QoS target is not met if (from
the cellular communications network 10 side) a number, N, of non-successful paging
attempts for the wireless device 16-1 exceeds the non-successful paging attempts
threshold,

« a non-successful random access attempts threshold such that the QoS target is not met
(from the wireless device 16-1 side) if a number, K, of non-successful random access
attempts by the wireless device 16-1 exceeds the non-successful random access
attempts threshold,

» a Bit Error Rate (BER) threshold such that the QoS target is not met if BER is above the
BER threshold,

e a Block Error Rate (BLER) threshold such that the QoS target is not met if BLER is
above the BLER threshold,

« an Internet Protocol (IP) packet delay threshold such that the QoS target is not met if IP
packet delay is above the IP packet delay threshold, and

¢ |P packet loss threshold such that the QoS target is not met if IP packet loss is above the
IP packet loss threshold.

Note that the thresholds for the QoS target may be static (e.g., standardized) or be
configurable by the cellular communications network 10.

[0044] Also, in addition to the criteria given above for the QoS target, the QoS target may
further include a target packet delay and a target error packet loss for a corresponding QoS
class. More specifically, the LTE standards define a number of QoS classes each having a
corresponding required QoS target specified in terms of a target packet delay and a target
error packet loss (e.g., QoS Class 9 has a priority level of 9, a required maximum packet delay
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of 300 milliseconds (ms), and a required maximum packet error loss rate of 106 packets (i.e.,
1 packet lost every 1 million packets). Thus, the target packet delay and the target error packet
loss for a corresponding QoS class of the wireless device 16-1 may also be used for the QoS
target. Note that the QoS target is just one example. One or more additional or other criteria
may be utilized to determine whether communication between the wireless device 16-1 and the
cellular communications network 10 is possible.

[0045] If the node determines that communication between the wireless device 16-1 and the
cellular communications network 10 is possible, the node decides that the wireless device 16-1
is to operate in the normal mode of operation (step 202). At that point, the node may, if
needed, de-activate the one or more long range extension mechanisms with respect to the
wireless device 16-1, as discussed above with respect to Figure 2. Conversely, if the node
determines that communication between the wireless device 16-1 and the cellular
communications network 10 is not possible, the node decides that the wireless device 16-1 is
to operate in the long range extension mode of operation (step 204). At that point, the node
may activate the one or more long range extension mechanisms with respect to the wireless
device 16-1, as discussed above with respect to Figure 2. Note that the process of Figure 3
may be performed prior to any other communication between the wireless device 16-1 and the
cellular communications network 10 (e.g., a base station 14), or it may be performed when a
connection between the wireless device 16-1 and a radio network node (e.g., a base station
14) in the cellular communications network 10 has already been established. For example, the
wireless device 16-1 may be in an active state having an active radio link session (e.g., for
LTE, RRC_CONNECTED state) or in an idle state having no active radio link session (e.g., for
LTE, RRC_IDLE).

[0046] Figure 4 illustrates a process by which a node determines whether, in this example, the
wireless device 16-1 is to operate in the long range extension mode or the normal mode
according to another embodiment of the present disclosure. While not being limited thereto,
the process of Figure 4 may, in one embodiment, be utilized for step 100 of Figure 2. Again,
the node that performs the process of Figure 4 may be the wireless device 16-1 or a network
node (e.g., the serving base station 14 of the wireless device 16-1). This process is similar to
that of Figure 3 but where an additional check of Received Signal Strength (RSS) is additionally
performed before deciding that the wireless device 16-1 is to operate in the long range
extension mode.

[0047] First, the node determines whether communication between the wireless device 16-1
and the cellular communications network 10 is possible, as discussed above with respect to
step 200 of Figure 3 (step 300). If the node determines that communication between the
wireless device 16-1 and the cellular communications network 10 is possible, the node decides
that the wireless device 16-1 is to operate in the normal mode of operation (step 302). At that
point, the node may, if needed, de-activate the one or more long range extension mechanisms
with respect to the wireless device 16-1, as discussed above with respect to Figure 2.
Conversely, if the node determines that communication between the wireless device 16-1 and
the cellular communications network 10 is not possible, the node determines whether
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measured RSS in at least one of the uplink or downlink direction is less than a predefined
threshold RSS (step 304). The predefined threshold RSS may be either static or configured by
the cellular communications network 10.

[0048] If the RSS is not less than the RSS threshold, then the node decides that the wireless
device 16-1 is to operate in the normal mode of operation (step 302). At that point, the node
may, if needed, de-activate the one or more long range extension mechanisms with respect to
the wireless device 16-1, as discussed above with respect to Figure 2. However, if the RSS is
less than the RSS threshold, the node decides that the wireless device 16-1 is to operate in the
long range extension mode of operation (step 306). At that point, the node may activate the
one or more long range extension mechanisms with respect to the wireless device 16-1, as
discussed above with respect to Figure 2.

[0049] Figure 5 illustrates a process by which a node determines whether, in this example,
communication between the wireless device 16-1 and the cellular communications network 10
is possible according to one embodiment of the present disclosure. While not being limited
thereto, the process of Figure 5 may, in one embodiment, be utilized for step 200 of Figure 3
or step 300 of Figure 4. Again, the node that performs the process of Figure 5 may be the
wireless device 16-1 or a network node (e.g., the serving base station 14 of the wireless device
16-1). Also, note that the ordering of the steps in Figure 5 is not important. In other words, the
various criteria may be checked in any desired order. Further, not all steps may be performed.
Specifically, the determination of whether communication is possible, and as such whether the
wireless device 16-1 is to operate in the long range extension mode, may be made based on
any one or more of the criteria indicated in Figure 5.

[0050] As illustrated, the node determines whether RSRP from a predefined (statically defined
or configured by the cellular communications network 10) number, N, of strongest cells at the
wireless device 16-1 are all less than a predefined (statically defined or configured by the
cellular communications network 10) RSRP threshold (step 400). If so, the node determines
that the wireless device 16-1 is to operate in the long range extension mode (step 402). At that
point, the node activates one or more long range extension mechanisms with respect to the
wireless device 16, as discussed above. Note that, with respect to the embodiment of Figure 4,
the node may further check RSS before making the decision that the wireless device 16-1 is to
operate in the long range extension mode.

[0051] If measured RSRP from the predefined number, N, of strongest cells at the wireless
device 16-1 are not all less than a predefined RSRP threshold, the node determines whether a
number of unsuccessful Random Access (RA) attempts by the wireless device 16-1 is greater
than a predefined RA attempts threshold (step 404). If so, the node determines that the
wireless device 16-1 is to operate in the long range extension mode (step 402). At that point,
the node activates one or more long range extension mechanisms with respect to the wireless
device 16, as discussed above. Note that, with respect to the embodiment of Figure 4, the
node may further check RSS before making the decision that the wireless device 16-1 is to
operate in the long range extension mode.
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[0052] If the number of unsuccessful RA attempts by the wireless device 16-1 is not greater
than the predefined RA attempts threshold, the node determines whether a time period
elapsed since transmission of the last (current) scheduling request by the wireless device 16-1
exceeds a predefined scheduling request threshold delay (step 406). If so, the node
determines that the wireless device 16 is to operate in the long range extension mode (step
402). At that point, the node activates one or more long range extension mechanisms with
respect to the wireless device 16, as discussed above. Note that, with respect to the
embodiment of Figure 4, the node may further check RSS before making the decision that the
wireless device 16-1 is to operate in the long range extension mode. If the time period elapsed
since transmission of the last (current) scheduling request by the wireless device 16-1 does not
exceed the predefined scheduling request delay threshold, the node determines that the
wireless device 16 is to operate in the normal mode (step 408).

[0053] In one example, values for the RSRP threshold, N, RA attempts threshold, and
scheduling request delay threshold are -120 Decibel-Milliwatt (dBm), 1, 10, and 100 ms,
respectively. However, these are just examples. Other values may be used. Also, the value for
the scheduling request threshold delay can be significantly higher than the value of a timer that
is typically launched when a scheduling request is transmitted by the wireless device 16, which
is typically in the order of 5-10 ms. Moreover, this period might correspond to more than one
scheduling request.

[0054] Figure 6 illustrates a process by which the wireless device 16-1, upon entering the long
range extension mode, attempts random access or scheduling request transmission using
radio resources dedicated to the long range extension mode of operation according to one
embodiment of the present disclosure. As illustrated, the wireless device 16-1 enters the long
range extension mode of operation (step 500). The wireless device 16-1 may enter the long
range extension mode of operation upon determining itself that the wireless device 16-1 is to
operate in the long range extension mode using one of the processes of Figures 2 through 5
or by receiving instructions to enter the long range extension mode from the cellular
communications network 10 (e.g., from the serving base station 14 of the wireless device 16-
1). Upon entering the long range extension mode, at the next occasion of accessing the
cellular communications network 10, the wireless device 16-1 attempts random access and/or
scheduling request transmission (e.g., an uplink scheduling request) using specific radio
resources (i.e., time and/or frequency resources such as physical resource blocks and/or time
slots) dedicated for the long range extension mode (step 502). The radio resources dedicated
for random access or scheduling request transmissions for the long range extension mode are
different than radio resources used for random access and scheduling request transmissions
in the normal mode.

[0055] Figure 7 illustrates a process that is similar to that of Figure 6 but where the cellular
communications network 10 signals the radio resources for random access attempts and
signal request transmissions to the wireless device 16-1 according to one embodiment of the
present disclosure. As illustrated, a base station 14 (i.e., the serving base station 14) of the
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wireless device 16-1 signals the radio resources (or more specifically information indicative of
the radio resources) dedicated for random access and/or scheduling requests for the long
range extension mode to the wireless device 16-1 (step 600). The signaling may be, for
example, broadcast signaling to all or essentially all wireless devices 16 in a cell, broadcast
signaling intended only for wireless devices 16 operating or to be operating in the long range
extension mode, dedicated signaling to any wireless device 16, or dedicated signaling
specifically for the wireless devices 16-1 when operating in the long range extension mode.
Alternatively, the radio resources dedicated for random access and/or scheduling requests for
the long range extension mode may be statically defined (e.g., standardized) or provided to the
wireless device 16-1 with subscription information. Note that the subscription information may
be obtained by the wireless device 16-1 when the wireless device 16-1 is connected for the
first time or when the wireless device 16-1 is installed for the first time in the cell. Alternatively,
the subscription information may be stored at the wireless device 16-1. At some point in time,
the wireless device 16-1 enters the long range extension mode (step 602). The wireless device
16-1 then attempts RA or scheduling request transmission using the radio resources signaled
in step 600 (step 604).

[0056] Figure 8 illustrates a process by which a network node determines whether the wireless
device 16-1 is to operate in the long range extension mode or the normal mode according to
one embodiment of the present disclosure. This process is particularly well-suited for a network
node and even more particularly well-suited for a radio access node (e.g., the serving base
station 14 of the wireless device 16-1). This process may be utilized in, for example, step 100
of Figure 2 or step 200 of Figure 3. Note that the ordering of the steps in Figure 8 is not
important. In other words, the various criteria may be checked in any desired order. Further,
not all steps may be performed. Specifically, the determination of whether the wireless device
16-1 is to operate in the long range extension mode may be made based on any one or more
of the criteria indicated in Figure 8.

[0057] As illustrated, the network node determines whether no response has been received
from the wireless device 16-1 after a number, M, of uplink scheduling grants transmitted to the
wireless device 16-1 (step 700). If so, the network node determines that the wireless device
16-1 is to operate in the long range extension mode (step 702). At that point, the one or more
long range extension mechanisms are activated with respect to the wireless device 16-1, as
discussed above. Otherwise, the network node determines whether no response has been
received from the wireless device 16-1 after a number, L, of paging requests for the wireless
device 16-1 (step 704). If so, the node determines that the wireless device 16-1 is to operate in
the long range extension mode (step 702). At that point, the one or more long range extension
mechanisms are activated with respect to the wireless device 16-1, as discussed above.
Otherwise, the network node determines whether an RSS for any transmitted message, either
data, uplink pilots, or uplink L1 signaling (e.g., Physical Uplink Control Channel (PUCCH)),
transmitted in the uplink from the wireless device 16-1 is below a predefined uplink RSS
threshold (step 706). If so, the network node determines that the wireless device 16-1 is to
operate in the long range extension mode (step 702). At that point, the one or more long range
extension mechanisms are activated with respect to the wireless device 16-1, as discussed
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above. Otherwise, the network node determines that the wireless device 16-1 is to operate in
the normal mode (step 708). As an example, the values of M, L, and the uplink RSS threshold
are 10, 10, and -120 dBm, respectively. Note that, in one embodiment, the network node
permanently or continuously performs the process of Figure 8.

[0058] Figure 9 illustrates the operation of a base station 14 to determine that the wireless
device 16-1 is to operate in the long range extension mode and then request, or command, the
wireless device 16-1 to do so according to one embodiment of the present disclosure. As
illustrated, the base station 14 determines that the wireless device 16-1 is to operate in the
long range extension mode (step 800). In one embodiment, the base station 14 utilizes the
process of Figure 8 to make the determination in step 800. The base station 14 then sends a
request to the wireless device 16-1 for the wireless device 16-1 to operate in the long range
extension mode (step 802). It is noted here that considering that the base station 14 is aware
of the need to use appropriate long range extension mode techniques when communicating
with the wireless device 16-1, then this signaling of step 802 is done by using these specific
techniques, such as e.g. repetitions, etc. In one embodiment, the request is a Radio Resource
Control (RRC) message that, in some embodiments, includes value(s) for one or parameters
to be used by the wireless device 16-1 when operating in the long range extension mode. The
value(s) may include values for one or more parameters utilized for long range extension
mechanisms (e.g., values indicative of uplink and/or downlink resources to be used for a
specific operation, a value indicative of a PUCCH format in terms of modulation and coding,
values indicative of modulation and coding scheme(s) to be used, maximum number of
downlink and/or uplink repetitions to be applied, etc.), values indicative of radio resources
dedicated for random access and/or scheduling requests in the long range extension mode of
operation, values for Radio Link Monitoring (RLM) and/or Radio Link Failure (RLF) and
recovery, or the like. In one embodiment, the value(s) in the RRC message may include a
value that represents one of several different levels of extended coverage to be used for the
long range extension mode. This value may then be further associated with one or more
values for one or more parameters for the long range extension mode of operation. The
mapping between each level of extended coverage and the value(s) for the parameter(s) for
the long range extension mode of operation for that level of extended coverage may be
statically defined (e.g., standardized) or included in other RRC messages.

[0059] The request (e.g., a DL RRC message) is transmitted in such a way that it can be
received by the wireless devices 16 requiring the extended coverage. For example, the same
DL RRC message may be repeated a sufficient number of times to allow for energy combining
of subsequent repetitions in the wireless device 16-1. Such signaling may be transmitted using,
for example, a dedicated signaling radio bearer using a wireless device specific communication
link or a broadcast channel designed for extended coverage. In response to the request, the
wireless device 16-1 then operates in the long range extension mode (step 804).

[0060] Figure 10 illustrates one example of an RRC message that can be utilized as the
request in step 802 of Figure 9 according to one embodiment of the present disclosure. As
illustrated, the RRC message includes an Information Element (IE) that includes values for a
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number of parameters to be used by the wireless device 16-1 when operating in the long
range extension mode. In this example, the RRC message includes a value that is indicative of
a radio resource to be used by the wireless device 16-1 for random access attempts when

operating in the long range extension mode (RA Resource: PRB #8), TTI: nx6 (i.e., every 6
TTI should be used for random access), a maximum number of downlink repetitions (Max No.
DL Repetitions: 100), an RLM frequency (i.e., frequency with which the wireless device 16-1
monitors the quality of the radio link) (RLM Frequency: 10 Transmission Time Intervals (TTIs)),
a value for a counter N310 (N310: 100), etc. Note, however, that the values and parameters
shown in Figure 10 are only examples.

[0061] In some embodiments, some of the wireless devices 16 may be stationary devices
(e.g., a stationary MTC device). Further, these stationary devices may be in locations that are
within known "coverage holes" that are determined via, for example, driving tests. In one
embodiment, wireless devices 16 that are both stationary and located within known coverage
holes always operate in the long range extension mode. In this regard, Figure 11 illustrates
operation of the cellular communications network 10 in which the wireless device 16-1 is both
stationary and located within a coverage hole and, as a result, permanently, or always,
operates in the long range extension mode according to one embodiment of the present
disclosure.

[0062] As illustrated, the wireless device 16-1 either obtains information that is indicative of the
wireless device 16-1 being stationary and located within a known coverage hole or determines
that the wireless device 16-1 is both stationary and located within a coverage hole (a known or
previously unknown coverage hole) (step 900). The wireless device 16-1 may be pre-
configured to know that it is stationary or may determine that it is stationary by, for example,
monitoring its location or short term averages of received signal power as is characterized by
link quality information. The wireless device 16-1 may use any suitable technique for
determining its location (e.g., a Global Positioning System (GPS) receiver, assistance from
other wireless devices 16, or the like). Further, low mobility (e.g., being stationary) can be
based on low variability of short term averages of the received signal power as is characterized
by link quality information for the wireless device 16-1 (e.g., RSRP, RSRQ, and/or SINR
values). Other parameters may be used to detect that the wireless device 16 is stationary (or
has low mobility) such as, for example, velocity, Doppler shift, etc. Information that identifies
known coverage hole(s) may be communicated to the wireless device 16-1 from the cellular
communications network 10. Alternatively, the wireless device 16-1 may determine that it is
located in a coverage hole based on, for example, any of the parameters discussed above for
determining when communication between the wireless device 16-1 and the cellular
communications network 10 is not possible.

[0063] Once the wireless device 16-1 knows that it is stationary (or has sufficiently low mobility)
and located in a coverage hole, the wireless device 16-1 configures itself to permanently
operate in the long range extension mode (step 902). More specifically, the wireless device 16-
1 configures itself to use one or more long range extension mechanisms, radio resources
dedicated to the long range extension mode, etc., as discussed above. The wireless device 16-
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1 then communicates with the base station 14 in the long range extension mode (step 904).

[0064] Figure 12 illustrates a process by which the cellular communications network 10 forces
the wireless device 16-1 out of the long range extension mode according to one embodiment
of the present disclosure. Forcing the wireless device 16-1 out of the long range extension
mode of operation may be desirable when, for example, the cellular communications network
10 does not allow long range extension mode of operation or the cellular communications
network 10 has determined that admitting the wireless device 16-1 to enter into the long range
extension mode would impact system capacity. This can be configured, for example, during
certain times of the day when traffic on the system is high. As illustrated, the base station 14
sends a message to the wireless device 16-1 to force the wireless device 16-1 out of the long
range extension mode of operation (step 1000). Note that, rather than sending the message in
step 1000, the cellular communications network 10 may perform other actions that force the
wireless device 16-1 out of the long range extension mode of operation. Such actions include,
but are not limited to, ceasing with providing signals and/or repetition of signals that are
necessary for operation in the long range extension mode. In response, the wireless device
16-1 determines that it is to operate in the normal mode (step 1002) and therefore operates in
the normal mode, as described above (step 1004).

[0065] Figure 13 illustrates a process by which, in this example, the wireless device 16-1
selects value(s) for parameter(s) for the long range extension mode of operation based on a
degree of difficulty in establishing communication between the wireless device 16-1 and the
cellular communications network 10 according to one embodiment of the present disclosure.
As illustrated, the wireless device 16-1 determines that the wireless device 16-1 is to operate in
the long range extension mode using, for example, any of the processes described above
(step 1100). The wireless device 16-1 then selects value(s) for one or more parameters for the
long range extension mode as a function of a degree of difficulty in establishing a radio link
(i.e., communication) between the wireless device 16-1 and a radio network node (e.g., a base
station 14) in the cellular communications network 10 (step 1102). As non-limiting examples,
the degree of difficulty in establishing a radio link may be measured in terms of one or more of:
the RSS from a serving cell measured by the wireless device 16-1; the ability of the wireless
device 16-1 to detect a cell based on a synchronization signal with a specific probability of
successful detection; the ability of the wireless device 16-1 to receive broadcast information,
e.g., a Master Information Block (MIB) and a System Information Block 1 (SIB1); and the
number of random access attempts, or the type of random access procedure used, when the
wireless device 16-1 successfully connects to the cellular communications network 10.

[0066] Based on the degree of difficulty in establishing the radio link, the wireless device 16-1
may then select, for example, values for one or more parameters to be used in the long range
extension mode, e.g., values for one or more parameters to be used or proposed to be used in
one or more long range extension mechanisms such as, for example, increased transmit
power, increased amount of reference signal resources, decreased code rate, and increased
number of repetitions to be used in data transmissions. These parameter values may apply
both to uplink and downlink transmissions, possibly with different values for each direction.
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Parameter values to be applied in the wireless device 16-1 can be done so autonomously by
the wireless device 16-1, whereas parameter values to be used or proposed to be used by the
network node may be signaled to the cellular communications network 10, e.g., in an RRC
message. Some of the parameters further may refer to transmitter settings, other parameters
may refer to receiver settings, and yet other parameters may refer to both transmitter and
receiver settings. The wireless device 16-1 then operates in the long range extension mode in
accordance with the value(s) selected for the parameter(s) in step 1102 (step 1104).

[0067] Figure 14 illustrates a process that is similar to that of Figure 13 but where a network
node, which in this example is a base station 14, selects value(s) for parameter(s) for the long
range extension mode according to another embodiment of the present disclosure. As
illustrated, the base station 14 determines that the wireless device 16-1 is to operate in the
long range extension mode using, for example, any of the processes described above (step
1200). The base station 14 then selects value(s) for one or more parameters for the long
range extension mode as a function of a degree of difficulty in establishing a radio link (i.e.,
communication) between the wireless device 16-1 and a radio network node (e.g., a base
station 14) in the cellular communications network 10 (step 1202). As non-limiting examples,
the degree of difficulty in establishing a radio link may be measured in terms of one or more of:
the RSS from a serving cell (e.g., the cell of the base station 14) measured by the wireless
device 16-1; the RSS from the wireless device 16-1 measured by the base station 14; the
ability of the wireless device 16-1 to detect a cell based on a synchronization signal with a
specific probability of successful detection; the ability of the wireless device 16-1 to receive
broadcast information, e.g., the MIB and the SIB1; and the number of random access
attempts, or the type of random access procedure used, when the wireless device 16-1
successfully connects to the cellular communications network 10.

[0068] Based on the degree of difficulty in establishing the radio link, the base station 14 may
then select, for example, values for one or more parameters to be used or proposed to be
used in the long range extension mode, e.g., values for one or more parameters to be used in
one or more long range extension mechanisms such as, for example, increased transmit
power, increased amount of reference signal resources, decreased code rate, and increased
number of repetitions to be used in data transmissions. These parameter values may apply
both to uplink and downlink transmissions, possibly with different values for each direction.
Some of the parameters further may refer to transmitter settings, other parameters may refer
to receiver settings, and yet other parameters may refer to both transmitter and receiver
settings. The base station 14 then sends a request to the wireless device 16-1 to operate in
the long range extension mode (step 1204). In some embodiments, the request includes some
or all of the value(s) selected by the base station 14 for the parameter(s) for the long range
extension mode of operation. Notably, the selected values may include selected values to be
applied at the base station 14 (e.g., for parameters for long range extension mode
mechanisms executed by the base station 14), selected values to be applied at the wireless
device 16-1 (e.g., for parameters for long range extension mode mechanisms executed by the
wireless device 16-1), and/or selected values to be applied at the wireless device 16-1 (e.g.,
for parameters for long range extension mode mechanisms executed by the wireless device
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16-1). In response to the request, the wireless device 16-1 then operates in the long range
extension mode in accordance with the value(s) selected for the parameter(s) in step 1202
(step 1206).

[0069] Figure 15 is a block diagram illustrating a node 20 configured to operate according to
one or more of the embodiments disclosed herein. The node 20 is specifically a wireless node,
e.g., one of the wireless devices 16 or a radio network node such as, for example, one of the
base stations 14. As illustrated, the node 20 comprises a wireless interface 22 (e.g.,
transceiver circuits) and one or more control and processing circuits 24. Where the node 20
comprises a radio network node such as a base station 14, the node 20 may further include
one or more other communication interfaces 26 (e.g., for interfacing with other network nodes).
Where the node 20 comprises a wireless device 16, the node 20 may further comprise a
sensor 28 to report data indicating, for example, a temperature, wind speed, or humidity.

[0070] The wireless interface 22 may include various radio frequency components to receive
and process radio signals from one or more other wireless nodes (e.g., wireless devices 16
and/or base stations 14 depending on the embodiment), using known signal processing
techniques. The one or more control and processing circuits 24 may comprise one or more
microprocessors, digital signal processors, and the like. The one or more control and
processing circuits 24 may also comprise other digital hardware and a memory (e.g., Read
Only Memory (ROM), Random Access Memory (RAM), cache, flash, etc.) that stores program
code for executing one or more communications protocols and for carrying out one or more of
the techniques above. Regardless, the one or more control and processing circuits 24 are
configured such that the node 20 operates according to one or more of the previously
described embodiments. As shown, for instance, the one or more control and processing
circuits 24 may include one or more control/signaling circuits 30 configured to carry out some
or all of the steps of one or more of the processes disclosed herein.

[0071] In any of the previously described embodiments, the decision of whether to
communicate, or operate, in the normal mode or the long range extension mode may be re-
evaluated on a regular or periodic basis. As one example, an indication that triggers re-
evaluating the decision of whether to operate in the normal mode or the long range extension
mode may be detection of mobility of the wireless device 16 either at a network node or at the
wireless device 16.

[0072] As those of ordinary skill in the art should appreciate, the features of the above-
mentioned embodiments may be used separately, or combined in multiple ways. For example,
it is possible that one embodiment is executed in the wireless device 16, and another
embodiment is simultaneously executed in a network node.

[0073] The concepts disclosed herein may be carried out in other ways than those specifically
set forth herein without departing from essential characteristics of the disclosure. Therefore,
the embodiments disclosed herein are to be considered in all respects as illustrative and not
restrictive, and all changes coming within the meaning and equivalency range of the appended
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[0074] Some implementations of the embodiments of the present disclosure provide

advantages and benefits that conventional

systems cannot provide. However, the

embodiments disclosed herein are not limited to any particular advantage. As one example,
embodiments disclosed herein enable the operation of wireless devices 16 in extended long
range conditions compared to existing wireless systems by providing systems and methods for
changing between normal operation and extended long range operation. As a result, the
minimization of signaling overhead and the minimization of energy consumption within these
wireless devices 16 is achieved.

[0075] The following acronyms are used throughout this disclosure.

* 3GPP 3 Generation Partnership Project

+ ASIC Application Specific Integrated Circuit
* BER Bit Error Rate

* BLER Block Error Rate

- dB Decibel

+dBm Decibel-Milliwatt

- CQl Channel Quality Indication

- D2D Device-to-Device

DL Downlink

+ EGPRS Enhanced General Packet Radio Service
+eNB Evolved Node B

*FDD Frequency Division Duplexing

* GPRS General Packet Radio Service

* GPS Global Positioning System

+ GSM Global System for Mobile Communications
*ID Identifier

- IE Information Element

- IP Internet Protocol

* Kbps Kilobits per Second

*LTE Long Term Evolution

* M2M Machine-to-Machine

- MIB Master Information Block

« MME Mobility Management Entity

*ms Millisecond

*MTC Machine Type Communication

* PSS Primary Synchronization Sequence
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+ PUCCH Physical Uplink Control Channel

* QoS Quiality of Service

*RA Random Access

* RAM Random Access Memory

* RAN Radio Access Network

* RLF Radio Link Failure

* RLM Radio Link Monitoring

+ ROM Read Only Memory

*RRC Radio Resource Control

* RSRP Reference Signal Received Power
* RSRQ Reference Signal Received Quality
* RSS Received Signal Strength

* SAE System Architecture Evolution

- SIB System Information Block

« SID Study Item Description

* SINR Signal-to-Interference-Plus-Noise Ratio
+ SSS Secondary Synchronization Sequence
«TDD Time Division Duplexing

TR Technical Report

*TS Technical Specification

«TTI Transmission Time Interval

- UE User Equipment

« UL Uplink

[0076] Those skilled in the art will recognize improvements and modifications to the preferred
embodiments of the present disclosure. All such improvements and modifications are
considered within the scope of the concepts disclosed herein and the claims that follow.
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Patentkrav

1. Fremgangsmade til drift af en tradl@s indretning (16) i et celluleert kommuni-
kationsnetveerk (10), omfattende:

at bestemme, at den tradigse indretning (16) skal arbejde i en long range-for-
laengelsesdriftsmodus i det celluleere kommunikationsnetveerk, hvis det be-
stemmes, at der er problemer med at etablere kommunikation mellem den
tradlase indretning (16) og det celluleere kommunikationsnetveerk (10); og
hvis den tradlgse indretning (16) skal arbejde i long range-forleengelsesdrifts-
modussen, at aktivere en eller flere long range-forlaengelsesmekanismer, sa-
ledes at den tradlese indretning (16) arbejder i long range-forleengelsesdrifts-
modussen i det cellulaere kommunikationsnetveerk,

hvor problemerne med at etablere kommunikation mellem den tradlgse indret-
ning (16) og det cellulaere kommunikationsnetvaerk (10) er problemer med at
etablere mindst en af en gruppe bestéende af: et uplink fra den tradlgse ind-
retning (16) til det celluleere kommunikationsnetvaerk (10) og et downlink fra
det celluleere kommunikationsnetvaerk (10) til den tradigse indretning (16).

2. Fremgangsmade ifglge krav 1, hvor den ene eller de flere long range-for-
laengelsesmekanismer omfatter en eller flere long range-forleengelsesmeka-
nismer for et downlink fra en basisstation (14) i det cellulaere kommunikations-
netveerk (10) til den tradi@se indretning (16).

3. Fremgangsmade ifglge krav 1, hvor den ene eller de flere long range-for-
laengelsesmekanismer omfatter en eller flere long range-forlaengelsesmeka-
nismer for et uplink fra den tradl@se indretning (16) til en basisstation (14) i det
celluleere kommunikationsnetveerk (10).

4. Fremgangsmade ifelge et hvilket som helst af kravene 1-3, hvor den ene
eller de flere long range-forleengelsesmekanismer omfatter mindst en af en
gruppe bestaende af: anvendelse af en @get transmissionseffekt, der mindsker
problemerne med at etablere kommunikation mellem den trédlgse indretning
(16) og det celluleere kommunikationsnetveerk (10), anvendelse af en sget
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meengde af referencesignalressourcer, der mindsker problemerne med at
etablere kommunikation mellem den tradlgse indretning (16) og det cellulaere
kommunikationsnetveerk (10), anvendelse af et eller flere modificerede genta-
gelsesskemaer, der mindsker problemerne med at etablere kommunikation
mellem den tradi@se indretning (16) og det celluleere kommunikationsnetvaerk
(10), anvendelse af en eller flere planlaegningsrestriktioner, der mindsker pro-
blemerne med at etablere kommunikation mellem den tradigse indretning (16)
og det celluleere kommunikationsnetvaerk (10), anvendelse af et eller flere mo-
dulerings- og kodningsskemaer, der mindsker problemerne med at etablere
kommunikation mellem den tradl@se indretning (16) og det cellulaere kommu-
nikationsnetveerk (10), anvendelse af et eller flere synkroniseringssignaler, der
mindsker problemerne med at etablere kommunikation mellem den tradlese
indretning (16) og det celluleere kommunikationsnetveerk (10), og anvendelse
af direkte adgang-ressourcer, der mindsker problemerne med at etablere kom-
munikation mellem den tradlgse indretning (16) og det cellulaere kommunika-
tionsnetveerk (10).

5. Fremgangsmade ifglge et hvilket som helst af kravene 1-4, endvidere om-
fattende at bestemme, at der er problemer med at etablere kommunikation
mellem den tradlgse indretning (16) og det cellulaere kommunikationsnetveaerk
(10), nar:

kommunikation mellem den tradlgse indretning (16) og det cellulaere kommu-
nikationsnetveerk (10) ikke er muligt i en normal driftsmodus; og

en modtaget signalstyrke i forhold til den tradi@se indretning (16) er mindre
end eller lig med en foruddefineret taerskelveerdi for modtaget signalstyrke.

6. Fremgangsmade ifglge et hvilket som helst af kravene 1-4, endvidere om-
fattende at bestemme, at der er problemer med at etablere kommunikation
mellem den tradlgse indretning (16) og det cellulaere kommunikationsnetvaerk
(10), nar et af felgende geelder:

RSRP, Reference Signal Received Power, -malinger for et antal, N, af de staer-
keste celler foretaget af den tradl@se indretning (16) er hver mindre end en
foruddefineret taerskelveerdi-RSRP;
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et antal mislykkede direkte adgang-forsag gjort af den tradlgse indretning (16)
er sterre end et foruddefineret teerskelantal af direkte adgang-forseg;

et tidsrum, der er gaet, siden et tidspunkt, hvor den tradlgse indretning (16)
transmitterede en sidste planlaegningsanmodning uden at modtage en bevil-
ling af planleegningsanmodningen, overstiger en foruddefineret teerskel-plan-
laegningsanmodningsforsinkelse.

7. Fremgangsmade ifglge et hvilket som helst af kravene 1-6, yderligere om-
fattende:

hvis den tradlgse indretning (16) ikke skal arbejde i long range-forleengelses-
driftsmodussen, at deaktivere den ene eller de flere long range-forlaengelses-
mekanismer, saledes at den tradlgse indretning (16) arbejder i en normal
driftsmodus,

hvor den tradigse indretning (16) eventuelt deaktiverer den ene eller de flere
long range-forleengelsesmodusmekanismer som reaktion pa signalering fra en
netvaerksknude af det cellulaere kommunikationsnetveerk (10), der tvinger den
tradlese indretning (16) ud af long range-forleengelsesdriftsmodussen og ind i
en normal driftsmodus.

8. Fremgangsmade ifalge et hvilket som helst af kravene 1-7, hvor fremgangs-
maden endvidere, hvis den tradlgse indretning (16) skal arbejde i long range-
forleengelsesdriftsmodussen, omfatter et af fglgende:

at forsgge en direkte adgang under anvendelse af en eller flere ressourcer,
der er dedikeret til long range-forleengelsesdriftsmodussen;

at forsgge en planlaagningsanmodningstransmission under anvendelse af en
eller flere ressourcer, der er dedikeret til long range-forlaengelsesdriftsmodus-
sen.

9. Fremgangsmade ifglge et hvilket som helst af kravene 1-8, hvor:

fremgangsmaden endvidere omfatter at modtage information, der viser mindst
en af en gruppe bestaende af: en eller flere radioressourcer, der er dedikeret
til direkte adgang-fors@g i long range-forleengelsesdriftsmodussen, og en eller
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flere radioressourcer, der er dedikeret til uplink-planleegningsanmodninger i
long range-forleengelsesdriftsmodussen; og

at aktivere den ene eller de flere long range-forlaengelsesmekanismer omfatter
at aktivere anvendelse af mindst en af gruppen bestaende af: den ene eller de
flere radioressourcer, der er dedikeret til direkte adgang-forsag i long range-
forleengelsesdriftsmodussen, og den ene eller de flere radioressourcer, der er
dedikeret til uplink-planlaagningsanmodninger i long range-forleengelsesdrifts-
modussen.

10. Fremgangsmade ifalge krav 1, endvidere omfattende at udveelge en eller
flere parametre til long range-forleengelsesdriftsmodussen som en funktion af
et problemniveau med hensyn til at etablere kommunikation mellem det cellu-
lzere kommunikationsnetveerk (10) og den tradlgse indretning (16).

11. Fremgangsmade til drift af en netvaerksknude (20) i et cellulzert kommuni-
kationsnetveerk (10), omfattende:

at bestemme, at en tradlgs indretning (16) skal arbejde i en long range-forlaen-
gelsesdriftsmodus i det cellulaere kommunikationsnetvaerk, hvis det bestem-
mes, at der er problemer med at etablere kommunikation mellem den tradlgse
indretning (16) og det celluleere kommunikationsnetvaerk (10); og

hvis den tradlgse indretning (16) skal arbejde i long range-forleengelsesdrifts-
modussen, at aktivere en eller flere long range-forleengelsesmekanismer, sa-
ledes at den tradlgse indretning (16) arbejder i long range-forleengelsesdrifts-
modussen i det cellulaere kommunikationsnetveerk,

hvor problemerme med at etablere kommunikation mellem den tradlgse indret-
ning (16) og det cellulaere kommunikationsnetvaerk (10) er problemer med at
etablere mindst en af en gruppe bestédende af: et uplink fra den tradigse ind-
retning (16) til det celluleere kommunikationsnetveerk (10) og et downlink fra
det cellulaere kommunikationsnetveerk (10) til den tradigse indretning (16).

12. Fremgangsmade ifelge krav 11, hvor:
at aktivere den ene eller de flere long range-forlaengelsesmekanismer omfatter
en af felgende:
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at signalere information til den tradl@se indretning (16), der viser mindst en af
en gruppe bestaende af: en eller flere radioressourcer, der er dedikeret til di-
rekte adgang-forsag i long range-forleengelsesdriftsmodussen, og en eller flere
radioressourcer, der er dedikeret til uplink-planleegningsanmodninger i long
range-forlaeengelsesdriftsmodussen;

at transmittere en anmodning til den tradlgse indretning (16) om, at den trad-
l@se indretning (16) skal arbejde i long range-forlaengelsesdriftsmodussen.

13. Fremgangsmade ifalge krav 11 eller 12, hvor:

fremgangsmaden endvidere omfatter at bestemme, at der er problemer med
at etablere kommunikation mellem den tradlgse indretning (16) og det cellu-
laere kommunikationsnetvaerk (10), nar et af falgende geelder:

der modtages intet svar fra den tradlgse indretning (16), efter at netveerksknu-
den har sendt et foruddefineret antal af uplink-planlaegningsbevillinger til den
tradlgse indretning (16);

der modtages intet svar fra den tradlgse indretning (16), efter at netvaerksknu-
den har sendt et foruddefineret antal paging-anmodninger til den tradlgse ind-
retning (16);

en modtaget signalstyrke til et uplink fra den tradl@se indretning (16) til net-
veerksknuden er mindre end en foruddefineret modtaget uplink-signalstyrke;
narden tradlase indretning (16) er stationeer og inden for et deekningshul inden
for et deekningsomrade af det celluleere kommunikationsnetvaerk (10).

14. Fremgangsmade ifelge krav 1, hvor:

fremgangsmaden endvidere omfatter at tvinge den trédlase indretning (16) til
at deaktivere den ene eller de flere long range-forleengelsesmekanismer, sa-
ledes at den tradizse indretning (16) kommer ind i en normal driftsmodus

15. Tradlgs indretning (16) i et celluleert kommunikationsnetvaerk (10), omfat-
tende:

en tradles graenseflade (22); og

et eller flere styre- og behandlingskredslab (24), der er forbundet med den
tradlese greenseflade (22) og konfigureret til:
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at bestemme, at den tradigse indretning (16) skal arbejde i en long range-for-
laengelsesdriftsmodus i det celluleere kommunikationsnetvaerk, hvis det be-
stemmes, at der er problemer med at etablere kommunikation mellem den
tradlgse indretning (16) og det celluleere kommunikationsnetveerk (10); og
hvis den tradlase indretning (16) skal arbejde i long range-forlaengelsesdrifts-
modussen, at aktivere en eller flere long range-forleengelsesmekanismer, sa-
ledes at den tradlzse indretning (16) arbejder i long range-forlaengelsesdrifts-
modussen i det celluleere kommunikationsnetvaerk,

hvor problemermne med at etablere kommunikation mellem den tradlgse indret-
ning (16) og det cellulaere kommunikationsnetvaerk (10) er problemer med at
etablere mindst en af en gruppe bestdende af: et uplink fra den tradigse ind-
retning (16) til det celluleere kommunikationsnetveerk (10) og et downlink fra
det celluleere kommunikationsnetvaerk (10) til den tradlgse indretning (16).
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