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(57) Abstract: Improved mechanisms for wireless cellular access using cov-
erage extension techniques are described. A UE needing to use coverage ex-
tension to request access to a prospective serving cell detects cells (other
than the prospective serving cell) on its frequency, and then investigates each
such cell (for example, by attempting to read its system information block
and, if the system information block can be read, determining if the cell sup-
ports access using coverage extension. If detected cells do not support cover-
age extension, the UE does not use coverage extension techniques to request
access, but it all detected cells support coverage extension, the UE requests
access using coverage extension techniques.
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METHODS AND APPARATUS FOR WIRELESS NETWORK ACCESS

CROSS-REFERENCE TO RELATED APPLICATIONS
TECHNICAL FIELD

The present invention relates generally to wireless
communication. More particularly, the invention relates to
improved systems and techniques for management extended
coverage capabilities of cellular network nodes so as to
avoid undue interference to nodes incapable of extended
coverage.

BACKGROUND

Wireless networks are ubiquitous in many countries, with
numerous devices operated in numerous cells. Cells may be
thought of as coverage areas served by a base station or a
combination of base stations that may be operating in
coordination with one another. A cell may serve devices that
are directly operated by users to communicate with other
users and to receive and transfer data. A cell may also
support machine type communication (MTC) devices. Such
devices are often designed to be low cost, low power devices
and may exist in large numbers. MTC devices may be dormant
for long periods and may become active in order to deliver
information about natural phenomena such as weather, and a
low-power, low-cost design makes it easier to deploy as many
such devices as may be desired.

In order to reduce costs, low-cost MTC devices may be
designed to have only one receive antenna. Such a design
contrasts to many other devices having at least two antennas.
Many examples of such devices are operated according to third
generation partnership project (3GPP) standards and extension
such as long term evolution (LTE) and LTE-advanced (LTE-A).
The use of only one receive antenna in an MTC device will
reduce the range in the downlink of the device. Furthermore,

it is desirable to extend LTE coverage into locations which
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may exhibit poor radio conditions in locations where MTC
devices might be installed - for example, in the basement of
a building. Therefore, for 3GPP and 3GPP LTE and LTE-A
devices, techniques have been defined to allow for extended
coverage. To gain initial access, an MTC device (known as an

MTC user equipment or UE) to transmit on a random access

channel RACH of a cell. The cell may be represented as a
base station or eNodeB (eNB). The initial transmission is of
a physical random access preamble. For extended coverage

initial access, the MTC UE transmits a (PRACH) and may
transmit a PRACH preamble at high power for a long time (up
to hundreds of subframes) before it finally gains access.
SUMMARY OF THE INVENTION

In one embodiment of the invention, an apparatus
comprises at least one processor and memory storing a program
of instructions. The memory storing the program of
instructions is configured to, with the at least one
processor, cause the apparatus to at least control a user
device needing to gain access to a prospective serving cell
to detect one or more additional cells within range, control
the wuser device to, for each detected cell, attempt to
establish whether the detected <cell supports coverage
extension access and control the user device to, if one or
more of the detected <cells does not support coverage
extension access, refrain from attempting access to the
prospective serving cell using coverage extension techniques.

In another embodiment of the invention, a method
comprises controlling a user device needing to gain access to
a prospective serving cell to detect one or more additional
cells within range, controlling the user device to, for each
detected cell, attempt to establish whether the detected cell
supports coverage extension access and controlling the user
device to, 1f one or more of the detected cells does not

support coverage extension access, refrain from attempting
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access to the prospective serving cell using coverage
extension techniques.

In another embodiment of the invention, a computer
readable medium stores a program of instructions. Execution
of the program of instructions by at least one processor
configures an apparatus to at least control a user device
needing to gain access to a prospective serving cell to
detect one or more additional cells within range, control the
user device to, for each detected cell, attempt to establish
whether the detected cell supports coverage extension access
and control the user device to, 1f one or more of the
detected cells does not support coverage extension access,
refrain from attempting access to the prospective serving
cell using coverage extension techniques.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates a cellular network according to an
embodiment of the present invention;

Fig. 2 illustrates a process according to an embodiment
of the present invention; and

Fig. 3 illustrates exemplary elements that may be used
in carrying out embodiments of the present invention.
DETATILED DESCRIPTION

One or more embodiments of the present invention
recognize the possibility of interference presented by MTC
UEs seeking using coverage extension techniques to gain
access to a cell supporting such techniques. Adjacent cells
or cells otherwise within range of the MTC UE, or at least
sufficiently close to be within range of interference, can
suffer significant interference from extended coverage access
attempts if they themselves are not able to support extended
coverage access. Therefore, embodiments of the present
invention address techniques to manage their use of coverage

extension techniques to avoid such interference.
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Fig. 1 illustrates a wireless network 100 according to
an embodiment of the present invention. The network 100
comprises eNBs 102A and 102B, whose coverage areas define
cells 104A and 104B. The cell 104A also includes an extended
coverage area 106.

The cells 104A and 104B support a number of UEs 108A-
108G, some of which (including the UEs 108A and 108B) are
capable of coverage extension operation. The UE 108A 1is
outside the coverage area of the cell 104B but is near its
boundary, while the UE 108B is within the area of the cell
104B, but is seeking access to the cell 104A at a position in
which the extended coverage area 106 of the cell 104A
overlaps with the cell 104A. Extended coverage operation of
both of the devices 108A and 108B will cause a risk of
interference with the cell 104B.

Therefore, one or more embodiments of the invention
implement mechanisms to prevent a UE from attempting to
initiate access to a particular cell using coverage extension
operation when such operation presents a risk of excessive
interference with a neighboring cell. A cell may be selected
as a prospective serving cell (a “prospective” cell being one
for which access is to be attempted, but for which access has
not vyet been initiated or has not vyet been completed)
according to predetermined criteria. For example, a UE may
attempt to detect a cell for access by looking for physical
cell indicators (PCIs). If only one cell is detected, that
cell may suitably selected as the prosepctive serving cell.
If more than one cell is detected, a decision may be made
based on appropriate criteria. For example, the cell
exhibiting the most power (manifested, for example, by
reference signal received power (RSRP) may be selected.

Therefore, a coverage extension capable UE (such as the
UEs 108A and 108B) takes steps to identify cells neighboring

a prospective serving cell and determine if any of the
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neighboring «cells using its frequency support coverage
extension access. If the UE determines that one or more
cells using the fregquency to be used by the UE to gain access
does not support coverage extension (for example, by reading
the master information blocks (MIBs) or system information
blocks (SIBs) of detected cells and, if the MIB or SIB for a
cell can be read, determining based at least in part on
information provided by the MIB or SIB whether the cell
supports coverage extension, the UE may refrain from coverage
extension access. In one or more embodiments of the
invention, the UE similarly refrains from coverage extension
access if it cannot positively determine that a detected eNB
supports coverage extension access. In such embodiments, if
the UE does not know the capabilities of cell, it will not
attempt coverage extension access.

Fig. 2 illustrates a process 200 according to an
embodiment of the present invention. The process 200 1is
presented here as blocks which, it will be understood, may be
implemented as method steps and which may be implemented at
least in part through the actions of a processor under the
control of computer software. Except where specified, the
blocks need not be performed in seguence.

At block 202, a UE capable of coverage extension access
determines that it needs to initiate access to a cell using
coverage extension techniques. At block 204, the UE attempts
to detect cells other than the serving cell to which it is to
attempt access, with the cells being manifested as eNBs. The
attempt to detect cells is made whether or not the cells meet
the criteria for an access attempt. One exemplary criterion
for detection of a cell may be the ability by the UE to read
the physical cell identifier (PCI) of the cell.

At Dblock 206, the UE attempts to read the system
information block (SIB) for each of the detected cells (other
than the desired serving cell). At Dblock 208, the UE
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determines for each cell whether the attempt to read the MIB
or SIB has been successful. If, for any cell, successful
reading of the MIBR or SIB has not been accomplished, the
process proceeds to block 210 and the UE refrains from
attempting coverage extension access. The process then
terminates at block 250. If the MIB or SIB for each cell has
been read successfully, the process proceeds to block 212,
and the UE attempts to determine (for example, by examining
information provided by the MIB or SIB whether any of the
cells do not support coverage extension. If any cell is
determined not to support coverage extension, the process
proceeds to block 210, and, as above, the UE refrains from
attempting access using coverage extension and the process
goes on to terminate at block 250. If all <cells are
determined to support coverage extension and no further
evaluation is to be made, the process proceeds to block 220
and the UE proceeds to use coverage extension techniques to
attempt access, with the process then terminating at block
260.

Depending on design choice, however, a further
evaluation may be made, in which power characteristics of the
detected cells are compared against (for example) a threshold
or against power characteristics of the cell to which access
is to be attempted. In such a case, the process proceeds to
block 222 and the UE measures the reference signal received
power (RSRP) of each detected cell. At Dblock 224, the UE
evaluates the RSRP for each cell, comparing the RSRP for the
cell against a reference. The reference may be a
predetermined threshold, or may be the RSRP of the
prospective serving cell, diminished by an offset. The
evaluation determines whether the RSRP of a detected cell is
greater than the reference. If the measured power of a cell
(as manifested by the RSRP) is greater than the reference,

this indicates that there 1is gsufficient overlap between
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signaling between the cell and the UE that the UE presents a
risk of interference to the cell. If the measured RSRP of
any cell 1is greater than the reference, the process returns
to block 210 and the UE does not attempt access using
coverage extension techniques. If no detected cell exhibits
a measured RSRP greater than the reference, the process
returns to block 220 and the UE attempts access using
coverage extension techniques, with the process terminating
at block 260.

Reference 1is now made to Figure 3 for illustrating a
simplified block diagram of a base station, such as an eNB
300, and a user device, such as a UE 350, suitable for use in
practicing the exemplary embodiments of this invention. In
Figure 3 an apparatus, such as the eNB 300, is adapted for
communication with other apparatuses having wireless
communication capability, such as the UE 350.

The eNB 300 includes processing means such as at least
one data processor (DP) 302, storing means such as at least
one computer-readable memory (MEM) 304 storing data 306 and
at least one computer program (PROG) 308 or other set of
executable instructions, communicating means such as a
transmitter TX 310 and a receiver RX 312 for bidirectional
wireless communications with the UE 350 wvia one or more
antennas 314.

The UE 350 includes processing means such as at least
one data processor (DP) 352, storing means such as at least
one computer-readable memory (MEM) 354 storing data 356 and
at least one computer program (PROG) 358 or other set of
executable instructions, communicating means such as a
transmitter TX 360 and a receiver RX 362 for bidirectional
wireless communications with the eNB 300 wvia one or more
antennas 364.

At least one of the PROGs 308 in the eNRBR 300 is assumed

to include a set of program instructions that, when executed
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by the associated DP 302, enable the device to operate in
accordance with the exemplary embodiments of this invention,
as detailed above. In these regards the exemplary
embodiments of this invention may be implemented at least in
part by computer software stored on the MEM 304, which is
executable by the DP 302 of the eNB 300, or by hardware, or
by a combination of tangibly stored software and hardware
(and tangibly stored firmware).

Similarly, at least one of the PROGs 358 in the UE 350
is assumed to include a set of program instructions that,
when executed by the associated DP 352, enable the device to
operate in accordance with the exemplary embodiments of this
invention, as detailed above. 1In these regards the exemplary
embodiments of this invention may be implemented at least in
part by computer software stored on the MEM 354, which is
executable by the DP 352 of the UE 350, or by hardware, or by
a combination of tangibly stored software and hardware (and
tangibly stored firmware). Electronic devices implementing
these aspects of the invention need not be the entire devices
as depicted at Figures 1 or 3 or may be one or more
components of same such as the above described tangibly
stored software, hardware, firmware and DP, or a system on a
chip SOC or an application specific integrated circuit ASIC.

In general, the various embodiments of the UE 350 can
include, but are not limited to personal portable digital
devices having wireless communication capabilities, including
but not limited to cellular telephones, navigation devices,
laptop/palmtop/tablet computers, digital cameras and music
devices, and Internet appliances.

While various exemplary embodiments have been described
above it should be appreciated that the practice of the
invention is not limited to the exemplary embodiments shown
and discussed here. Various modifications and adaptations to

the foregoing exemplary embodiments of this invention may
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become apparent to those skilled in the relevant arts in view
of the foregoing description.

Further, some of the various features of the above non-
limiting embodiments may be used to advantage without the
corresponding use of other described features.

The foregoing description should therefore be considered
as merely illustrative of the principles, teachings and
exemplary embodiments of this invention, and not in

limitation thereof.
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Claims:

1. An apparatus comprising:

at least one processor;

memory storing a program of instructions.

wherein the memory storing the program of instructions
is configured to, with the at least one processor, cause the
apparatus to at least:

control a wuser device needing to gain access to a
prospective serving cell to detect one or more additional
cells within range;

control the user device to, for each detected cell,
attempt to establish whether the detected cell supports
coverage extension access; and

control the user device to, 1f one or more of the
detected cells does not support coverage extension access,
refrain from attempting access to the prospective serving

cell using coverage extension techniques.

2. The apparatus of claim 1, wherein attempting to
establish whether a detected cell supports coverage extension
access comprises attempting to read the master or system

information block of the detected cell.

3. The apparatus of claim 2, wherein the apparatus is
further caused to control the user device, upon failure to
read the master or system information block of one or more
detected cells, to refrain from attempting access to the

prospective serving cell using coverage extension techniques.

4, The apparatus of claim 2, wherein the apparatus is
further caused to control the user device to, upon
successfully reading the master or system information block
of each detected cell, attempt to determine, for each

detected cell, if the detected cell supports coverage
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extension access and, if each detected cell supports coverage
extension access, attempt access to the prospective serving

cell using coverage extension techniques.

5. The apparatus of claim 2, wherein the apparatus is
further caused to control the user device to, if each
detected cell supports coverage extension access:

measure power characteristics of each detected cell;

evaluate the power characteristics of each detected cell
against a criterion; and

if the power characteristics of one or more detected
cells do not meet the criterion, refrain from attempting

access using coverage extension techniques.

6. The apparatus of claim 5, wherein evaluating the
power characteristics of a cell against a criterion comprises

comparing the power characteristics against a reference.

7. The apparatus of claim 5, wherein the power
characteristics of a cell comprise reference signal received
power of the cell and comparing the power characteristics
against a reference comprises determining if the reference

signal received power exceeds the reference.
8. The apparatus of claim 7, wherein the reference is
the reference signal received power of the ©prospective

serving cell, adjusted by an offset.

9. The apparatus of claim 7, wherein the reference 1is

a predetermined threshold.

10. A method comprising:
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controlling a user device needing to gain access to a
prospective serving cell to detect one or more additional
cells within range;

controlling the user device to, for each detected cell,
attempt to establish whether the detected cell supports
coverage extension access; and

controlling the user device to, if one or more of the
detected cells does not support coverage extension access,
refrain from attempting access to the prospective serving

cell using coverage extension techniques.

11. The method of c¢laim 10, wherein attempting to
establish whether a detected cell supports coverage extension
access comprises attempting to read the master or system

information block of the detected cell.

12. The method of claim 11, wherein the apparatus is
further caused to control the user device, upon failure to
read the system information block of one or more detected
cells, to refrain from attempting access to the prospective

serving cell using coverage extension techniques.

13. The method of claim 11, wherein the apparatus is
further caused to control the user device to, upon
successfully reading the master or system information block
of each detected cell, attempt to determine, for each
detected cell, if it supports coverage extension access and,
if each detected cell supports coverage extension access,
attempt access to the prospective serving cell using coverage

extension techniques.

14. The method of claim 11, wherein the apparatus is
further caused to control the user device to, if each

detected cell supports coverage extension access:
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measure power characteristics of each detected cell;

evaluate the power characteristics of each detected cell
against a criterion; and

if the power characteristics of one or more detected
cells do not meet the criterion, refrain from attempting

access using coverage extension techniques.

15. The method of c¢laim 14, wherein evaluating the
power characteristics of a cell against a criterion comprises

comparing the power characteristics against a reference.

l16. The method of c¢laim 14, wherein the power
characteristics of a cell comprise reference signal received
power of the cell and comparing the power characteristics
against a reference comprises determining if the reference

signal received power exceeds the reference.

17. A computer readable medium storing a program of
instructions, execution of which by a processor configures an
apparatus to at least:

control a wuser device needing to gain access to a
prospective serving cell to detect one or more cells within
range;

control the user device to, for each detected cell,
attempt to establish whether the detected cell supports
coverage extension access; and

control the user device to, 1f one or more of the
detected cells does not support coverage extension access,
refrain from attempting access to the prospective serving

cell using coverage extension techniques.

18. The apparatus of claim 17, wherein attempting to

establish whether a detected cell supports coverage extension
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access comprises attempting to read the system information

block of the detected cell.

19. The apparatus of claim 18, wherein the apparatus is
further caused to control the user device, upon failure to
read the system information block of one or more detected
cells, to refrain from attempting access to the prospective

serving cell using coverage extension techniques.

20. The apparatus of claim 18, wherein the apparatus is
further caused to control the user device to, upon
successfully reading the system information block of each
detected cell, gquery each detected cell to determine if it
supports coverage extension access and, if each detected cell
supports coverage extension access, attempt access to the

prospective serving cell using coverage extension techniques.
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