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(57) Abstract: Embodiments described herein relate generally to a communication between a user equipment (UE) and an evolved
Node B (eNB) that are both running in Enhanced Coverage (EC) mode. The UE and eNB may communicate in a contention-based
random access procedure having an EC level that may be used to determine the number of times an RA preamble may be sent, and
o one or more RA response opportunity windows that may be used to receive one or more RA responses. Other embodiments may be
described and/or claimed.
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CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S. Patent Application No. 14/861,828 entitled
“RANDOM ACCESS PROCEDURE FOR ENHANCED COVERAGE SUPPORT,” filed
September 22, 2015, which claims priority to U.S. Provisional Patent Application No.
62/145,335 entitled “Random Access Procedure for Enhanced Coverage Support” filed
April 9, 2015. The entire disclosures of which are hereby incorporated by reference in
their entireties for all purposes, except for those sections, if any, that are inconsistent with
this specification.

FIELD

Embodiments of the present disclosure relate generally to the field of wireless
communications, and more particularly, to computer devices operable to implement a
contention-based random access procedure.

BACKGROUND

The background description provided herein is for the purpose of generally
presenting the context of the disclosure. Work of the presently named inventors, to the
extent it is described in this background section, as well as aspects of the description that
may not otherwise qualify as prior art at the time of filing, are neither expressly nor
impliedly admitted as prior art against the present disclosure. Unless otherwise indicated
herein, the approaches described in this section are not prior art to the claims in the present
disclosure and are not admitted to be prior art by their inclusion in this section.

Machine-type communication (MTC) technology may enable ubiquitous
computing environments as progress moves towards the concept of the “Internet of
Things” (IoT). Potential MTC-based applications include smart metering, healthcare
monitoring, remote security surveillance, intelligent transportation systems, individual
item inventory control, and so forth. These services and applications may stimulate the
design and development of a new type of MTC device that may be seamlessly integrated
into current and future generation mobile broadband networks.

Existing mobile broadband networks are designed to optimize performance mainly
for human-type communications. Therefore, existing networks may not be adapted or
optimized for MTC-related requirements. MTC-specific designs may be explored, for
example, by the Third Generation Partnership Project (3GPP). Future 3GPP specifications
may support different network design, which may improve MTC.
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For example, in 3GPP release 12 a new physical layer UE category, referred to as
Category 0, was introduced into the E-UTRA specifications. This UE category has
lower capabilities, for example in terms of peak data rate capability and in terms of
transmission and reception performance due to support of only a single antenna, than
the previous lowest Category 1. One of the aims for introducing Category O is to enable
lower cost user equipment (UE) for MTC applications.

In 3GPP release 13 a new physical layer UE category (Category X) is being
introduced having even lower capability and lower cost, compared to Category 0 added in
release 12. In addition, an Enhanced Coverage (EC) feature is being introduced to
increase the link budget by up to 15 decibels (dB). The EC feature will enable the E-
UTRAN to communicate with UEs that are located in challenging locations where
currently coverage cannot be provided or is difficult to provide to UEs, for example
deep inside a building, in a basement, inside a pallet of goods and the like. Category X
and EC are targeted to UEs primarily used for MTC applications. Category X and EC
may be independently implemented and a UE may support either one or both.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments of the disclosure are illustrated by way of example and not by
way of limitation in the figures of the accompanying drawings in which like references
indicate similar elements. It should be noted that references to “an” or “one” embodiment
of the disclosure are not necessarily to the same embodiment, and they may mean at least
one. It should also be noted that references to an “example” are references to non-limiting
examples, unless otherwise stated.

Figure 1 illustrates a communication message flow between an evolved Node B
(eNB) and a user equipment (UE) using EC mode, in accordance with various
embodiments.

Figure 2A illustrates a process for a contention-based random access procedure
performed by a UE using EC functionality, in accordance with various embodiments.

Figure 2B illustrates a process for contention-based random access procedure
performed by a UE using EC functionality, in accordance with various embodiments.

Figures 3A, 3B, and 3C are diagrams illustrating frame structures that may be used
for implementing random access response (RAR) opportunities within an EC RAR

window that may be used by a UE and an eNB, in accordance with various embodiments.
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Figure 4 is a diagram illustrating frame structures for implementing a different
modification period for the system information (SI) addressed to a UE in EC mode, in
accordance with various embodiments.

Figure 5 is a block diagram illustrating a computing device adapted to operate in a
wireless communication network in EC mode, in accordance with various embodiments.

Figure 6 illustrates electronic device circuitry that may be eNB circuitry, UE
circuitry, or some other type of circuitry in accordance with various embodiments.

Figure 7 illustrates, for one embodiment, an example system comprising radio
frequency (RF) circuitry, baseband circuitry, application circuitry, memory/storage,
display, camera, sensor, and input/output (I/O) interface, coupled with each other at least
as shown.

DETAILED DESCRIPTION

In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof wherein like numerals designate like parts throughout,
and in which is shown by way of illustration embodiments that may be practiced. It is to
be understood that other embodiments may be utilized and structural or logical changes
may be made without departing from the scope of the present disclosure. Therefore, the
following detailed description is not to be taken in a limiting sense, and the scope of
embodiments is defined by the appended claims and their equivalents.

Various operations may be described as multiple discrete actions or operations in
turn, in a manner that is most helpful in understanding the claimed subject matter.
However, the order of description should not be construed as to imply that these
operations are necessarily order dependent. In particular, these operations may not be
performed in the order of presentation. Operations described may be performed in a
different order than the described embodiment. Various additional operations may be
performed and/or described operations may be omitted in additional embodiments.

For the purposes of the present disclosure, the phrases “A or B” and “A and/or B”
means (A), (B), or (A and B). For the purposes of the present disclosure, the phrase “A,
B, and/or C” means (A), (B), (C), (A and B), (A and C), (B and C), or (A, B, and C).

The description may use the phrases “in an embodiment,” or “in embodiments,”
which may each refer to one or more of the same or different embodiments. Furthermore,
the terms “comprising,” “including,” “having,” and the like, as used with respect to

embodiments of the present disclosure, are synonymous.
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As used herein, the terms “module” and/or “logic” may refer to, be part of, or
include an Application Specific Integrated Circuit (ASIC), an electronic circuit, a
processor (shared, dedicated, or group), and/or memory (shared, dedicated, or group) that
execute one or more software or firmware programs, a combinational logic circuit, and/or
other suitable hardware components that provide the described functionality.

As used herein, the term “circuitry” may refer to, be part of, or include an ASIC,
an electronic circuit, a processor (shared, dedicated, or group), and/or memory (shared,
dedicated, or group) that execute one or more software or firmware
programs, a combinational logic circuit, and/or other suitable hardware components that
provide the described functionality. In some embodiments, circuitry may be implemented
in, or functions associated with the circuitry may be implemented by, one or more
software or firmware modules.

In embodiments, the disclosure herein may refer to processes, apparatus, and/or
techniques for enhancing machine-to-machine communication related to the random
access procedure process between an evolved NodeB (eNB) and a user equipment (UE)
running in EC mode. These embodiments may include associating multiple levels with an
EC mode, and for each level identifying a number of repetitions of messages sent between
the UE and the eNB, as well as different power levels that may be used by the UE to
attempt communication with an eNB depending upon the EC mode level. In addition,
embodiments may include adding additional random access response (RAR) opportunity
windows to receive and decode multiple RAR’s that may be sent in response to multiple
random access preambles. Also, embodiments may include support for a different
modification period for the SI messages addressed to release-13 LC UEs and release-13
EC UEs.

In embodiments, UEs using this solution may operate in reduced bandwidth
regions, such as 1.4MHz in release-13, or may operate in more narrowband regions, such
as 200kHz. The eNB may also operate at higher system bandwidth.

Figure 1 illustrates a communication message flow between a UE and an eNB
using EC mode, in accordance with various embodiments. Diagram 100 may include a
UE 102 and wireless communication with an access node such as eNB 104. The UE 102
and the eNB 104 may be in communication to establish a radio resource control (RRC)

connection using a contention-based RA procedure in EC mode.
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An EC random access (RA) preamble assignment 106 may be sent from the eNB
104 to the UE 102. In embodiments, the RA preamble assignment 106 may include
random access configuration information related to release 13 LC (low cost) UEs and
release 13 EC mode UEs and may be broadcasted through system information (SI), or may
be pre-defined in the UE 102. Random access configuration information, in embodiments,
may include an EC level to be used by the UE 102, a value indicating the number of
additional repetitions of each EC mode message allowed for that EC level, and/or one or
more power levels to be used for repeated communication attempts.

An EC RA preamble 108 may be sent from the UE 102 to the eNB 104. An EC
RAR message 110 may be sent by the eNB 104 in response to the EC RA preamble 108,
within an EC RAR window which, in embodiments, may be received in a plurality of
contiguous subframes. The contents of the EC RA preamble 108 may determine the
random access radio network temporary identifier (RA-RNTTI) that the UE 102 may look
for in EC RA response (EC RAR) message 110 subframes received from the eNB 104.

In embodiments, the eNB 104 may have flexibility regarding the location within
the EC RAR window the EC RAR message 110 is transmitted. In embodiments, the UE
102 may search for a RA-RNTTI on a physical downlink control channel (PDCCH). In
embodiments, the PDCCH received by UE in EC mode may be different from legacy
PDCCHs. For example, the legacy PDCCH may be sent within the whole system
bandwidth in the first OFDMA symbols of a subframe. However, for EC mode, the
PDCCH may be sent in reduced bandwidth region within the legacy PDCCH.

The EC RAR message 110 may include a random access preamble identifier
(RAPID) and a temporary cell radio network temporary identifier (T-CRNTTI).

An EC scheduled transmission 112 may be sent by the UE 102 to the eNB 104. In
embodiments, if the EC RAR message 110 is received in sub-frame n, the UE 102 may
send a scheduled data item via physical uplink shared channel (PUSCH) in subframe n+k,
k>6. The UE 102 may further apply Hybrid Automatic Repeat Request (HARQ) with
maxHARQ-Msg3Tx. The UE 102 may also start a timer such as timer T300 for RRC
connection request and monitor for T-CRNTI on PDCCH. Finally, the UE 102 may start
mac-ContentionResolutionTimer. In embodiments, the mac-ContentionResolutionTimer
may be restarted at each HARQ retransmission.

An EC contention resolution message 114 may be sent by the eNB 104 to the UE
102. In embodiments, the T-CRNTI is used in PDCCH and HARQ may be applied for the
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associated PDSCH by eNB 104. In embodiments, the UE 102 may send HARQ feedback
only on PUCCH when it detects its own UE 102 identity as provided in the EC scheduled
transmission 112. In embodiments, the EC contention resolution message 114 may be
received by UE 102 while mac-ContentionResolutionTimer is running. If EC contention
resolution message 114 is received successfully, the UE 102 Contention Resolution
Identity MAC CE may contain the UL common control channel (CCCH) service data unit
(SDU) of the EC contention resolution message 114.

In embodiments, advantages of the communications in EC mode described above
may include a greater likelihood of an RRC connection establishment between a UE and
eNB, particularly when the UE is implemented as part of [oT. Advantages may also
include providing a greater likelihood of an RRC connection establishment while using
less power, for example by ramping up power used by the UE to the point where the RA
procedure is able to establish an RRC connection, where the UE does not have to
continuously operate a maximum power. In addition, through supporting repeated
attempts for transmissions between the UE and the eNB during the RA procedure, the
likelihood of an RRC connection establishment is greatly increased.

Figure 2A illustrates a process for a contention-based random access procedure
performed by a UE using EC functionality, in accordance with various embodiments. The
process 200 describes various processes described above in more detail. The process 200
may be performed by a UE, for example UE 102, used in EC mode operation in
accordance with various embodiments. In some embodiments, the UE may include one or
more non-transitory computer-readable media having instructions, stored thereon, that
when executed cause the UE to perform the process 200.

The process may start at block 202.

At block 204, the UE 102 may receive random access procedure (RACH)
configuration information from an eNB 104. In embodiments, the configuration
information may be received by the UE 102 from the EC RA preamble assignment
message 1006, for example when the UE 102 is in idle mode and capable of EC mode. The
configuration information may be broadcasted through SI by the eNB 104. In other
embodiments, the configuration information may have been previously stored in the UE
102.

At block 206, the UE 102 may initialize RA related elements. In embodiments, the

UE may initialize related elements similar to legacy RA mechanisms. In embodiments,
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new RA related parameters for EC mode UEs may be initialized. The RA related
parameters may be, for example EC level, initial power level, or number of times to repeat
a message.

At block 208, the UE 102 may make a determination related to whether criteria are
met for the UE to start EC mode, or if a legacy RA procedure may be started. In
embodiments, the UE 102 may decide which RA procedure mode may be used by
information defined in specification, stored on the UE, and/or indicated to the UE
through broadcast or dedicated messages. In examples, new rules, conditions, or criteria
may be defined. For example, a rule may be defined that a UE having one or more
unsuccessful completions under a legacy RA procedure may attempt to use EC
RA procedure.

In other non-limiting examples, threshold values may be used to trigger or
determine when a UE should use an EC RA procedure. These threshold values could be
defined based on some UE specific parameter, such as measured reference signal received
power (RSRP), measured reference signal received quality (RSRQ), preamble
transmission counter value or physical random access channel
(PRACH) preamble transmission power.

In other non-limiting examples, the determination may be based on the predefined
category/capability specific information that is stored at the UE 102. For example, UE
Category X may be required to always use EC RA procedures, or alternatively UE
Category X may be allowed to use EC RA procedure based on other criteria in addition to
its category.

If the criteria are not met to start EC mode, then at block 210 the UE 102 may use
the legacy RA procedure. The process 200 may then end at block 234.

Otherwise, if the criteria are met to start EC mode, then at block 212 the UE 102
may use EC mode for the RA procedure and identify the starting EC level. In
embodiments, the UE 102 may identify the EC level to use based on a stored value within
the UE 102, or by receiving and/or decoding EC level information sent by the eNB 104 in
the EC RA preamble assignment 106. The EC level may be important for a variety of
reasons. For example, the RA related configuration may need to be updated based on the
EC level. The maximum UL transmit power may be chosen directly with any EC level, or
RA preambles and/or configurations may be based on the identified EC level. The EC

level may also be associated with a specific number of message repetitions that are
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available to the UE 102 while attempting to communicate with the eNB. As a result, the
RA procedure may use, for example, a number of repeated messages, with each
subsequent repeat using an increased power level, or power ramp-up, when attempting to
establish an RRC connection. Other aspects related to the RA message resource allocation
information within the EC RA preamble assignment 106 may include details of frequency
hopping, the group of sequences that may be used for the preamble transmission if the UE
is in EC mode, and/or if different EC levels are identified by their preamble sequences.

At block 214, the UE 102 may send an RA preamble and corresponding copies of
the RA preamble based on the identified EC level. In embodiments, the RA preamble may
be repeatedly sent for a number of times based on the identified EC level. In
embodiments, the RA preamble group and/or subgroup, RA preamble time resource
(PRACH subframes), frequency resources, and the like may depend on the identified
EC level, as well as the subframes where the UE 102 sends the multiple copies of the EC
RA preamble to allow the network to combine the multiple EC RA preamble copies. In
embodiments, there may be a maximum of n preamble copies sent, n depending on the
identified EC level. In embodiments, the UE 102 may determine the RA-RNTI based on
the identified EC level, RA preamble, and RA preamble time and frequency resource.

At block 216, the UE 102 may begin to receive and/or to combine resources to
receive an EC RAR message 110. In embodiments, the resource location of the EC RAR
message 110 may be known by the UE after determining release 13 RA-RNTI, through a
release 13 enhanced physical downlink control channel (ePDCCH) addressed to a group
of UEs that attempt to access with same EC level or EC RA preamble 108, or through a
release 13 ePDCCH addressed to specific UE or based on pre-configured/pre-
defined information that is pre-defined and/or broadcasted in an SI message. In addition,
the EC RAR message 110 could be a release 13 RAR different for that EC level or could
be UE specific or a new kind of EC RAR message 110 that may carry the random access
response. This process might be done only once, or repeated several times if a release 13
EC RAR-window concept is also defined and/or extended, as described below.

At block 218, the UE 102 may determine whether the EC RAR message 110
addressed to the UE was successfully decoded within a window of time. In embodiments,
the window of time may be the EC window value. In embodiments, the window of time

may vary based on the EC level, for example it may be proportional to the EC level
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identified or may be based on the maximum number of preamble repetitions allowed for
the EC level.

If the EC RAR message 110 was successfully decoded within a window of time,
then at block 220 the process goes to block 252 of Figure 2B.

Otherwise, if the EC RAR message 110 was not successfully decoded within a
window of time, then at block 222 the transmission counter may be incremented by one.
In embodiments, the EC RAR message 110 may not have been successfully decoded
because it may not have been sent by the eNB, or may have been sent but may not have
contained the RAPID that the UE included in the EC RA preamble 108.

At block 224, the UE 102 may determine if the transmission counter is equal to the
maximum transmission count for the current EC level. If the transmission counter is equal
to the maximum transmission count for the current EC level, then at block 230 the UE 102
may determine that the EC RA procedure has unsuccessfully completed. In embodiments,
this may occur if the maximum number of attempts is reached for the highest EC level. In
embodiments, the UE may inform the RRC upper layers about the RA failure, and the
upper layers may initiate the EC RA procedure again at a later time. Based on the
previous RA failure, the RA procedure may be initiated by changing the EC level, for
example incrementing the EC level, to a level more suitable for when the UE is deeper
within the enhanced coverage region of the cell such as deep within a building. At block
232, the process 200 may end.

Otherwise, if the transmission counter is not equal to the maximum transmission
count for the current EC level, then at block 226 the UE 102 may wait for the back-off
time to expire for the EC level. In embodiments, the UE may try to send the EC RA
preamble 108 again. For example, this may be done after applying preamble power
ramping if specified or configured for EC. In embodiments, a transmission counter may be
used to place a limit on the maximum number of PRACH preamble transmission trials for
the current EC level. In embodiments, a transmission counter may determine when the
UE may switch to another EC level, for example to a higher EC level which may allow for
more message repetitions or a higher power level.

At block 228, the UE 102 may increment the transmission counter by 1, and the
process 200 may proceed to block 212.

Figure 2B illustrates a process 250 for contention-based random access procedure

performed by a UE using EC functionality, in accordance with various embodiments. The
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process 250 may be performed by a UE (e.g., UE 102) for EC mode operation in
accordance with various embodiments. In some embodiments, the UE may include one or
more non-transitory computer-readable media having instructions, stored thereon, that
when executed cause the UE to perform the process 250.

At block 252, the process 250 may continue from block 220 of Figure 2A.

At block 254, the UE 102 may wait until the end of the EC window. In
embodiments, the UE may wait until the end of the EC window before it starts
transmitting the EC Scheduled Transmission message 112. In embodiments, for any
particular EC level identified, as described for example in block 212, that EC level may
have an associated number of repetitions identifying the number of times the EC RAR
message 110 has been sent. If the UE is able to decode the EC RAR message 110 earlier
than the number of times the EC RAR message 110 has been sent, the UE may wait for the
amount of time it may take the last EC RAR message 110 to be received. In
embodiments, the UL allocation of the EC scheduled transmission 112 may be scheduled
only after the last repetition of the EC RAR message 110 is sent by the eNB.

At block 256, the UE 102 may send a scheduled transmission, for example an RRC
connection request, to the eNB.

At block 258 the UE 102 may, after an identified time, begin to receive the
contention resolution message.

At block 260, the UE 102 may determine if the contention resolution message
addressed to the UE has been successfully received. A process similar to the EC RA
procedure, as described above, may be applied or extended if the RA procedure fails in
contention resolution phase 114. In embodiments, this may occur if the EC scheduled
transmission 112 was not correctly received at the eNB or if the EC scheduled
transmission 112 from the given UE collided with another EC scheduled transmission 112
and only the other UE’s EC scheduled transmission 112 was detected. For the latter case,
the given UE may receive the EC contention resolution message 114 from the eNB but
may determine that it was not addressed to that specific UE.

In other embodiments, a concept similar to legacy mac-
ContentionResolutionTimer may be applied if EC contention resolution 114 is
not received while using EC mode. In these embodiments, the value of this timer
may scale or may be updated based on how long the EC repetitions of the scheduled

transmission 112 are expected to take. This may occur when the EC scheduled
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transmission 112 was not correctly received by the eNB or the eNB received and
responded but the EC contention resolution 114 was not received successfully at the UE.

If the UE 102 determines that the contention resolution message has been
successfully received, then at block 264 the process 250 may end.

If the UE 102 determines that the contention resolution message has not been
successfully received, then the process may proceed to block 262 which then may return
the process to block 208 of Figure 2A.

In embodiments, when the EC contention resolution 114 fails, the UE may apply
an analogous procedure to resend the RA preamble with incrementing or re-initializing
the preamble transmission counter. For the option of re-initialization of the preamble
transmission counter, the UE may restart the RA process again as in the case of legacy
operation.

In embodiments, if the network conditions may have changed since the previous
RA trial, the process may allow the UE to switch to legacy procedure instead of EC
procedure, or vice versa. Additionally, the updated network conditions may tell the UE to
start from different EC level.

For the embodiments described herein, for simplicity, the use of the contention-
based RA procedure for EC mode by a UE in RRC_IDLE may be shown, for example
initiating an RRC connection. However, the contention-based RA procedure for EC mode
may also be used by a UE in RRC_CONNECTED. In addition, for simplicity, legacy
names may be used for the new release 13 EC RA parameters and embodied procedures.
However, this should not be restricted to these names, as some of the names may refer to
same parameters as used in the legacy RA procedure or may also refer to completely new
and different parameters that get defined to fulfil the same functionality explained herein.

For example, in embodiments the UE may select the RA resources differently
depending on whether the UE uses the legacy RA procedure or the EC RA procedure. In
addition, for the EC RA procedure, different values of the legacy RA parameters or even
different or new parameters may be defined for EC mode or for each EC level. For
example, back-off time, which may be a parameter involved in the RA procedure, may
have one or more different values per EC level or different parameters might be defined
for each EC level. In another example, the PREAMBLE TRANS MAX value may be
updated or a new parameter may be defined to trigger when the legacy RA procedure may

pass to the EC RA procedure. Alternatively, power ramping for preamble transmission
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may not be considered when EC mode is used in RA procedure, as the UE may use
maximum transmit power in challenging locations with poor coverage. In embodiments,
the new release 13 criteria or conditions may be defined in the specification or may

be broadcasted for the UE to know which parameters or values should be used for EC RA
procedure or for a specific EC RA level.

Figures 3A, 3B, and 3C are diagrams illustrating example frame structures for
implementing RAR opportunities within an EC RAR window that may be used by a UE
when receiving an EC RAR, in accordance with various embodiments.

In Figure 3A, diagram 300 shows one implementation of an EC RAR window 304
within a sequence of frames 302. In embodiments, the EC RAR window 304 may start k
subframes after the EC RA preamble transmission 108 is supposed to finish. In
embodiments, k may be defined to a value of 3, for example, to accommodate devices
operating in accordance with legacy long term evolution (LTE) RA procedures, or it may
be a greater value, for example, in order to account for increased processing requirements
for the eNB to support a reduced bandwidth UEs and EC mode.

In embodiments, the EC RAR window 304 may contain one or more EC
RAR opportunities 306. The number of EC RAR opportunities 306a, 306b, 306¢ within
the EC RAR window 304 may be defined in the specification or may be broadcasted as
part of the EC RA Preamble assignment 106. In embodiments, the first EC RAR 306a
may start at the same sub-frame as the EC RAR window 304. The length of the EC RAR
opportunity 306a may vary. For example, the length may depend on the number of
repetitions required for the EC level, or on how many of the subframes in the EC RAR
opportunity 306a carry an actual EC RAR message 110. In embodiments, this may be due
to the EC RAR message 110 being repeated multiple times due to repeated transmissions
permitted by the EC level. Diagram 300 shows an example where all of the subframes in
the EC RAR opportunities 306a, 306b, 306¢ carry an EC RAR message 110.

In embodiments, the first transmission of the EC RA preamble 106 for a specific
EC level may occur within multiple RA preamble sub frames 302a. In embodiments,

a specific EC RA preamble 302al may be sent in specific time and frequencies, (i.e.
resources) for the eNB to know that the UE is using a certain EC level. In embodiments,
the EC RA preamble may also identify whether this UE is release 13 LC. In

embodiments, subsequent transmissions of the EC RA preamble 302a2 may use the EC
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RACH process for a specific EC level. For example, the subsequent transmissions of the
EC RA preamble 302a2 may be in different subframes (not shown).

In embodiments, after one or more transmissions of the EC RA preamble 302a, the
UE may wait k subframes before starting the EC RAR window 304.

In embodiments, the RAR opportunities 306 may have the same number of frames
as the EC RAR window. In some embodiments, within the EC RAR window 304, there
may be a first EC RAR opportunity 306a. UE may combine the EC RAR related
resources of each sub-frame within the first EC RAR opportunity 306a so that the EC
RAR message 110 may be decoded. In embodiments, the UE may then look for a RA-
RNTTI and, if the RA-RNTI is found, the UE may then look for the RAR message.

In embodiments, the second EC RAR opportunity 306b of the EC RAR window
306 may be identified. In embodiments, this may be in response to subsequent
transmissions of the EC RAR message 110, for example a response to one of the EC RA
preamble 108 repetitions, where the number of repetitions may be identified based on EC
level.

In embodiments, UE 102 using a certain EC level may require x 310 and y 308 EC
total repetitions for the uplink and downlink directions respectively, where x 310 or y 308
may have the same or different values for uplink and downlink. In these embodiments, the
EC repetitions are consecutive.

In embodiments, after the EC RAR message 110 has been successfully decoded,
for example using data received from the second EC RAR opportunity 306b, the UE may
wait z 312 subframes before sending an EC scheduled transmission 112 in the UL in
accordance with the allocated grant from the decoded EC RAR message 110. In this
example, the other EC RAR opportunity 306¢ may be ignored because the UE has already
successfully decoded the RAR message from the eNB.

In embodiments, EC RAR window 304 may be formed in a number of ways. For
example, the EC RAR window 304 may be formed by EC RAR opportunities 306a, 306b,
306¢ of one specific EC level. In embodiments, UEs that may be checking that EC RAR
window would have the same EC level requirement. As a result, the network might have a
different EC RAR window 304 region for each EC level, which may have different
locations in time, frequency and/or number of EC required repetitions.

In embodiments, EC RAR opportunities 306a, 306b, 306¢c may differ based on
different EC levels. In these embodiments, the network may indicate or the 3GPP
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LTE specification may define which EC level may correspond to each
EC RAR opportunity (not shown). In embodiments, all opportunities of the same EC level
may be located consecutively or they may be alternated.

In Figure 3B diagram 325 shows an example of an EC RAR window where not all
subframes in the EC RAR opportunities 306a, 306b, 306¢ carry an EC RAR message 110.
For example, UE 102 may be using an EC level that may require x 316 and y 314 EC total
repetitions for each downlink and uplink direction respectively, where x 316 and y 314
may have the same or different values. In this example, EC repetitions are not in
consecutive subframes.

In Figure 3C, diagram 350 shows embodiments where the length of the EC RAR
opportunities 306a, 306b, 306¢ may also vary if, in addition to the EC RAR message
110, an RA control indicator (EC RA-RNTI) is received. For example, in the second EC
RAR opportunity window 318, the RA control identifier 318a is prepended to the RAR
message 318b. In this example 350, the EC repetitions are consecutive. In embodiments
the RA control identifier 318a area may be used for other RAR messaging.

The additional message added to the RAR opportunity window may be due to
repetitions of the Physical Downlink Control Channel (PDCCH) for MTC that may be
based on release 13 enhanced physical downlink control channel (ePDCCH). The
downlink control information (DCI) carried by this PDCCH, with its cyclic redundancy
check CRC scrambled with the EC RA-RNTI, may schedule the transmission of the RAR
message using cross-sub-frame scheduling.

In embodiments (not shown), some EC RA parameters, such as EC RA preamble,
EC RAR window, and EC RAR opportunity, may be defined differently depending on the
EC level, for example 5 decibels (dB) EC vs 10dB EC. Examples may include different
starting times, different allocation of frequency resources, or number of EC repetitions
required.

Additionally, in embodiments, the number of EC repetitions for each RA message
sent between the UE and eNB in EC mode may be the same or may differ for each
message. In embodiments, the number of repetitions may differ, based on the number of
repetitions of one or more of the previous messages sent between the UE and eNB in EC
mode. For example, the number of repetitions for the EC RAR message 110 may be a
function of the number of repetitions for EC RA preamble 108, with an adjustment based

on the difference between the downlink and uplink timing. In another example,
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the number of repetitions for the EC scheduled transmission 112 may be indicated in the
EC RAR message 110 or may be otherwise specified.

Figure 4 is a diagram illustrating frame structures for implementing a different
modification period for the SI addressed to a UE in EC mode, in accordance with various
embodiments.

Diagram 400 shows, in embodiments, an rSIB1 which may be used for release 13
low complexity and delay tolerant UEs, such as release 13 LC UE and release 13 UEs
capable of using EC mode. For this rSIB1 that contains cell specific configuration
information may be changed same as for legacy SIBs at instances other than that of the N
+ k * M frame 404. In embodiments, implementing an rSIB1 may have the advantage of
lessening the impact and restrictions on legacy network behavior.

In embodiments, a first rSIB, rSIB1 406, may have the same modification period
as legacy SIBs and the rSIB1 406 also may be updated at the N+M frame 408. In
embodiments, other rSIBs 410 which do not contain cell specific configuration
information may be changed less frequently, for example less often with longer
modification periods. In embodiments, rSIB1 406 and other SIBs 412 may have the same
modification period and may be updated at the end of the N + k * M frame 404.

Figure 5 illustrates a simplified block diagram of UE 102 of Fig. 1 in accordance
with various embodiments of the disclosure. As shown in Figure 5, UE 102 includes a
processor 510, radio frequency (RF) circuitry 540 and a memory 520. The processor 510
may include one or more single-core or multi-core processors, and may include any
combination of general-purpose processors and dedicated processors (e.g. graphics
processors, application processors, baseband processors, etc.). In accordance with various
embodiments, the processor 510 (and in particular, a baseband chipset of the processor
510) may include configuration logic. The configuration logic may be operable to identify
an initial EC level that is to be used during a contention-based RA procedure, the EC level
having at least an associated power level, window of time, and number of send attempts.
The configuration logic may be operable to send a first message to a radio access network
(RAN) based on the identified EC level. The configuration logic may be operable to
determine whether a second message from the RAN in response to the first message is
received within the window of time. The configuration logic may be operable to, if the
second message is received from the eNB within the window of time, decode the received

second message. The configuration logic may be operable to, if the second message is not
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received from the eNB within the window of time, re-send the first message to the RAN
and track a number of times the first message has been sent using a transmission counter
having a numerical value; and output an indication that the EC RA procedure did not
complete successfully based on determination of a whether the second message is received
within a window of time and a comparison of the transmission counter to a transmission
threshold value.

The RF circuitry 540 may be coupled to the processor 510, for example via a
bus 530, and may be used to transmit or receive data.

The memory 520 may include one or more non-transitory, computer-readable
media having instructions stored thereon, and the instructions when executed by the
processor 510 may cause UE 102 to perform the operations described above in connection
with the processor 510. However, this is only illustrative rather than limiting; those of
ordinary skill in the art will appreciate alternative implementations in software, hardware,
firmware, or any combination thereof.

Figure 6 illustrates electronic device circuitry 602 that may be eNB circuitry, UE
circuitry, or some other type of circuitry in accordance with various embodiments. In
embodiments, the electronic device circuitry 602 may be, or may be incorporated into or
otherwise a part of, an eNB, a UE, or some other type of electronic device. In
embodiments, the electronic device circuitry 602 may include radio transmit circuitry and
receive circuitry coupled to control circuitry 606. In embodiments, the transmit 604
and/or receive circuitry 608 may be elements or modules of transceiver circuitry, as
shown. The electronic device circuitry 602 may be coupled with one or more plurality
of antenna elements of one or more antennas 610. The electronic device circuitry and/or
the components of the electronic device circuitry may be configured to perform operations
similar to those described elsewhere in this disclosure.

In embodiments where the electronic device circuitry 602 is a UE or is part of or
otherwise incorporated into a UE, the UE may be capable of operation in accordance with
EC mode. The control circuitry 606 may be to identify the EC mode. The control
circuitry 606 may be further to operate in accordance with the EC mode. The transmit 604
and/or receive circuitry 608 may be to send and/or receive one or more signals or
transmissions in accordance with the EC mode.

In embodiments where the electronic device circuitry 602 is an eNB or is part of or

otherwise incorporated into an eNB the electronic device may be capable of operation of
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different modification periods for transmission and update of SI. The control circuitry 606
may be to identify a modification period from a plurality of modification periods.

The transmit circuitry 604 may be to transmit a transmission and/or update of SI in
accordance with the identified modification period.

As used herein, the term "circuitry" may refer to, be part of, or include
an Application Specific Integrated Circuit (ASIC), an electronic circuit, a processor
(shared, dedicated, or group), and/or memory (shared, dedicated, or group) that execute
one or more software or firmware programs, a combinational logic circuit, and/or other
suitable hardware components that provide the described functionality. In some
embodiments, the electronic device circuitry 602 may be implemented in, or functions
associated with the circuitry may be implemented by, one or more software or firmware
modules.

Embodiments described herein may be implemented into a system using any
suitably configured hardware and/or software. Figure 7 illustrates, for one embodiment,
an example system 702 comprising RF circuitry 704, baseband circuitry 706, application
circuitry 708, memory/storage 710, display 712, camera 714, sensor 716, and input/output
(I/0) interface 718, coupled with each other at least as shown.

The application circuitry 708 may include circuitry such as, but not limited to,
one or more single-core or multi-core processors. The processor(s) may include any
combination of general-purpose processors and dedicated processors (e.g., graphics
processors, application processors, etc.). The processors may be coupled with
memory/storage and configured to execute instructions stored in the memory/storage to
enable various applications and/or operating systems running on the system.

The baseband circuitry 706 may include circuitry such as, but not limited to, one or
more single-core or multi-core processors. The processor(s) may include a
baseband processor. The baseband circuitry 706 may handle various radio control
functions that enables communication with one or more radio networks via the RF
circuitry. The radio control functions may include, but are not limited to, signal
modulation, encoding, decoding, radio frequency shifting, etc. In some embodiments, the
baseband circuitry 706 may provide for communication compatible with one or more radio
technologies. For example, in some embodiments, the baseband circuitry 706 may
support communication with an evolved universal terrestrial radio access network

(EUTRAN) and/or other wireless metropolitan area networks (WMAN), a wireless local
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area network (WLAN), a wireless personal area network (WPAN). Embodiments in which
the baseband circuitry is configured to support radio communications of more than one
wireless protocol may be referred to as multi-mode baseband circuitry.

In various embodiments, baseband circuitry 706 may include circuitry to
operate with signals that are not strictly considered as being in a baseband frequency. For
example, in some embodiments, baseband circuitry 706 may include circuitry to operate
with signals having an intermediate frequency, which is between a baseband frequency
and a radio frequency.

RF circuitry 704 may enable communication with wireless networks
using modulated electromagnetic radiation through a non-solid medium. In various
embodiments, the RF circuitry 704 may include switches, filters, amplifiers, etc. to
facilitate the communication with the wireless network.

In various embodiments, RF circuitry 704 may include circuitry to operate
with signals that are not strictly considered as being in a radio frequency. For example, in
some embodiments, RF circuitry 704 may include circuitry to operate with signals having
an intermediate frequency, which is between a baseband frequency and a radio frequency.

In various embodiments, transmit circuitry 604, control circuitry 606, and/or
receive circuitry 608 discussed or described herein may be embodied in whole or in part in
one or more of the RF circuitry, the baseband circuitry, and/or the application circuitry.
As used herein, the term "circuitry" may refer to, be part of, or include an ASIC, an
electronic circuit, a processor (shared, dedicated, or group), and/or memory
(shared, dedicated, or group) that execute one or more software or firmware
programs, a combinational logic circuit, and/or other suitable hardware components that
provide the described functionality. In some embodiments, the electronic device circuitry
may be implemented in, or functions associated with the circuitry may be implemented by,
one or more software or firmware modules.

In some embodiments, some or all of the constituent components of the
baseband circuitry, the application circuitry, and/or the memory/storage may be
implemented together on a system on a chip (SOC).

Memory/storage 710 may be used to load and store data and/or instructions,
for example, for system. Memory/storage 710 for one embodiment may include any
combination of suitable volatile memory (e.g., dynamic random access memory (DRAM))

and/or non-volatile memory (e.g., Flash memory).
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In various embodiments, the I/O interface 718 may include one or more
user interfaces designed to enable user interaction with the system and/or peripheral
component interfaces designed to enable peripheral component interaction with the
system. User interfaces may include, but are not limited to a physical keyboard or keypad,
a touchpad, a speaker, a microphone, etc. Peripheral component interfaces may include,
but are not limited to, a non-volatile memory port, a universal serial bus (USB) port, an
audio jack, and a power supply interface.

In various embodiments sensor 716 may include one or more sensing
devices to determine environmental conditions and/or location information related to the
system. In some embodiments, the sensors 716 may include, but are not limited to, a
gyro sensor, an accelerometer, a proximity sensor, an ambient light sensor, and a
positioning unit. The positioning unit may also be part of, or interact with, the baseband
circuitry 706a and/or RF circuitry 704 to communicate with components of a positioning
network, e.g., a global positioning system (GPS) satellite.

In various embodiments, the display 712 may include a liquid crystal display,
a touch screen display, and the like.

In various embodiments, the system 702 may be a mobile computing
device such as, but not limited to, a laptop computing device, a tablet computing device, a
netbook, an ultrabook, a smartphone, etc. In various embodiments, system may have more
or less components, and/or different architectures.

In various embodiments, the system 702 may be a mobile computing
device such as, but not limited to, a laptop computing device, a tablet computing device, a
netbook, an ultrabook, a smartphone, etc. In various embodiments, system may have more
or less components, and/or different architectures. For example, in some embodiments the
RF circuitry 704 and/or the baseband circuitry 706 may be embodied in communication
circuitry (not shown). The communication circuitry may include circuitry such as, but not
limited to, one or more single-core or multi-core processors and logic circuits to provide
signal processing techniques, for example, encoding, modulation, filtering, converting,
amplifying, etc., suitable to the appropriate communication interface over which
communications will take place. The communication circuitry may communicate
over wireline, optical, or wireless communication mediums. In embodiments in which the
system is configured for wireless communication, the communication circuitry may

include the RF circuitry and/or baseband circuitry to provide for
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communication compatible with one or more radio technologies. For example, in some
embodiments, the communication circuitry may support communication with an evolved
universal terrestrial radio access network (EUTRAN) and/or other wireless metropolitan
area networks (WMAN), a wireless local area network (WLAN), a wireless personal area
network (WPAN).

Embodiments of the technology herein may be described as related to the 3GPP
long term evolution (LTE) or LTE-advanced (LTE-A) standards. For example, terms or
entities such as eNB, mobility management entity (MME), UE, etc. may be used that may
be viewed as LTE-related terms or entities. However, in other embodiments the
technology may be used in or related to other wireless technologies such as the Institute of
Electrical and Electronic Engineers (IEEE) 802.16 wireless technology (WiMax), IEEE
802.11 wireless technology (WiF1), various other wireless technologies such as global
system for mobile communications (GSM), enhanced data rates for GSM evolution
(EDGE), GSM EDGE radio access network (GERAN), universal
mobile telecommunications system (UMTS), UMTS terrestrial radio access network
(UTRAN), or other 2G, 3G, 4G, 5G, etc. technologies either already developed or to be
developed. In those embodiments, where LTE-related terms such as eNB, MME, UE, etc.
are used, one or more entities or components may be used that may be considered to be
equivalent or approximately equivalent to one or more of the LTE-based terms or entities.

Some non-limiting examples may include the following:

Example 1 may include a user equipment (UE) capable of operation in accordance
with enhanced coverage (EC) mode, the UE comprising: control circuitry to: identify the
EC mode; and operate in accordance with the EC mode; and transmit and/or receive
circuitry coupled with the control circuitry, the transmit and/or receive circuitry to send
and/or receive one or more signals or transmissions in accordance with the EC mode.

Example 2 may include the subject matter of Example 1 or some other example
herein, wherein the control circuitry, transmit circuitry, and/or receive circuitry are further
to transmit, receive, and/or combine multiple repetitions of a message to enhance its
coverage.

Example 3 may include the subject matter of Example 1 or some other example
herein, wherein the UE is to operate on normal system bandwidth (BW) as well as reduced

BW within the whole system BW.
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Example 4 may include the subject matter of Example 1 or some other example
herein, wherein the UE is to operate with delay tolerant machine type
communications (MTC).

Example 5 may include the subject matter of Example 1 or some other example
herein, wherein the UE may trigger the usage of one or more different EC levels based
on a desired coverage enhancement.

Example 6 may include the subject matter of Example 1 or some other example
herein, wherein the UE may use EC mode for a random access (RA) procedure.

Example 7 may include the subject matter of Example 6 or some other example
herein, wherein the UE may use EC mode for contention-based RA procedure.

Example 8 may include the subject matter of Example 6 or some other example
herein, wherein the trigger events to use EC mode for RA procedure may be related to or
based on a desired EC level.

Example 9 may include the subject matter of Example 6 or some other example
herein, wherein the trigger to use EC mode for RA procedure may be based on or related
to a failure of a normal (legacy) RA procedure.

Example 10 may include the subject matter of Example 6 or some other example
herein, wherein the trigger to use EC mode for RA procedure may be related to or based
on reaching a certain threshold, criteria or condition such as, maximum number of
preamble transmissions, maximum preamble transmission power or thresholds for
measured reference signal power/quality (RSRP/RSRQ).

Example 11 may include the subject matter of Example 6 or some other example
herein, wherein the UE may use different RA configuration information depending on the
EC level.

Example 12 may include the subject matter of Example 6 or some other example
herein, wherein the control circuitry may trigger the usage of EC mode due to failure of
the reception of RA message 2 (RAR).

Example 13 may include the subject matter of Example 6 or some other example
herein, wherein the UE may trigger the usage of EC mode due to failure of the reception
of RA message 4 (such as, RRC Connection Setup).

Example 14 may include the subject matter of Example 6 or some other example

herein, wherein the UE may use enhanced coverage random access response (EC RAR)
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window to monitor the RA message 2 (RAR) sent in response to RA message 1
(RA preamble).

Example 15 may include the subject matter of Example 14 or some other example
herein, wherein EC RAR opportunities may be defined within the EC RAR window.

Example 16 may include the subject matter of Example 14 or some other example
herein, wherein the repetitions of the RA message 2 may be scheduled with a known
pattern i.e. predefined or preconfigured within the EC RAR opportunities.

Example 17 may include the subject matter of Example 14 or some other example
herein, wherein repetitions of the RA message 2 may not be included in all subframes
within the EC RAR opportunities.

Example 18 may include the subject matter of Example 14 or some other example
herein, wherein within the EC RAR opportunities control information carrying the EC RA
control identifier (i.e. EC RA radio network temporary identifier (RNTI)) as well as the
EC RA message 2 (RAR) is transmitted.

Example 19 may include the subject matter of Example 18 or some other example
herein, wherein the UE may not need to receive EC RA message 2 if no control
information is received that includes the EC RA RNTI that is addressed to the UE.

Example 20 may include an evolved NodeB (eNB) capable of operation of
different modification periods for transmission and update of system information (SI), the
eNB comprising: control circuitry to identify a modification period from a plurality of
modification periods; and transmit circuitry to transmit a transmission and/or update of SI
in accordance with the identified modification period.

Example 21 may include the subject matter of Example 20 or some other example
herein, wherein the eNB may be capable to operate a cell in normal mode and in EC mode.

Example 22 may include the subject matter of Example 20 or some other example
herein, wherein the eNB may define different modification periods for transmission and
update of system information specific to normal mode and EC mode.

Example 23 may include the subject matter of Example 20 or some other example
herein, wherein the eNB may define the modification periods for SI parameters specific to
the cell configuration with same value as normal (legacy) UEs.

Example 24 may include a method comprising determining by the UE of Examples
1-19, or of some other example herein, to choose between the legacy RA proc. and EC RA

proc. based on certain thresholds, criteria, configurations and/or requirements.
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Example 25 may include the subject matter of Example 24 or some other example
herein, wherein the thresholds, criteria, configurations and/requirements are either
preconfigured in the UE or signaled to the UE by the network using unicast
and/or broadcast messages.

Example 26 may include the subject matter of Example 24, or of some other
example herein, comprising repetition of RA message 1 (preamble) to support UEs
requiring EC.

Example 27 may include the subject matter of Example 26 or some other example
herein, further comprising of corresponding repetitions of the subsequent RA responses
and messages to support the UEs requiring EC.

Example 28 may include a method for the eNB in Examples 20-23 or some other
example herein, notifying the UEs of Examples 1-19 of the certain thresholds, criteria,
configurations and/or requirements for the EC UEs using dedicated, unicast or broadcast
messaging.

Example 29 may include an apparatus comprising means to perform one or more
elements of a method described in or related to any of examples 24-28, or any other
example, method or process described herein.

Example 30 may include one or more non-transitory computer-readable media
comprising instructions to cause an electronic device, upon execution of the instructions
by one or more processors of the electronic device, to perform one or more elements of a
method described in or related to any of examples 24-28, or any other example, method or
process described herein.

Example 31 may include an apparatus comprising control circuitry, transmit
circuitry, and/or receive circuitry to perform one or more elements of a method described
in or related to any of examples 24-28, or any other example, method or process described
herein.

Example 32 may include a method of communicating in a wireless network as
shown and described herein.

Example 33 may include a system for providing wireless communication as shown
and described herein.

Example 34 may include a device for providing wireless communication as shown

and described herein.
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Example 35 is an apparatus to be employed in a user equipment, UE, the apparatus
comprising: one or more processors; a memory coupled to the one or more processors
having instructions thereon that when executed cause the processors to: identify an initial
enhanced coverage, EC, level that is to be used in a radio cell during a contention-based
random access, RA, procedure, the EC level having at least an associated power level,
window of time, and number of send attempts; send a first message to a radio access
network, RAN, based on the identified EC level; determine whether a second message
from the RAN in response to the first message is received within the window of time; if
the second message is received from the eNB within the window of time, decode the
received second message; and if the second message is not received from the eNB within
the window of time: re-send the first message to the RAN.

Example 36 may include the subject matter of Example 35 or some other example
herein, wherein the RAN includes at least one enhanced NodeB, eNB.

Example 37 may include the subject matter of Example 35 or some other example
herein, wherein re-send the first message to the RAN further comprises: track a number of
times the first message has been sent using a transmission counter having a numerical
value; and output an indication that the RA EC procedure did not complete successfully
based on determination of a whether the second message is received within a window of
time and a comparison of the transmission counter to a transmission threshold value.

Example 38 may include the subject matter of Example 35 or some other example
herein, wherein the first message is a random access, RA, preamble and the second
message is a random access response, RAR.

Example 39 may include the subject matter of Example 35 or some other example
herein, wherein an initial EC level is configured in the UE or is received in a system
information block, SIB.

Example 40 may include the subject matter of Example 39 or some other example
herein, wherein the SIB is received in a higher bandwidth or in a reduced bandwidth.

Example 41 may include the subject matter of Example 35 or some other example
herein, wherein the power level at which the first message is sent is based on one or more
of the value of the transmission counter, or the value of the EC level.

Example 42 may include the subject matter of Example 35 or some other example

herein, wherein re-send the first message further includes power ramping.
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Example 43 may include the subject matter of Example 42 or some other example
herein, wherein the power ramping includes increasing the power to a maximum power
level associated with the EC level.

Example 44 may include the subject matter of Example 35 or some other example
herein, wherein the window of time is dependent at least on a number of EC RAR
opportunities defined within an EC RAR window and/or the number of send attempts for
the EC level.

Example 45 may include the subject matter of Example 35 or some other example
herein, wherein re-send the first message to the RAN further comprises: include a delay
time before re-sending the first message, the delay being one of a function of at least the
EC level.

Example 46 may include the subject matter of any one of Examples 35-45 or some
other example herein, wherein the UE may be capable to operate in a normal coverage
mode and in EC mode.

Example 47 is an apparatus to be employed in an evolved NodeB, eNB, the
apparatus comprising: one or more processors; a memory coupled to the one or more
processors having instructions thereon that when executed cause the processors to:
determine enhanced coverage, EC, levels to be used in a radio cell during a contention-
based random access, RA, procedure, send, in a system information block, SIB, to a user
equipment, UE, located in the radio cell, an indication of the determined EC levels;
receive an RA preamble from a UE, responsive to the RA preamble, transmit a random
access response, RAR, message.

Example 48 may include the subject matter of Example 47 or some other example
herein, wherein send in a SIB an indication of the determined EC levels further includes
send in a reduced bandwidth of 1.4 megahertz or 200 kilohertz.

Example 49 may include the subject matter of Example 47 or some other example
herein, wherein the eNB may be to operate a radio cell in normal coverage mode and in
EC mode.

Example 50 is an apparatus to be employed in a user equipment, UE, the apparatus
comprising: logic circuitry to identify an enhanced coverage, EC level; transmit circuitry
to send to a radio access network, RAN, a random access, RA, preamble based on the
identified EC level; logic circuitry to identify an EC random access response, RAR,

window region having a plurality of subframes.
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Example 51 may include the subject matter of Example 50 or some other example
herein, further comprising: logic circuitry to identify an EC random access response, RAR,
window region having a plurality of subframes, the EC RAR window region including one
or more EC RAR opportunities, each being a contiguous group of subframes, the first EC
RAR opportunity beginning at the same sub-frame as the beginning of the RAR window
region and beginning K subframes after the RA preamble was sent.

Example 52 may include the subject matter of Example 51 or some other example
herein, further comprising receive circuitry to: receive, from the RAN, a candidate RAR in
the first EC RAR opportunity; until a candidate RAR is able to be decoded, receive, from
the RAN, a candidate RAR from an EC RAR opportunity; and if a candidate RAR is able
to be decoded, send, to the RAN, an RRC connection request.

Example 53 may include the subject matter of Example 50 or some other example
herein, wherein the EC RAR window region is dependent on a value: defined in the
specification, broadcast as a part of the SI message, associated with the EC level, or
associated with the number of the subframes in EC RAR opportunities that contain an
RAR message.

Example 54 is an evolved NodeB, eNB, comprising: control circuitry to identify a
system information, SI, modification period associated with a radio cell configuration
from a plurality of SI modification periods when in reduced bandwidth mode; and transmit
circuitry coupled with the control circuitry, the transmit circuitry to transmit an SI
message in accordance with the identified modification period.

Example 55 may include the subject matter of Example 54 or some other example
herein, wherein the control circuitry and transmit circuitry are to operate in normal
coverage mode and/or in EC mode.

Example 56 may include the subject matter of Example 54 or some other example
herein, wherein the control circuitry further defines the modification periods for
SI parameters associated with the radio cell configuration with a same value as a normal
coverage user equipment, UE.

Example 57 is one or more non-transitory computer-readable media comprising
instructions that cause a user equipment, UE, in response to execution of the instructions
by the computing device, to: identify an initial enhanced coverage, EC, level that is to be
used in a radio cell during a contention-based random access, RA, procedure, the EC level

having at least an associated power level, window of time, and number of send attempts;
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send a first message to a radio access network, RAN, based on the identified EC level,
determine whether a second message from the RAN in response to the first message is
received within the window of time; if the second message is received from the eNB
within the window of time, decode the received second message; and if the second
message is not received from the eNB within the window of time, re-send the first
message to the RAN.

Example 58 may include the subject matter of Example 57 or some other example
herein, wherein the RAN includes at least one enhanced NodeB, eNB.

Example 59 may include the subject matter or Example 57 or some other example
herein, wherein re-send the first message to the RAN further comprises: track a number of
times the first message has been sent using a transmission counter having a numerical
value; and output an indication that the RA EC procedure did not complete successfully
based on determination of whether the second message is received within a window of
time and a comparison of the transmission counter to a transmission threshold value.

Example 60 may include the subject matter of Example 57 or some other example
herein, wherein the first message is a random access, RA, preamble and the second
message is a random access response, RAR.

Example 61 may include the subject matter of Example 57 or some other example
herein, wherein an initial EC level is configured in the UE or is received in a system
information block, SIB.

Example 62 may include the subject matter of Example 61 or some other example
herein, wherein the SIB is received in a higher bandwidth or in a reduced bandwidth.

Example 63 may include the subject matter of Example 57 or some other example
herein, wherein the power level at which the first message is sent is based on one or more
of the value of the transmission counter, or the value of the EC level.

Example 64 may include the subject matter of Example 57 or some other example
herein, wherein re-send the first message further includes power ramping.

Example 65 may include the subject matter of Example 64 or some other example
herein, wherein the power ramping includes increasing the power to a maximum power
level associated with the EC level.

Example 66 may include the subject matter of Example 57 or some other example

herein, wherein the window of time is dependent at least on a number of EC RAR
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opportunities defined within an EC RAR window and/or the number of send attempts for
the EC level.

Example 67 may include the subject matter of Example 57 or some other example
herein, wherein re-send the first message to the RAN further comprises: include a delay
time before re-sending the first message, the delay being one of a function of at least the
EC level.

Example 68 may include the subject matter of any one of Examples 57-67 or some
other example herein, wherein the UE may be capable to operate in a normal coverage
mode and in EC mode.

Example 69 is one or more non-transitory computer-readable media comprising
instructions that cause an enhanced enodeB, eNB, in response to execution of the
instructions by the computing device, to: determine enhanced coverage, EC, levels to be
used in a radio cell during a contention-based random access, RA, procedure, send, in a
system information block, SIB, to a user equipment, UE, located in the radio cell, an
indication of the determined EC levels; receive an RA preamble from a UE, responsive to
the RA preamble, transmit a random access response, RAR.

Example 70 may include the subject matter of Example 69 or some other example
herein, wherein send in a SIB an indication of the determined EC levels further includes
send in a higher bandwidth or in a reduced bandwidth.

Example 71 may include the subject matter of Example 69 or some other example
herein, wherein the eNB may be to operate a radio cell in normal coverage mode and in
EC mode.

Some portions of the preceding detailed description have been presented in terms
of algorithms and symbolic representations of operations on data bits within a computer
memory. These algorithmic descriptions and representations are the ways used by those
skilled in the data processing arts to most effectively convey the substance of their work to
others skilled in the arts. An algorithm is here, and generally, conceived to be a self-
consistent sequence of operations leading to a desired result. The operations are those
requiring physical manipulations of physical quantities.

It should be borne in mind, however, that all of these and similar terms are to be
associated with the appropriate physical quantities and are merely convenient labels
applied to these quantities. Unless specifically stated otherwise as apparent from the

above discussion, it is appreciated that throughout the description, discussions utilizing
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terms such as those set forth in the claims below refer to the action and processes of a
computer system, or similar electronic computing device, that manipulates and transforms
data represented as physical (electronic) quantities within the computer system’s registers
and memories into other data similarly represented as physical quantities within the
computer system memories or registers or other such information storage, transmission, or
display devices.

Embodiments of the disclosure also relate to an apparatus for performing the
operations herein. Such a computer program is stored in a non-transitory computer-
readable medium. A machine-readable medium includes any mechanism for storing
information in a form readable by a machine (e.g., a computer). For example, a machine-
readable (e.g., computer-readable) medium includes a machine- (e.g., a computer-)
readable storage medium (e.g., read only memory (ROM), random access memory
(RAM), magnetic disk storage media, optical storage media, flash memory devices).

The processes or methods depicted in the preceding figures can be performed by
processing logic that comprises hardware (e.g., circuitry, dedicated logic, etc.), software
(e.g., embodied on a non-transitory computer-readable medium), or a combination of both.
Although the processes or methods are described above in terms of some sequential
operations, it should be appreciated that some of the operations described can be
performed in a different order. Moreover, some operations can be performed in parallel
rather than sequentially.

Embodiments of the present disclosure are not described with reference to any
particular programming language. It will be appreciated that a variety of programming
languages can be used to implement the teachings of embodiments of the disclosure as
described herein. In the foregoing Specification, embodiments of the disclosure have been
described with reference to specific exemplary embodiments thereof. It will be evident
that various modifications can be made thereto without departing from the broader spirit
and scope of the disclosure as set forth in the following claims. The Specification and
drawings are, accordingly, to be regarded in an illustrative sense rather than a restrictive

sense.
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CLAIMS
What is claimed is:
1. An apparatus to be employed in a user equipment, UE, the apparatus
comprising:
one or more processors;
a memory coupled to the one or more processors having instructions thereon that
when executed cause the processors to:
identify an initial enhanced coverage, EC, level that is to be used in a radio
cell during a contention-based random access, RA, procedure, the EC level having at least
an associated power level, window of time, and number of send attempts;
send a first message to a radio access network, RAN, based on the
identified EC level,
determine whether a second message from the RAN in response to the
first message is received within the window of time;
if the second message is received from the eNB within the window of
time, decode the received second message; and
if the second message is not received from the eNB within the window of
time:
re-send the first message to the RAN.
2. The apparatus of claim 1, wherein the RAN includes at least one enhanced
NodeB, eNB.
3. The apparatus of claim 1, wherein re-send the first message to the RAN
further comprises:
track a number of times the first message has been sent using a transmission
counter having a numerical value; and
output an indication that the RA EC procedure did not complete successfully based
on determination of a whether the second message is received within a window of time
and a comparison of the transmission counter to a transmission threshold value.
4. The apparatus of claim 1, wherein the first message is a random access, RA,
preamble and the second message is a random access response, RAR.
5. The apparatus of claim 1, wherein an initial EC level is configured in the UE or

is received in a system information block, SIB.
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6. The apparatus of claim 5, wherein the SIB is received in a higher bandwidth or
in a reduced bandwidth.

7. The apparatus of claim 1, wherein the power level at which the first message is
sent is based on one or more of: the value of the transmission counter, or the value of the
EC level.

8. The apparatus of claim 1, wherein re-send the first message further includes
power ramping.

9. The apparatus of claim 8, wherein the power ramping includes increasing the
power to a maximum power level associated with the EC level.

10. The apparatus of claim 1, wherein the window of time is dependent at least on
a number of EC RAR opportunities defined within an EC RAR window and/or the number
of send attempts for the EC level.

11. The apparatus of claim 1, wherein re-send the first message to the RAN
further comprises: include a delay time before re-sending the first message, the delay
being one of a function of at least the EC level.

12. The apparatus of any one of claims 1-11, wherein the UE may be capable to
operate in a normal coverage mode and in EC mode.

13. An apparatus to be employed in an evolved NodeB, eNB, the apparatus
comprising:

one or more processors;

a memory coupled to the one or more processors having instructions thereon that
when executed cause the processors to:

determine enhanced coverage, EC, levels to be used in a radio cell during a
contention-based random access, RA, procedure,

send, in a system information block, SIB, to a user equipment, UE, located in the
radio cell, an indication of the determined EC levels;

receive an RA preamble from a UE,

responsive to the RA preamble, transmit a random access response, RAR, message.

14. The eNB of claim 13, wherein send in a SIB an indication of the determined
EC levels further includes send in a reduced bandwidth of 1.4 megahertz or 200 kilohertz.

15. The eNB of claim 13, wherein the eNB may be to operate a radio cell in

normal coverage mode and in EC mode.
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16. An apparatus to be employed in a user equipment, UE, the apparatus
comprising:
logic circuitry to identify an enhanced coverage, EC level,
transmit circuitry to send to a radio access network, RAN, a random access,
RA, preamble based on the identified EC level,
logic circuitry to identify an EC random access response, RAR, window region
having a plurality of subframes.
17. The apparatus of claim 16, further comprising:
logic circuitry to identify an EC random access response, RAR, window region
having a plurality of subframes, the EC RAR window region including one or more EC
RAR opportunities, each being a contiguous group of subframes, the first EC RAR
opportunity beginning at the same sub-frame as the beginning of the RAR window region
and beginning K subframes after the RA preamble was sent.
18. The apparatus of claim 17, further comprising receive circuitry to:
receive, from the RAN, a candidate RAR in the first EC RAR opportunity;
until a candidate RAR is able to be decoded, receive, from the RAN, a
candidate RAR from an EC RAR opportunity; and
if a candidate RAR is able to be decoded, send, to the RAN, an RRC
connection request.
19. The apparatus of claim 16, wherein the EC RAR window region is dependent
on a value:
defined in the specification,
broadcast as a part of the SI message,
associated with the EC level, or
associated with the number of the subframes in EC RAR opportunities that contain
an RAR message.
20. An evolved NodeB, eNB, comprising:
control circuitry to identify a system information, SI, modification period
associated with a radio cell configuration from a plurality of SI modification periods when
in reduced bandwidth mode; and
transmit circuitry coupled with the control circuitry, the transmit circuitry to

transmit an SI message in accordance with the identified modification period.

32



10

15

20

25

30

WO 2016/164100 PCT/US2016/016429

21. The apparatus of claim 20, wherein the control circuitry and transmit circuitry
are to operate in normal coverage mode and/or in EC mode.

22. One or more non-transitory computer-readable media comprising instructions
that cause a user equipment, UE, in response to execution of the instructions by the
computing device, to:

identify an initial enhanced coverage, EC, level that is to be used in a radio cell
during a contention-based random access, RA, procedure, the EC level having at least an
associated power level, window of time, and number of send attempts;

send a first message to a radio access network, RAN, based on the identified EC
level;

determine whether a second message from the RAN in response to the first
message is received within the window of time;

if the second message is received from the eNB within the window of time, decode
the received second message; and

if the second message is not received from the eNB within the window of time, re-
send the first message to the RAN.

23. The one or more non-transitory computer-readable media of claim 22, wherein
the RAN includes at least one enhanced NodeB, eNB.

24. One or more non-transitory computer-readable media comprising instructions
that cause an enhanced enodeB, eNB, in response to execution of the instructions by the
computing device, to:

determine enhanced coverage, EC, levels to be used in a radio cell during a
contention-based random access, RA, procedure,

send, in a system information block, SIB, to a user equipment, UE, located in the
radio cell, an indication of the determined EC levels;

receive an RA preamble from a UE,

responsive to the RA preamble, transmit a random access response, RAR.
25. The one or more non-transitory computer-readable media of claim 24, wherein

the eNB may be to operate a radio cell in normal coverage mode and in EC mode.
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— L6 H A S AR ) L IR A B 0 o 75 S ] R, H 1A A% HL B 60 2 1] L RE AR A B 45 il it
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LI Bt HP AR MBI B o i #5604 7] LARR AR BT bR IR R A 2l i B R R IR ST A& il /B
L8
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B AH I IR e AT LA B — AN B 2 AN R B A R SE T
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HEL % 7041 3543 B ] DL 55 2 7 #8706 F / B RFHE 48 704 HE4T 22 H. , LA 5 52 7 W 2% () 204 (151
w1, A BREN R4 GPS) &) #HTiEE.
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B2 B D A A AR/ BN Y B
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PLER R ALIEAE MTO) .
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fih 2 AT LA 538 B AN B PR AR S BCSR A AH R EORT DAL T 38 B AN BIE AR AR L BSR AT, 6
W, s KRB AT AL s KT AR  BHTNEN S HEFE SR/ M E
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[0116]  JRH 11 AT EFE IR 6 B A ST — e HoAth 7R 5 32 8, v, UB W] AAR P EC S 2% 18 FH
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[0117]  JRH 1 27] EFE 7R IO B A ST — 8 A 7 48] (1) 32 8, v, o] o 5 1T B TP RAVH B,
2 (RAR) PRI 22UAC 1) 2 T T e . ECAS 2 ) 45 FH o
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[0121]  7RH16 ] EFE 7~ 461 1 ABLA SO — S At 7 461 1 32 7, o rp , RAYH S 21 B8 52 ] LA A
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FFEAEEC RARWLE N B BT i .
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[0131] IR 26 ] A FE 7~ B 24 BCAR ST — L8 oA 7R 48 1 32 8, A FERAYVH B 1 (R 32 48) 19 &
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[0134]  JREI29 7] (045 —Fh A & , O FE T AT /R 61 2428 (AR B s ] HEIA B B S
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