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Description
Title of Invention: TRANSMISSIONS OF DOWNLINK CONTROL

CHANNELS FOR LOW COST UES
Technical Field

[1] The present application relates generally to wireless communications and, more
specifically, to transmitting control channels to user equipments (UEs) and to

scheduling transmissions to or from UEs.

Background Art

2] Wireless communication has been one of the most successful innovations in modern
history. Recently, the number of subscribers to wireless communication services
exceeded five billion and continues to grow quickly. The demand of wireless data
traffic is rapidly increasing due to the growing popularity among consumers and
businesses of smart phones and other mobile data devices, such as tablets, “note pad”
computers, net books, eBook readers, and machine type of devices. In order to meet
the high growth in mobile data traffic and support new applications and deployments,

improvements in radio interface efficiency and coverage is of paramount importance.
Disclosure of Invention

Technical Problem
[3] There is a need in the art to improve radio interface efficiency and coverage in order
to meet the high growth in mobile data traffic and support new applications and de-

ployments.

Solution to Problem

(4] This disclosure provides methods and apparatus for transmitting control channels to
UESs and for scheduling transmissions to or from UEs.

[5] In a first embodiment, a base station is provided. The base station includes at least
one transmitter. The at least one transmitter is configured to transmit, in a first
subframe and within a first narrowband that includes six consecutive resource blocks
(RBs) in a downlink (DL) system bandwidth, a physical DL control channel (PDCCH).
Each RB includes a number of resource elements (REs) indexed in ascending order in
a frequency domain and the six consecutive RBs in the first narrowband are indexed in
ascending order according to the indexes of respective REs.

[6] In a second embodiment, a UE is provided. The user equipment includes at least one
receiver. The at least one receiver is configured to receive, in a first subframe and
within a first narrowband that includes six consecutive resource blocks (RBs) in a
downlink (DL) system bandwidth, a physical DL control channel (PDCCH). Each RB

includes a number of resource elements (REs) indexed in ascending order in a
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frequency domain and the six consecutive RBs in the first narrowband are indexed in

ascending order according to the indexes of respective REs.
In a third embodiment, a base station is provided. The base station includes at least

one transmitter and at least one receiver. The at least one transmitter is configured to
transmit within one or more first narrowbands of six RBs a PDCCH scheduling a
transmission of a PDSCH conveying one or more random access response (RAR)
messages, wherein each RAR message is associated with a random access preamble
transmission and includes scheduling information for a transmission of a physical
uplink shared channel (PUSCH) in a number of transmission time intervals (TTIs), and
wherein the scheduling information includes 20 binary elements when the PDSCH
transmission and the PUSCH transmission are according to a first CE mode and
includes 12 binary elements when the PDSCH transmission and the PUSCH
transmission are according to a second CE mode. The at least one receiver is
configured to receive the PUSCH according to the scheduling information.

In a fourth embodiment, a UE is provided. The user equipment includes at least one
receiver and at least one transmitter. The at least one receiver is configured to receive
within one or more first narrowbands of six RBs a PDCCH scheduling a transmission
of a PDSCH conveying one or more RAR messages, wherein each RAR message is as-
sociated with a random access preamble transmission and includes scheduling in-
formation for a transmission of a PUSCH in a number of TTIs, and wherein the
scheduling information includes 20 binary elements when the PDSCH transmission
and the PUSCH transmission are according to a first CE mode and includes 12 binary
elements when the PDSCH transmission and the PUSCH transmission are according to
a second CE mode. The at least one transmitter is configured to transmit the PUSCH

according to the scheduling information.

Advantageous Effects of Invention

According to this disclosure, methods and apparatus for transmitting control channels
to UEs and for scheduling transmissions to or from UEs are provided so that the radio
interface efficiency and coverage can be improved.
Brief Description of Drawings

For a more complete understanding of the present disclosure and its advantages,
reference is now made to the following description taken in conjunction with the ac-
companying drawings, in which like reference numerals represent like parts:

FIGURE 1 illustrates an example wireless communication network according to this
disclosure;

FIGURE 2 illustrates an example UE according to this disclosure;

FIGURE 3 illustrates an example enhanced NodeB (eNB) according to this
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disclosure;

[14] FIGURE 4 illustrates a DL SF structure according to this disclosure;

[15] FIGURE 5 illustrates a DMRS structure in one RB according to this disclosure;

[16] FIGURE 6 illustrates an encoding process for a DCI format according to this
disclosure;

[17] FIGURE 7 illustrates an decoding process for a DCI format according to this
disclosure;

[18] FIGURE 8 illustrates a random access process according to this disclosure;

[19] FIGURE 9 illustrates a mapping of an ECCE for an MPDCCH transmission
according to this disclosure;

[20] FIGURE 10 illustrates a multiplexing of MPDCCH transmissions to two LC/CE UEs
in a narrowband of 6 RBs according to this disclosure;

[21] FIGURE 11 illustrates a DMRS transmission for localized MPDCCH transmission to
a LC/CE UE in a RB according to this disclosure;

[22] FIGURE 12 illustrates an allocation of MPDCCH candidates for a LC/CE UE
according to this disclosure;

[23] FIGURE 13 illustrates a process for a configuration of RBs for MPDCCH reception
to a LC/CE UE according to this disclosure; and

[24] FIGURE 14 illustrates contents of an UL grant in a first RAR message corresponding
to a first CE mode and in a second RAR message corresponding to a second CE mode
according to this disclosure.
Best Mode for Carrying out the Invention

[25] Before undertaking the MODE FOR INVENTION, it can be advantageous to set

forth definitions of certain words and phrases used throughout this patent document.
The term “couple” and its derivatives refer to any direct or indirect communication
between two or more elements, whether or not those elements are in physical contact

9 <e

with one another. The terms “transmit,” “receive,” and “communicate,” as well as
derivatives thereof, encompass both direct and indirect communication. The terms
“include” and “comprise,” as well as derivatives thereof, mean inclusion without
limitation. The term “or” is inclusive, meaning and/or. The phrase “associated with,”
as well as derivatives thereof, means to include, be included within, interconnect with,
contain, be contained within, connect to or with, couple to or with, be communicable
with, cooperate with, interleave, juxtapose, be proximate to, be bound to or with, have,
have a property of, have a relationship to or with, or the like. The term “controller”
means any device, system or part thereof that controls at least one operation. Such a
controller can be implemented in hardware or a combination of hardware and software

and/or firmware. The functionality associated with any particular controller can be cen-
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tralized or distributed, whether locally or remotely. The phrase “at least one of,” when
used with a list of items, means that different combinations of one or more of the listed
items can be used, and only one item in the list can be needed. For example, “at least
one of: A, B, and C” includes any of the following combinations: A, B, C, A and B, A
and C, B and C, and A and B and C.

Moreover, various functions described below can be implemented or supported by
one or more computer programs, each of which is formed from computer readable
program code and embodied in a computer readable medium. The terms “application”
and “program” refer to one or more computer programs, software components, sets of
instructions, procedures, functions, objects, classes, instances, related data, or a portion
thereof adapted for implementation in a suitable computer readable program code. The
phrase “computer readable program code” includes any type of computer code,
including source code, object code, and executable code. The phrase “computer
readable medium” includes any type of medium capable of being accessed by a
computer, such as read only memory (ROM), random access memory (RAM), a hard
disk drive, a compact disc (CD), a digital video disc (DVD), or any other type of
memory. A “non-transitory” computer readable medium excludes wired, wireless,
optical, or other communication links that transport transitory electrical or other
signals. A non-transitory computer readable medium includes media where data can be
permanently stored and media where data can be stored and later overwritten, such as a
rewritable optical disc or an erasable memory device.

Definitions for other certain words and phrases are provided throughout this
disclosure. Those of ordinary skill in the art should understand that in many when not
most instances such definitions apply to prior as well as future uses of such defined
words and phrases.

FIGURES 1 through 14, discussed below, and the various embodiments used to
describe the principles of the present disclosure in this patent document are by way of
illustration only and should not be construed in any way to limit the scope of the
disclosure. Those skilled in the art will understand that the principles of the present
disclosure can be implemented in any suitably arranged wireless communication
system.

The following documents and standards descriptions are hereby incorporated by
reference into the present disclosure as when fully set forth herein: 3GPP TS 36.211
v12.4.0, “E-UTRA, Physical channels and modulation” (REF 1); 3GPP TS 36.212
v12.3.0, “E-UTRA, Multiplexing and Channel coding” (REF 2); 3GPP TS 36.213
v12.4.0, “E-UTRA, Physical Layer Procedures” (REF 3); 3GPP TS 36.321 v12.4.0,
“E-UTRA, Medium Access Control (MAC) protocol specification” (REF 4); and
3GPP TS 36.331 v12.4.0, “E-UTRA, Radio Resource Control (RRC) Protocol Speci-
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fication” (REF 5).

This disclosure relates to transmitting control channels to UEs and to scheduling
transmissions to or from UEs. A wireless communication network includes a DL that
conveys signals from transmission points, such as base stations or enhanced NodeBs
(eNBs), to UEs. The wireless communication network also includes an uplink (UL)
that conveys signals from UEs to reception points, such as eNBs.

FIGURE 1 illustrates an example wireless network 100 according to this disclosure.
The embodiment of the wireless network 100 shown in FIGURE 1 is for illustration
only. Other embodiments of the wireless network 100 could be used without departing
from the scope of this disclosure.

As shown in FIGURE 1, the wireless network 100 includes an eNB 101, an eNB 102,
and an eNB 103. The eNB 101 communicates with the eNB 102 and the eNB 103. The
eNB 101 also communicates with at least one Internet Protocol (IP) network 130, such
as the Internet, a proprietary IP network, or other data network.

Depending on the network type, other well-known terms can be used instead of
“NodeB” or “eNB,” such as “base station” or “access point.” For the sake of con-
venience, the terms “NodeB” and “eNB” are used in this patent document to refer to
network infrastructure components that provide wireless access to remote terminals.

Also, depending on the network type, other well-known terms can be used instead of

99 <e 9 <e

“user equipment” or “UE,” such as “mobile station,” “subscriber station,” “remote
terminal,” “wireless terminal,” or “user device.” A UE can be fixed or mobile and can
be a cellular phone, a personal computer device, and the like. For the sake of con-
venience, the terms “user equipment” and “UE” are used in this patent document to
refer to remote wireless equipment that wirelessly accesses an eNB, whether the UE is
a mobile device (such as a mobile telephone or smart-phone) or is normally considered
a stationary device (such as a desktop computer or vending machine).

The eNB 102 provides wireless broadband access to the network 130 for a first
plurality of UEs within a coverage area 120 of the eNB 102. The first plurality of UEs
includes a UE 111, which can be located in a small business (SB); a UE 112, which
can be located in an enterprise (E); a UE 113, which can be located in a WiFi hotspot
(HS); a UE 114, which can be located in a first residence (R); a UE 115, which can be
located in a second residence (R); and a UE 116, which can be a mobile device (M)
like a cell phone, a wireless laptop, a wireless PDA, or the like. The eNB 103 provides
wireless broadband access to the network 130 for a second plurality of UEs within a
coverage area 125 of the eNB 103. The second plurality of UEs includes the UE 115
and the UE 116. In some embodiments, one or more of the eNBs 101-103 can com-
municate with each other and with the UEs 111-116 using 5G, LTE, LTE-A, WiMAX,

or other advanced wireless communication techniques.
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Dotted lines show the approximate extents of the coverage areas 120 and 125, which
are shown as approximately circular for the purposes of illustration and explanation
only. It should be clearly understood that the coverage areas associated with eNBs,
such as the coverage areas 120 and 125, can have other shapes, including irregular
shapes, depending upon the configuration of the eNBs and variations in the radio en-
vironment associated with natural and man-made obstructions.

As described in more detail below, various components of the network 100, such as
the eNBs 101-103, support the adaptation of communication direction in the network
100, and can transmit control channels and schedule transmissions in order to com-
municate with one or more of UEs 111-116. In addition, one or more of UEs 111-116
are configured to support the adaptation of communication direction in the network
100, and to receive transmissions of control channels and scheduling of transmissions
from one or more of eNBs 101-103.

Although FIGURE 1 illustrates one example of a wireless network 100, various
changes can be made to FIGURE 1. For example, the wireless network 100 could
include any number of eNBs and any number of UEs in any suitable arrangement.
Also, the eNB 101 could communicate directly with any number of UEs and provide
those UEs with wireless broadband access to the network 130. Similarly, each eNB
102-103 could communicate directly with the network 130 and provide UEs with
direct wireless broadband access to the network 130. Further, the eNB 101, 102, and/or
103 could provide access to other or additional external networks, such as external
telephone networks or other types of data networks.

FIGURE 2 illustrates an example UE 114 according to this disclosure. The em-
bodiment of the UE 114 shown in FIGURE 2 is for illustration only, and the other UEs
in FIGURE 1 could have the same or similar configuration. However, UEs come in a
wide variety of configurations, and FIGURE 2 does not limit the scope of this
disclosure to any particular implementation of a UE.

As shown in FIGURE 2, the UE 114 includes an antenna 203, a radio frequency (RF)
transceiver 210, transmit (TX) processing circuitry 215, a microphone 220, and receive
(RX) processing circuitry 225. The UE 114 also includes a speaker 230, a processor
240, an input/output (I/0) interface (IF) 245, an input 250, a display 255, and a
memory 260. The memory 260 includes an operating system (OS) program 261 and
one or more applications 262.

The RF transceiver 210 receives, from the antenna 205, an incoming RF signal
transmitted by an eNB or another UE. The RF transceiver 210 down-converts the
incoming RF signal to generate an intermediate frequency (IF) or baseband signal. The
WHEN or baseband signal is sent to the RX processing circuitry 225, which generates

a processed baseband signal by filtering, decoding, and/or digitizing the baseband or
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WHEN signal. The RX processing circuitry 225 transmits the processed baseband
signal to the speaker 230 (such as for voice data) or to the processor 240 for further
processing (such as for web browsing data).

The TX processing circuitry 215 receives analog or digital voice data from the mi-
crophone 220 or other outgoing baseband data (such as web data, e-mail, or interactive
video game data) from the processor 240. The TX processing circuitry 215 encodes,
multiplexes, and/or digitizes the outgoing baseband data to generate a processed
baseband or WHEN signal. The RF transceiver 210 receives the outgoing processed
baseband or WHEN signal from the TX processing circuitry 215 and up-converts the
baseband or WHEN signal to an RF signal that is transmitted via the antenna 205.

The processor 240 can include one or more processors or other processing devices
and can execute the OS program 261 stored in the memory 260 in order to control the
overall operation of the UE 114. For example, the processor 240 could control the
reception of forward channel signals and the transmission of reverse channel signals by
the RF transceiver 210, the RX processing circuitry 225, and the TX processing
circuitry 215 in accordance with well-known principles. In some embodiments, the
processor 240 includes at least one microprocessor or microcontroller.

The processor 240 is also capable of executing other processes and programs resident
in the memory 260. The processor 240 can move data into or out of the memory 260 as
required by an executing process. In some embodiments, the processor 240 is
configured to execute the applications 262 based on the OS program 261 or in response
to signals received from eNBs, other UEs, or an operator. The processor 240 is also
coupled to the I/O interface 245, which provides the UE 114 with the ability to connect
to other devices such as laptop computers and handheld computers. The I/0O interface
245 is the communication path between these accessories and the processor 240.

The processor 240 is also coupled to the input 250 (e.g., touchscreen, keypad, etc.)
and the display 255. The operator of the UE 114 can use the input 250 to enter data
into the UE 114. The display 255 can be a liquid crystal display or other display
capable of rendering text and/or at least limited graphics, such as from web sites. The
display 255 could also represent a touch-screen.

The memory 260 is coupled to the processor 240. Part of the memory 260 could
include a broadcast signaling memory (RAM), and another part of the memory 260
could include a Flash memory or other read-only memory (ROM).

As described in more detail below, the transmit and receive paths of the UE 114
support receiving transmissions of control channels and of data channels in normal
coverage (no repetitions) or in enhanced coverage. In certain embodiments, the TX
processing circuitry 215 and RX processing circuitry 225 include processing circuitry

configured to receive transmission of control channels and of data channels in a normal
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coverage or in an enhanced coverage. In certain embodiments, the processor 240 is
configured to control the RF transceivers 210, the TX processing circuitry 215, or the
RX processing circuitry 225, or a combination thereof, to determine to receive control
channels and scheduling for transmissions.

Although FIGURE 2 illustrates one example of UE 114, various changes can be
made to FIGURE 2. For example, various components in FIGURE 2 could be
combined, further subdivided, or omitted and additional components could be added
according to particular needs. As a particular example, the processor 240 could be
divided into multiple processors, such as one or more central processing units (CPUs)
and one or more graphics processing units (GPUs). Also, while FIGURE 2 illustrates
the UE 114 configured as a mobile telephone or smart-phone, UEs could be configured
to operate as other types of mobile or stationary devices. In addition, various
components in FIGURE 2 could be replicated, such as when different RF components
are used to communicate with the eNBs 101-103 and with other UEs.

FIGURE 3 illustrates an example eNB 102 according to this disclosure. The em-
bodiment of the eNB 102 shown in FIGURE 3 is for illustration only, and other eNBs
of FIGURE 1 could have the same or similar configuration. However, eNBs come in a
wide variety of configurations, and FIGURE 3 does not limit the scope of this
disclosure to any particular implementation of an eNB.

As shown in FIGURE 3, the eNB 102 includes multiple antennas 305a-305n,
multiple RF transceivers 310a-310n, transmit (TX) processing circuitry 315, and
receive (RX) processing circuitry 320. The eNB 102 also includes a controller/
processor 325, a memory 330, and a backhaul or network interface 335.

The RF transceivers 310a-310n receive, from the antennas 305a-305n, incoming RF
signals, such as signals transmitted by UEs or other eNBs. The RF transceivers
310a-310n down-convert the incoming RF signals to generate WHEN or baseband
signals. The WHEN or baseband signals are sent to the RX processing circuitry 320,
which generates processed baseband signals by filtering, decoding, and/or digitizing
the baseband or WHEN signals. The RX processing circuitry 320 transmits the
processed baseband signals to the controller/processor 325 for further processing.

The TX processing circuitry 315 receives analog or digital data (such as voice data,
web data, e-mail, or interactive video game data) from the controller/processor 325.
The TX processing circuitry 315 encodes, multiplexes, and/or digitizes the outgoing
baseband data to generate processed baseband or WHEN signals. The RF transceivers
310a-310n receive the outgoing processed baseband or WHEN signals from the TX
processing circuitry 315 and up-converts the baseband or WHEN signals to RF signals
that are transmitted via the antennas 305a-305n.

The controller/processor 325 can include one or more processors or other processing
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devices that control the overall operation of the eNB 102. For example, the controller/
processor 325 could control the reception of forward channel signals and the
transmission of reverse channel signals by the RF transceivers 310a-310n, the RX
processing circuitry 320, and the TX processing circuitry 315 in accordance with well-
known principles. The controller/processor 325 could support additional functions as
well, such as more advanced wireless communication functions. For instance, the
controller/processor 325 could support beam forming or directional routing operations
in which outgoing signals from multiple antennas 305a-305n are weighted differently
to effectively steer the outgoing signals in a desired direction. Any of a wide variety of
other functions could be supported in the eNB 102 by the controller/processor 325. In
some embodiments, the controller/processor 325 includes at least one microprocessor
or microcontroller.

The controller/processor 325 is also capable of executing programs and other
processes resident in the memory 330, such as a basic OS. The controller/processor
325 can move data into or out of the memory 330 as required by an executing process.

The controller/processor 325 is also coupled to the backhaul or network interface
335. The backhaul or network interface 335 allows the eNB 102 to communicate with
other devices or systems over a backhaul connection or over a network. The interface
335 could support communications over any suitable wired or wireless connection(s).
For example, when the eNB 102 is implemented as part of a cellular communication
system (such as one supporting 5G, LTE, or LTE-A), the interface 335 could allow the
eNB 102 to communicate with other eNBs over a wired or wireless backhaul
connection. When the eNB 102 is implemented as an access point, the interface 335
could allow the eNB 102 to communicate over a wired or wireless local area network
or over a wired or wireless connection to a larger network (such as the Internet). The
interface 335 includes any suitable structure supporting communications over a wired
or wireless connection, such as an Ethernet or RF transceiver.

The memory 330 is coupled to the controller/processor 325. Part of the memory 330
could include a RAM, and another part of the memory 330 could include a Flash
memory or other ROM.

As described in more detail below, the transmit and receive paths of the eNB 102
support transmissions of control channels and of data channels to UEs and receptions
of control channels and of data channels from UEs in normal coverage or in enhanced
coverage. In certain embodiments, the TX processing circuitry 315 and RX processing
circuitry 320 include processing circuitry configured to support transmissions of
control channels and of data channels to UEs and receptions of control channels and of
data channels from UEs in normal coverage or in enhanced coverage. In certain em-

bodiments, the processor 240 is configured to control the RF transceivers 310a-310n,
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TX processing circuitry 315 or RX processing circuitry 320, or a combination thereof,
to support transmissions of control channels and data channels to UEs and receptions
of control channels and of data channels from UEs in a normal coverage or in
enhanced coverage.

Although FIGURE 3 illustrates one example of an eNB 102, various changes can be
made to FIGURE 3. For example, the eNB 102 could include any number of each
component shown in FIGURE 3. As a particular example, an access point could
include a number of interfaces 335, and the controller/processor 325 could support
routing functions to route data between different network addresses. As another
particular example, while shown as including a single instance of TX processing
circuitry 315 and a single instance of RX processing circuitry 320, the eNB 102 could
include multiple instances of each (such as one per RF transceiver).

A TTI for DL signaling or UL signaling is referred to as a subframe (SF) and
includes two slots. A unit of ten SFs is referred to as a frame. A frame is identified by a
System Frame Number (SFN) ranging from O to 1023 (and can be represented by 10
binary elements or bits). A bandwidth (BW) unit for DL signaling or UL signaling is
referred to as a resource RB, one RB over one slot is referred to as a physical RB

(PRB), and one RB over one SF is referred to as a PRB pair. Each RB consists of \/RD

sub-carriers, or resource elements (REs). A RE is identified by the pair of indexes (k,])
where k is a frequency domain index and | in a time domain index.

In some wireless networks, DL signals include data signals conveying information
content, control signals conveying DL control information (DCI), and reference signals
(RS) that are also known as pilot signals. DL signals can be transmitted using or-
thogonal frequency division multiplexing (OFDM). The eNB 102 can transmit data in-
formation through PDSCHs and can transmit DCI through PDCCHs or through
enhanced PDCCHs (EPDCCHs) - see also REF 1. For brevity, subsequent descriptions
consider the EPDCCH. An EPDCCH consists of enhanced resource element groups
(EREGs) - see also REF 1. The eNB 102 can also transmit acknowledgement in-
formation, in response to reception of data transport blocks, in a physical hybrid-ARQ
indicator channel (PHICH) that is transmitted over REs in a DL system BW (see also
REF 1).

The eNB 102 can transmit one or more of multiple types of RS, including a UE-
common RS (CRS), a channel state information RS (CSI-RS), and a demodulation RS
(DMRS) - see also REF 1. A CRS can be transmitted over a DL system BW and can be
used by UEs to demodulate data or control signals or to perform measurements. To
reduce CRS overhead, eNB 102 can transmit a CSI-RS with a smaller density in the

time or frequency domain than a CRS. A UE can determine CSI-RS transmission pa-
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rameters through higher-layer signaling, such as radio resource control (RRC)
signaling (see also REF 5) from eNB 102. DMRS is transmitted only in the BW of a
respective PDSCH or EPDCCH, and a UE can use the DMRS to demodulate in-
formation in the PDSCH or EPDCCH. A transmission time unit for a PDSCH or for an
EPDCCH is referred is one SF. For brevity, remaining descriptions in this disclosure
assume that an OFDM symbol has a normal cyclic prefix (CP) but the embodiments
are also directly applicable to when an OFDM symbol has an extended CP (see also
REF 1).

FIGURE 4 illustrates a DL SF structure according to this disclosure. The em-
bodiment of the DL SF structure shown in FIGURE 4 is for illustration only. Other
embodiments could be used without departing from the scope of this disclosure.

A DL SF 410 includes two slots 420 and a total of ;DL . symbols for transmitting of
sym

data information and DCI. The first ML SF symbols are used to transmit PDCCHs

sym
430 and other control channels (not shown). The remaining Z SF symbols are primarily
used to transmit PDSCHs 440 and 442, or EPDCCHs 450 and 452. A UE can be
allocated n=(ny + y-Ngppccy)modD RBs for a total of

Z = Op +|(nyo +v - Npppoen )/ D | REs for the PDSCH transmission BW. An EPDCCH

transmission can be in one RB or in multiple of RBs.

FIGURE 5 illustrates a DMRS structure in one RB according to this disclosure. The
embodiment of the DMRS structure shown in FIGURE 5 is for illustration only. Other
embodiments could be used without departing from the scope of this disclosure.

DMRS REs 510 and 515 in a RB over a SF convey DMRS from four antenna ports
(APs). For example, a DMRS transmission from a first AP applies an orthogonal
covering code (OCC) of {1, 1} 220 over two DMRS REs located in a same {requency
position and are successive in the time domain while a second AP applies an OCC of
{1, -1} 525. For example, a DMRS transmission from a third AP is in different REs
than from a first AP and applies an OCC of {1, 1} 530 over two DMRS REs located in
a same frequency position and are successive in the time domain while a fourth AP
applies an OCC of {1, -1} 535 - see also REF 1. A UE receiver can estimate a channel
experienced by a signal from an AP by removing a respective OCC at respective
DMRS RE:s and also possibly by interpolating across respective DMRS REs.

The DMRS structure in FIGURE 5 is associated with EPDCCH transmissions and
with PDSCH transmissions with rank greater than 5. For a PDSCH transmission with
rank of 1 or 2, only the first and second DMRS APs exist and the REs used for DMRS
transmission from the third and fourth APs are used for data transmission.

There are two types of EPDCCH transmission; distributed and localized. For dis-
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tributed EPDCCH transmission, each resource element in an EREG is associated with
one of the first and third APs in FIGURE 5 in an alternating manner, starting with the
first AP. For localized EPDCCH transmission, a single AP is used that is determined as
described in REF 1 and different APs are allocated to different EPDCCHs that are mul-
tiplexed in a same RB in a SF.

UL signals also include data signals conveying information content, control signals
conveying UL control information (UCI), and RS. UE 114 transmits data information
or UCI through a respective physical uplink shared channel (PUSCH) or a physical
uplink control channel (PUCCH). When UE 114 simultaneously transmits data in-
formation and UCI, UE 114 can multiplex both in a PUSCH. UCI includes hybrid
automatic repeat request acknowledgement (HARQ-ACK) information, indicating
correct or incorrect detection of data transport blocks (TBs) in a PDSCH, scheduling
request (SR) indicating whether UE 114 has data in its buffer, and channel state in-
formation (CSI) enabling eNB 102 to select appropriate parameters for PDSCH trans-
missions to UE 114. HARQ-ACK information includes a positive acknowledgement
(ACK) in response to a correct EPDCCH or data TB detection, a negative acknowl-
edgement (NACK) in response to an incorrect data TB detection, and an absence of a
EPDCCH detection (DTX) that can be implicit (that is, UE 114 does not transmit a
HARQ-ACK signal) or explicit when UE 114 can identify missed EPDCCHs by other
means (it is also possible to represent NACK and DTX with a same NACK/DTX
state). UL RS includes DMRS and sounding RS (SRS) - see also REF 1. DMRS is
transmitted only in a BW of a respective PUSCH or PUCCH and eNB 102 can use a
DMRS to demodulate information in a PUSCH or PUCCH.

DCI can serve several purposes. A DCI format in a respective EPDCCH includes
several fields, or information elements (1Es), for scheduling a PDSCH or a PUSCH
transmission conveying data information to or from UE 114, respectively. UE 114
always monitors a DCI format 1A for PDSCH scheduling and a DCI format O for
PUSCH scheduling (see also REF 2). These two DCI formats are designed to always
have a same size and are jointly referred to as DCI Format 0/1A. Another DCI format,
DCI format 1C, in a respective EPDCCH can schedule a PDSCH providing system in-
formation (SI) to a group of UEs for network configuration parameters, or a response
to a random access (RA) by UEs, or paging information to a group of UEs, and so on.
Another DCI format, DCI format 3 or DCI format 3A (jointly referred to as DCI
format 3/3A) can provide to a group of UEs transmission power control (TPC)
commands for transmissions of respective PUSCHs or PUCCHs (see also REF 2).

A DCI format includes cyclic redundancy check (CRC) bits in order for UE 114 to
confirm a correct detection. A DCI format type is identified by a radio network
temporary identifier (RNTI) that scrambles the CRC bits. For a DCI format scheduling
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a PDSCH or a PUSCH to a single UE (unicast scheduling), the RNTI is a cell RNTI
(C-RNTI). For a DCI format scheduling a PDSCH conveying SI to a group of UEs
(broadcast scheduling), the RNTT is a SI-RNTI. For a DCI format scheduling a
PDSCH providing a response to a RA from a group of UEs, the RNTI is a RA-RNTI.
For a DCI format scheduling a PDSCH paging a group of UEs, the RNTI is a P-RNTI.
For a DCI format providing TPC commands to a group of UEs, the RNTIis a TPC-
RNTI. Each RNTI type is configured to a UE through higher layer signaling (and the
C-RNTT is unique for each UE).

FIGURE 6 illustrates an encoding process for a DCI format according to this
disclosure. The embodiment of the encoding process shown in FIGURE 6 is for il-
lustration only. Other embodiments could be used without departing from the scope of
this disclosure.

The eNB 102 separately codes and transmits each DCI format in a respective
EPDCCH. A RNTI for a UE that a DCI format is intended for masks a CRC of a DCI
format codeword in order to enable the UE to identify the DCI format. The CRC of
(non-coded) DCT format bits 610 is computed using a CRC computation operation 620,
and the CRC is then masked using an exclusive OR (XOR) operation 630 between
CRC and RNTI bits 640. The XOR operation 330 is defined as: XOR(0,0) =0,
XOR(0,1) =1, XOR(1,0) = 1, XOR(1,1) = 0. The masked CRC bits are appended to
DCI format information bits using a CRC append operation 650, channel coding is
performed using a channel coding operation 660 (such as a tail-biting convolutional
code (TBCC)), followed by rate matching 670 to allocated resources, and finally, an
interleaving and a modulation 680 operation are performed, and the output control
signal 690 is transmitted. In the present example, both a CRC and a RNTT include 16
bits.

FIGURE 7 illustrates a decoding process for a DCI format according to this
disclosure. The embodiment of the decoding process shown in FIGURE 7 is for il-
lustration only. Other embodiments could be used without departing from the scope of
this disclosure.

A UE receives control signal 710 is demodulated and the resulting bits are de-
interleaved at operation 720, a rate matching applied at eNB 102 transmitter is restored
through operation 730, and data is subsequently decoded at operation 740. After
decoding the data, DCI format information bits 760 are obtained after extracting CRC
bits 750 that are then de-masked 770 by applying the XOR operation with a UE RNTI
780. Finally, UE 114 performs a CRC test 790. If the CRC test passes and the contents
of the DCI format are valid, UE 114 determines that a DCI format corresponding to the
received control signal 710 is valid and determines parameters for signal reception or

signal transmission; otherwise, UE 114 disregards the presumed DCI format.



14

WO 2016/144140 PCT/KR2016/002475

[74]

[75]

[76]

The eNB 102 separately codes and transmits a DCI format in a respective EPDCCH.
To avoid an EPDCCH transmission to UE 114 blocking an EPDCCH transmission to
another UE, a location of each EPDCCH transmission in the time-frequency domain of
a DL control region is not unique and, as a consequence, UE 114 needs to perform
multiple decoding operations to determine whether there is an EPDCCH intended for
it. REs carrying a PDCCH or an EPDCCH are grouped into control channel elements
(CCEs) or ECCEs, respectively, in the logical domain. Referring to EPDCCH, for a
given number of DCI format bits, a number of ECCEs for a respective EPDCCH
depends on a channel coding rate (quadrature phase shift keying (QPSK) is assumed as
the modulation scheme) required to achieve a desired EPDCCH detection reliability
such as a desired block error rate (BLER). The eNB 102 can use a lower channel
coding rate (more ECCEs) for EPDCCH transmissions to UEs experiencing low DL
signal-to-interference and noise ratio (SINR) than to UEs experiencing a high DL,
SINR. ECCE aggregation levels can consist, for example, of 1, 2, 4, 8, 16, and possibly
32 ECCE:s (see also REF3).

Each ECCE consists of multiple enhanced resource element groups (EREGs). There
are 16 EREGs, numbered from O to 15, per PRB pair. An EREG with number k in a
PRB pair is obtained by numbering all REs, except REs carrying DMRS, in a PRB pair
cyclically from O to 15 in an increasing order of first frequency and then time and
using all REs with number k to form EREG k (see also REF 1). The eNB 102 can
configure UE 114 to monitor one or two sets of PRB pairs (EPDCCH sets) for
EPDCCH transmissions. All EPDCCH candidates in EPDCCH set X, use either only
localized or only distributed transmission as configured by higher layers. Within
EPDCCH set X, in SF i, ECCEs are numbered from O to Ngccg ;- 1 and ECCE

number n corresponds to EREGs numbered ( e ) N in PRB index
7nmod ECCE + J ECCE

\_m VREB. J for localized mapping, and EREGs numbered L J rg 1n PRB
NRB + JNECCE
indices for distributed mapping, where
(n +j max(l, NRB /N]]Eal%gg ))mod IéB pping
J =0, NESEE | Beck is the number of EREGs per ECCE, and VBB 16/ NESSE is

the number of ECCEs PRB pair. The PRB pairs constituting EPDCCH set X,, are

numbered in ascending order from O to vz -1 where the possible values for iy are

2, 4, and 8. Therefore, for distributed mapping, an ECCE includes EREGs from all
PRB pairs constituting EPDCCH set X,,.
For a narrowband of 6 RBs, an ECCE for distributed mapping is not defined as L

cannot be 6. One option is to re-use the ECCE mapping for X and remove
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EREGs that are mapped in RBs that are not included in the 6 RBs of a narrowband.
Another option is to redefine the mapping of EREGs to an ECCE and introduce
support for Ln

_ However, both options complicate implementation for eNB 102

and UE 114 as they cannot be supported by existing mapping for the case that g is

2,4, and 8 and, for the second option, EPDCCH transmissions to non-L.C UEs and
MPDCCH transmissions to LC/CE UEs cannot be multiplexed in a newly defined set
of 6 RBs.

For an EPDCCH decoding process, UE 114 can determine a search space for
candidate EPDCCH transmissions in a DL control region after UE 114 restores ECCEs
in the logical domain according to a UE-common set of ECCEs (Common Search
Space or CSS) and according to a UE-specific set of ECCEs (UE-specific search space
or USS) - see also REF 3. A CSS can be used to transmit EPDCCHs for DCI formats
associated with UE-common control information and use a RA-RNTI, a P-RNTI, a
TPC-RNTI, and so on, to scramble the respective CRCs. A USS can used to transmit
EPDCCHs for DCI formats associated with UE-specific control information and use
respective C-RNTIs to scramble respective CRCs.

One of the fundamental requirements in an operation of a communication system is a
capability for UE 114 to request a connection setup with eNB 102; such request is
commonly referred to as random access (see also REF 4). Random access is used for
several purposes, including: initial access when establishing a radio link; re-
establishing a radio link after radio-link failure, handover when UL synchronization
needs to be established to a new cell, UL synchronization, UE positioning based on UL
measurements, and as a SR if no dedicated SR resources have been configured on a
PUCCH. Acquisition of UL timing by eNB 102 is one of the main objectives of
random access; when establishing an initial radio link, a random-access process also
serves for assigning a unique identity through a C-RNTI to UE 114. Either a
contention based (multiple UEs may use same resources) or a contention-free (a
dedicated resource is used by UE 114) scheme can be used.

FIGURE 8 illustrates a random access process according to this disclosure. While the
signaling diagram depicts a series of sequential signals, unless explicitly stated, no
inference should be drawn from that sequence regarding specific order of performance,
performance of steps or portions thereof serially rather than concurrently or in an
overlapping manner, or performance of the signals depicted exclusively without the oc-
currence of intervening or intermediate signals. The process depicted in the example
depicted is implemented by a transmitter chains in, for example, a UE and a base
station.

As shown in FIGURE 8, in Step 1, UE 114 acquires information of physical random
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access channel (PRACH) resources 810 from an eNB 102. UE 114 determines
resources for a random access (RA) preamble transmission 820 and transmits the RA
preamble to eNB 102. In Step 2, UE 114 receives a random access response 830 from
eNB 102. In Step 3, UE 114 transmits what is referred to as message 3 (Msg3) 840 to
eNB 102. In Step 4, eNB 102 and UE 114 perform contention resolution 850. The
contention resolution 850 message also is referred to as message 4 (Msg4).

In certain embodiments, in Step 1, UE 114 acquires a system information block
(SIB) that conveys information for PRACH resources §10 as well as RA preamble
format (see also REF 1). PRACH resources 810 consist of a set of (see also REF 1):
SFs where a PRACH transmission can occur; RBs where a PRACH can be transmitted
in the frequency domain; and a number of (64 - N.¢) Zadoff-Chu (ZC) sequences from
which UE 114 can select to use for generating a PRACH transmission (N is a number
of ZC sequences reserved by eNB 102 to use for contention-free PRACH trans-
missions). UE 114 identifies PRACH resources 810 and a RA preamble format and
transmits the RA preamble 820 on the determined PRACH resources thereby allowing
eNB 102 to estimate transmission timing for UE 114. UL synchronization is necessary
as otherwise a UE cannot properly communicate other UL signaling to an eNB.

In Step 2, upon detecting a RA preamble 820 transmitted from UE 114, eNB 102
transmits a random access response (RAR) 630 including a timing advance (TA)
command for UE 114 to adjust its transmission timing, an RA preamble that eNB 102
detected, an UL grant assigning UL resources for UE 114 to transmit a message 3
(Msg3) in a PUSCH, and a temporary C-RNTI (TC-RNTI). The RAR is transmitted in
a PDSCH and the PDSCH can include multiple RARSs corresponding to RA preambles
detected by eNB 102. Upon failing to detect a transmitted RA preamble in a RAR
within a RAR time window configured by eNB 102 through a SIB, UE 114 retransmits
a new RA preamble (i.e., repeats the first step). UE 114 also can perform power
ramping to adjust a transmission power of UE 114.

In Step 3, UE 114 transmits Msg3 840 in a PUSCH where Msg3 840 can include a
TC-RNTI. The exact contents of Msg3 depends upon the state of UE 114, in particular,
whether UE 114 previously connected to eNB 102 or not. When eNB 102 does not
correctly detect a Msg3 from UE 114, eNB 102 can schedule a retransmission for
Msg3 from UE 114.

In Step 4, eNB 102 transmits a contention-resolution message 850 to UE 114 in a
PDSCH. Step 4 also resolves any contention issue that may arise when multiple UEs
try to access a network using a same RA preamble.

Once a random access process is successful, the TC-RNTI is converted to C-RNTI.
Step 1 uses physical-layer processing specifically designed for a random access

process. The subsequent three steps utilize a same physical-layer processing as for
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PDSCH or PUSCH transmissions after UE 114 has established communication with
eNB 102 where Step 2 does not use HARQ retransmissions while Step 3 and Step 4
use HARQ retransmissions.

Contention-free random access can only be used for reestablishing UL synchro-
nization upon DL data arrival, handover, and positioning. Only Step 1 and Step 2 of
the random access process described above are used as there is no need for contention
resolution in a contention-free scheme where Step 2 can deliver C-RNTI instead of
TC-RNTL

Machine type communications (MTC) or Internet of Things (IoT) refers to commu-
nication of automated devices in a network. MTC through cellular networks is
emerging as a significant opportunity for new applications in a networked world where
devices communicate with humans and with each other. Compared to typical human
communication, MTC typically has relaxed latency and Quality of Service (QoS) re-
quirements and often does not require mobility support. However, MTC also requires
that respective UEs have reduced cost (LC UEs) and reduced power consumption
compared to UEs for human communications. MTC UEs can be used for a wide
variety of applications in different sectors including healthcare, such as monitors, in-
dustrial, such as safety and security, energy, such as meters and turbines, transport,
such as fleet management and tolls, and consumer and home, such as appliances and
power systems.

Important requirements for commercial success of MTC are for respective UEs to
have low power consumption and significantly lower cost than UEs serving human
communications. These requirements can be realized, among other sources such as
constraining a transmission BW and a reception BW to a small value such as a
narrowband of 6 RBs or by reducing a maximum data TB size (TBS) that can be
transmitted or received, by limiting a power amplifier gain or by reducing a number of
receiver antennas. This can lead to reduced coverage for MTC UE:s relative to UEs for
typical human communications. The coverage for MTC UEs can be further degraded
by a location of MTC UEs that can be in basements of buildings or, in general, in
locations where propagation of radio signals experiences substantial path-loss. For
these reasons, it is important for a communication system supporting MTC UEs to
support coverage enhancements (CE) for communications with MTC UEs (LC/CE
UEs).

LC/CE UEs can require operation with enhanced coverage. In extreme poor coverage
scenarios, LC/CE UEs can have characteristics such as very low data rate, greater
delay tolerance, and limited mobility, thereby potentially being capable to operate
without some messages/channels. Not all LC/CE UEs require CE or require a same

amount of CE. In addition, in different deployment scenarios, a required CE level can
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be different for different eNBs, for example depending on an eNB transmission power
or an associated cell size or number of receiver antennas, as well as for different LC/
CE UEs, for example depending on a location of a LC/CE UE.

LC/CE UE 114 or eNB 102 can support CE by repeating transmissions of channels
either in a time domain or in a frequency domain. LC/CE UE 114 operating with CE
can be configured by eNB 102 with a number of SFs for repetitions of a DL
transmission or an UL transmission. For example, LC/CE UE 114 can be configured
by eNB 102 a first number of repetitions for a PDSCH transmission, a second number
of repetitions for a PUSCH transmission, and so on.

A DL control channel for LC/CE UE 114 can be based on the EPDCCH structure but
can also have different characteristics than the EPDCCH for non-LC UEs and it is
referred to as MPDCCH. In order to minimize a number of SFs that LC/CE UE 114
needs to receive a PDSCH or an MPDCCH, respective transmissions can be over all
RBs where LC/CE UE 114 can receive in a SF, such as in a narrowband of 6
contiguous RBs, as eNB 102 is assumed to not be power limited.

An inability of LC/CE UEs to receive over a large DL BW can create capacity con-
straints for MPDCCH transmissions that need to occur within a small number of SFs
as, in case that an MPDCCH is transmitted with repetitions, only one MPDCCH
transmission can occur over a number of subframes. This can be problematic for
MPDCCH transmissions associated with a RA process as eNB 102 can have re-
quirements for MPDCCH transmissions associated with scheduling PDSCH trans-
missions conveying RAR messages, scheduling PUSCH transmissions conveying
Msg3 retransmissions, scheduling PDSCH transmissions conveying Msg4, or
scheduling PDSCH transmissions conveying an RRC connection setup.

Therefore, there is a need to support MPDCCH transmissions.

There is another need to define EREGs forming ECCEs for an MPDCCH
transmission over a narrowband of 6 RBs.

There is another need to enable MPDCCH transmissions in first one or more nar-
rowbands for scheduling PDSCH conveying RAR messages, in second one or more
narrowbands for scheduling PUSCH transmissions conveying Msg3 retransmissions,
PDSCH transmissions conveying Msg4, or PDSCH transmissions conveying RRC
connection setup, or in third one or more narrowbands for scheduling unicast PDSCH
or PUSCH transmissions in order to alleviate an MPDCCH capacity constraint.

Finally, there is another need to schedule PUSCH transmissions conveying Msg3 re-
transmissions.

Certain embodiments of this disclosure provide mechanisms to support MPDCCH
transmissions. Certain embodiments of this disclosure also provide mechanisms for an

MPDCCH transmission over a narrowband of 6 RBs. Additionally, certain em-
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bodiments of this disclosure provide mechanisms to enable MPDCCH transmissions in
first one or more narrowbands for scheduling PDSCH conveying RAR messages, in
second one or more narrowbands for scheduling PUSCH transmissions conveying
Msg3 retransmissions, PDSCH transmissions conveying Msg4, or PDSCH trans-
missions conveying RRC connection setup, or in third one or more narrowbands for
scheduling unicast PDSCH or PUSCH transmissions in order to alleviate an MPDCCH
capacity constraint. Further, certain embodiments of this disclosure provide
mechanisms to schedule PUSCH transmissions conveying Msg3 retransmissions.

The following embodiments are not limited to LC/CE UEs and can be applicable to
any type of UEs requiring CE. This includes UEs that can receive over the entire DL
system BW or transmit over the entire UL system BW large data TBs at a given time
instance (non-LC UEs). In the following, for brevity, FDD (including half-duplex
FDD) is considered as the duplex method for both DL and UL signaling but the em-
bodiments of the disclosure are also directly applicable to TDD. MPDCCH or PDSCH
transmission to LC/CE UE 114 and PUCCH or PUSCH transmissions from LC/CE UE
114 can be without repetitions or with repetitions in a number of SFs supporting trans-
missions to LC/CE UE 114 or transmissions from LC/CE UE 114.

Various embodiments of the present disclosure provide a RB-based MPDCCH
structure and RE mapping.

An MPDCCH transmission to LC/CE UE 114 can span all RBs or a subset of RBs in
a narrowband of a DL system BW where the LC/CE UE can receive DL transmissions.
This can allow eNB 102 to transmit an MPDCCH to LC/CE UE 114 with a minimum
number of repetitions over a respective minimum number of DL SFs.

When an MPDCCH transmission to LC/CE UE 114 occupies an entire narrowband
where LC/CE UE 114 can receive DL transmissions, there is no multiplexing of
MPDCCH (or PDSCH) transmissions to other LC/CE UEs (or non-LC UEs) in the
narrowband in the DL SFs where eNB 102 transmits the MPDCCH to LC/CE UE 114.
Moreover, there is limited, if any, frequency diversity in a narrowband of a few RBs or
in 1 RB. Therefore there is no need to define EREGs over a narrowband in order to
capture frequency diversity for an ECCE and therefore for an associated MPDCCH
transmission. Consequently, there is no need to define EREGs as a component unit of
an ECCE for an MPDCCH transmission to LC/CE UE 114.

A mapping to REs of DCI format symbols conveyed by an MPDCCH transmission
in a narrowband can be in increasing order of first the frequency domain index k over
the narrowband and then the time domain index | starting from a first symbol available
for MPDCCH transmission in a DL SF. In this manner, a common mapping to REs is
achieved for data symbols in a PDSCH and for DCI format symbols in an MPDCCH.
LC/CE UE 114 can determine a first available symbol for an MPDCCH reception in a
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DL SF based on higher layer signaling from eNB 102 that can be provided, for
example, in a Master Information Block (MIB) or in a SIB - see also REF 5.

FIGURE 9 illustrates a mapping of an ECCE for an MPDCCH transmission
according to this disclosure.

After encoding and modulation, eNB 102 generates Mpc, symbols for a DCI format
to be transmitted in an MPDCCH in a narrowband of 6 RBs, from RB#i 905 to
RB#(i+5) 910, in one DL SF 920. The Mpc, symbols are mapped to available REs in a
same manner as for mapping data symbols. REs corresponding to a DL control region
where eNB 102 can transmit PDCCH 910, REs corresponding to CRS 920 (two CRS
APs are assumed), and REs corresponding to DMRS 930 are excluded from the
mapping of the Mpq symbols. Such exclusion of REs also holds for MPDCCH REs
overlapping with REs conveying system information (MIB or SIB) or synchronization
signals. Remaining REs in the narrowband of 6 RBs in a DL SF are used to map the M
pc1 Symbols starting from the first available SF symbol and the lowest RE index,
continuing across RE indexes, and repeating for remaining SF symbols 940
(frequency-first mapping). When eNB 102 informs LC/CE UE 114 of CSI-RS config-
urations, LC/CE UE 114 can assume that the Mp¢; symbols are not mapped to CSI-RS
REs.

Typically, a number of REs available for mapping Mpq symbols of a DCI format
over available REs in a narrowband of 6 RBs in a DL SF is much larger than Mpc,. For
example, there can be Mg=576 available REs, that can correspond to 16 ECCEs of 36
REs per ECCE, for mapping Mpc; symbols of a DCI format while for a DCI format
size of 32 bits (including CRC bits), QPSK modulation, and 1/3 tail-biting convo-
lutional coding, it is Mp¢ = (32-3)/2 = 45. Therefore, there can be Mge/Mpc; = 12.8 rep-
etitions of the encoded DCI format symbols in a narrowband of 6 RBs over a DL SF
while one ECCE of 36 REs can allow MPDCCH transmission with code rate of
32/(2*%36)=0.44. At a next SF, mapping of DCI format symbols to REs is as in a
current SF and the mapping does not continue from the last DCI format symbol that is
mapped in the current SF. This can enable simple combining of REs, as a same DCI
format symbol is mapped to a same RE, and can allow flexibility to eNB 102 to select
any number of SFs to use for repetitions of an MPDCCH transmission. Moreover, a
number of available REs can vary per DL SF, for example as a LC/CE UE 114 can be
informed of CSI-RS configurations for CSI-RS transmission in some SFs or because
an MPDCCH transmission can overlap with other transmission such as for a physical
broadcast channel (PBCH), a PDSCH conveying a SIB, and so on. Puncturing of re-
spective MPDCCH symbols that are mapped to same REs as such other transmissions
can then apply and LC/CE UE 114 can assume that eNB 102 does not transmit DCI

format symbols mapped to REs that can be used, for example, for CSI-RS transmission
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according to a CSI-RS configuration signaled by higher layers from eNB 102.

Mapping repetitions of an MPDCCH transmission to all 6 RBs of a narrowband
where LC/CE UE 114 can receive DL signaling can provide an SINR gain in the order
of 10log;y(Mge/Mpc)dB or, for the example of FIGURE 9, about 11 dB. Such large
SINR gains can be unnecessary for some LC/CE UEs. For example, a maximum CE
level that eNB 102 needs to support can be about 5-6 dB. Then, LC/CE UE 114 can be
additionally configured with a number of 2 RBs or 4 RBs, in a narrowband of 6 RBs,
to receive an MPDCCH transmission instead of always receiving an MPDCCH
transmission over the whole narrowband of 6 RBs.

FIGURE 10 illustrates a multiplexing of MPDCCH transmissions to two LC/CE UEs
in a narrowband of 6 RBs according to this disclosure.

The eNB 102 configures a first LC/CE UE, such as LC/CE UE 114, for repetitions of
encoded DCI format symbols in first 4 RBs of a narrowband 1010 and configures a
second LC/CE UE for repetitions of encoded DCI format symbol in second 2 RBs of
the narrowband 1020 over a DL SF 1030. The eNB 102 informs the LC-UEs to
exclude the first three SF symbols 1040 from reception for repetitions of respective
encoded DCI format symbols that are transmitted in the remaining symbols of the DL
SF 1050.

The RBs allocated to each of the two LC/CE UEs in FIGURE 10 are successive in
the frequency domain in order to enable DMRS interpolation across RBs and improve
an accuracy of a channel estimate. This assumes that a same precoding applies to
DMRS transmissions in successive RBs. An alternate mapping can also apply such as,
for example, allocating every third RB of the 6 RBs to the second LC/CE UE. Also,
some frequency diversity or interference randomization can be provided by reversing
the order of the RBs allocated to the first LC/CE UE or the second LC/CE UE after a
number of DL SFs. Although FIGURE 10 illustrates multiplexing of two LC/CE UEs,
the principle in FIGURE 10 can be extended for a larger number of LC/CE UEs, such
as three LC/CE UEs wherein each LC/CE UE is allocated 2 RBs, or for LC/CE UEs
that are allocated a different number of RBs such as, for example, 4 RBs for a third
LC/CE UE and 2 RBs for a fourth LC/CE UE.

Various embodiments of the present disclosure provide a DMRS mapping for an
MPDCCH transmission.

For distributed MPDCCH transmission, each RE can be associated with one out of
two APs in an alternating manner, starting from the first AP. A DMRS structure
remains as in FIGURE 5 but, unlike EPDCCH transmission where each AP is as-
sociated with each EREG in an alternating manner, for MPDCCH transmission each
AP is associated with each RE in an alternating manner (also, use of an EREG can be

avoided for an MPDCCH transmission as in the embodiments described above). Only
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REs available for mapping DCI format symbols can be considered for the association
or the association can also include CRS REs or DMRS REs in the SF symbols
available for mapping DCI format symbols.

For localized MPDCCH transmission, even when a single MPDCCH is transmitted
in a RB, a same DMRS structure as for a PDSCH transmission with rank greater that
two can be maintained in order to improve an accuracy of a channel estimate by in-
creasing a number of DMRS REs. Therefore, even though an MPDCCH transmission
can be from a single AP, a transmission for the associated DMRS is repeated in all four
DMRS REs in FIGURE 5.

FIGURE 11 illustrates a DMRS transmission for localized MPDCCH transmission to
a LC/CE UE in a RB according to this disclosure.

LC/CE UE 114 receives an MPDCCH in a RB 1110 over a DL SF 1120. MPDCCH
transmission is localized with a same precoding applied to all respective DCI format
symbols 1130 and to DMRS 1140 in the RB. The DMRS transmission from a single
AP is repeated in more than two REs, for example in quadruples of adjacent REs in the
time-frequency domain.

Various embodiments of the present disclosure provide an EREG-based MPDCCH
structure for a LC/CE UE.

An MPDCCH structure for LC/CE UEs that do not require CE can have a same
structure as for LC/CE UEs that require CE and only a number of allocated RBs can
vary. For example, a LC/CE UE that does not require CE for an MPDCCH
transmission can be configured to receive an MPDCCH in one RB or in a few RBs.
This can allow for improved multiplexing of MPDCCH transmissions among LC/CE
UEs.

In one embodiment, to allow multiplexing of DL control signaling transmissions to
non-LC UEs and to LC/CE UE:s for a potentially improved DL spectrum utilization, an
MPDCCH structure for LC/CE UEs configured to operate without CE can be same as
an EPDCCH structure and have an EREG as a unit for forming ECCEs. Then,
MPDCCH transmissions to LC/CE UEs and EPDCCH transmissions to non-LC UEs
can be multiplexed in a set of consecutive 2 RBs or 4 RBs. However, in order to
minimize a cost for a LC/CE UE, such as LC/CE UE 114, a number of MPDCCH
decoding operations can be lower than a number of EPDCCH decoding operations for
a non-LC UE.

A number of MPDCCH decoding operations that LC/CE UE 114 performs in a SF
can be reduced by not supporting certain ECCE aggregation levels or by supporting a
reduced number of candidates for other ECCE aggregation levels. A potential increase
in a blocking probability for an MPDCCH transmission to LC/CE UE 114 is not a sig-

nificant concern as typical applications are not delay sensitive. For example, as LC/CE
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UE 114 is likely to be equipped with one receiver antenna, LC/CE UE 114 need not be
configured to decode MPDCCH candidates with an aggregation level of 1 ECCE as
LC/CE UE 114 is unlikely to have a required SINR to achieve a target BLER of about
1% for detection of an MPDCCH transmitted over only one ECCE. For example, a
maximum number of MPDCCH decoding operations in a USS for LC/CE UE 114 can
be 8 and a maximum number of EPDCCH decoding operations in USS for a non-LC
UE can be 32. A DCI format with same size can be used for scheduling PDSCH trans-
missions to or PUSCH transmissions from LC/CE UE 114. For example, MPDCCH
decoding operations per ECCE aggregation level can be configured to a LC/CE UE
114 by eNB 102 through higher layer signaling such as RRC signaling.

For a set of 4 RBs, Table 1 and Table 2 give an example number of MPDCCH
candidates for LC/CE UE 114. A number of MPDCCH candidates per ECCE ag-
gregation level is assumed to be same for a localized MPDCCH transmission and for a
distributed MPDCCH transmission. However, different numbers of MPDCCH
candidates per ECCE aggregation level can also apply.

Table 1: MPDCCH candidates monitored by a LC/CE UE for One RB Set

Number of Number of MPDCCH candidates
RBs in a Set M
N I~1 | I=2 | 1=4 | L=8 | L=16
2 0 2 3 2 1
4 0 2 3 2 1

Table 2: MPDCCH candidates monitored by a LC/CE UE for Two RB Sets

Number of MPDCCH candidates
Vg | v e ar
L=1 I=2 | L=4 L=8 L=16
2 2 0,0 1,1 2.1 1.1 1,0
2 0.0 1.1 2.1 1,1 1.0

The eNB 102 can configure LC/UE 114 with use of two RB sets for MPDCCH trans-
missions when LC/CE UE 114 is configured by eNB 102 with a first set of n - 4 rps

and a second set of nz 5 gps (o1, equivalently, with a first set of v% =2 rBs and a

second set of N2 =4 RBs), where the first set of RBs and the second set of RBs form a
narrowband of 6 consecutive RBs. Then, a same EREG definition as for an EPDCCH
can apply within each of the two sets of RBs but a single MPDCCH candidate can
exist that includes all ECCEs in the first set of RBs and in the second set of RBs. An
ECCE does not need to be defined to include EREGs over a set of 6 RBs. For an al-

location of a single MPDCCH candidate over a narrowband of 6 RBs in a single SF or,
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equivalently for an aggregation level of 24 ECCEs, LC/CE UE 114 can also monitor a
single MPDCCH candidate with an aggregation level of 16 ECCE:s in the first set of

N =4 rBs (and an aggregation level of 8 ECCE:s in the first set of y% -4 rps Orin

the second set of nvz%2 = 2 res ). LC/CE UE 114 can also monitor a single MPDCCH

candidate over the narrowband of 6 RBs in two SFs and possibly additional MPDCCH
candidates over the narrowband of 6 RBs in more SFs such as an additional MPDCCH
candidate over the narrowband in four SFs. Therefore, when LC/CE UE 114 monitors
an MPDCCH candidate over a narrowband of 6 RBs in a SF, LC/CE UE 114 can also
monitor at least one MPDCCH candidate corresponding to non-CE operation, such as
one MPDCCH candidate with aggregation level of 16 ECCEs over a set of 4 RBs in a
SF or two MPDCCH candidates each with aggregation level of 8 ECCEs over a set of
4 RBs or one MPDCCH candidate with aggregation level of 8 ECCEs over a set of 2
RBs in a SF.

FIGURE 12 illustrates an allocation of MPDCCH candidates for a LC/CE UE
according to this disclosure.

LC/CE UE 114 monitors a first MPDCCH candidate with an ECCE aggregation level
of 24 ECCEs that is obtained by aggregating 16 ECCEs from a first RB set 1210 and 8
ECCE:s from a second RB set 1220 in a SF 1230. The two sets of RBs include RBs
with consecutive indexes. The ECCEs include REs 1240 that are obtained after
excluding REs in symbols LC/CE UE is informed that can be used to transmit PDCCH
1250, CRS REs, DMRS REs, PBCH, and, when LC/CE UE 114 is informed of re-
spective configurations, CSI-RS REs and positioning RS REs. LC/CE UE 114 can also
monitor a second MPDCCH candidate with an aggregation level of 16 ECCEs that are
included in the first set of RBs. LC/CE UE 114 can also monitor an MPDCCH
candidate with an ECCE aggregation level of 48 ECCEs that is obtained by ag-
gregating 24 ECCEs in the SF and in a second SF or with an aggregation level of 32
ECCE:s that is obtained by aggregating 16 ECCE:s in the SF and in the second RB set
of a second SF (not shown).

Various embodiments of the present disclosure provide a CSS design for MPDCCH.

The eNB 102 provides information to LC/CE UE 114 for a set of narrowbands (or,
equivalently, set of RBs) used for an MPDCCH transmission to LC/CE UE 114
scheduling a random access response (RAR) message, or a Message 3 (Msg3) re-
transmission, or a Message4 (Msg4) of a random access process (see also REF 3 and
REF 4), or a PDSCH that conveys a RRCConnectionSetup (when it is not the PDSCH
conveying Msg4) that is a higher layer message providing information for LC/CE UE
114 to establish an RRC connection with eNB 102. For MPDCCH scheduling a

PDSCH conveying one or more RAR messages, a SIB can provide an indication of one
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or more narrowbands for the PDSCH transmission. For MPDCCH scheduling Msg3
retransmission or Msg4 transmission, a field (IE) in a RAR message to LC/CE UE 114
can indicate narrowbands (or set of RBs) for the MPDCCH transmission. Then, Msg3
retransmission or Msg4 transmission, or transmission of a PDSCH that conveys the
RRCConnectionSetup (when not included in Msg4) can be scheduled by an MPDCCH
transmitted in the set of narrowbands indicated in the RAR using a temporary C-RNTI
(TC-RNTI) similar to scheduling Msg4 for a non-LC UE (see also REF 3). Subsequent
RRC signaling provided in a PDSCH to LC/CE UE 114 can re-configure a set of nar-
rowbands (or a set of RBs) where LC/CE UE 114 receives MPDCCH.

FIGURE 13 illustrates a process for a configuration of RBs for MPDCCH reception
to a LC/CE UE according to this disclosure.

LC/CE UE 114 transmits a random access (RA) preamble to access eNB 102 1310.
Upon detection of the RA preamble, eNB 102 transmits and LC/CE UE 114 receives a
RAR message associated with the RA preamble 1320. The RAR message includes in-
formation for a set of narrowbands (or, equivalently, a set of RBs) where LC/CE UE
114 is configured to receive MPDCCH for scheduling PUSCH with Msg3 retrans-
missions of PDSCH conveying Msg4 or the RRCConnectionSetup 1330. The in-
formation can also include possible ECCE aggregation levels or numbers of repetitions
for a DCI format or LC/CE UE 114 can implicitly determine these parameters based on
a CE level for RAR reception or based on a CE level for the respective RA preamble
transmission as these CE levels can have a one-to-one mapping to ECCE aggregation
levels or numbers of repetitions for the DCI format. LC/CE UE 114 subsequently
monitors MPDCCH transmission, according to parameters obtained from the RAR
message, to detect a DCI format scheduling a PUSCH conveying a Msg3 re-
transmission or a PDSCH conveying a Msg4 transmission, or scheduling subsequent
PDSCH providing information for establishing an RRC connection with eNB 102
1340.

Contents of a DCI format conveyed by an MPDCCH and scheduling a PDSCH
transmission conveying a RAR are provided in Table 3. A same DCI format can be
used for all CE levels associated with RA preamble transmissions as these CE levels
are informed to LC/CE UEs by system information. A size of the DCI format is same
as a size of a DCI format scheduling PDSCH transmission to LC/CE UE 114 or
scheduling PUSCH transmission from LC/CE UE 114.
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Table 3: Contents of DCI Format Scheduling a PDSCH conveying RAR

DCI Field Number of Bits Comments
UL/DL Flag 1 Identifying DL Scheduling of DCI Format
. . Set of repetition numbers is indicated by SIBbis for
2 3
PDSCH Repetitions - respective RA preamble CE level
MPDCCH Repeitions 5 Set of repetition numbers is indicated by SIBbis for

respective RA preamble CE level
The narrowband index for RAR transmission 1s
indicated by ceil(log;(Nyp)) bits

PDSCH Narrowband index| ceil(loga(INyg))

MCS 3 QPSK only
NDI Reserved
HARQ Process Number Reserved
CRC/RA-RNTI 16

The fields in the DCI format in Table 3 are:

a) UL/DL flag field: As the DCI format scheduling a PDSCH transmission is
assumed to have a same size as a DCI format scheduling a PUSCH transmission, an
UL/DL flag field serves to indicate whether the DCI format schedules a PDSCH
transmission or a PUSCH transmission.

b) PDSCH repetitions field: Indicates a number of repetitions, from a predetermined
set of numbers of repetitions, for a PDSCH transmission conveying the RAR message.
The set of numbers of repetitions is signaled by eNB 102 through a SIB. LC/CE UE
114 determines the set of numbers of repetitions based on the CE level of the RA
preamble transmission associated with the RAR the LC/CE UE 114 attempts to detect.
LC/CE UE 114 needs to know the number of repetitions for the PDSCH transmission
conveying the RAR in order to determine a first SF for a transmission of an Msg3 in a
PUSCH.

c) MPDCCH repetitions field: Indicates a number of repetitions, from a prede-
termined set of numbers of repetitions, for the MPDCCH transmission scheduling the
PDSCH transmission conveying the RAR. The set of numbers of repetitions are
signaled by eNB 102 through a SIB. Similar to non-LC UEs, eNB 102 can signal a
RAR window size for each CE level by a SIB, for example, as a multiple of the largest
number of repetitions, from a set of numbers of repetitions for a corresponding CE
level, for an MPDCCH transmission. LC/CE UE 114 determines the set of numbers of
repetitions based on the CE level of the RA preamble transmission associated with the
RAR that LC/CE UE 114 attempts to detect. LC/CE UE 114 needs to know the number
of repetitions for the MPDCCH transmission in order to determine a first SF for a
transmission of a PDSCH conveying the RAR. The first SF is determined to be the one
occurring 2 SFs after the SF of a last repetition for the MPDCCH transmission. When
the first SF does not support MPDCCH transmission, the first next SF that supports
MPDCCH transmission is used to transmit the first repetition of the MPDCCH
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narrowbands), the narrowband for the first repetition of a PDSCH transmission
conveying a RAR is indicated by ceil(log,(Nyg)) bits where ceil() is the ceiling
function that rounds a number to its immediately larger integer. For example, for a DL
system BW of 50 PRBs, there are Nyg =floor(50/6) = 8 narrowbands and one of the 8
narrowbands can be indicated using 3 bits, where floor() is the floor function that
rounds a number to its immediately smaller integer. The narrowbands for the
MPDCCH transmission conveying the DCI format scheduling the PDSCH that
conveys the RAR message are indicated by eNB 102 through a SIB for each CE level
associated with a RA preamble transmission. An RB assignment within an indicated
narrowband is not needed when the PDSCH conveying a RAR is transmitted over all 6
PRBs of the narrowband.

e) Modulation and Coding Scheme (MCS) field: This field provides the MCS for the
PDSCH transmission conveying the RAR.

f) NDI field and HARQ process number field: The new data indicator (NDI) field
and the HARQ process number field exist in a DCI format scheduling a unicast
PDSCH transmission to LC/CE UE 114 but the respective bits are reserved in the DCI
format scheduling a PDSCH transmission to LC/CE UE that conveys a RAR. Ad-
ditional fields that are reserved can exist such as a field indicating a PUCCH resource
offset for a transmission of HARQ-ACK information by LC/CE UE 114 in response to
a unicast PDSCH transmission to LC/CE UE 114.

g) CRC/RA-RNTI: A DCI format scheduling a PDSCH transmission conveying a
RAR is encoded with a 16-bit CRC that is scrambled (XOR operation) with a 16-bit
RA-RNTT associated with the RAR.

A RAR message for a LC/CE UE 114 includes scheduling information (UL grant)
for LC/CE UE 114 to convey an Msg3 in a respective PUSCH transmission. Contents
for the UL grant are provided in Table 4 and can be different depending on a CE level
associated with a respective RA preamble transmission. The UL grant associated with
a large CE level (CE Mode B) for the respective RA preamble transmission requires
one less octet (8 bits) than the UL grant associated with no/small CE (CE Mode A) for
the respective RA preamble transmission. When ceil(log,(Nyg)) is smaller than 4 bits,
additional bits can be padded to result a narrowband index field of 4 bits for CE Mode
A.
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Table 4: Contents of UL grant for Msg3 for no/small CE and for large CE

RAR message Number of bits .Number of
field No/small CE | bits Large CE Comments
(CE Mode A) | (CE Mode B)
PUSCH ) 5 Set of repetition numbers is indicated by a
Repetitions SIB per RA preamble CE level
. The narrowband index for Msg3
Narrowband o SR
index ceil(logo(Myg)) 2 transmission is mdlca_ted by
ceil(logo(Nyg)) bits
PRB 4 3 PRBs with the narrowband used for
assignment ) transmitting a PUSCH conveving Msg3
MCS 3 3 Only QPSK modulation for large CE
TPC command 3 0 Maximum Msg3 Tx power for large CE
UL delay 1 0 Subframe delay for PUSCH transmission
: Indicates whether CSI report shall be
C5lrequest ! 0 included in Msg3
€SS Narrowband for fir_st Fepetition o_f an
Narrowband 2 2 MPDCCH transmission scheduling
Msg3/Msg4

The fields in the DCI format in Table 3 are:

a) PUSCH Repetitions field: Indicates a number of repetitions, from a predetermined
set of numbers of repetitions, for a PUSCH transmission conveying the Msg3. The set
of numbers of repetitions is signaled by eNB 102 through a SIB for each CE level as-
sociated with a CE level of the associated RA preamble transmission.

b) Narrowband index field: For an UL system BW with a total of NNB narrowbands,
the narrowband of the PUSCH transmission conveying Msg3 is indicated by ceil(log,
(Nxg)) bits for CE Mode A (padded to 4 bits when ceil(log,(Nyg)) is less than 4 bits)
and by 2 bits for CE Mode B in order to allow for indication of narrowbands for
MPDCCH transmission scheduling a Msg3 retransmission in a PUSCH or a Msg4
transmission in a PDSCH while maintaining a total size of 12 bits for the UL grant. A
default configuration for the narrowbands for the MPDCCH transmission, provided by
a ‘00’ value, can be that the narrowbands for the MPDCCH transmission are same as
the narrowbands for the MPDCCH transmission conveying the DCI format scheduling
the PDSCH that conveys the RAR.

c) PRB assignment field: For a Msg3 transmission with no/small CE (CE Mode A),
any consecutive PRBs from the 6 PRBs of the indicated narrowband can be used for
Msg3 transmission and the consecutive PRBs can be signaled with ceil(6x7/2) = 5 bits.
For a Msg3 transmission with large CE (CE Mode B), LC/CE UE 114 is assumed to be
power limited and only a single PRB from the 6 PRBs of the indicated narrowband can
be used for Msg3 transmission and the single PRB can be enumerated with ceil(log,
(6))=3 bits.

d) MCS field: This field provides the MCS for the PUSCH transmission conveying
the Msg3. For large CE (CE Mode B), only QPSK modulation shall apply for Msg3
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and the MCS can be indicated with 3 bits. When QAM 16 modulation is precluded also
for no/small CE, a 3-bit MCS field can also be used for no/small CE.

e) TPC command field: A TPC command indicates an adjustment for a transmission
power of a PUSCH conveying Msg3. For large CE (CE Mode B), a transmission
power is assumed to be a maximum one for LC/CE UE 114 and a TPC command field
is not applicable.

) UL delay field: The UL delay field indicates an additional delay in number of SFs
that LC/CE UE 114 shall apply for a PUSCH transmission conveying Msg3. When the
UL delay field has a value of ‘0’ no delay applies. When the UL delay has a value of
‘1°, LC/CE UE 114 applies an UL delay of a number of SFs equal to a number of rep-
etitions indicated in the UL grant for a transmission of a PUSCH conveying the Msg3.

g) CSI-request field: The CSI request field indicates whether LC/CE UE 114 shall
include (through a value of ‘1°) or shall not include (through a value of ‘0’) a CSI
report in a PUSCH transmission conveying Msg3. CSI reports are not supported for a
LC/CE UE 114 that transmitted a respective RA preamble in a large CE (CE Mode B).

h) CSS narrowband field: The narrowband for a first repetition of an MPDCCH
transmission scheduling a PUSCH conveying an Msg3 retransmission or a PDSCH
conveying an Msg4 transmission or the RRCConnectionSetup with eNB 102. A default
value for the CSS narrowband, corresponding to a ‘00’ for the CSS narrowband field,
can be that the narrowband for a first repetition of an MPDCCH transmission is same
as the narrowband of the first repetition for the MPDCCH transmission scheduling the
PDSCH conveying the RAR. The remaining values can correspond to offsets relative
to the narrowband of the first repetition for the MPDCCH transmission scheduling the
PDSCH conveying the RAR. The RRCConnectionSetup can configure one or more
narrowbands for MPDCCH transmissions scheduling unicast PDSCH transmissions or
unicast PUSCH transmissions.

FIGURE 14 illustrates contents of an UL grant in a first RAR message corresponding
to a first CE mode and in a second RAR message corresponding to a second CE mode
according to this disclosure.

For the first RAR message, the UL grant is transmitted in 3 octets of bit where 4 bits
in an octet are part of a TA command and the remaining 20 bits provide the UL grant.
For the second RAR message, the UL grant is transmitted in 2 octets of bit where 4 bits
in an octet are part of a TA command and the remaining 12 bits provide the UL grant.

Msg3 retransmissions, that are needed when eNB 102 incorrectly detects an initial
Msg3 transmission, can be scheduled by an MPDCCH conveying a unicast DCI format
(with CRC scrambled with a TC-RNTI that is provided in the RAR. However, con-
sidering that an MPDCCH transmission can require repetitions and use all ECCEs in a

narrowband of 6 RBs, as in Figure 12, this can result to an inability for eNB 102 to si-
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multaneously transmit MPDCCH to schedule Msg3 retransmissions from multiple LC/
CE UEs. In case of synchronous UL HARQ process, a consequence is that one or more
Msg3 retransmissions cannot be supported.

The present disclosure provides several embodiments to remedy this operational dis-
advantage. In one example, ECCE aggregation levels smaller than 24 ECCEs, such as
8 ECCEs or 16 ECCEs, can be supported even for large CE for an MPDCCH
transmission scheduling an Msg3 retransmission, thereby enabling simultaneous trans-
missions of more than one such MPDCCHs.

In another example, asynchronous HARQ can apply for PUSCH transmissions
conveying an Msg3 retransmission.

In another example, PUSCH transmissions conveying an Msg3 retransmission can be
non-adaptive and triggered by HARQ-ACK information (NACK) conveyed by a DCI
format that can be detected by all LC/CE UEs having respective RAR messages. The
DCI format can have a same size as a DCI format scheduling a PDSCH transmission
conveying a respective RAR or a same size as a DCI format scheduling an Msg3 re-
transmission. The CRC of the DCI format can be scrambled with the RA-RNTI and the
UL/DL flag in the DCI format can be set to indicate PUSCH scheduling instead of
PDSCH scheduling. In addition to the UL/DL flag bit, a number of bits equal to a
number of LC/CE UEs addressed by the RAR provide HARQ-ACK information for re-
spective Msg3 transmissions according to an order used to provide respective RAR
messages in the PDSCH conveying the RAR messages. For example, a binary ‘0’ can
indicate a NACK and a binary ‘1’ can indicate an ACK. The eNB 102 can transmit
either an MPDCCH scheduling a unicast PUSCH transmission from LC/CE UE 114
through a DCI format with CRC scrambled with a respective TC-RNTI, for example
when only LC/CE UE 114 needs to provide an Msg3 retransmission, or transmit a DCI
format conveying HARQ-ACK information to multiple LC/CE UEs with respective
RAR messages and respective Msg3 initial transmissions when the multiple LC/CE
UESs need to provide respective Msg3 retransmissions. LC/CE UE 114 can perform de-
scrambling of the CRC of a decoded DCI format using a respective TC-RNTI or using
a RA-RNTI to respectively determine whether the DCI format schedules an adaptive
unicast PUSCH transmission or provides HARQ-ACK information for a previous
Msg3 transmissions (and schedules one or more non-adaptive PUSCH transmissions
for respective Msg3 retransmissions).

In another example, LC/CE UE 114 interprets an absence of detection for a DCI
format scheduling an Msg3 retransmission as an ACK but continues to monitor
MPDCCH that can convey a DCI format scheduling an Msg3 retransmission.

A various embodiments of the present disclosure provide HARQ-ACK information
for PUSCH transmissions by MPDCCH.
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Due to a reduced reception BW capability, LC/CE UE 114 cannot receive PHICH
transmissions from eNB 102. The only other means available for eNB 102 to provide
HARQ-ACK information to LC/CE UE 114 is by the NDI field that is included in a
DCI format scheduling a PUSCH transmission (UL DCI format). For a same HARQ
process, when the NDI bit is set to ‘0°, LC/CE UE 114 transmits a same data TB with a
next redundancy version (RV) in a PUSCH while when the NDI bit is set to ‘1°, LC/
CE UE 114 transmits a new data TB with RV=0 (see also REF 2 and REF 3). LC/CE
UE 114 keeps a data TB for a HARQ process in the LC/CE UE 114 buffer until LC/CE
UE 114 detects an UL DCI format with NDI set to ‘1’ (for the same HARQ process).
Therefore, the NDI field in an UL DCI format serves to provide implicit HARQ-ACK
information for a data TB transmission in a PUSCH for a HARQ process.

One disadvantage of using a DCI format to provide HARQ-ACK information for a
PUSCH transmission is a DL overhead associated with an MPDCCH transmission
conveying the DCI format. One approach to reduce such overhead is for eNB 102 to
occasionally not transmit MPDCCH in case of an ACK response to a previous PUSCH
transmission by LC/CE UE 114. One problem with such an approach is that when LC/
CE UE 114 fails to detect a transmitted MPDCCH (that implicitly conveys a NACK
through the NDI field in the DCI format), LC/CE UE 114 does not transmit PUSCH.
As eNB 102 cannot typically perform accurate detection for an absence of a PUSCH
transmission, eNB 102 will accumulate noise leading to HARQ buffer corruption.
Therefore, a NACK-to-ACK error occurs with probability of 1%, i.e. 10 times or 100
times larger than typically required. Subsequent retransmissions cannot resolve the
HARQ buffer corruption because eNB 102 and LC/CE UE 114 have a different under-
standing of the RV (for example, LC/CE UE 114 assumes RV=2 for a first re-
transmission of a new data TB while eNB 102 can assumes RV=3 for a second re-
transmission of a previous data TB) and such errors can propagate in time. A different
understanding between eNB 102 and LC/CE UE 114 can also exist for the MCS of the
PUSCH transmission thereby making certain a HARQ buffer corruption. Different RV
understanding or different MCS understanding between eNB 102 and LC/CE UE 114
can also occur when LC/CE UE 114 interprets an UL DCI format detection as a
NACK for a data TB transmission for a HARQ process.

The different MCS understanding and the different RV understanding between eNB
102 and LC/CE UE 114 can be resolved by separating the joint “MCS and RV” field in
an UL DCI format into an individual MCS field and an individual RV field. Such
separation is required when HARQ process for PUSCH transmissions is asynchronous.
When HARQ process for PUSCH transmissions is synchronous, LC/CE UE 114 can
determine whether an UL DCI format schedules a second or third retransmission of a
previous data TB when LC/CE UE 114 failed to detect an UL DCI format scheduling a
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first or second retransmission for the previous data TB, respectively, or the UL DCI
format schedules a first retransmission of a new data TB when LC/CE UE 114 failed to
detect an UL DCI format scheduling a first transmission for the new data TB. An MCS
field can be represented by a number of bits required to address a number of sup-
portable MCS values. An RV field can be represented by 2 bits to indicate one of the
four possible RVs with ‘00’ indicating RVO0, ‘01 indicating RV2, ‘10° indicating RV3,
and ‘11’ indicating RV1.

To aid the Patent Office and any readers of any patent issued on this application in
interpreting the claims appended hereto, applicants wish to note that they do not intend
any of the appended claims or claim elements to invoke 35 U.S.C. § 112(f) unless the

words “means for” or “step for” are explicitly used in the particular claim. Use of any

9 < 9 <e

other term, including without limitation “mechanism,” “module,” “device,” “unit,”

9 <o 9 < 9 <o 9 <e 9 <o 9 <

“component,” “element,” “member,” “apparatus,” “machine,” “system,” “processor,”
or “controller,” within a claim is understood by the applicants to refer to structures
known to those skilled in the relevant art and is not intended to invoke 35 U.S.C. §
112(6).

Although the present disclosure has been described with example embodiments,
various changes and modifications can be suggested to one skilled in the art. It is
intended that the present disclosure encompass such changes and modifications that

fall within the scope of the appended claims.
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Claims

A base station comprising:

at least one transmitter configured to transmit, in a first subframe and
within a first narrowband that includes six consecutive resource blocks
(RBs) in a downlink (DL) system bandwidth, a physical DL control
channel (PDCCH),

wherein each RB includes a number of resource elements (REs)
indexed in ascending order in a frequency domain and the six con-
secutive RBs in the first narrowband are indexed in ascending order
according to the indexes of respective REs.

The base station of Claim 1, wherein the at least one transmitter is
further configured to transmit, in a second subframe and over a set of
RBs within a second narrowband that includes six consecutive RBs, a
physical downlink shared channel (PDSCH) that is mapped over REs
first across the set of RBs, starting from the RE with the lowest index,
and then across symbols of the second subframe.

The base station of Claim 1, wherein the at least one transmitter is
further configured to transmit signaling configuring the PDCCH
transmission (i) over CCEs only in the set of two RBs or only in the set
of four RBs or (ii) over REs in both the set of two RBs and the set of
four RBs.

A user equipment (UE) comprising:

at least one receiver configured to receive, in a first subframe and
within a first narrowband that includes six consecutive resource blocks
(RBs) in a downlink (DL) system bandwidth, a physical DL control
channel (PDCCH),

wherein each RB includes a number of resource elements (REs)
indexed in ascending order in a frequency domain and the six con-
secutive RBs in the first narrowband are indexed in ascending order
according to the indexes of respective Res.

The UE of Claim 4, wherein the at least one receiver is further
configured to receive, in a second subframe and over a set of RBs
within a second narrowband that includes six consecutive RBs, a
physical downlink shared channel (PDSCH) that is mapped over REs
first across the set of RBs, starting from the RE with the lowest index,
and then across symbols of the second subframe.

The UE of Claim 4, wherein the at least one receiver is further
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configured to receive signaling configuring the PDCCH reception (i)
over CCEs only in the set of two RBs or only in the set of four RBs or
(i1) over REs in both the set of two RBs and the set of four RBs.

A base station comprising:

at least one transmitter configured to transmit within one or more first
narrowbands of six resource blocks (RBs) a physical downlink control
channel (PDCCH) scheduling a transmission of a physical downlink
shared channel (PDSCH) conveying one or more random access
response (RAR) messages, wherein:

each RAR message is associated with a random access preamble
transmission and includes scheduling information for a transmission of
a physical uplink shared channel (PUSCH) in a number of transmission
time intervals (TTIs), and

the scheduling information includes 20 binary elements when the
PDSCH transmission and the PUSCH transmission are according to a
first coverage enhancement (CE) mode and includes 12 binary elements
when the PDSCH transmission and the PUSCH transmission are
according to a second CE mode; and

at least one receiver configured to receive the PUSCH according to the
scheduling information.

The base station of Claim 7, wherein the at least one transmitter is
further configured to transmit in a system information block a set of
available CE levels for a random access preamble transmission and an
indication for a location of the one or more first narrowbands in a
downlink system bandwidth for each CE level from the set of CE
levels.

A user equipment (UE) comprising:

at least one receiver configured to receive within one or more first nar-
rowbands of six resource blocks (RBs) a physical downlink control
channel (PDCCH) scheduling a transmission of a physical downlink
shared channel (PDSCH) conveying one or more random access
response (RAR) messages, wherein:

each RAR message is associated with a random access preamble
transmission and includes scheduling information for a transmission of
a physical uplink shared channel (PUSCH) in a number of transmission
time intervals (TTIs), and

the scheduling information includes 20 binary elements when the

PDSCH transmission and the PUSCH transmission are according to a
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first coverage enhancement (CE) mode and includes 12 binary elements
when the PDSCH transmission and the PUSCH transmission are
according to a second CE mode; and

at least one transmitter configured to transmit the PUSCH according to
the scheduling information.

The UE of Claim 9, wherein the at least one receiver is further
configured to receive in a system information block a set of available
CE levels for a random access preamble transmission and an indication
for a location of the one or more first narrowbands in a downlink
system bandwidth for each CE level from the set of CE levels.

The base station of Claim 1, or the UE of Claim 4, wherein:

when the PDCCH is transmitted over a set of two RBs, the PDCCH is
mapped to a first number of control channel elements (CCEs), each
CCE from the first number of CCEs includes resource elements groups
(REGs) from a first RB and from a second RB, and each REG includes
a number of REs either from the first RB or from the second RB,

when the PDCCH is transmitted over a set of four RBs, the PDCCH is
mapped to a second number of CCEs, each CCE from the second
number of CCEs includes REGs from a third RB, a fourth RB, a fifth
RB, and a sixth RB, and each REG includes a number of REs either
from the third RB, or from the fourth RB, or from the fifth RB, or from
the sixth RB, and

when the PDCCH is transmitted over the six consecutive RBs, the
PDCCH is mapped over REs first across the six consecutive RBs,
starting from the RE with the lowest index, and then across symbols of
the first subframe.

The base station of Claim 1, or the UE of Claim 4, wherein REs used
for transmission of a primary broadcast channel, or for transmission of
synchronization signals, or for transmission of channel state in-
formation reference signals (CSI-RS), or for transmission of common
reference signals (CRS), or for transmission of demodulation reference
signals (DMRS) are not used for transmission of the PDCCH.

The base station of Claim 7, or the UE of Claim 9, wherein an in-
formation element (IE) indicating an adjustment for a PUSCH
transmission power, a binary IE indicating request or no request for a
channel state information report, and a binary IE indicating zero or
non-zero delay for the PUSCH transmission are included in the

scheduling information corresponding to the first CE level and are not
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included in the scheduling information corresponding to the second CE
level.

[Claim 14] The base station of Claim &, or the UE of Claim 10, wherein:
when non-zero delay is indicated for the PUSCH transmission, the
PUSCH transmission is delayed by the number of TTIs, and
the number of TTIs is larger than one.

[Claim 15] The base station of Claim 7, or the UE of Claim 9, wherein:
the scheduling information includes an information element (IE) in-
dicating of one or more second narrowbands for a subsequent PDCCH
transmission, and

one state of the IE indicates the one or more first narrowbands.
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[Fig. 13]
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