2017/091973 A1) 0000 0 D10 IO R OO0 00

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/091973 A1l

8 June 2017 (08.06.2017) WIPOI|PCT
(51) International Patent Classification: (74) Agent: CHINA PATENT AGENT (H.K.) LTD.; 22/F.,
HO4W 28/26 (2009.01) Great Eagle Center, 23 Harbour Road, Wanchai, Hong
K N).
(21) International Application Number: ong (CN)
PCT/CN2015/096100 (81) Designated States (unless otherwise indicated, for every
. . ) kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: b ber 2015 (01.12.2015 AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
ecember 2015 (01.12.2015) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
L. ) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(71) Applicant: INTEL IP CORPORATION [US/US]; 2200 MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
Mission College Blvd., Santa Clara, California 95054 PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(US). SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(72) Inventors; and
(71) Applicants (for BZ only): ZHANG, Hong [CN/CNJ; (84) Designated States (unless otherwise indicated, for every

GaoXin 6th Road, Xi'an, Shaanxi 710075 (CN). FU, Yan-
zeng [CN/CN]; GaoXin 6th Road, Xi'an, Shaanxi 710075
(CN). TANG, Yunshuai [CN/CN]; No. 38 GaoXin 6th
Road, Xi'an, Shaanxi 710075 (CN). LEL Jie [CN/CN];
No. 38, GaoXin 6th Road, Xi'an, Shaanxi 710075 (CN).
WANG, Zhen [CN/CN]; No. 38, GaoXin 6th Road, Xi'an,
Shaanxi 710075 (CN). SIVANESAN, Kathiravetpillai
[CA/US]; 16997 NW Stalder Lane, Portland, Oregon

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

97229 (IJS) KECICIOGLU, Balkan [TMUS], 2111 NE Declarations under Rule 4.17:

25th Ave., MS JF3-336, Hillsboro, Oregon 97124 (US).

of inventorship (Rule 4.17(iv))

[Continued on next page]

(54) Title: IDENTIFYING DATA IN MACHINE-TYPE COMMUNICATION

100

104

132

7

Radio Transceiver

i /

{

Communication
Circuitry

140

Control circuitry

e
104 124 R
\\\ X 136
UE
122 --—\\\ I
s /i//
Radio Transceivar ?
116’*\-\\‘ [
Communication
Circuitry
320.«\\ 3
|
Contro! circuitry
Fig. 1

(57) Abstract: Embodiments of the present disclosure describe systems, devices, and methods to identify data in machine-type com-
munication. Various embodiments may include a evolved node B(eNB) that assigns frequency offsets to one or more of plural ma-
chine-type communication (MTC) user equipment (UE), receives plural repeated bursts of MTC data from each of the plural MTC
o UE over a shared transmission resource with phase shift between the plural repeated bursts based upon the frequency offsets, and
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IDENTIFYING DATA IN MACHINE-TYPE COMMUNICATION

Field

Embodiments of the present disclosure generally relate to the field of wireless
communication, and more particularly, to methods and apparatuses for machine-type
communications in cellular networks.

Background

Machine-type communication (MTC) is a promising and emerging technology to
enable a ubiquitous computing environment towards the concept of “Internet of Things
(IoT),” including the cellular Internet of Things (CIoT) in which MTC is carried over a
wireless or cellular network. Potential MTC-based applications include smart metering,
healthcare monitoring, remote security surveillance, intelligent transportation systems, etc.
Existing mobile broadband networks were designed to optimize performance mainly for
human types of communications and thus are not designed or optimized to address the

MTC-related issues.

Brief Description of the Drawings

Embodiments will be readily understood by the following detailed description
in conjunction with the accompanying drawings. To facilitate this description, like
reference numerals designate like structural elements. Embodiments are illustrated by way
of example and not by way of limitation in the figures of the accompanying drawings.

Fig. 1 schematically illustrates a wireless communication environment in
accordance with various embodiments.

Fig. 2 is a flowchart describing operations of identifying data in MTC in
accordance with various embodiments.

Fig. 3 is a flowchart 300 describing operations of identifying MTC data in
accordance with some embodiments.

Fig. 4 is an illustration of a burst in an EC-GSM system employing GMSK
modulation.

Fig. 5 is a flowchart describing operations of identifying MTC data in accordance
with some embodiments.

Figs. 6-9 are illustrations embodiments of bursts.

Fig. 10 is a flowchart describing operations of identifying MTC data
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Fig. 11 illustrates, for one embodiment, example components of an electronic

device.

Detailed Description

Various aspects of the illustrative embodiments will be described using terms
commonly employed by those skilled in the art to convey the substance of their work to
others skilled in the art. However, it will be apparent to those skilled in the art that
alternate embodiments may be practiced with only some of the described aspects. For
purposes of explanation, specific numbers, materials, and configurations are set forth in
order to provide a thorough understanding of the illustrative embodiments. However, it
will be apparent to one skilled in the art that alternate embodiments may be practiced
without the specific details. In other instances, well-known features are omitted or
simplified in order not to obscure the illustrative embodiments.

Further, various operations will be described as multiple discrete operations, in
turn, in a manner that is most helpful in understanding the illustrative embodiments;
however, the order of description should not be construed as to imply that these operations
are necessarily order dependent. In particular, these operations need not be performed in
the order of presentation.

The phrase “in some embodiments” is used repeatedly. The phrase generally does
not refer to the same embodiments; however, it may. The terms “comprising,” “having,”
and “including” are synonymous, unless the context dictates otherwise.

The phrases “A or B,” “A/B,” and “A and/or B” mean (A), (B), or (A and B).

Ilustrative embodiments of the present disclosure include, but are not limited to,
methods, systems, computer-readable media, and apparatuses that may enable
identification of data in MTC services and applications in cellular networks with increased
uplink (UL) capacity.

Fig. 1 schematically illustrates a wireless communication system 100
in accordance with various embodiments. The system 100 may include a user equipment
(UE) 104 and base station (BS) such as, for example, evolved node base station (eNodeB
or eNB) 108. The eNB 108 may be an access node of a 3rd Generation Partnership Project
(3GPP) network and may incorporate or apply any of a variety of standards, formats, or
conventions including, Global System for Mobile Communications (GSM), Extended

Coverage GSM (EC-GSM), Long Term Evolution (LTE), etc.
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The UE 104 may be any type of computing device equipped with wireless
communication circuitry and adapted to communicate through a RAN according to, for
example, one or more 3GPP Technical Specifications. The UE 104 may include, but is not
limited to, a phone, a computer, a sensor, or any other device that is configured for
wireless communication through a RAN. In various embodiments, the UE 104 may be a
UE primarily designed for MTC and may be referred to as an MTC UE 104.

The UE 104 may include communication circuitry 116, control circuitry 120, radio
transceiver 122, and one or more antennas 124. Communication circuitry 116 may
interface with the radio transceiver 122 to receive radio frequency (RF) signals from
and/or send RF signals to one or more components, for example, eNB 108, over an air
interface via the one or more antennas 124 according to one or more standard protocols.
In embodiments, the MTC UE 104 may upload or uplink to eNB 108 data from a machine,
device, system, etc. (not shown) that may be associated with, connected to, or in
communication with MTC UE 104. Such data may be referred to as MTC data, and the
MTC UE 104 together with its associated machine, device, system, etc. (not shown) may
be referred to as a Cellular Internet of Things device (CloT device). In embodiments, the
MTC UE 104 may communicate MTC data to eNB 108 in burst transmissions, which may
include small burst transmissions that may be occasional or infrequent, and/or periodic or
aperiodic, and/or scheduled or unscheduled.

The communication circuitry 116 may include signal-construction circuitry
including, but not limited to, an encoder to encode input data, and a modulator to modulate
a carrier signal to include the encoded input data to be transmitted. The communication
circuitry 116 may further include signal-deconstruction circuitry including, but not limited
to, a demodulator to provide encoded data from a modulated carrier signal, and a decoder
to provide data from encoded data.

The radio transceiver 122 may provide for the transmission and reception of the RF
signals. The radio transceiver 122 may have RF transmit circuitry such as, but not limited
to, an up-converter to convert baseband signals to radio-frequency signals, and a power
amplifier (PA) to amplify the RF signals for transmission. The radio transceiver 122 may
further have RF receive circuitry such as, but not limited to, a low-noise amplifier to
amplify a received RF signal, a filter to filter a received RF signal, and a downconverter to
convert an RF signal to a baseband signal. The control circuitry 120 may be coupled to
communication circuitry 116, and may be configured to perform higher layer operations,

for example, operations at layers in a communication protocol stack that are higher than
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layers of the communication protocol stack that perform the operations of the
communication circuitry 116 for the radio transceiver 122.

In some embodiments, the communication circuitry 116 and the control circuitry
120 may, collectively, provide the majority or all of the operations related to the
communication protocol stack. The communication circuitry 116 and the control circuitry
120 may include, or be a part of, baseband circuitry (for example, a baseband chipset), a
PC card, a connect card, a mobile broadband modem, ctc.

The eNB 108 may include communication circuitry 128 to interface with radio
transceiver 132 to communicate over the air interface to, for example, receive uplink RF
signals from UE 104 via one or more antennas 136 and transmit downlink RF signals to
UE 104 via the one or more antennas 136. In some embodiments, the communication
circuitry 128 may have signal-construction circuitry and signal-deconstruction circuitry
that complement the corresponding circuitry in communication circuitry 116. Similarly,
the transceiver 132 may include RF transmit circuitry and RF receive circuitry that
complement the corresponding circuitry in radio transceiver 122.

The eNB 108 may also include control circuitry 140 coupled with communication
circuitry 128. The control circuitry 140 may be configured to perform higher layer
operations to control aspects of wireless communications in the cell provided by the eNB
108.

In addition to communication over the air interface, the components of the UE 104
and eNB 108 may include circuitry to communicate over one or more additional wired or
wireless interfaces. For example, in some embodiments, the transceiver 132 may include
an Ethernet interface to support SI-AP signaling over Ethernet networks such as, but not
limited to, fiber-optic gigabit and 10 Gigabit Ethernet, to provide the SI-MME interface.

Fig. 2 is a flowchart 200 describing operations of identifying MTC data in
accordance with some embodiments.

At 202, the eNB may assign a first frequency offset to a first machine-type
communication (MTC) user equipment (UE). The first frequency offset may be with
respect to a first transmission resource, which may include a first radio frequency.

At 204, the eNB may assign a second frequency offset to a second MTC UE. The
second frequency offset may be with respect to the first transmission resource, which may
include the first radio frequency.

At 206, the eNB may receive plural repeated bursts of first MTC data from the first

MTC UE over the transmission resource with a first phase shift between the plural
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repeated bursts based upon the first frequency offset and plural repeated bursts of second
MTC data from the second MTC UE over the transmission resource with a second phase
shift between the plural repeated bursts based upon the second frequency offset.

At 208, the eNB may compensate for the first phase shift to identify the first MTC
data from the first MTC UE. In an embodiment, the eNB compensating for the first phase
shift may include applying a first compensation to the plural repeated bursts of the first
MTC data, wherein the first compensation may provide constructive superposition of the
plural repeated bursts of the first MTC data. In an embodiment, the first compensation
may also provide destructive superposition of the plural repeated bursts of the second
MTC data with the second phase shift.

At 210, the eNB may compensate for the second phase shift to identify the second
MTC data from the second MTC UE. In an embodiment, the eNB compensating for the
second phase shift may include applying a second compensation to the plural repeated
bursts of the second MTC data, wherein the second compensation may provide
constructive superposition of the plural repeated bursts of the second MTC data. In an
embodiment, the second compensation may also provide destructive superposition of the
plural repeated bursts of the first MTC data with the first phase shift.

The operations of identifying MTC data in accordance with some embodiments of
flowchart 200 may be applied to more than two MTC UEs. As an illustration of
embodiments, the following describes operations of identifying MTC data that may be
provided by four MTC UEs, for example. The illustration may refer to the environment
100 of Fig. 1 and aspects of, for example, a GSM cellular standard that may include a 200
kHz bandwidth with a GMSK (Gaussian Minimum Shift Keying) modulation scheme with
a gross channel rate of 1625/6 kbps (270.8333 kbps), an 8-time slot TDMA frame of 60/13
mS, which may provide for each time slot 625/4 or 156.25 bits over a period of 15/26 or
0.5769 mS. In embodiments, other cellular standards or modulation schemes may be
applied.

As described at 202 and 204, frequency offsets may be applied to first and second
MTC UE 104, respectively. In accordance with this illustration, four frequency offsets
may be applied to four MTC UEs 104, which may be referred to as MTCUE1-MTCUE4.
For example, frequency offsets of -866 Hz, -433 Hz, 0 Hz and 433 Hz may be applied to
MTCUEIL, MTCUE2, MTCUE3, MTCUEA4, respectively.

As described at 206, the eNB 108 may receive plural repeated bursts of first MTC

data from the first MTC UE 104 over the transmission resource with a first phase shift

5



10

15

20

WO 2017/091973 PCT/CN2015/096100

between the plural repeated bursts based upon the first frequency offset. In an embodiment
of this illustration, with a frequency offset of 866 Hz in bursts of MTC data from
MTCUEI over a TDMA time slot of 156.25 bits, the eNB may receive bursts of MTC data
from MTCUEI with a phase shift A@1 of —m, which may be calculated as:

AD1 =21 * (-866) * 156.25/270833 = —1r

As described at 208, the eNB 108 may receive plural repeated bursts of second MTC data
from the second MTC UE 104 over the transmission resource with a second phase shift.
Similarly, with frequency offsets of -433 Hz, 0 Hz and 433 in bursts of MTC data from
MTCUE2-MTCUE4 over TDMA time slots of 156.25 bits, the eNB 108 may receive

bursts of MTC data from MTCUE2-MTCUE4 with phase shifts A@2- A@4 of — g, O,g ,

respectively:

A@2 =2 1 % (-433) * 156.25/270833 = —1r/2
A®3 =21 * (0) * 156.25/270833 = 0
AB4 =21 = (433) * 156.25/270833 = 1r/2

In embodiments, this illustration may include four repeated bursts of MTC data
from MTCUE1-MTCUE4 with phase shift. The four repeated bursts of MTC data may be
provided over four successive TDMA time slots, as summarized in Table 1, in which the

four successive TDMA time slots are indicated by the term “Burst Index™:

Table 1 - MTCUE1-MTCUE4 with Phase Shift

Burst index
1 2 3 4
Device
MTCUE 1 @0 @0 -7 @0 — 27 @0 —3r
T 3
MTCUE 2 Do % —3 Bo—m o ——
MTCUE 3 Do Do Do Do
T 3
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repeated bursts of MTC data from one or more of the MTC UE 104 and/or applying
different phase differences to MTC data from different MT CUE 104. In this illustration,
the first bursts of MTC data from MTCUE1-MTCUE4 may have the same phase, with

phase differences arising over successive bursts or time slots providing phase shift

between the MTC data. Phase shift between the MTC data from the different MTCUE

may arise by application of phase shifts of different amounts, which may include zero

phase shift as illustrated by MTCUE3.
As described at 210, the eNB 108 may compensate for the first phase shift to

identify the first MTC data from the first MTC UE 104. In an embodiment of this

illustration, eNB 108 may compensate for the phase shift of MTCUEI to identify the MTC

data from MTCUE]1 by applying a compensating phase offset to each burst or time slot

with a phase difference from a preceding burst or time slot. In this illustration, the

compensating phase offset may be 1 to compensate for a phase shift of -1 applied to

subsequent bursts of MTC data from MTCUE]. Table 2 shows an embodiment of a

compensating phase offset of m applied to each subsequent burst or time slot with a phase

difference from a preceding burst or time slot:

Table 2 - MTCUE1-MTCUE4 with Compensating Phase Offset for MTCUEI

Burst index

1 2 3 4
Device
MTCUE 1 Do @, Do Do
T 3T
MTCUE 2 Do % +3 Qo +7 o+~
2 3 3 9
MTCUE 4 0 o+ Do +3m o+

With application of the compensating phase offset of 1 for the MTC data from
MTCUEI, the eNB 108 may compensate for the phase shift of the MTC data from
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MTCUEI to provide constructive superposition of the plural repeated bursts of the MTC
data from MTCUE] and to identify the MTC data from MTCUE]. In an embodiment, the
compensating phase offset of 1 for the MTC data from MTCUEI may also provide
destructive superposition of the four repeated bursts of the MTC data from each of
MTCUE2- MTCUEA4.

As described at 212, the eNB may compensate for the second phase shift to
identify the second MTC data from the second MTC UE. In an embodiment of this
illustration, the eNB may successively compensate for the phase shift of each of
MTCUE2- MTCUEA4 to identify the MTC data from each of MTCUE2- MTCUE4 by
applying corresponding compensating phase offsets. In this illustration, the compensating
phase offsets may be /2, 0, and - t/2 to compensate for the phase shifts of -1t/2, 0, and
/2 applied to subsequent bursts of MTC data from MTCUE2, MTCUE3, MTCUE4,
respectively. Tables 3, 4, and 5 show embodiments of compensating phase offsets of
—m/2,0, and /2 applied to each subsequent burst or time slot with a phase difference

from a preceding burst or time slot:



WO 2017/091973
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Table 3 - MTCUE1-MTCUE4 with Compensating Phase Offset for MTCUE2

Burst index
1 2 3 4
Device
T 3
MTCUE 1 Do Q0 35 @ —m B0 ——
MTCUE 2 Do Do Do Do
T 3
MTCUE 3 Do Do 3 Do+ Bo +
MTCUE 4 Do Qo + 1 @y + 21 @y + 37

Table 4 - MTCUE1-MTCUE4 with Compensating Phase Offset for MTCUE3

Burst index
1 2 3 4
Device
MTCUE 1 @0 @0 -7 @0 — 27 @0 —3r
T 3
MTCUE 2 Do %03 o - o~
MTCUE 3 Do Do Do @o
T 3
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Table 5 - MTCUE1-MTCUE4 with Compensating Phase Offset for MTCUE4

Burst index
1 2 3 4
Device
3 9
- -3 _ =
MTCUE I Do % =3 Do = 3m %=
MTCUE2 ®0 @0_71' @0_271' @0_371'
T 3
MTCUE 3 o Qo —7 Qo —m Bo ——
MTCUE 4 Do Do Do Do

Tables 2-5 illustrate embodiments in which MTC data from MTC UE 1-4 may be
successively identified over four successive bursts of four time slots each. In
embodiments, the four successive bursts of four time slots each may occur over at least
two TDMA frames. With each burst, the eNB 108 may apply a compensating phase offset
to identify the MTC data from a corresponding one of the MTC UE 1-4. As illustrated,
identifying MTC data from MTC UE 1-4 may include applying a complex conjugate
phase rotation successively and combining or adding the corresponding samples of the
received bursts to achieve constructive superposition of the MTC data from each MTC UE
individually while the other MTC UE undergo destructive superposition.

Fig. 3 is a flowchart 300 describing operations of identifying MTC data in
accordance with some embodiments. The operations described in Fig. 3 may be performed
by the eNB 108 in accordance with some embodiments.

At 302, the eNB may assign frequency offsets to one or more of plural machine-
type communication (MTC) user equipment (UE).

At 304, the eNB may receive plural repeated bursts of MTC data from each of the
plural MTC UE over a shared transmission resource with phase shift between the plural
repeated bursts based upon the frequency offsets. The shared transmission resource may
include a shared radio frequency or channel and/or a shared time period.

At 306, the eNB may compensate for the phase shift to identify the MTC data
corresponding to each of the plural the MTC UE.

10
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In embodiments described above, bursts of MTC data may be of generally equal
lengths of 156.25 bits each, for example, and a common frequency offset for the multiple
bursts of MTC data from each MTCUE may be applied. For example, frequency offsets
of -866 Hz, -433 Hz, 0 Hz and 433 may be applied for MTCUE1, MTCUE2, MTCUE3,
and MTCUEA4, respectively, to provide corresponding phase differences.

In other embodiments, bursts of MTC data may be of different lengths. For
example, in an embodiment, MTC data bursts 1, 2, 3, and 4 may include 157 bits, 156 bits,
156 bits, and 156 bits, respectively. In such an embodiment, different frequency offsets
may be applied in relation to the number of bits in a data burst. Table 6 lists frequency
offsets that may be applied to MTCUE1, MTCUE2, MTCUE3, and MTCUE4 in an
embodiment in which data bursts 1, 2, 3, and 4 may include 157 bits, 156 bits, 156 bits,
and 156 bits, respectively. The frequency offsets of Table 6 may provide a phase shift
substantially similar to the phase shift of Table 1, and in embodiments may be applied in

connection with the operations of Figs. 2 or 3, for example

Table 6 - MTCUE1-MTCUE4 Frequency Offsets (Hz)

Burst index 1 2 3 4
Device (157 bits) (156 bits) (156 bits) (156 bits)
MTCUE 1 —862 —868 —868 —868
MTCUE 2 —-431 —434 —434 —434 20
MTCUE 3 0 0 0 0
MTCUE 4 431 434 434 434

As an illustration, the phase offsets that may be provided for burst index 1 of 157
bits by the listed frequency offsets may be:

AQL’ =2 x (-862) x 157/270833 = —t

AP2’ =2 % (-431) * 156/270833 = —m/2

AP3’ =2 * (0) * 156/270833 =0

APA =21 % (431) * 156/270833 =1 /2

11
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In embodiments, the operations of Figs. 2 and 3 may operate as an overlaid code
division multiple access (CDMA) technique that may increase uplink (UL) capacity from
the multiple MTC UEs 104 to the eNB 108. This may allow multiplexing of multiple
MTC UEs 104 simultaneously on a shared physical resource, for example, same time slot
and same arbitrary radio frequency.

Overlaid CDMA operation may include the eNB 108 specifying different
orthogonal codes to be applied by each of plural MT CUE 104, and the eNB 108
compensating for the different orthogonal in succession further to identify the MTC data
from each MT CUE 104. In embodiments, the eNB 108 may specify different Hadamard
codes to be assigned to the different MTC UE 104, such as MTCUE1-MTCUE4. To
identify the MTC data from each MTC UE, the eNB 108 may first correlate the MTC data
with the Hadamard code of the corresponding MTC UE on a burst level and then
coherently add the received signal. Due to the orthogonal property of Hadamard code, the
signal from the other three users may be canceled by destructive superposition.

Effective operation of the overlaid CDMA using GMSK/8PSK modulation,
previously inhibited by inability to manipulate phase of synthesizer/phase lock loop of
CloT devices, may be facilitated by the addition and subsequent compensation of the
phase shifts as described herein.

In connection with other embodiments, Fig. 4 is an illustration of a burst 400 in an
EC-GSM system employing GMSK modulation that may include 156 bit periods or bits,
for example. (An EC-GSM system employing GMSK modulation may alternatively
include 157 bit periods or bits, for example.) Burst 400 may include a data segment 402
of 142 data and training sequence code (TSC) bits, designated x0, x1, ...x141, which may
be bounded by tail segments 404 and 406 of 3 tail bits each, and tail segments 404, 406
may be bounded by respective guard segments 408, 410 of 4 guard or dummy bits each.
The guard or dummy bits of guard segments 406 may be used to fill gaps between burst
transmissions and may be distinct from the data and TSC bits of data segment 402 and the
tail bits of tail segments 404.

Fig. 5 is a flowchart 500 describing operations of identifying MTC data in
accordance with some embodiments.

At 502, the eNB may assign a first guard bit offset to a first machine-type
communication (MTC) user equipment (UE). The first guard bit offset may change a
number of guard bits in either of guard segments 406 in a burst transmitted from the first

MTC UE.
12
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At 504, the eNB may assign a second guard bit offset to a second machine-type
communication (MTC) user equipment (UE). The second guard bit offset may be different
from the first guard bit offset and may change a number of guard bits in either of guard
segments 406 in a burst transmitted from the second MTC UE.

At 506, the eNB may receive plural repeated bursts of first MTC data from the first
MTC UE over the transmission resource with a first phase shift between the plural
repeated bursts based upon the first guard bit offset.

At 508, the eNB may receive plural repeated bursts of second MTC data from the
second MTC UE over the transmission resource with a second phase shift between the
plural repeated bursts based upon the second guard bit offset. The second phase shift may
be different from the first phase shift.

At 510, the eNB may compensate for the first phase shift to identify the first MTC
data from the first MTC UE. In an embodiment, the eNB compensating for the first phase
shift may include applying a first compensation to the plural repeated bursts of the first
MTC data, wherein the first compensation may provide constructive superposition of the
plural repeated bursts of the first MTC data. In an embodiment, the first compensation
may also provide destructive superposition of the plural repeated bursts of the second
MTC data with the second phase shift.

At 512 the eNB may compensate for the second phase shift to identify the second
MTC data from the second MTC UE. In an embodiment, the eNB compensating for the
second phase shift may include applying a second compensation to the plural repeated
bursts of the second MTC data, wherein the second compensation may provide
constructive superposition of the plural repeated bursts of the second MTC data. In an
embodiment, the second compensation may also provide destructive superposition of the
plural repeated bursts of the first MTC data with the first phase shift.

An aspect of embodiments of the operations of flowchart 500 is that each added or
subtracted guard bit may result in or effect a phase change of m/2 or —mt/2 for a burst or a
next successive burst, respectively. In embodiments, adding or subtracting n-number of
guard bits may result in or effect a phase change of nt/2 or —nm/2, respectively

Fig. 6 is an illustration of a burst 600 that is analogous to burst 400 of Fig. 4, and
may include data segment 602 of data and training sequence code (TSC) bits, and tail
segments 604 and 606. Burst 600 may include a following guard segment 610, and may

also include a modified leading guard segment 612, which may include n-number of added
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leading bits 614 (e.g., only one shown), to impart a phase shift of nit/2. In the illustrated
embodiment, the one added leading bit 614 imparts a phase shift of m/2 to burst 600 and,
more particularly, to data segment 602.

Fig. 7 is an illustration of a burst 700 that is analogous to burst 400 of Fig. 4, and
may include data segment 702 of data and training sequence code (TSC) bits, and tail
segments 704 and 706. Burst 700 may include a leading guard segment 708, and may also
include a modified following guard segment 710, which may include n-number of added
following bits 712 (e.g., only one shown), to impart a phase shift of nmt/2. In the
illustrated embodiment, the one added following bit 712 imparts a phase shift of m/2 to a
next successive burst 714 (partly shown) and, more particularly, its data segment (not
shown).

Fig. 8 is an illustration of a burst 800 that is analogous to burst 400 of Fig. 4, and
may include data segment 802 of data and training sequence code (TSC) bits, and tail
segments 804 and 806. Burst 800 may include a following guard segment 810 and a
modified leading guard segment 812, which may not include n-number of deleted guard
bits 814 (e.g., only one deleted bit shown, designated X), to impart a phase shift of —nm/
2. In the illustrated embodiment, the one deleted leading bit 814 imparts a phase shift of
—1/2 to burst 800 and, more particularly, to data segment 802.

Fig. 9 is an illustration of a burst 900 that is analogous to burst 400 of Fig. 4, and
may include data segment 902 of data and training sequence code (TSC) bits, and tail
segments 904 and 906. Burst 900 may include a leading guard segment 908, and may also
include a modified following guard segment 910, which may include n-number of deleted
following bits 912 (e.g., only one deleted bit shown, designated X), to impart a phase shift
of —nm/2. In the illustrated embodiment, the one added following bit 912 imparts a phase
shift of —1/2 to a next successive burst 914 (partly shown) and, more particularly, its data
segment (not shown).

As described above with reference to Table 1, phase shifts of —m, — g, 0, g,
assigned by a eNB 108 among four MTC UE 104, may provide phase shift between the
four MTC UE 104 by which MTC data from the four MTC UE 104 may be identified by
the eNB 108 successively over repeated bursts of the MTC data, as described above. Figs.
6 and 7 illustrate guard bit offsets that may generate positive phase shifts of nm/2 for a
frame (e.g., burst 600) or a next succeeding burst (e.g., burst 714) for n-number of added

guard bits. Figs. 8 and 9 illustrate guard bit offsets that may generate negative phase shifts
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of —nm/2 for a burst (e.g., burst 800) or a next succeeding burst (e.g., burst 914) for n-

number of added guard bits. Negative phase shifts of —mand — g may be obtained with

guard bit offsets of two bits and one bit, respectively. Non-negative phase shifts of

0 andg may be obtained with guard bit offsets of zero bits and one bit, respectively.

Fig. 10 is a flowchart 1000 describing operations of identifying MTC data in
accordance with some embodiments. The operations described in Fig. 10 may be
performed by the MTC UE 104 in accordance with some embodiments.

At 1002, the MTC UE may receive a frequency offset from, for example, an eNB
108. In embodiments, the frequency offset may be with respect to a shared radio frequency
that the MTC UE shares with multiple other MTC UEs as a shared transmission resource.

At 1004, the MTC UE may transmit a first burst of MTC data over the shared
transmission resource with the frequency offset from the shared radio frequency.

At 1006, the MTC UE may transmit a second burst of MTC data over the shared
transmission resource with the frequency offset from the shared radio frequency.
Operation 1006 may return to operation 1004. In embodiments, the frequency offset may
impart between the first and second bursts of MTC data of the MTC UE a phase shift from
which the MTC data of the MTC UE may be identified from other MTC data on the
shared transmission resource.

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

Embodiments described herein may be implemented into a system using any
suitably configured hardware and/or software. Fig. 11 illustrates, for one embodiment,
example components of an electronic device 1100. In embodiments, the electronic device
1100 may be, implement, be incorporated into, or otherwise be a part of a user equipment
(UE), an evolved NodeB (eNB), or some other suitable electronic device. In some

embodiments, the electronic device 1100 may include application circuitry 1102, baseband
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circuitry 1104, Radio Frequency (RF) circuitry 1106, front-end module (FEM) circuitry
1108 and one or more antennas 1110, coupled together at least as shown.

The application circuitry 1102 may include one or more application processors.
For example, the application circuitry 1102 may include circuitry such as, but not limited
to, one or more single-core or multi-core processors. The processor(s) may include any
combination of general-purpose processors and dedicated processors (e.g., graphics
processors, application processors, etc.). The processors may be coupled with and/or may
include memory/storage and may be configured to execute instructions stored in the
memory/storage to enable various applications and/or operating systems to run on the
system.

The baseband circuitry 1104 may include circuitry such as, but not limited to,
one or more single-core or multi-core processors. The baseband circuitry 1104 may
include one or more baseband processors and/or control logic to process baseband signals
received from a receive signal path of the RF circuitry 1106 and to generate baseband
signals for a transmit signal path of the RF circuitry 1106. Baseband processing circuity
1104 may interface with the application circuitry 1102 for generation and processing of
the baseband signals and for controlling operations of the RF circuitry 1106. For example,
in some embodiments, the baseband circuitry 1104 may include a second generation (2G)
baseband processor 1104a, third generation (3G) baseband processor 1104b, fourth
generation (4G) baseband processor 1104c, and/or other baseband processor(s) 1104d for
other existing generations, generations in development or to be developed in the future
(e.g., fifth generation (5G), 6G, etc.). The baseband circuitry 1104 (e.g., one or more of
baseband processors 1104a-d) may handle various radio control functions that
enable communication with one or more radio networks via the RF circuitry 1106. The
radio control functions may include, but are not limited to, signal
modulation/demodulation, encoding/decoding, radio frequency shifting, etc. In some
embodiments, modulation/demodulation circuitry of the baseband circuitry 1104 may
include Fast-Fourier Transform (FFT), precoding, and/or constellation
mapping/demapping functionality. In some embodiments, encoding/decoding circuitry of
the baseband circuitry 1104 may include convolution, tail-biting convolution, turbo,
Viterbi, and/or Low Density Parity Check (LDPC) encoder/decoder functionality.
Embodiments of modulation/demodulation and encoder/decoder functionality are not
limited to these examples and may include other suitable functionality in other

embodiments.
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In some embodiments, the baseband circuitry 1104 may include elements of a
protocol stack such as, for example, elements of an evolved universal terrestrial
radio access network (EUTRAN) protocol including, for example, physical (PHY), media
access control (MAC), radio link control (RLC), packet data convergence protocol
(PDCP), and/or radio resource control (RRC) elements. A central processing unit (CPU)
1104e¢ of the baseband circuitry 1104 may be configured to run elements of the protocol
stack for signaling of the PHY, MAC, RLC, PDCP and/or RRC layers. In some
embodiments, the baseband circuitry may include one or more audio digital signal
processor(s) (DSP) 1104f. The audio DSP(s) 1104f may be include elements for
compression/decompression and echo cancellation and may include other suitable
processing elements in other embodiments.

The baseband circuitry 1104 may further include memory/storage 1104g. The
memory/storage 1104g may be used to load and store data and/or instructions for
operations performed by the processors of the baseband circuitry 1104, Memory/storage
for one embodiment may include any combination of suitable volatile memory and/or non-
volatile memory. The memory/storage 1104g may include any combination of various
levels of memory/storage including, but not limited to, read-only memory (ROM) having
embedded software instructions (e.g., firmware), random access memory (e.g., dynamic
random access memory (DRAM)), cache, buffers, etc. The memory/storage 1104g may be
shared among the various processors or dedicated to particular processors.

Components of the baseband circuitry may be suitably combined in a single chip, a
single chipset, or disposed on a same circuit board in some embodiments. In some
embodiments, some or all of the constituent components of the baseband circuitry 1104
and the application circuitry 1102 may be implemented together such as, for example, on a
system on a chip (SOC).

In some embodiments, the baseband circuitry 1104 may provide for
communication compatible with one or more radio technologies. For example, in some
embodiments, the baseband circuitry 1104 may support communication with an evolved
universal terrestrial radio access network (EUTRAN) and/or other wireless metropolitan
area networks (WMAN), a wireless local area network (WLAN), a wireless personal area
network (WPAN). Embodiments in which the baseband circuitry 1104 is configured to
support radio communications of more than one wireless protocol may be referred to as

multi-mode baseband circuitry.
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RF circuitry 1106 may enable communication with wireless networks
using modulated electromagnetic radiation through a non-solid medium. In various
embodiments, the RF circuitry 1106 may include switches, filters, amplifiers, etc. to
facilitate the communication with the wireless network. RF circuitry 1106 may include a
receive signal path which may include circuitry to down-convert RF signals received from
the FEM circuitry 1108 and provide baseband signals to the baseband circuitry 1104. RF
circuitry 1106 may also include a transmit signal path which may include circuitry to up-
convert baseband signals provided by the baseband circuitry 1104 and provide RF output
signals to the FEM circuitry 1108 for transmission.

In some embodiments, the RF circuitry 1106 may include a receive signal path and
a transmit signal path. The receive signal path of the RF circuitry 1106 may include mixer
circuitry 1106a, amplifier circuitry 1106b and filter circuitry 1106¢. The transmit signal
path of the RF circuitry 1106 may include filter circuitry 1106¢ and mixer circuitry 1106a.
RF circuitry 1106 may also include synthesizer circuitry 1106d for synthesizing a
frequency for use by the mixer circuitry 1106a of the receive signal path and the transmit
signal path. In some embodiments, the mixer circuitry 1106a of the receive signal path
may be configured to down-convert RF signals received from the FEM circuitry 1108
based on the synthesized frequency provided by synthesizer circuitry 1106d. The amplifier
circuitry 1106b may be configured to amplify the down-converted signals and the filter
circuitry 1106¢ may be a low-pass filter (LPF) or band-pass filter (BPF) configured to
remove unwanted signals from the down-converted signals to generate output baseband
signals. Output baseband signals may be provided to the baseband circuitry 1104 for
further processing. In some embodiments, the output baseband signals may be zero-
frequency baseband signals, although this is not a requirement. In some embodiments,
mixer circuitry 1106a of the receive signal path may comprise passive mixers, although
the scope of the embodiments is not limited in this respect.

In some embodiments, the mixer circuitry 1106a of the transmit signal path may be
configured to up-convert input baseband signals based on the synthesized frequency
provided by the synthesizer circuitry 1106d to generate RF output signals for the FEM
circuitry 1108. The baseband signals may be provided by the baseband circuitry 1104 and
may be filtered by filter circuitry 1106¢. The filter circuitry 1106¢c may include a low-pass
filter (LPF), although the scope of the embodiments is not limited in this respect.

In some embodiments, the mixer circuitry 1106a of the receive signal path and the

mixer circuitry 1106a of the transmit signal path may include two or more mixers and may
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be arranged for quadrature downconversion and/or upconversion respectively. In some
embodiments, the mixer circuitry 1106a of the receive signal path and the mixer circuitry
1106a of the transmit signal path may include two or more mixers and may be arranged
for image rejection (e.g., Hartley image rejection). In some embodiments, the mixer
circuitry 1106a of the receive signal path and the mixer circuitry 1106a may be arranged
for direct downconversion and/or direct upconversion, respectively. In some
embodiments, the mixer circuitry 1106a of the receive signal path and the mixer circuitry
1106a of the transmit signal path may be configured for super-heterodyne operation.

In some embodiments, the output baseband signals and the input baseband signals
may be analog baseband signals, although the scope of the embodiments is not limited in
this respect. In some alternate embodiments, the output baseband signals and the input
baseband signals may be digital baseband signals. In these alternate embodiments, the RF
circuitry 1106 may include analog-to-digital converter (ADC) and digital-to-analog
converter (DAC) circuitry and the baseband circuitry 1104 may include a digital baseband
interface to communicate with the RF circuitry 1106.

In some dual-mode embodiments, a separate radio IC circuitry may be provided for
processing signals for each spectrum, although the scope of the embodiments is not
limited in this respect.

In some embodiments, the synthesizer circuitry 1106d may be a fractional-N
synthesizer or a fractional N/N+1 synthesizer, although the scope of the embodiments is
not limited in this respect as other types of frequency synthesizers may be suitable. For
example, synthesizer circuitry 1106d may be a delta-sigma synthesizer, a frequency
multiplier, or a synthesizer comprising a phase-locked loop with a frequency divider.

The synthesizer circuitry 1106d may be configured to synthesize an output
frequency for use by the mixer circuitry 1106a of the RF circuitry 1106 based on a
frequency input and a divider control input. In some embodiments, the synthesizer
circuitry 1106d may be a fractional N/N+1 synthesizer.

In some embodiments, frequency input may be provided by a voltage controlled
oscillator (VCO), although that is not a requirement. Divider control input may be
provided by either the baseband circuitry 1104 or the applications processor 1102
depending on the desired output frequency. In some embodiments, a divider control input
(e.g., N) may be determined from a look-up table based on a channel indicated by the

applications processor 1102.
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Synthesizer circuitry 1106d of the RF circuitry 1106 may include a divider, a
delay-locked loop (DLL), a multiplexer and a phase accumulator. In some embodiments,
the divider may be a dual modulus divider (DMD) and the phase accumulator may be a
digital phase accumulator (DPA). In some embodiments, the DMD may be configured to
divide the input signal by either N or N+1 (e.g., based on a carry out) to provide a
fractional division ratio. In some example embodiments, the DLL may include a set of
cascaded, tunable, delay elements, a phase detector, a charge pump and a D-type flip-flop.
In these embodiments, the delay elements may be configured to break a VCO period up
into Nd equal packets of phase, where Nd is the number of delay elements in the delay
line. In this way, the DLL provides negative feedback to help ensure that the total delay
through the delay line is one VCO cycle.

In some embodiments, synthesizer circuitry 1106d may be configured to generate a
carrier frequency as the output frequency, while in other embodiments, the output
frequency may be a multiple of the carrier frequency (e.g., twice the carrier frequency,
four times the carrier frequency) and used in conjunction with quadrature generator and
divider circuitry to generate multiple signals at the carrier frequency with multiple
different phases with respect to each other. In some embodiments, the output frequency
may be a LO frequency (fLO). In some embodiments, the RF circuitry 1106 may include
an IQ/polar converter.

FEM circuitry 1108 may include a receive signal path which may include circuitry
configured to operate on RF signals received from one or more antennas 1110, amplify the
received signals and provide the amplified versions of the received signals to the RF
circuitry 1106 for further processing. FEM circuitry 1108 may also include a transmit
signal path which may include circuitry configured to amplify signals for transmission
provided by the RF circuitry 1106 for transmission by one or more of the one or more
antennas 1110.

In some embodiments, the FEM circuitry 1108 may include a TX/RX switch to
switch between transmit mode and receive mode operation. The FEM circuitry may
include a receive signal path and a transmit signal path. The receive signal path of the
FEM circuitry may include a low-noise amplifier (LNA) to amplify received RF signals
and provide the amplified received RF signals as an output (e.g., to the RF circuitry 1106).
The transmit signal path of the FEM circuitry 1108 may include a power amplifier (PA) to
amplify input RF signals (e.g., provided by RF circuitry 1106), and one or more filters to
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generate RF signals for subsequent transmission (e.g., by one or more of the one or more
antennas 1110.

In some embodiments, the electronic device 1100 may include additional elements
such as, for example, memory/storage, display, camera, sensor, and/or input/output (I/0)
interface.

In some embodiments, the electronic device 1100 may be configured to perform
one or more methods, processes, and/or techniques, or one or more portions thereof, as
described herein.

Some non-limiting examples are provided below.

Example 1 may include one or more computer-readable media having instructions
that, when executed, cause an evolved node B (eNB) to assign frequency offsets to one or
more of plural machine-type communication (MTC) user equipment (UE) that are to
communicate with the eNB over a shared transmission resource, which includes a shared
radio frequency, using code-division multiple access (CDMA); receive plural repeated
bursts of MTC data from a first MTC UE of the plural MTC UEs over the shared
transmission resource with a first phase shift based upon the frequency offset assigned to
the first MTC UE; and compensate for the first phase shift to identify the MTC data
corresponding to the first MTC UE.

Example 2 may include the one or more computer-readable media of example 1
and/or any other example described herein, wherein the instructions, when executed,
further cause the eNB to receive plural repeated bursts of MTC data from a second MTC
UE of the plural MTC UEs over the shared transmission resource with a second phase
shift based upon the frequency offset assigned to the second MTC UE; and compensate for
the phase shift to identify the MTC data corresponding to the second MTC UE.

Example 3 may include the one or more computer-readable media of example 2
and/or any other example described herein, wherein the instructions, when executed,
further cause the eNB to compensate for the first and second phase shifts to identify the
MTC data corresponding to the respective first and second MTC UEs successively.

Example 4 may include the one or more computer-readable media of example 2
and/or any other example described herein, wherein the instructions, when executed,
further cause the eNB to assign first and second orthogonal codes to the respective first
and second MTC UEs; receive the plural repeated bursts of MTC data from the first and

second MTC UEs further with application of the orthogonal codes; and decode the
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orthogonal codes further to identify the MTC data corresponding to the first and second
MTC UEs.

Example 5 may include the one or more computer-readable media of example 4
and/or any other example described herein, wherein the orthogonal codes further include
Hadamard codes.

Example 6 may include the one or more computer-readable media of example 2
and/or any other example described herein, wherein the instructions, when executed,
further cause the eNB to receive the plural repeated bursts of MTC data from the first and
second MTC UEs concurrently over a common time period.

Example 7 may include the one or more computer-readable media of any of
examples 1-6 and/or any other example described herein, wherein the instructions, when
executed, further cause the eNB to receive the plural repeated bursts of MTC data from the
first MTC UE with at least one of the bursts of MTC data being of a length different from
lengths of the other bursts of MTC data.

Example 8 may include an apparatus, comprising one or more storage media
having instructions; and one or more processors coupled with the one or more storage
media to execute the instructions to cause the apparatus to receive from each of plural
machine-type communication (MTC) user equipment (UEs) plural repeated bursts of MTC
data over a shared transmission resource with a shared radio frequency in which, for each
MTC UE, a phase shift is included between each burst of MTC data based upon a
frequency offset relative to the shared radio frequency; and identify with respect to the
phase shifts the MTC data of each of the MTC UEs.

Example 9 may include the apparatus of example 8 and/or any other example
described herein, wherein one or more processors cause the apparatus to for each MTC UE
successively, compensate for the phase shift included between each burst of MTC data
from the MTC UE to identify the MTC data from the MTC UE.

Example 10 may include the apparatus of example 9 and/or any other example
described herein, wherein one or more processors cause the apparatus to compensate for
the phase shift included between each burst of MTC data from the MTC UE with
constructive superposition of the bursts of MTC data from the MTC UE concurrent with
destructive superposition of the bursts of MTC data from the other MTC UEs.

Example 11 may include the apparatus any of examples 8-10 and/or any other
example described herein, wherein one or more processors cause the apparatus to assign
orthogonal codes to the plural MTC UEs; receive the plural repeated bursts of MTC data
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from each of the plural MTC UEs further with application of the orthogonal codes; and
decode the orthogonal codes further to identify the MTC data corresponding to each of the
plural the MTC UE.

Example 12 may include the apparatus of example 11 and/or any other example
described herein, wherein the orthogonal codes further include Hadamard codes.

Example 13 may include the apparatus of any of examples 8-10 and/or any other
example described herein, wherein one or more processors cause the apparatus to receive
the plural bursts of MTC data from at least one of the MTC UEs with one of the bursts of
the MTC data from the at least one MTC UE being of a length different from lengths of
the other bursts of MTC data from the at least one MTC UE.

Example 14 may include one or more computer-readable media having instructions
that, when executed, cause an evolved node B (eNB) to assign guard bit offsets to one or
more of plural machine-type communication (MTC) user equipment (UE); receive plural
repeated bursts of MTC data from each of the plural MTC UE over a shared transmission
resource with phase shift between the plural repeated bursts based upon the guard bit
offsets, the shared transmission resource including a shared radio frequency; and
compensate for the phase shift to identify the MTC data corresponding to each of the
plural the MTC UE.

Example 15 may include the one or more computer-readable media of example 14
and/or any other example described herein, wherein the instructions, when executed,
further cause the eNB to compensate for the phase shift to identify the MTC data
corresponding to each of the plural the MTC UE successively.

Example 16 may include the one or more computer-readable media of example 14
and/or any other example described herein, wherein the instructions, when executed,
further cause the eNB to compensate for the phase shift to identify the MTC data
corresponding to each of the plural the MTC UE successively with successive constructive
superposition of the plural repeated bursts of MTC data from each of the plural MTC UE.

Example 17 may include the one or more computer-readable media of example 14
and/or any other example described herein, wherein the instructions, when executed,
further cause the eNB to compensate for the phase shift to identify the MTC data
corresponding to each of the plural the MTC UE successively with successive constructive
superposition of the plural repeated bursts of MTC data from each of the plural MTC UE
concurrent with destructive superposition of the plural repeated bursts of MTC data from

each of the other plural MTC UE.
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Example 18 may include the one or more computer-readable media of example 14
and/or any other example described herein, wherein the instructions, when executed,
further cause the eNB to receive the plural repeated bursts of MTC data from the plural
MTC UE concurrently over a common time period.

Example 19 may include an apparatus, comprising one or more storage media
having instructions; and one or more processors coupled with the one or more storage
media to execute the instructions to cause the apparatus to receive a frequency offset with
respect to a radio frequency of a shared transmission resource; transmit a first burst of
MTC data over the shared transmission resource with the frequency offset from the shared
radio frequency; and transmit a second burst of MTC data over the shared transmission
resource with the frequency offset from the shared radio frequency.

Example 20 may include the apparatus of example 19 and/or any other example
described herein, in which the frequency offset is received from an eNodeB.

Example 21 may include the apparatus of example 19 and/or any other example
described herein, in which the first burst of a first length, the second burst is of a second
length, and the first and second lengths are different.

Example 22 may include a method, comprising assigning frequency offsets to one
or more of plural machine-type communication (MTC) user equipment (UE) that are to
communicate with the eNB over a shared transmission resource, which includes a shared
radio frequency, using code-division multiple access (CDMA); receiving plural repeated
bursts of MTC data from a first MTC UE of the plural MTC UEs over the shared
transmission resource with a first phase shift based upon the frequency offset assigned to
the first MTC UE; and compensating for the first phase shift to identify the MTC data
corresponding to the first MTC UE.

Example 23 may include the method of example 22 and/or any other example
described herein, further comprising receiving plural repeated bursts of MTC data from a
second MTC UE of the plural MTC UEs over the shared transmission resource with a
second phase shift based upon the frequency offset assigned to the second MTC UE; and
compensating for the phase shift to identify the MTC data corresponding to the second
MTC UE.

Example 24 may include the method of example 23 and/or any other example
described herein, further comprising compensating for the first and second phase shifts to
identify the MTC data corresponding to the respective first and second MTC UEs

successively.
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Example 25 may include the method of example 23 and/or any other example
described herein, further comprising assigning first and second orthogonal codes to the
respective first and second MTC UEs; receiving the plural repeated bursts of MTC data
from the first and second MTC UEs further with application of the orthogonal codes; and
decoding the orthogonal codes further to identify the MTC data corresponding to the first
and second MTC UEs.

Example 26 may include the method of example 25 and/or any other example
described herein, wherein the orthogonal codes further include Hadamard codes.

Example 27 may include the method of example 23 and/or any other example
described herein, further comprising receiving the plural repeated bursts of MTC data
from the first and second MTC UEs concurrently over a common time period.

Example 28 may include the method of any of examples 22-27 and/or any other
example described herein, further comprising receiving the plural repeated bursts of MTC
data from the first MTC UE with at least one of the bursts of MTC data being of a length
different from lengths of the other bursts of MTC data.

Example 29 may include a method, comprising an eNodeB (eNB) receiving from
each of plural machine-type communication (MTC) user equipment (UEs) plural repeated
bursts of MTC data over a shared transmission resource with a shared radio frequency in
which, for each MTC UE, a phase shift is included between each burst of MTC data based
upon a frequency offset relative to the shared radio frequency ; and the eNB identifying
with respect to the phase shifts the MTC data of each of the MTC UEs.

Example 30 may include the method of example 29 and/or any other example
described herein, wherein the method for each MTC UE further comprises successively,
compensating for the phase shift included between each burst of MTC data from the MTC
UE to identify the MTC data from the MTC UE.

Example 31 may include the method of example 30 and/or any other example
described herein, further comprising the eNB compensating for the phase shift included
between each burst of MTC data from the MTC UE with constructive superposition of the
bursts of MTC data from the MTC UE concurrent with destructive superposition of the
bursts of MTC data from the other MTC UEs.

Example 32 may include the method of any of examples 29-31 and/or any other
example described herein, further comprising the eNB assigning orthogonal codes to the
plural MTC UEs; the eNB receiving the plural repeated bursts of MTC data from each of
the plural MTC UEs further with application of the orthogonal codes; and the eNB
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decoding the orthogonal codes further to identify the MTC data corresponding to each of
the plural the MTC UE.

Example 33 may include the method of example 32 and/or any other example
described herein, wherein the orthogonal codes further include Hadamard codes.

Example 34 may include the method of any of examples 29-31 and/or any other
example described herein, further comprising the eNB receiving the plural bursts of MTC
data from at least one of the MTC UEs with one of the bursts of the MTC data from the at
least one MTC UE being of a length different from lengths of the other bursts of MTC
data from the at least one MTC UE.

Example 35 may include a method, comprising an eNodeB (eNB) assigning guard
bit offsets to one or more of plural machine-type communication (MTC) user equipment
(UE); the eNB receiving plural repeated bursts of MTC data from each of the plural MTC
UE over a shared transmission resource with phase shift between the plural repeated bursts
based upon the guard bit offsets, the shared transmission resource including a shared radio
frequency; and the the eNB compensating for the phase shift to identify the MTC data
corresponding to each of the plural the MTC UE.

Example 36 may include the method of example 35 and/or any other example
described herein, further comprising the eNB compensating for the phase shift to identify
the MTC data corresponding to each of the plural the MTC UE successively.

Example 37 may include the method of example 35 and/or any other example
described herein, wherein further comprising the eNB compensating for the phase shift to
identify the MTC data corresponding to each of the plural the MTC UE successively with
successive constructive superposition of the plural repeated bursts of MTC data from each
of the plural MTC UE.

Example 38 may include the method of example 35 and/or any other example
described herein, further comprising the eNB compensating for the phase shift to identify
the MTC data corresponding to each of the plural the MTC UE successively with
successive constructive superposition of the plural repeated bursts of MTC data from each
of the plural MTC UE concurrent with destructive superposition of the plural repeated
bursts of MTC data from each of the other plural MTC UE.

Example 39 may include the method of example 35 and/or any other example
described herein, further comprising the eNB receiving the plural repeated bursts of MTC

data from the plural MTC UE concurrently over a common time period.
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Example 40 may include an apparatus, comprising means to receive a frequency
offset with respect to a radio frequency of a shared transmission resource; means to
transmit a first burst of MTC data over the shared transmission resource with the
frequency offset from the shared radio frequency; and means to transmit a second burst of
MTC data over the shared transmission resource with the frequency offset from the shared
radio frequency.

Example 41 may include the apparatus of example 40 and/or any other example
described herein, in which the frequency offset is received from an eNodeB.

Example 41 may include the apparatus of example 40 and/or any other example
described herein, in which the first burst of a first length, the second burst is of a second
length, and the first and second lengths are different.

The description herein of illustrated implementations, including what is described
in the Abstract, is not intended to be exhaustive or to limit the present disclosure to the
precise forms disclosed. While specific implementations and examples are described
herein for illustrative purposes, various equivalent modifications are possible within the
scope of the disclosure, as those skilled in the relevant art will recognize. These

modifications may be made to the disclosure in light of the above detailed description.
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Claims

What is claimed is;

1. One or more computer-readable media having instructions that, when executed,
cause an evolved node B (eNB) to:

assign frequency offsets to one or more of plural machine-type communication
(MTC) user equipment (UE) that are to communicate with the eNB over a shared
transmission resource, which includes a shared radio frequency, using code-division
multiple access (CDMA);

receive plural repeated bursts of MTC data from a first MTC UE of the plural
MTC UEs over the shared transmission resource with a first phase shift based upon the
frequency offset assigned to the first MTC UE; and

compensate for the first phase shift to identify the MTC data corresponding to the
first MTC UE.

2. The one or more computer-readable media of claim 1, wherein the instructions,
when executed, further cause the eNB to:

receive plural repeated bursts of MTC data from a second MTC UE of the plural
MTC UEs over the shared transmission resource with a second phase shift based upon the
frequency offset assigned to the second MTC UE; and

compensate for the phase shift to identify the MTC data corresponding to the
second MTC UE.

3. The one or more computer-readable media of claim 2, wherein the instructions,
when executed, further cause the eNB to:

compensate for the first and second phase shifts to identify the MTC data
corresponding to the respective first and second MTC UEs successively.

4. The one or more computer-readable media of claim 2, wherein the instructions,
when executed, further cause the eNB to:

assign first and second orthogonal codes to the respective first and second MTC
UEs;

receive the plural repeated bursts of MTC data from the first and second MTC UEs
further with application of the orthogonal codes; and

decode the orthogonal codes further to identify the MTC data corresponding to the
first and second MTC UEs.
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5. The one or more computer-readable media of claim 4, wherein the orthogonal
codes further include Hadamard codes.

6. The one or more computer-readable media of claim 2, wherein the instructions,
when executed, further cause the eNB to:

receive the plural repeated bursts of MTC data from the first and second MTC UEs
concurrently over a common time period.

7. The one or more computer-readable media of any of claims 1-6, wherein the
instructions, when executed, further cause the eNB to:

receive the plural repeated bursts of MTC data from the first MTC UE with at least
one of the bursts of MTC data being of a length different from lengths of the other bursts
of MTC data.

8. Apparatus, comprising:

one or more storage media having instructions; and

one or more processors coupled with the one or more storage media to execute the
instructions to cause the apparatus to:

receive from each of plural machine-type communication (MTC) user equipment
(UEs) plural repeated bursts of MTC data over a shared transmission resource with a
shared radio frequency in which, for each MTC UE, a phase shift is included between each
burst of MTC data based upon a frequency offset relative to the shared radio frequency ;
and

identify with respect to the phase shifts the MTC data of each of the MTC UE:s.

9. The apparatus of claim 8, wherein one or more processors cause the apparatus
to:

for each MTC UE successively, compensate for the phase shift included between
each burst of MTC data from the MTC UE to identify the MTC data from the MTC UE.

10. The apparatus of claim 9, wherein one or more processors cause the apparatus
to:

compensate for the phase shift included between each burst of MTC data from the
MTC UE with constructive superposition of the bursts of MTC data from the MTC UE
concurrent with destructive superposition of the bursts of MTC data from the other MTC
UEs.

11. The apparatus of any of claims 8-10, wherein one or more processors cause the
apparatus to:

assign orthogonal codes to the plural MTC UEs;
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receive the plural repeated bursts of MTC data from each of the plural MTC UEs
further with application of the orthogonal codes; and

decode the orthogonal codes further to identify the MTC data corresponding to
each of the plural the MTC UE.

12. The apparatus of claim 11, wherein the orthogonal codes further include
Hadamard codes.

13. The apparatus of any of claims 8-10, wherein one or more processors cause the
apparatus to:

receive the plural bursts of MTC data from at least one of the MTC UEs with one
of the bursts of the MTC data from the at least one MTC UE being of a length different
from lengths of the other bursts of MTC data from the at least one MTC UE.

14. One or more computer-readable media having instructions that, when executed,
cause an evolved node B (eNB) to:

assign guard bit offsets to one or more of plural machine-type communication
(MTC) user equipment (UE);

receive plural repeated bursts of MTC data from each of the plural MTC UE over a
shared transmission resource with phase shift between the plural repeated bursts based
upon the guard bit offsets, the shared transmission resource including a shared radio
frequency; and

compensate for the phase shift to identify the MTC data corresponding to each of
the plural the MTC UE.

15. The one or more computer-readable media of claim 14, wherein the
instructions, when executed, further cause the eNB to:

compensate for the phase shift to identify the MTC data corresponding to each of
the plural the MTC UE successively.

16. The one or more computer-readable media of claim 14, wherein the
instructions, when executed, further cause the eNB to:

compensate for the phase shift to identify the MTC data corresponding to each of
the plural the MTC UE successively with successive constructive superposition of the
plural repeated bursts of MTC data from each of the plural MTC UE.

17. The one or more computer-readable media of claim 14, wherein the
instructions, when executed, further cause the eNB to:

compensate for the phase shift to identify the MTC data corresponding to each of

the plural the MTC UE successively with successive constructive superposition of the
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plural repeated bursts of MTC data from each of the plural MTC UE concurrent with
destructive superposition of the plural repeated bursts of MTC data from each of the other
plural MTC UE.

18. The one or more computer-readable media of claim 14, wherein the
instructions, when executed, further cause the eNB to:

receive the plural repeated bursts of MTC data from the plural MTC UE
concurrently over a common time period.

19. Apparatus, comprising:

one or more storage media having instructions; and

one or more processors coupled with the one or more storage media to execute the
instructions to cause the apparatus to:

receive a frequency offset with respect to a radio frequency of a shared
transmission resource;

transmit a first burst of MTC data over the shared transmission resource with the
frequency offset from the shared radio frequency; and

transmit a second burst of MTC data over the shared transmission resource with
the frequency offset from the shared radio frequency.

20. The apparatus of claim 19 in which the frequency offset is received from an
eNodeB.

21. The apparatus of claim 19 in which the first burst of a first length, the second

burst is of a second length, and the first and second lengths are different.
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