wo 20177213751 A1 I 00000 O

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
14 December 2017 (14.12.2017)

(10) International Publication Number

WO 2017/213751 Al

WIPO I PCT

(51) International Patent Classification:
HO4L 5/00 (2006.01) HO4W 74/08 (2009.01)
HO4W 16/14 (2009.01)

95118 (US). YE, Qiaoyang; 4536 Piper St, Fremont, Cali-
fornia 94538 (US).

(74) Agent: PUGA, Pedro E.; STOEL RIVES LLP, 201 South

(21) International Application Number: Main, Suite 1100, Salt Lake City, Utah 84111 (US).
PCT/US2017/027766 (81) Designated States (unless otherwise indicated, for every
(22) International Filing Date: kind of national protection available): AE, AG, AL, AM,
14 April 2017 (14.04.2017) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(25) Filing Language: English CA,CH,CL,CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(26) Publication Language: English HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, KP, KR,
.. KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME, MG,
(30) Priority Data: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
62/347,967 09 June 2016 (09.06.2016) UsS PA, PE, PG, PH, PL, PT, QA, RO. RS, RU, RW, SA, SC.
(71) Applicant: INTEL IP CORPORATION [US/US]; 2200 SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

Mission College Boulevard, Santa Clara, California 95054 TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(US). (84) Designated States (unless otherwise indicated, for every

(72) Imventors: BHORKAR, Abhijeet; 3300 Darwin Drive,
Fremont, California 94555 (US). NIU, Huaning; 6806
Blutfwood Ct, San Jose, California 95120 (US). LIM, Seau
S.; 15 Withering Road, Swindon SWD SN1 4GU (GB).
JEON, Jeongho; 5621 Bluegrass Ln, San Jose, California

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,

(54) Title: SCHEDULING REQUEST TRANSMISSIONS IN THE UNLICENSED SPECTRUM

FIG. 4 oM
442
Store an SR message
v 444
Process a physical downlink control channel (PDCCH) transmission provided by an
evolved node B (eNodeB) to identify a resource for a transmission of the SR
message
 / 446
Based on the resource identified in the PDCCH, generate a physical uplink control
channel (PUCCH) transmission comprising the SR message for the eNodeB

(57) Abstract: A number of embodiments can describe the operation of'a UE in an unlicensed spectrum. Operating a UE in an unlicensed
spectrum can include processing a PDCCH transmission provided by an eNodeB to identify a resource for a transmission of the SR
message and based on the resource identified in the PDCCH, generating a PUCCH transmission comprising the SR message for the
eNodeB.

[Continued on next page]



WO 20177213751 A {0000 0 T OO

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).

Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

Published:
—  with international search report (Art. 21(3))



WO 2017/213751 PCT/US2017/027766

SCHEDULING REQUEST TRANSMISSIONS IN THE UNLICENSED SPECTRUM

Related Applications

[0001]  This application claims the benefit of United States non-provisional patent
Application No. 62/347,967, filed June 9, 2016 which is incorporated by reference
herein in its entirety.

Technical Field

[0002] The present disclosure relates to scheduling request (SR) transmissions.
In particular, the present disclosure relates to SR transmission in the unlicensed
spectrum.

Brief Description of the Drawings

[0003] FIG. 1 is a timing diagram illustrating SR transmissions according to one
embodiment.

[0004] FIG. 2 is a timing diagram illustrating SR transmissions according to one
embodiment.

[0005] FIG. 3 is a block diagram illustrating electronic device circuitry that may be
eNodeB circuitry, user equipment (UE) circuitry, network node circuitry, or some
other type of circuitry according to one embodiment.

[0006] FIG. 4 is a block diagram illustrating a method for SR transmission in the
unlicensed spectrum according to one embodiment.

[0007] FIG. 5 is a block diagram illustrating a method for SR transmission in the
unlicensed spectrum according to one embodiment.

[0008] FIG. 6 is a block diagram illustrating a method for SR transmission in the
unlicensed spectrum according to one embodiment.

[0009] FIG. 7 is a block diagram illustrating components of a device according to
one embodiment.

[0010] FIG. 8 is a block diagram illustrating components according to some

embodiments.
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Detailed Description of Preferred Embodiments

[0011]  Wireless mobile communication technology uses various standards and
protocols to generate and/or transmit data between a base station and a wireless
communication device. Wireless communication system standards and protocols
can include, for example, a 3rd Generation Partnership Project (3GPP) long term
evolution (LTE); the Institute of Electrical and Electronics Engineers (IEEE) 802.16
standard, which is commonly known to industry groups as worldwide interoperability
for microwave access (WIMAX); and the IEEE 802.11 standard, which is commonly
known to industry groups as Wireless Local Area Network (WLAN) or Wi-Fi. In
3GPP radio access networks (RANs) in LTE systems, a base station may include
Evolved Universal Terrestrial Radio Access Network (E-UTRAN) Node B (also
commonly denoted as evolved Node B, enhanced Node B, eNodeB, or eNB) and/or
Radio Network Controllers (RNCs) in the E-UTRAN, which communicate with a
wireless communication device, known as user equipment (UE). In LTE networks,
the E-UTRAN may include a plurality of eNodeBs and may communicate with the
plurality of UEs. LTE networks include a radio access technology (RAT) and core
radio network architecture that can provide high data rate, low latency, packet
optimization, and improved system capacity and coverage.

[0012] The examples described herein are related to LTE operations in an
unlicensed spectrum, such as in MulteFire LTE deployment. The wireless traffic
growth may lead to a need for data rate improvement. With mature physical layer
techniques, further improvement in the spectral efficiency may be marginal. The
scarcity of licensed spectrum in low frequency bands can result in a deficit in the
data rate boost. Thus, the operation of LTE systems in unlicensed spectrum can be
used to improve data rates.

[0013] An enhancement for LTE in 3GPP release 13 has been to enable
operation with focus on downlink (DL) transmissions in the unlicensed spectrum via
Licensed-Assisted Access (LAA), which may expand the system bandwidth by
utilizing the flexible carrier aggregation (CA) framework introduced by the LTE-
advanced system. Potential LTE operations in unlicensed spectrum can include, but
are not limited to, the uplink (UL) transmission of the CA based LAA systems, LTE
operation in the unlicensed spectrum via dual connectivity (DC), and the standalone
LTE system in the unlicensed spectrum, where LTE based technology solely

operates in unlicensed spectrum without requiring an “anchor” in licensed spectrum
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(e.g., MulteFire). MulteFire can combine the performance benefits of LTE
technology with the simplicity of Wi-Fi-like deployments. MulteFire is a technology
component that can be used to meet the ever-increasing wireless traffic. A number
of embodiments utilize a standalone LTE system in unlicensed spectrum including
but not limited to MulteFire, a next release LAA systems, which enables UL
operation, 5G unlicensed systems, and/or DC based LAA systems.

[0014] In some embodiments, a scheduling request (SR) can be transmitted
utilizing the unlicensed spectrum utilizing a MulteFire principles. An SR can be used
by a UE to request for UL resources via UL scheduling when the UE has UL traffic to
transmit to an eNodeB (e.g., a next generation node in 5G). In LTE, an SR can be
transmitted in a physical uplink control channel (PUCCH) and/or via a physical
random access channel (PRACH).

[0015] For an SR transmitted via a PUCCH, the SR resource configuration is
send to UE - through an SR configuration structure. An example of an SR

configuration structure is provided by the pseudocode:

SchedulingRequestConfig ::= Choice {
release NULL,
setup SEQUENCE {
sr-PUCCH-Resourcelndex INTEGER (0. .2047),
sr-Configindex INTEGER (0. .157),
dsr-TransMax ENUMERATED {

n4, n8, n16, n32, n64, spare3,
spare 2, sparel}

}

[0016]  SchedulingRequestConfig() is an object that can be used to configure an
SR. The SchedulingRequestConfig() object can receive one or more variables. The
one or more variables can include sr-PUCCH-Resourcelndex, sr-Configindex, and
TransMax. The variable sr-PUCCH-Resourcelndex can indicates that a UE
configuring the SR has specific frequency domain resources. The variable sr-

Configindex can convey time domain resources of a PUCCH which carriers SR. An
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eNodeB can control the maximum number SR transmissions from each UE on
PUCCH using the parameter dsr-TransMax.

[0017] SR periodicities of 1, 2, 5, 10, 20, 40, and 80 ms are supported in LTE rel-
9. Different SR periodicities can be used to support different quality of service (QoS)
requirement. For example, a longer delay can be expected for a longer SR
periodicity. A higher number of resources can be reserved for SR transmissions
having a shorter SR periodicity.

[0018] SRs sent over a PUCCH can be referred to as dedicated SR (DSR). A
DSR can refer to dedicated physical channel resources that are provided (e.g.,
scheduled) for transmitting an SR. In some embodiments, a UE can provide an SR
via a PRACH if a SR via PUCCH (e.g., DSR) is not configured. In some examples,
the UE can provide an SR via a PRACH only if a SR via PUCCH (e.g., DSR) is not
configured.

[0019] In MulteFire, periodic non-anchored subframes can be introduced for
PRACH transmissions. Periodic non-anchored subframes can be defined as a set of
UL subframes which are periodically configured for SR transmissions. In some
examples, non-anchored subframes can be overwrite by eNB to be used for non SR
transmissions.

[0020] UL subframes can also be dynamically configured by an eNodeB
subframe by subframe. SRs can be transmitted within periodic non-anchor
subframes via PRACH.

[0021] UL control signals can be dynamically transmitted via an short PUCCH
(sPUCCH) format consisting of the last n symbols ( n = 4 symbols) of a subframe
where the first 14-n are not used for UL transmissions. UL control signals can also
be transmitted via a long enhanced PUCCH (ePUCCH) which can triggered by an
eNodeB. The UL control signals can be frequency domain multiplexed with a
PUSCH. An ePUCCH is one subframe including 12, 13 or 14 symbols depending on
starting and ending symbol configuration by an eNodeB.

[0022] The SRs can be transmitted on an sPUCCH that can consist of 4 symbols
Providing dedicated resources for transmission of DSR in PUCCH can be difficult
due to the dynamic presence of sSPUCCH and/or ePUCCH.

[0023] In some embodiments, DSRs and/or SRs can be transmitted utilizing non-
anchor subframes. DSRs and/or SRs can also be transmitted utilizing sPUCCHs
and/or ePUCCHs.
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{00241  Configuring SR resource using periodic non-anchor subframes can be an
axtansion from LTE. The sr-PUCCH-Resourceindex can configure the UE with
frequency domain rescurces (8.q., inleriace, sequence). The sr-Configindeax can
configure a pericdicity of SRs, a system frame numbaer (8FN), and/or a subframe
ndex.

{0025] For SR transmission, a UE can perform a category (CAT) 4 listen before
taik (LBT) before iransmitting the 8R on a non-anchor subframe. I the UE
successiully performs the CAT 4 LBT sarly, the UE can generate andior transmit the
SR, i the UE successfully performs the CAT 4 LBT early, the UE can defer{a.g.,
self defer) to the non-anchor subframe and perform a ong shol LBT before
fransmitting the SR, As another embodiment, the UE can perform a single interval
LET instead of CAT 4 LBT befure transmitling the SR,

0026] Given s one shot LBT operation of the PRACH transmission, the periodic
non-anchorsed subframe periodicity may not be short. That is, the periodic non-
anchored subframe periodicity may be longer than the pericdicity of 2 BRS. In some
ambodiments, performing 8 one shot LBT bafore transmitling a SR in periodic non-
anchored subframes may not meet Qo reguiremenis.

{00271 Due o the dynamic nature of schaduling ePUCCH/SPUCTH, a floating
grant of RRC configured pericdic SR resource can be implemenied. Instead of
configuring & time domain resouwrce using a SFN andfor a subframe inds, the &R
resources can be corfigured using @ burst 1D andéor a UL subframe offset. The
fraquency domain rescurce configuration can ramain the same a8 indicated by sr-
PUCCH-Resourcelndsx. In one smbodiment, an UL subframe offset can be
configurad by radio rescurce controt (RRC). The UL subframe offset can also be
configurad by a physical downlink control channal scrambled by CC-RNTI
(cPDCCH), where the cPDCCH utilizes a PDCCH format 1C, scrambled with CC-
RNTI. ¥ configured by a cPDOCH, the eNodeB can indicate which subframes the
UE can use 1o transmit a sounding reference signal (SRS} with raspect to the
cPBCCH. i the offset is greater than the quantity of UL subframes, then a UL may
refrain from transmitting the SRS

{0028] in cPDCOH 8 2 bits burst 1D can be used to handis the error scenario of
option two cross burst scheduling. The two bits can be reusead to partition UEs info
miultiple groups. With N bits, 2°N groups can be formed. In one embodiment, one

LIE can be assigned multiple groups,
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CPDCCH can provide the a burst-1D. UEs within a group that is

aazocisted with burst-ID can fransmit SHs on the sPUCCH andior sPUCTH within

the transmission opporiunity {TxOP) that is associaled with the bursi-iD

(0030

Both the sPUCCH and oPUCCH can be usaed for 5K transmission.

inone

embodiment, only sFPUCCH is configurad for SR transmission.

(00311

The UE can monitor the cPROCH transmissions bafore transmitting an

SR, The following table show the configurations applied to configure SR

SR Configuration index —
ME§ sr

SR pericdicity — MF {(burst)

5R subframe offset

{-4

1

| osr

5-9

&, offset O ( BR
Hansmission
o burst 1D 0, 2)

Par-5

1G-14

2 offsst 1 (BR
fransmission
on burst 1D 1, 33

| oar- 10

15-19

4, offset § (R
fransmission
on burst 1D ()

[ sr-1h

20-24

4, offset 1 (B8R
ransmission
on burst 1D 13

| osr- 20

2525

4 offzset 2 (SR
ransmission
on burst 3 2}

P sr—25

334

4, offsat 3 (SR
Hansmission
ors burst 1D 3}

P osr~30

10032

Table 4

The SR configuration index {e.q., SR Configuration index — Mul. TEfile

(MFY 1 sry can be an index that can be provided via the ¢cPDCCH to convey an SR

nericdicity (SR periodicity - MF (burst)) and/or an SR subframe offset. The UE can

retain g local copy of table 1 and can use iable 1 to configure an SR iransmission

andfor an uplink transmission. For example, if the S8R configuration index provided

o the UE is 11, then the UE can corfigure an SR transmission with a 2 burst

periadicity offset by 1 such that the SR transmission can be transmitted on burst 1D 1

and 2. The UE can slso configurs an SR ransmission with subframe offset of 1.
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00331 Whenl srieg., SR configuration index) in ong particular burst is larger
than the total UL subframes schaduled in the burst, then the SR transmission on |_sr
can be dropped. For higher QoS traffic, alow | srizs preferred (g, Ler=0
corasponds 1o the highest 008} In ancther embodiment, the UE can configure a
D8R transmission with both pericdic non-anchor subframes and also sPUCCH
andior ePUCCH.

100341 N some examples, lable 2 can be used in place of table 1.

SR configuration Index SR periodicity (ms) SR subframe offset
I SR SRPERIODICITY N OFFSET,SR
0-4 5 I
5-14 10 Iy =5
15— 34 20 Iy —15
35-74 40 Iy —35
75154 80 I =75
155 — 156 2 Iy —155
157 1 Iy —157
Table 2

[0035] Reference is now made to the figures, in which like reference numerals
refer to like elements. For clarity, the first digit of a reference numeral indicates the
figure number in which the corresponding element is first used. In the following
description, numerous specific details are provided for a thorough understanding of
the embodiments disclosed herein. However, those skilled in the art will recognize
that the embodiments described herein can be practiced without one or more of the
specific details, or with other methods, components, or materials. Further, in some
cases, well-known structures, materials, or operations are not shown or described in
detail in order to avoid obscuring aspects of the embodiments. Furthermore, the
described features, structures, or characteristics may be combined in any suitable
manner in one or more embodiments.

[0036] FIG. 1 is a timing diagram 100 illustrating SR transmissions according to
one embodiment. The timing diagram 100 can include subframes 120-1 (n), 120-2
(2n), 120-3 (3n), and 120-4 (4n), referred to herein as subframes 120. The timing
diagram 100 can also include periodic allocated subframes 110-1, 110-2, 110-3, and

110-4, referred to generally as periodic allocated subframes 110.
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[0037]  The periodic allocated subframes 110 can correspond with the subframes
120. For example, the periodic allocated subframe 110-1 can correspond to
subframe 120-1, the periodic allocated subframe 110-2 can correspond to subframe
120-2, the periodic allocated subframe 110-3 can correspond to subframe 120-3,
and the periodic allocated subframe 110-4 can correspond to subframe 120-4. The
periodic allocated subframes 110 can be subframes in which a UE can transmit an
SR. The periodic allocated subframes 110 can be configured by a eNodeB.

[0038] The timing diagram 100 also includes scheduled DL subframes 112-1,
112-2, and 112-3, referred to as DL subframes, and UL subframes 114-1, 114-2, and
114-3, referred to generally as UL subframes 114. The DL subframes 112 and the
UL subframes 114 can be configured by the eNodeB given a TxOP.

[0039] If UE does not detect cPDCCH, UE can perform a CAT-4 LBT procedure
116-1 before transmitting an SR in the periodic allocated subframe 110-1. The LBT
procedure 116-1 can be performed unsuccessfully due to transmissions in the DL
subframe 112-1 or other interference 112-1. As such, the UE does not transmit an
SR. The UE can perform a LBT procedure 116-2 before transmitting an SR in the
periodic allocated subframe 110-2. The LBT procedure 116-1 can be performed
successfully. As such, the UE can transmit a SR 118-1. The UE can perform a LBT
procedure 116-3 before transmitting an SR in the periodic allocated subframe 110-3.
The LBT procedure 116-3 can be performed successfully. As such, the UE can
transmit a SR 118-2. A UE can perform a LBT procedure 116-4 before transmitting
an SR in the periodic allocated subframe 110-4. The LBT procedure 116-1 can be
performed unsuccessfully due to transmissions in the DL subframe or other
interference 112-3. As such, the UE does not transmit an SR.

[0040] FIG. 2 is a timing diagram 200 illustrating SR transmissions according to
one embodiment. The timing diagram 200 can include TxOP 220-1, 220-2, and 220-
3, referred to generally as TxOP 220. The timing diagram 200 can differentiate from
the timing diagram 100 in that the timing diagram utilizes subframe indexes 120
while the timing diagram 200 utilizes TxOP 220. The timing diagram 200 utilizes
TxOP 220-1 because MulteFire adopted a flexible frame structure where any
subframe can be a DL subframe or an UL subframe . The eNodeB generates a
schedule after the eNodeB acquires the TxOP. Using TxOP, the eNodeB LBT

success rate and/or eNodeB scheduling can be used to generate the time index. An
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eNodeB can configure SR opportunities 210-1, 210-2, and 210-3, referred to as SR
opportunities 210, in association with TxOP 220-1, 220-2, and 220-3.

[0041] The eNodeB can schedule DL subframes 212-1, 212-2, and 212-3 within a
TxOP. The eNodeB can also schedule UL subframes 214-1, 214-2, and 214-3
within a TxOP. The UE can transmit the SRs 218-1, 218-2, and 218-3, referred to as
SRs 218, without performing a LBT procedure if the eNodeB ensures a 16us gap
between a DL and/or UL transmission, and if the eNodeB configured the UE with no
LBT for sPUCCH. The UE can transmit the SRs 218-2 and 218-3 with a one shot
(25us) LBT if the eNodeB configure the UE with one shot LBT. As shown in the
timing diagram 200, the SRs 218 can be transmitted at the subframe around the SR
opportunities 210, depending on cPDCCH scheduling. The SRs 218-1 can be
transmitted in special subframes 212.

[0042] FIG. 3 is a block diagram illustrating electronic device circuitry that may be
eNodeB circuitry, user equipment (UE) circuitry, network node circuitry, or some
other type of circuitry according to one embodiment. FIG. 3 illustrates an electronic
device 300 that may be, or may be incorporated into or otherwise part of, an
eNodeB, a UE, or some other type of electronic device in accordance with various
embodiments. Specifically, the electronic device 300 may be logic and/or circuitry
that may be at least partially implemented in one or more of hardware, software,
and/or firmware. In embodiments, the electronic device logic may include radio
transmit/transmitter logic (e.g., a transmitter logic 377) and receive/receiver logic
(e.g., areceiver logic 383) coupled to a control logic 373 and/or a processor 371. In
embodiments, the transmit/transmitter and/or receive/receiver logic may be elements
or modules of transceiver logic. The transmitter logic 377 and the receiver logic 383
may be housed in separate devices. For example, the transmitter logic 377 can be
incorporated into a first device while the receiver logic 383 is incorporated into a
second device, or the transmitter logic 377 and the receiver logic 383 can be
incorporated into a device separate from a device including any combination of the
control logic 373, a memory 379, and/or the processor 371. The electronic device
300 may be coupled with or include one or more antenna elements 385 of one or
more antennas. The electronic device 300 and/or the components of the electronic
device 300 may be configured to perform operations similar to those described

elsewhere in this disclosure.
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[0043] In embodiments where the electronic device 300 implements, is
incorporated into, or is otherwise part of a UE and/or an eNodeB, or device portion
thereof, the electronic device 300 can transmit a SR. The processor 371 may be
coupled to the first receiver and the first transmitter. The memory 379 may be
coupled to the processor 371 having control logic instructions thereon that, when
executed, generate, encode, receive, and/or decode a SR.

[0044] In embodiments where the electronic device 300 receives data, generates
data, and/or transmits data to/from a UE to implement a downlink signal including the
SR, the processor 371 may be coupled to a receiver and a transmitter. The memory
379 may be coupled to the processor 371 having control logic 373 instructions
thereon that, when executed, may be able to transmit the SR.

[0045]  As used herein, the term “logic” may refer to, be part of, or include

an application specific integrated circuit (ASIC), an electronic circuit, the processor
371 (shared, dedicated, or group), and/or the memory 379 (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. Specifically, the logic may be at least partially
implemented in, or an element of, hardware, software, and/or firmware. In some
embodiments, the electronic device logic may be implemented in, or functions
associated with the logic may be implemented by, one or more software or firmware
modules.

[0046] FIG. 4 is a block diagram illustrating a method 440 for configuring a
quantity of repetitions of a DL transmission based on an ENRR according to one
embodiment. The method 440 can include storing 442 a message, processing 444 a
PDCCH transmission provided by an eNodeB to identify a resource for a
transmission of the SR message, and based on the resource identified in the
PDCCH, generating 446 a PUCCH transmission comprising the SR message for the
eNodeB.

[0047]  The processing process the PDCCH transmission further comprises
processing a cPDCCH. Wherein the PUCCH transmission spans 4 symbols
spanning one of the interlaces of block-interleaved frequency division multiple
access (B-IFDMA) structure. Wherein the generating the PUCCH transmission
further comprises generating a sPUCCH transmission. Wherein the sPUCCH

transmission is time multiplexed with a PUSCH transmission.
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[0048] FIG. 5 is a block diagram illustrating a method 550 for generating an
ENRR according to one embodiment. The method 550 can include configuring 552
using higher layer signaling, an SR resource for a transmission of the SR message
on a short physical uplink control channel (sPUCCH), encoding 554 a PDCCH
scrambled by a CC-RNTI transmission indicating the SR resource, and process the
sPUCCH from a UE to determine an uplink schedule for the UE based on the SR
message.

[0049] The method 550 further comprises configuring the SR resource comprising
a burst ID. The method 550 is further comprises configuring the SR resource
comprising an UL subframe offset. Wherein the UL subframe offset is configured by
a RRC configuration. Wherein the UL subframe offset is configured by a cPDCCH).
The method 550 further comprises configuring the SR resource comprising a burst
ID and an UL subframe offset. Wherein the SR resource is generated by an RRC
layer.

[0050] FIG. 6 is a block diagram illustrating a method 660 for implementing a
UCG according to one embodiment. The method 660 can include generating 662 a
SR message, performing 664 a LBT) procedure on a non-anchored subframe,
encoding 668 a PRACH transmission comprising the SR message for a transmission
of the SR message in response to a successful completion of the LBT procedure,
processing 670 a cPDCCH transmission comprising a schedule for a transmission of
an uplink transmission, and encoding the uplink transmission based on the schedule.
[0051] The method 660 comprising performing the LBT procedure further
comprises performing the LBT procedure repetitively until the successful completion
of the LBT procedure. Performing the LBT procedure further comprise performing a
CAT 4 LBT procedure on non-anchor subframe. Performing the LBT procedure
further comprise performing a one shot LBT procedure when cPDCCH is detected,
and the LBT procedure is configured to be one shot LBT procedure by a higher
layer. Performing the LBT procedure further comprise performing a no LBT
procedure when cPDCCH is detected, and the LBT procedure is configured to be no
LBT procedure by a higher layer followed by 16us DL/UL gap.

[0052] Encoding the PRACH transmission comprising the SR message for the
transmission of the SR message in response to the successful completion of the LBT
procedure further comprise encoding the PRACH transmission comprising the SR

message for the transmission of the SR message in response to the successful

11
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completion of one shot LBT procedure. Wherein the uplink transmission is provided
via a sSPUCCH for SR transmissions.

[0053] FIG. 7 is a block diagram illustrating components of a device according to
one embodiment. In some embodiments, the device may include application
circuitry 703, baseband circuitry 705, radio frequency (RF) circuitry 707, front-end
module (FEM) circuitry 709, and one or more antennas 714, coupled together at
least as shown in FIG. 7. Any combination or subset of these components can be
included, for example, in a UE device or an eNodeB device.

[0054] The application circuitry 703 may include one or more application
processors. By way of non-limiting example, the application circuitry 703 may
include 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 processor(s) may be
operably coupled and/or 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.

[0055] By way of non-limiting example, the baseband circuitry 705 may include
one or more single-core or multi-core processors. The baseband circuitry 705 may
include one or more baseband processors and/or control logic. The baseband
circuitry 705 may be configured to process baseband signals received from a receive
signal path of the RF circuitry 707. The baseband circuitry 705 may also be
configured to generate baseband signals for a transmit signal path of the RF circuitry
707. The baseband circuitry 705 may interface with the application circuitry 703 for
generation and processing of the baseband signals, and for controlling operations of
the RF circuitry 707.

[0056] By way of non-limiting example, the baseband circuitry 705 may include at
least one of a second generation (2G) baseband processor 711A, a third generation
(3G) baseband processor 711B, a fourth generation (4G) baseband processor 711C,
and other baseband processor(s) 711D for other existing generations and
generations in development or to be developed in the future (e.g., fifth generation
(5G), sixth generation (6G), etc.). The baseband circuitry 705 (e.g., at least one of
the baseband processors 711A-711D) may handle various radio control functions
that enable communication with one or more radio networks via the RF circuitry 707.

By way of non-limiting example, the radio control functions may include signal
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modulation/demodulation, encoding/decoding, radio frequency shifting, other
functions, and combinations thereof. In some embodiments,
modulation/demodulation circuitry of the baseband circuitry 705 may be programmed
to perform Fast-Fourier Transform (FFT), precoding, and constellation
mapping/demapping functions, other functions, and combinations thereof. In some
embodiments, encoding/decoding circuitry of the baseband circuitry 705 may be
programmed to perform convolutions, tail-biting convolutions, turbo, Viterbi, and Low
Density Parity Check (LDPC) encoder/decoder functions, other functions, and
combinations thereof. Embodiments of modulation/demodulation and
encoder/decoder functions are not limited to these examples, and may include other
suitable functions.

[0057] In some embodiments, the baseband circuitry 705 may include elements
of a protocol stack. By way of non-limiting example, elements of an evolved
universal terrestrial radio access network (EUTRAN) protocol include, 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) 711E of the baseband circuitry 705 may be
programmed 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 705
may include one or more audio digital signal processor(s) (DSP) 711F. The audio
DSP(s) 711F may include elements for compression/decompression and echo
cancellation. The audio DSP(s) 711F may also include other suitable processing
elements.

[0058] The baseband circuitry 705 may further include a memory/storage 711G.
The memory/storage 711G may include data and/or instructions for operations
performed by the processors of the baseband circuitry 705 stored thereon. In some
embodiments, the memory/storage 711G may include any combination of suitable
volatile memory and/or non-volatile memory. The memory/storage 711G may also
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. In some embodiments, the memory/storage 711G may be

shared among the various processors or dedicated to particular processors.
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[0059] Components of the baseband circuitry 705 may be suitably combined in a
single chip or 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 705 and the application circuitry 703 may be

implemented together, such as, for example, on a system on a chip (SOC).

[0060] In some embodiments, the baseband circuitry 705 may provide for
communication compatible with one or more radio technologies. For example, in
some embodiments, the baseband circuitry 705 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), or a
wireless personal area network (WPAN). Embodiments in which the baseband
circuitry 705 is configured to support radio communications of more than one
wireless protocol may be referred to as multi-mode baseband circuitry.

[0061]  The RF circuitry 707 may enable communication with wireless networks
using modulated electromagnetic radiation through a non-solid medium. In various
embodiments, the RF circuitry 707 may include switches, filters, amplifiers, etc. to
facilitate the communication with the wireless network. The RF circuitry 707 may
include a receive signal path, which may include circuitry to down-convert RF signals
received from the FEM circuitry 709, and provide baseband signals to the baseband
circuitry 705. The RF circuitry 707 may also include a transmit signal path, which
may include circulitry to up-convert baseband signals provided by the baseband
circuitry 705, and provide RF output signals to the FEM circuitry 709 for
transmission.

[0062] In some embodiments, the RF circuitry 707 may include a receive signal
path and a transmit signal path. The receive signal path of the RF circuitry 707 may
include a mixer circuitry 713A, an amplifier circuitry 713B, and a filter circuitry 713C.
The transmit signal path of the RF circuitry 707 may include the filter circuitry 713C
and the mixer circuitry 713A. The RF circuitry 707 may further include a synthesizer
circuitry 713D configured to synthesize a frequency for use by the mixer circuitry
713A of the receive signal path and the transmit signal path. In some embodiments,
the mixer circuitry 713A of the receive signal path may be configured to down-
convert RF signals received from the FEM circuitry 709 based on the synthesized
frequency provided by the synthesizer circuitry 713D. The amplifier circuitry 713B

may be configured to amplify the down-converted signals.
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[0063]  The filter circuitry 713C may include 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 705 for further processing. In some embodiments, the output
baseband signals may include zero-frequency baseband signals, although this is not
a requirement. In some embodiments, the mixer circuitry 713A of the receive signal
path may comprise passive mixers, although the scope of the embodiments is not
limited in this respect.

[0064] In some embodiments, the mixer circuitry 713A of the transmit signal path
may be configured to up-convert input baseband signals based on the synthesized
frequency provided by the synthesizer circuitry 713D to generate RF output signals
for the FEM circuitry 709. The baseband signals may be provided by the baseband
circuitry 705 and may be filtered by the filter circuitry 713C. The filter circuitry 713C
may include a low-pass filter (LPF), although the scope of the embodiments is not
limited in this respect.

[0065] In some embodiments, the mixer circuitry 713A of the receive signal path
and the mixer circuitry 713A of the transmit signal path may include two or more
mixers, and may be arranged for quadrature downconversion and/or upconversion,
respectively. In some embodiments, the mixer circuitry 713A of the receive signal
path and the mixer circuitry 713A 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 713A of the receive signal path and the mixer
circuitry 713A of the transmit signal path may be arranged for direct downconversion
and/or direct upconversion, respectively. In some embodiments, the mixer circuitry
713A of the receive signal path and the mixer circuitry 713A of the transmit signal
path may be configured for super-heterodyne operation.

[0066] 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 alternative embodiments, the
output baseband signals and the input baseband signals may be digital baseband
signals. In such embodiments, the RF circuitry 707 may include analog-to-digital
converter (ADC) and digital-to-analog converter (DAC) circuitry, and the baseband
circuitry 705 may include a digital baseband interface to communicate with the RF

circuitry 707.
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[0067] In some dual-mode embodiments, 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.

[0068] In some embodiments, the synthesizer circuitry 713D may include one or
more of a fractional-N synthesizer and 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, the synthesizer circuitry 713D may
include a delta-sigma synthesizer, a frequency multiplier, a synthesizer comprising a
phase-locked loop with a frequency divider, other synthesizers, and combinations
thereof.

[0069]  The synthesizer circuitry 713D may be configured to synthesize an output
frequency for use by the mixer circuitry 713A of the RF circuitry 707 based on a
frequency input and a divider control input. In some embodiments, the synthesizer
circuitry 713D may be a fractional N/N+1 synthesizer.

[0070] 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 705 or the application circuitry 703
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 application circuitry 703.

[0071]  The synthesizer circuitry 713D of the RF circuitry 707 may include a
divider, a delay-locked loop (DLL), a multiplexer and a phase accumulator. In some
embodiments, the divider may include a dual modulus divider (DMD), and the phase
accumulator may include 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 such 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 may provide
negative feedback to help ensure that the total delay through the delay line is one
VCO cycle.

[0072] In some embodiments, the synthesizer circuitry 713D may be configured

to generate a carrier frequency as the output frequency. In some embodiments, the
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output frequency may be a multiple of the carrier frequency (e.g., twice the carrier
frequency, four times the carrier frequency, etc.) and used in conjunction with a
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 an LO frequency (fLO). In some
embodiments, the RF circuitry 707 may include an IQ/polar converter.

[0073] The FEM circuitry 709 may include a receive signal path, which may
include circuitry configured to operate on RF signals received from the one or more
antennas 714, amplify the received signals, and provide the amplified versions of the
received signals to the RF circuitry 707 for further processing. The FEM circuitry 709
may also include a transmit signal path, which may include circuitry configured to
amplify signals for transmission provided by the RF circuitry 707 for transmission by
at least one of the one or more antennas 714.

[0074] In some embodiments, the FEM circuitry 709 may include a TX/RX switch
configured to switch between a transmit mode and a receive mode operation. The
FEM circuitry 709 may include a receive signal path and a transmit signal path. The
receive signal path of the FEM circuitry 709 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 707). The transmit signal path of the FEM circuitry
709 may include a power amplifier (PA) configured to amplify input RF signals (e.g.,
provided by the RF circuitry 707), and one or more filters configured to generate RF
signals for subsequent transmission (e.g., by one or more of the one or more
antennas 714).

[0075] In some embodiments, the device may include additional elements such
as, for example, memory/storage, a display, a camera, one of more sensors, an
input/output (1/0) interface, other elements, and combinations thereof.

[0076] In some embodiments, the device may be configured to perform one or
more processes, techniques, and/or methods as described herein, or portions
thereof.

[0077] FIG. 8 is a block diagram illustrating components, according to some
example embodiments, able to read instructions from a machine-readable or
computer-readable medium (e.g., a machine-readable storage medium) and perform
any one or more of the methodologies discussed herein. Specifically, FIG. 8 shows

a diagrammatic representation of hardware resources 800 including one or more
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processors (or processor cores) 810, one or more memory/storage devices 820, and
one or more communication resources 830, which are communicatively coupled via
a bus 840.

[0078] The processors 810 (e.g., a central processing unit (CPU), a reduced
instruction set computing (RISC) processor, a complex instruction set computing
(CISC) processor, a graphics processing unit (GPU), a digital signal processor (DSP)
such as a baseband processor, an application specific integrated circuit (ASIC), a
radio-frequency integrated circuit (RFIC), another processor, or any suitable
combination thereof) may include, for example, a processor 812 and a processor
814. The memory/storage devices 820 may include main memory, disk storage, or
any suitable combination thereof.

[0079] The communication resources 830 may include interconnection and/or
network interface components or other suitable devices to communicate with one or
more peripheral devices 804 and/or one or more databases 811 via a network 808.
For example, the communication resources 830 may include wired communication
components (e.g., for coupling via a Universal Serial Bus (USB)), cellular
communication components, Near Field Communication (NFC) components,
Bluetooth® components (e.g., Bluetooth® Low Energy), Wi-Fi® components, and
other communication components.

[0080] Instructions 850 may comprise software, a program, an application, an
applet, an app, or other executable code for causing at least one of the processors
810 to perform any one or more of the methodologies discussed herein. The
instructions 850 may reside, completely or partially, within at least one of the
processors 810 (e.g., within the processor's cache memory), the memory/storage
devices 820, or any suitable combination thereof. Furthermore, any portion of the
instructions 850 may be transferred to the hardware resources 800 from any
combination of the peripheral devices 804 and/or the databases 811. Accordingly,
the memory of the processors 810, the memory/storage devices 820, the peripheral
devices 804, and the databases 811 are examples of computer-readable and
machine-readable media.

Example Embodiments

[0081] Example 1 is an apparatus for a user equipment (UE) operating in an
unlicensed spectrum. The apparatus includes an electronic memory to store a

scheduling request (SR) message. The apparatus also includes one or more

18



WO 2017/213751 PCT/US2017/027766

baseband processors designed to process a physical downlink control channel
(PDCCH) transmission provided by an evolved node B (eNodeB) to identify a
resource for a transmission of the SR message, and based on the resource identified
in the PDCCH, generate a physical uplink control channel (PUCCH) transmission
including the SR message for the eNodeB.

[0082] Example 2 is the apparatus of Example 1, where the one or more
processors designed to process the PDCCH transmission are further designed to
process a physical downlink control channel scrambled by CC-RNTI (cPDCCH).
[0083] Example 3 is the apparatus of Example 1, where the PUCCH transmission
spans 4 symbols spanning one of the interlaces of block-interleaved frequency
division multiple access (B-IFDMA) structure.

[0084] Example 4 is the apparatus of Example 1, where the one or more
processors designed to generate the PUCCH transmission are further designed to
generate a short PUCCH (sPUCCH) transmission.

[0085] Example 5 is the apparatus of Example 4, where the sPUCCH
transmission is time multiplexed with a PUSCH transmission.

[0086] Example 6 is an apparatus for an evolved node B (eNodeB) operating in
an unlicensed spectrum. The apparatus includes and electronic memory to store a
scheduling request (SR) message. The apparatus includes one or more baseband
processors designed to design, using higher layer signaling, an SR resource for a
transmission of the SR message on a short physical uplink control channel
(sPUCCH), encode a physical downlink control channel (PDCCH) scrambled by a
CC radio network temporary identifier (CC-RNTI) transmission indicating the SR
resource, and process the sPUCCH from a user equipment (UE) to determine an
uplink schedule for the UE based on the SR message.

[0087] Example 7 is the apparatus of Example 6, where the one or more
baseband processors are further designed to design the SR resource including a
burst identification (ID).

[0088] Example 8 is the apparatus of Example 6, where the one or more
baseband processors are further designed to design the SR resource including an
uplink (UL) subframe offset.

[0089] Example 9 is the apparatus of Example 8, where the UL subframe offset is

designed by a radio resource control (RRC) configuration.
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[0090] Example 10 is the apparatus of Example 8, where the UL subframe offset
is designed by a physical downlink control channel scrambled by CC-RNTI
(cPDCCH).

[0091] Example 11 is the apparatus of Example 6, where the one or more
baseband processors are further designed to design the SR resource including a
burst ID and an UL subframe offset.

[0092] Example 12 is the apparatus of Example 6, where the SR resource is
generated by an RRC layer.

[0093] Example 13 is a computer-readable storage medium having stored
thereon instructions that, when implemented by a user equipment (UE), cause the
UE to generate a scheduling request (SR) message, perform a listen before talk
(LBT) procedure on a non-anchored subframe, and encode a physical random
access channel (PRACH) transmission including the SR message for a transmission
of the SR message in response to a successful completion of the LBT procedure.
The computer-readable storage medium having stored thereon instructions that,
when implemented by a user equipment (UE), cause the UE to process a
physical downlink control channel scrambled by CC-RNTI (cPDCCH) transmission
including a schedule for a transmission of an uplink transmission, and encode the
uplink transmission based on the schedule.

[0094] Example 14 is the computer-readable storage medium of Example 13,
where the instructions designed to perform the LBT procedure are further designed
to perform the LBT procedure repetitively until the successful completion of the LBT
procedure.

[0095] Example 15 is the computer-readable storage medium of Example 13,
where the instructions designed to perform the LBT procedure further include
instructions to perform a category (CAT) 4 LBT procedure on non-anchor subframe.
[0096] Example 16 is the computer-readable storage medium of Example 13,
where the instructions designed to perform the LBT procedure further include
instructions to perform a one shot LBT procedure when cPDCCH is detected, and
the LBT procedure is designed to be the one shot LBT procedure by a higher layer.
[0097] Example 17 is the computer-readable storage medium of Example 13,
where the instructions designed to perform the LBT procedure further include

instructions to perform a no LBT procedure when cPDCCH is detected, and the LBT
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procedure is designed to be no LBT procedure by a higher layer followed by 16us
DL/UL gap.

[0098] Example 18 is the computer-readable storage medium of Example 17,
where the instructions designed to encode the PRACH transmission including the
SR message for the transmission of the SR message in response to the successful
completion of the LBT procedure further include instructions to encode the PRACH
transmission including the SR message for the transmission of the SR message in
response to the successful completion of one shot LBT procedure.

[0099] Example 19 is the computer-readable storage medium of Example 17,
where the uplink transmission is provided via a short physical uplink control channel
(sPUCCH) for SR transmissions.

[0100] Example 20 is a method for operating a user equipment (UE) in an
unlicensed spectrum. The method includes storing a scheduling request (SR)
message, processing a physical downlink control channel (PDCCH) transmission
provided by an evolved node B (eNodeB) to identify a resource for a transmission of
the SR message, and based on the resource identified in the PDCCH, generating a
physical uplink control channel (PUCCH) transmission including the SR message for
the eNodeB.

[0101] Example 21 is the method of Example 20, where processing the PDCCH
transmission further includes processing a phyaical dowrlink conirol channest
scrambled by CC-RNTI (cPDCCH).

[0102] Example 22 is the method of Example 20, where the PUCCH transmission
spans 4 symbols spanning one of the interlaces of block-interleaved frequency
division multiple access (B-IFDMA) structure.

[0103] Example 23 is the method of Example 20, where generating the PUCCH
transmission further includes generating a short PUCCH (sPUCCH) transmission.
[0104] Example 24 is the method of Example 23, where the sPUCCH
transmission is time multiplexed with a PUSCH transmission.

[0105] Example 25 is a method for operating an evolved node B (eNodeB) in an
unlicensed spectrum. The method includes designing, using higher layer signaling,
an SR resource for a transmission of a scheduling request (SR) message on a short
physical uplink control channel (sSPUCCH). The method also includes encoding a
physical downlink control channel (PDCCH) scrambled by a CC radio network

temporary identifier (CC-RNTI) transmission indicating the SR resource, and
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processing the sPUCCH from a user equipment (UE) to determine an uplink
schedule for the UE based on the SR message.

[0106] Example 26 is the method of Example 25, further including designing the
SR resource including a burst identification (ID).

[0107] Example 27 is the method of Example 25, further including designing the
SR resource including an uplink (UL) subframe offset.

[0108] Example 28 is the method of Example 27, where the UL subframe offset is
designed by a radio resource control (RRC) configuration.

[0109] Example 29 is the method of Example 27, where the UL subframe offset is
designed by a physical downlink control channel scrambled by CC-RNTI (cPDCCH).
[0110] Example 30 is the method of Example 25, further including designing the
SR resource including a burst ID and an UL subframe offset.

[0111] Example 31 is the method of Example 25, where the SR resource is
generated by an RRC layer.

[0112] Example 32 is a method for operating a user equipment (UE) in an
unlicensed spectrum. The method includes generating a scheduling request (SR)
message, performing a listen before talk (LBT) procedure on a non-anchored
subframe, and encoding a physical random access channel (PRACH) transmission
including the SR message for a transmission of the SR message in response to a
successful completion of the LBT procedure. The method also includes processing
a physical downlink control channel scrambled by CC-RNTI (cPDCCH) transmission
including a schedule for a transmission of an uplink transmission, and encoding the
uplink transmission based on the schedule.

[0113] Example 33 is the method of Example 32, where performing the LBT
procedure further includes performing the LBT procedure repetitively until the
successful completion of the LBT procedure.

[0114] Example 34 is the method of Example 32, where performing the LBT
procedure further includes performing a category (CAT) 4 LBT procedure on non-
anchor subframe.

[0115] Example 35 is the method of Example 32, where performing the LBT
procedure further includes performing a one shot LBT procedure when cPDCCH is
detected, and the LBT procedure is designed to be the one shot LBT procedure by a

higher layer.
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[0116] Example 36 is the method of Example 32, where performing the LBT
procedure further includes performing a no LBT procedure when cPDCCH is
detected, and the LBT procedure is designed to be the no LBT procedure by a
higher layer followed by 16us DL/UL gap.

[0117] Example 37 is the method of Example 36, where encoding the PRACH
transmission including the SR message for the transmission of the SR message in
response to the successful completion of the LBT procedure further includes
encoding the PRACH transmission including the SR message for the transmission of
the SR message in response to the successful completion of one shot LBT
procedure.

[0118] Example 38 is the method of Example 36, where the uplink transmission is
provided via a short physical uplink control channel (sPUCCH) for SR transmissions.
[0119] Example 39 is at least one computer-readable storage medium having
stored thereon computer-readable instructions, when executed, to implement a
method as exemplified in any of Examples 20-38.

[0120] Example 40 is an apparatus including a manner to perform a method as
exemplified in any of Examples 20-38.

[0121] Example 41 is a manner for performing a method as exemplified in any of
Examples 20-38.

[0122]  Various techniques, or certain aspects or portions thereof, may take the
form of program code (i.e., instructions) embodied in tangible media, such as floppy
diskettes, CD-ROMSs, hard drives, a non-transitory computer-readable storage
medium, or any other machine-readable storage medium wherein, when the program
code is loaded into and executed by a machine, such as a computer, the machine
becomes an apparatus for practicing the various techniques. In the case of program
code execution on programmable computers, the computing device may include a
processor, a storage medium readable by the processor (including volatile and non-
volatile memory and/or storage elements), at least one input device, and at least one
output device. The volatile and non-volatile memory and/or storage elements may be
a RAM, an EPROM, a flash drive, an optical drive, a magnetic hard drive, or another
medium for storing electronic data. The eNodeB (or other base station) and UE (or
other mobile station) may also include a transceiver component, a counter
component, a processing component, and/or a clock component or timer component.

One or more programs that may implement or utilize the various techniques
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described herein may use an application programming interface (API), reusable
controls, and the like. Such programs may be implemented in a high-level procedural
or an object-oriented programming language to communicate with a computer
system. However, the program(s) may be implemented in assembly or machine
language, if desired. In any case, the language may be a compiled or an interpreted
language, and combined with hardware implementations.

[0123] It should be understood that many of the functional units described in this
specification may be implemented as one or more components, which is a term used
to more particularly emphasize their implementation independence. For example, a
component may be implemented as a hardware circuit comprising custom very large
scale integration (VLSI) circuits or gate arrays, off-the-shelf semiconductors such as
logic chips, transistors, or other discrete components. A component may also be
implemented in programmable hardware devices such as field programmable gate
arrays, programmable array logic, programmable logic devices, or the like.

[0124] Components may also be implemented in software for execution by
various types of processors. An identified component of executable code may, for
instance, comprise one or more physical or logical blocks of computer instructions,
which may, for instance, be organized as an object, a procedure, or a function.
Nevertheless, the executables of an identified component need not be physically
located together, but may comprise disparate instructions stored in different locations
that, when joined logically together, comprise the component and achieve the stated
purpose for the component.

[0125] Indeed, a component of executable code may be a single instruction, or
many instructions, and may even be distributed over several different code
segments, among different programs, and across several memory devices. Similarly,
operational data may be identified and illustrated herein within components, and may
be embodied in any suitable form and organized within any suitable type of data
structure. The operational data may be collected as a single data set, or may be
distributed over different locations including over different storage devices, and may
exist, at least partially, merely as electronic signals on a system or network. The
components may be passive or active, including agents operable to perform desired
functions.

[0126] Reference throughout this specification to “an example” means that a

particular feature, structure, or characteristic described in connection with the
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example is included in at least one embodiment. Thus, appearances of the phrase
“‘in an example” in various places throughout this specification are not necessarily all
referring to the same embodiment.

[0127]  As used herein, a plurality of items, structural elements, compositional
elements, and/or materials may be presented in a common list for convenience.
However, these lists should be construed as though each member of the list is
individually identified as a separate and unique member. Thus, no individual member
of such list should be construed as a de facto equivalent of any other member of the
same list solely based on its presentation in a common group without indications to
the contrary. In addition, various embodiments and examples may be referred to
herein along with alternatives for the various components thereof. It is understood
that such embodiments, examples, and alternatives are not to be construed as de
facto equivalents of one another, but are to be considered as separate and
autonomous representations of embodiments.

[0128]  Although the foregoing has been described in some detail for purposes of
clarity, it will be apparent that certain changes and modifications may be made
without departing from the principles thereof. It should be noted that there are many
alternative ways of implementing both the processes and apparatuses described
herein. Accordingly, the present embodiments are to be considered illustrative and
not restrictive, and the embodiments are not to be limited to the details given herein,

but may be modified within the scope and equivalents of the appended claims.
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CLAIMS

1. An apparatus for a user equipment (UE) operating in an unlicensed spectrum,
comprising:
electronic memory to store a scheduling request (SR) message; and
one or more baseband processors configured to:
process a physical downlink control channel (PDCCH) transmission
provided by an evolved node B (eNodeB) to identify a resource for a transmission of
the SR message; and
based on the resource identified in the PDCCH, generate a physical
uplink control channel (PUCCH) transmission comprising the SR message for the
eNodeB.
2. The apparatus of claim 1, wherein the one or more processors configured to
process the PDCCH transmission are further configured to process a physicat
downiink control channe! scrambled by CC-RNTI (cPDCCH).
3. The apparatus of claim 1, wherein the PUCCH transmission spans 4 symbols
spanning one of the interlaces of block-interleaved frequency division multiple
access (B-IFDMA) structure.
4. The apparatus as in claims 1, 2, or 3, wherein the one or more processors
configured to generate the PUCCH transmission are further configured to generate a
short PUCCH (sPUCCH) transmission.
5. The apparatus of claim 4, wherein the sPUCCH transmission is time
multiplexed with a PUSCH transmission.
6. An apparatus for an evolved node B (eNodeB) operating in an unlicensed
spectrum, comprising:
electronic memory to store a scheduling request (SR) message; and
one or more baseband processors configured to:
configure, using higher layer signaling, an SR resource for a
transmission of the SR message on a short physical uplink control channel
(sPUCCH);
encode a physical downlink control channel (PDCCH) scrambled by a
CC radio network temporary identifier (CC-RNTI) transmission indicating the SR

resource; and
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process the sSPUCCH from a user equipment (UE) to determine an

uplink schedule for the UE based on the SR message.
7. The apparatus of claim 6, wherein the one or more baseband processors are
further configured to configure the SR resource comprising a burst identification (ID).
8. The apparatus of claim 6, wherein the one or more baseband processors are
further configured to configure the SR resource comprising an uplink (UL) subframe
offset.
9. The apparatus of claim 8, wherein the UL subframe offset is configured by a
radio resource control (RRC) configuration.
10.  The apparatus of claim 8, wherein the UL subframe offset is configured by a
physical downlink control channel scrambled by CC-RNTI (cPDCCH).
11. The apparatus as in claims 6, 7, 8, 9, or 10, wherein the one or more
baseband processors are further configured to configure the SR resource comprising
a burst ID and an UL subframe offset.
12.  The apparatus of claim 6, wherein the SR resource is generated by an RRC
layer.
13. A computer-readable storage medium having stored thereon instructions that,
when implemented by a user equipment (UE), cause the UE to:

generate a scheduling request (SR) message;

perform a listen before talk (LBT) procedure on a non-anchored subframe;

encode a physical random access channel (PRACH) transmission comprising
the SR message for a transmission of the SR message in response to a successful
completion of the LBT procedure;

process a physical downlink control channel scrambled by CC-RNTI
(cPDCCH) transmission comprising a schedule for a transmission of an uplink
transmission; and

encode the uplink transmission based on the schedule.
14.  The computer-readable storage medium of claim 13, wherein the instructions
configured to perform the LBT procedure are further configured to perform the LBT
procedure repetitively until the successful completion of the LBT procedure.
15.  The computer-readable storage medium of claim 13, wherein the instructions
configured to perform the LBT procedure further comprise instructions to perform a

category (CAT) 4 LBT procedure on non-anchor subframe.
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16. The computer-readable storage medium as in claims 13, 14, or 15, wherein
the instructions configured to perform the LBT procedure further comprise
instructions to perform a one shot LBT procedure when cPDCCH is detected, and
the LBT procedure is configured to be the one shot LBT procedure by a higher layer.
17.  The computer-readable storage medium as in claims 13, 14, or 15, wherein
the instructions configured to perform the LBT procedure further comprise
instructions to perform a no LBT procedure when cPDCCH is detected, and the LBT
procedure is configured to be a no LBT procedure by a higher layer followed by 16us
DL/UL gap.

18. The computer-readable storage medium of claim 17, wherein the instructions
configured to encode the PRACH transmission comprising the SR message for the
transmission of the SR message in response to the successful completion of the LBT
procedure further comprise instructions to encode the PRACH transmission
comprising the SR message for the transmission of the SR message in response to
the successful completion of one shot LBT procedure.

19.  The computer-readable storage medium of claim 17, wherein the uplink
transmission is provided via a short physical uplink control channel (sPUCCH) for SR

transmissions.
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