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(57) Abstract: A user equipment (UE) can reserve shared spectrum between two wireless protocols upon the request from a tower.
For example, an enhanced node B (eNB or eNodeB) transmits a message to associated UEs including a set of candidate UEs, a
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SYSTEMS, METHODS AND DEVICES FOR SELECTIVE INTERFERENCE
COORDINATION IN A CELLULAR PROTOCOL

Related Anplication

[8001] This application claims the benefit under 35 US.C. § 119{e) of U.S. Provisional
Application No. 61/933,856 filed Jaruary 30, 2014, which is incorporated by reference herein
in its entirety.

Technical Field

[8802] The present disclosure relates to interference coordination in an unlicensed spectram
and more specifically relates to mteroperation of a cellular protocol with other wireless
protocols.

Bricf Description of the Drawings

[8083] Fig. 1 15 a schematic diagram illustrating a system for interference coordination
consistent with embodiments disclosed herein.

[860G4] Fig. 2 15 a schematic diagram llustrating a system with a cellular tower requesting a
user equipment (UE) to reserve spectrum consistent with embodiments disclosed herein.
[B005] Fig. 3 15 a schematic diagram illustrating a system with a UE reporting resuits of
spectrum reservation consistent with embodiments disclosed herein,

[8006] Fig. 4 1s a schematic diagram illustrating s system with g cellular tower sending data
to a UE that successfully reserved spectrum consistent with embodiments disclosed herein.
[8067] Fig. S s flow diagrarm illustrating a process for reserving unlicensed spectrum
consistent with embodiments disclosed heren.

[B008] Fig. 6 is an example of a method for reserving spectrum from a UE perspective
consistent with embodiments disclosed herein.

[800¢9] Fig. 7 15 an cxample of a method for reserving spectrum from a tower perspective
consistent with embodiments disclosed herein.

[8816] Fig. 8 1s an example of a long term evolution stack that can be enhanced to reserve

spectrum consistent with embodiments disclosed herein.
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[8011] Fig. 9 15 a diagram illustrating a mobile device consistent with embodiments disclosed
herein.

Dctailed Description of Preferred Embodiments

[8012] A detailed description of systerus and methods consistent with embodiments of the
present disclosure is provided below. While several embodiments are described, it should be
understood that the disclosure 1s not Hmited to any onc embodirnent, but instead encompasses
numerous alternatives, modifications, and equivalents. In addition, while numerous specific
details are st forth in the following description in order to provide a thorough understanding
of the erobodirsents disclosed herein, some embodiments can be practiced without some or
all of these details. Moreover, for the purpose of clarity, certain technical material that is
kuown in the related art bas not been described 1o detail 1o order to avoid unnecessarily
obscuring the disclosure.

[8013] Technigues, apparatus and rocthods are disclosed that cnable reservation of shared
spectrum between two wireless protocols. For example, a UE can reserve shared spectrum
between two wireless protocols upon a reguest from a tower. For exaraple, an enhanced node
B {eNB or cNodeB) that includes a network controller transmits a message to associated UEs
inchading a set of candidate UEs, a length of the time to reserve, and a frequency band to use.
In some embodiments, such a message can be broadeasted from the eNB to the UEs through
a dedicated control channel (which can be over licensed or unlicensed spectrum). {fa UE
finds its 1dentifier i the set of candidate UEs, the UE performs mediuro sensing {e.g. clear
channel assessment {CCA), cte.) on the specified spectrum (i.¢., a shared communication
channel) using a wireless mterface. If the medium 1s idle, candidate UEs transmit 4 clear to
send {(CTS) message with channel reservation information. A result of the success or fatlure
of the CTS transmaission atterapt is sent back to the eNB. Upon receiving the feedback
information from the URs, the eNB starts sending data to those UEs that sent the positive
feedback on the channel reservation. The connection between ¢eNB can be downlink only
{stmplex}) or uplink and downlink capable (duplex).

[8014] By allowing a UE to medium sense and send CTS (rather than an eNB}, an indoor
reception problem can be satisfied. For exarple, a WLAN basic service set (BSS) is located
indoors and an eNB is located outdoors. UEs associated with the eNB can be either indoor or
outdoor. An eNB would have difficulty detecting many of the indoor transmissions. In the
example, an indoor AP transmits at 20 dBm power. While a specific I-t0-O penetration
model could be determined, a simpler O-to-1 model for I-t0-O can be used by assuming

symmetry, Under the urban microcell non-line of sight (UMI-NLOS) model, din =10 m and
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dout = § n already gives signal power that falls below -82 dBm (where din is the indoor
distance from the AP to the building wall, dow# 1s the outdoor distance from the building wall
to the cNB, and -82 dBm is the threshold for detecting valid orthogonal frequency-division
multiplexing (OFDM) siguals by WLAN stations (STAs)). In the case of a UMi-LOS model,
the signal strength falls below -82 dBm starting from dowr = 25 m with din = 10 m. At these
ranges, it would be ditficult for an cNB to sense nearby ongoing indoor WLAN
transmissions. If a scheduled UE is also in the same indoor space, then a long term evolution
(LTE) transmission can fail duc to the strong interference from the nearby WLAN STA.
[8015] Sending a CTS message by an eNB can have a problem mediom sensing for indoor
UEs and failed transmissions to indoor UEs. This indoor WLAN and outdoor ¢NB scenario
can be scen in the environment, In fact, 80% of UEs are indoor under some LTE small cell
sinnulation settings. In some embodiments, ETE in an unlicensed band (LTE-U} focuses on
downlink transmission, and mterference at the receiver (1.e., UE) can be viewed as having a
higher importance compared with interference at the transmitter (i.e., the eNB).

[8016] It should be recognized that LTE in an unlicensed band (LTE-U) is also referred to as
Licensed Assisted Access (LAA Y using LTE herein. Where LTE-U is mentioned, LAA can
also be considered.

[8417] In addition, a traditional RTS/CTS exchange can also suffer issues. Simular to the
eNB sending CTS messages described above, an eNB can fail to sense ongoing indoor
WILAN transnussions when i sends an RTS message. An exchange of RTS/CTS between an
eNB and a UE using WELAN radio access technology can use more power. A traditional
RTS/CTS exchange can cause UEs to have an active WLAN transceiver to monitor
unlicensed spectrum, even though it may not be served over the unlicensed spectrum.
Exchange of RTS/CTS 1is focused on a point-to-point transnussion between an ¢NB and a
UE, but actual resource allocation in an L'TE system mnvolves multiple resource blocks in
cach subframe. These resource blocks can be used to serve multiple UEs. Using an
RTS/CTS exchange can cause an eNB to reestablish the communication link by exchanging
RTS/CTS with UEs selected for transmissions.

[8018] By allowing a UE to mediur sense and send a CTS message, the UEs to be served by
an eNB locally freeze WLAN STAs (interferers) and confine the actual data transmissions to
those UEs that succecded in reserving a channel by sending the CTS raessage (instead of
unnecessarily freezing too many WEAN STAs around the eNB, if the CTS message were
serit by the eNB). Many UEs are alrcady cquipped with 8 WLAN transceiver and therefore

are equipped to send a CTS message. By sending a CTS by a UE at a lower transmit power,
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localized channel reservations around the UE are enabled, which is the downlink receiver.
Other WLAN STAs outside a range of a UE can be unatfected because, due to their distance
from a UE, they are not directly interfering with an LTE downlink transmission.

[8619] There 1s an increasing demand for bigh data rates to service a variety of applications
over Hicensed wireless, but usable electromagnetic spectrum is limited to Hcensed frequency
bands. However, unlicensed spectrum can be used by third-generation partncrship project
{3GPP) LTE service providers to increase wireless data capacity by widening the operating
frequency band to include unlicensed spectrum.

[8028] Unlicensed spectrum can be, however, already occupied by incumbent radio access
technologies (RATs) such as the IEEE 802.11-based WLAN systems. Frequency reuse by
different radio technologies can cause tuterference and reduce corrounication reliability.
Frequency reuse by LTE-U can be unfavorable for WLAN systems given that LTE-U can be
used for supplementary downlink operation and eNB fransmission power can be several tens
of times higher than transmission power of many WLAN devices.

[8021] Various approaches can be used to reduce cocxistence interference between different
RATs, including interference avoidance and interference coordination. For example,
dynamic frequency selection (DFS} to enable radios to choose the frequency band with the
least interference is an example of an interference avoidance scheme. However, it should be
noted that DFS may not be required by regulatory domains in some unlicensed spectrum,
such as the frequency band from 5.725 GHz to 5.825 GHz.

(80227 Fig. 1 is a schematic diagram illustrating a system 100 for interference coordination
consistent with embodiments disclosed herein. eNB 110 with coverage area 102 uscs an
LTE-U protoco! to communicate with UEs 106a, 106b, 106¢, 106d, 106e, 106f, 106g, 1064,
1061, 106 and 106k, WLAN access points (APs) 112a, 112b and 112¢ can be placed in
buildings 114a, 114b and 114c. WLAN APs 112a, 112b and 112¢ can provide network
connectivity to WLAN stations (STAs) 104a, 104b and 104c. In some embodiments, WLAN
APs 112a, 112b and 112¢ also provide network connectivity to one or more of UEs 1064,
106b, 106¢, 106d, 106e, 1061, 106g, 106k, 1061, 106; and 106k

[8023] eNB 110 commmunicates with UEs 106a, 106b, 106c¢, 1064, 106¢, 1061, 106g, 106k,
1061, 106} and 106k nside and outside buiidings 114a, 114b and 114c. UEs 106a, 106e, 1061
and 106k arc located outside buildings. UEs 106g and 106f arc within building 108a, which
includes WLAN service by AP 112a. UEs 106b, 106¢ and 1064 are within building 108b,
which includes WLAN service by AP 112b. UEs 1061 and 1065 are within building 108c,

which includes WLAN service by AP 112¢.
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[6024] In some embodiments, eNB 110 can send control information over licensed bands
{¢.g., uriversal mobile telecommurications system frequency baunds (UTMS), ete.) while
sending data over unlicensed bands (e.g., LTE-U). In some embodiments, eNB 110 can send
both coutrol mformation and data over unlicensed bands.

[8025] Figs. 2-4 show an example of how the system 100 of Fig. 1 can be used to coordinate
transmissions over a cellular protocol {e.g., 3GPP LTE) with s WLAN protocol {¢.g., IEEE
802.11 protocols, Wi-Fi, etc.}. Fig. 2 shows elNB 110 sending a message to selected UEs
106a, 106d, 106g and 1061 that indicate selocted UEs 106a, 106d, 106g and 1061 to broadcast
a reservation roessage {e.g., CTS roessage) to local WLAN devices. UEs 106a, 106d, 106g
and 1061, in response to the message from eNB 110, sense the medium (e.g., frequency
bands) for WLAN trathe. If the voedium is clear, UEs 106a, 1064, 106g and 1061 transmit a
reservation message using a WLAN protocol (e.g., CTS message). Fig. 3 shows UEs 106a,
106d, 106g and 1061 transmitting a success or fatlure message to eNB 110 that reports
whether UEs 100a, 1064, 106g and 1061 were able to transmit the reservation message. UEs
106a, 106d and 1061 were successtul. UE 106g was not successful, Fig. 4 shows eNB 110
sending data to UHs 106a, 106d and 1061 that were successfully able to reserve the medium.
¢INB can buffer messages that were unable to be sent for transmission at a later time.

[8626] Fig. 2 15 a schematic diagram llustrating systern 100 of Fig. 1 with eNB 119
requesting UEs 106a, 1064, 1006¢ and 1061 to reserve spectrum consistont with embodiments
disclosed herein. eNB 110 sends a message to selected UEs 106a, 106d, 106g and 1061 that
indicate selected UEs 100a, 1064, 106g and 1061 to broadcast a reservation message (e.g.,
CTS message) to local WLAN devices.

[6027] In the embodiment shown, cach round of the L'TE transmission over the unlicensed
spectrum 18 inttiated by oNB 110, cNB 110 determinces a subset of UEs 106a, 106d, 106g and
1061 from the set of UEs 106a, 100h, 106¢, 100d, 106, 106£, 106g, 106h, 1061, 106] and
106k that should be serviced. eNB 110 starts by transmitting a message to the associated
UEs 106a, 106d, 106g and 1064, including but not limited to the information about the subset
of candidate UEs 106a, 1006d, 106z and 1061 that eNB 110 wants to serve, the length of time
that 1t wants to reserve from the WLAN 8TAs 104a, 104b and 104¢, and the frequency band
that it will use.

[8028] UEs 106a, 106d, 106g and 1061, in response to the message from eNB 110, sense the
medium {¢.g., frequency bands) for WLAN traffic. If the medium is clear, the UEs 106a,
106d, 106g and 1061 transtait a reservation message using 4 WLAN protocol {e.g., CTS

Hessage ).
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[8029] For cxample, such a message can be sent to UEs 106a, 106d, 106g and 1061 using
broadcast channel or dedicated control channel (over licensed or unlicensed spectram).
When oNB 110 determines the set of candidate UEs 106a, 106d, 106g and 1061, it may take
mto account the downlink gueue backlog waiting for transrssion to cach of UEs 106a, 1064,
106g and 1061 and the location information of UEs 106a, 1064, 106g and 1061, The
transmaission of the broadcast message by ¢NB 110 to the candidate subsct of UEs 106a,
106d, 106g and 1061 is illustrated in Fig. 2, which is denoted as CT8 TX Command.

[8038] Fig. 3 1s a schematic diagram illustrating systern 100 of Fig. 1 with UEs reporting
results of spectrurn reservation consistent with embodiments disclosed herein, After UEs
106a, 106d, 106g and 1061 atternpt to send a reservation message, UEs 1064, 106d, 106g and
1061 fransmit a success or fathure message to eNB 110 that reports whether UEs 106a, 1064,
106g and 1061 were able to transmit the reservation message. UEs 106a, 106d and 1061 were
successful. UE 106g was not successful. As a result, APs 112b and 112¢ are silenced during
times reserved by the reservation message. AP 112b was silenced by a reservation message
by UE 106¢c. AP 112¢ was stlenced by a reservation message by UE 1061,

[8831] In the embodiment shown, UEs 106a, 106d, 106g and 1061 perform medium sensing
on the specified spectrum if it finds its ID in the set of candidate UEs 106a, 106d, 106g and
1061 1n the message from eNB 110, Unselected UEs 106b, 106¢, 106e, 1061, 106h, 1463 and
106k that are not in the candidate set do not perform sensing and save energy from
unnecessary channel probing. f one of UEs 106a, 106d, 106g and 1061 in the candidate set
sees the medium busy, then it does not transmit CT8. Thus, only UEs 106a, 106d and 1061
that are in the candidate set and sense the medium wdle will transmut the CTS message. Afier
that, as shown in Fig. 3, UEs 136a, 100d, 106g and 1061 in the candidate set send the
feedback message back to eNB 110 on the success/fail of its CTS transmuission attempt. This
is shown by “Success” and “Fail” arrows in Fig. 3.

(8032} In some embodiments, if 2 UE senses medium idle, there is a possibility that the CTS
trausmission may not be successful if there is another close-by UE transmitting CTS at the
same time. This possibility can be precluded by eNB 110 when selecting the candidate UE
set by taking into account the location information of other candidate UEs. Introducing
random timing offsets before transmitting T8 by each UE could be another alternative.
More specifically, cach UE senscs medium idle delays its CTS transmission for a small
random amount of time to reduce the chances that more than one UE transmuits CTS at the
sarae time. By doing so, 2 UE obscerving a CTS transmission by another UE can abort its CTS

transmission. Simultancous CTS transmissions may not result in a mutual collision since
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control messages such as CTS are usually protected with a robust coding and transmitted at
the lowest rate.

[8033] Fig. 4 is a schematic diagram illustrating system 100 of Fig. 1 with eNB 110 sending
data to UEs 106a, 106d and 1061 that successfully reserved spectram. After receipt of
success and failure messages, eNB 110 determines that successful UEs 106a, 1064 and 1061
receive data. APs 112b and 112¢ are silenced during times reserved by successful reservation
messages by UEs 106d and 1061 (represented by a "RESERVEDY overlay on top of APs
112b and 112¢). ¢NB 110 transmiis data for successful UEs 106a, 106d and 1061 using LTE-
U over unlicensed spectrom,

[8034] Upon receiving the feedback information from UEs 106a, 1064, 106g and 1061, eNB
110 starts sending data to UEs 106a, 1064 and 1061 that were successful on reserving the
medium {¢.g., APs 112b and 112¢ and neighboring WLAN STAs 104a, 104b and 104c) as
illustrated in Fig. 4. This approach allows rescrvation of spectrum locally around the UEs
106a, 106d and 10061 that are actually served by eNB 110, while allowing the spectrum to be
used by WLAN STAs 104a that do not directly miterfere with the LTE downlink transmission
such as WLAN BSS 1 in Fig. 4.

8035} Fig. 5 1s flow diagram illustrating a process 500 for reserving unlicensed spectrum
consistent with embodiments disclosed herein. Process 500 can be accomplished by system
100 as shown in Fig. 1, including eNB 110; UEs 1006a, 106b, 106c, 1064, 106¢, 1061, 1062,
106h, 1061, 106) and 106k, WLAN APs 112a, 112b and 112¢; and WLAN STAs 104a, 104b
and 104c. In the embodiment shown, eNB 110 selects UE 1, UE 2 and UE 4 for
comraunication. UE 3 1s not selected. UE 1 fails to reserve the medium. UE 2 and UE 4
successfully reserve the medium and receive data from eNB 110,

[8036] For cxample and in opceration 502, ¢NB 110 sends a message to selected UEs (UEs
that are sclected to receive or send data) that request selected UEs to broadcast a reservation
message to local WLAN devices. eNB 110 sends the messageto UE 1, UE 2 and UE 4. UE
3 does not receive a message and can transition into a low power state during the next LTE-U
transmission. In operation 504, UEs, in response to the message from eNB 110, sense the
medium {e.g., frequency bands) for WLAN traffic. If the medium is clear in operation 504,
UEs 106a, 106d, 106g and 1061 transmit a reservation message using a WLAN protocol (e.g.,
CTS message). UE 2 and UE 4 were successful in sensing a clesr medium and transmitting a
reservation message (TX CTS). UE 1 sensed a busy medium and did not transmit a

reservation message. In operation 506, UE 1 sends g fallure message to oNB 110, In
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operation 506, UE 2 and UE 4 send success messages to eNB 110, In operation 508, eNB
110 sends data to successful UE 2 and UE 4 that reserved the mediur.

{8037} Fig. 6 is an example of a method 600 for reserving spectrum from a UE perspective.
Process 600 can be accoroplished by system 100 as shown in Fig. 1, including eNB 110; UEs
106a, 106b, 106c, 106d, 106e¢, 1061, 106g, 106k, 1061, 106] and 106k; WLAN APs 112a,
112b and 112¢; and WLAN STAs 104a, 104b and 104¢. In block 602, the UE receives a
request to reserve the medium {e.g., unlicensed spectrum used by WLAN). In block 604, the
UE conducts medium sensing to determine in block 606 whether the medium 1s busy {e.g.,
existing transmissions). 1 the medium is busy in block 608, the UE sends a failure report to
cNB 110 in block 614, I the medium is available i block 608, the UE transmits a channel

reservation using a WLAN protocol (e.g., CTS). If the channel reservation was successfully
transmitted in block 608, the UE sends a success report to elNB 1180 in block 612, In some
ernbodiments, block 608 can be omitied and 3 success report 612 can be sent before, after or
during block 610. In this embodiment, if the medium is idle, the UE can assume that a
channel reservation is successtully sent. After block 612, eNB 110 can scnd data using LTE-
Uto UE.

[8038] In some embodiments, a control channel can be used over a licensed band (e.g., LTE),
while data can be sent over an unlicensed band (e.g., LTE-U). This can allow for
simultancous transmission and/or receipt of messages.

[8039] Fig. 7 is an oxample of a method 700 for reserving spectrum from a tower perspective
consistent with embodiments disclosed herein. Process 700 can be accomplished by system
100 as shown in Fig. 1, including ¢NB 110; UEs 1063, 106b, 106¢, 106d, 106¢, 1061, 106¢,
106h, 1061, 106] and 106k; WLAN APs 112a, 112b and 112¢; and WLAN STAs 104a, 104b
and 104¢. In block 702, cNB 110 determines which mobile devices {e.g., UEs) will receive
communication from ¢eNB 110, In block 704, eNB 110 sends a request to selected mobile
devices to reserve the medium {¢.g., send a CTS message). In block 706, eNB 110 receives
success messages and/or failure rocssages from the selected wobile devices indicating
success or fatlure of reserving the medium. In block 708, eNB 110 sclects messages {¢.g.,
data) that match mobile devices that sent success messages. In block 710, eNB 110 scods
selected messages to mobile devices that successfully reserved the medium.

[8046] Fig. 8 is an examplc of an LTE stack that can be enhanced to reserve spectrum
consistent with embodiments disclosed herein. Various embodiments described herein can
also be used to expand, update, use and/or provide new functionality to existing wircless

systems {e.g., RATs, RANs, UTRAN, EUTRAN, etc.). In Fig. 8, an example of an enhanced
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LTE protocol stack 800 for a UE is shown. The protocol stack 800 can be enhanced with
new messages and measurements for use in covnecting with small cells.

{8041} The stack describes protocol layers in an enhanced LTE protocol stack 800. These
layers can provide abstraction frovo a lower layer {represented as a layer closer to the bottora
of the page). A physical layer (1.1) 814 includes systems that translate physical signals into
logical data for use by the higher layers. L1 can also provide measurernent and contiguration
services to the radio resource control {RRC) layer 806. The medium access control (MAC)
layer 812 includes systerns that perform transport as logical mapping and/or scheduling.
MAC layer 812 1ocludes systeros that can provide format selection and measurernents about
the network to RRC layer 806. The radio link control (RLC) layer 810 includes systems that
provide scgmentation, councatenation and reasserobly, and can operate wn different modes
depending on a radio bearer. The packet data convergence protocol (PDCP) layer 808
mcludes systerns that can provide services for higher-level protocols including cryptographic
functions, header compression/decompression, sequence numbering and/or duplicate
removal. User tratfic can be sent through PDCP layer 808 to the internet protocol {(IP) layer
804, which is then routed to applications and systems of the UE for use. Control traffic can
be sent to RRC layer 806, RRC layer 806 can provide management and control functions of
the UE. RRC layer 806 functionality can include processing of broadcast information,
paging, connection management with an eNB 110, integrity protection of RRC messages,
radio bearer control, mobility functions, UE measureroent and reporting, quality of service
management, ¢tc. The non access straturm (NAS) layer 802 includes systems that can provide
mobility roanagement, call control, scssion management and/or identity management.

[8042] In some embodiments, method 600 as deseribed in conjunction with Fig. 6 can be
mmpleroented 1 L2, such as in RRC layer 806. For example, RRC layer 806 can perform
operations 602 to 612,

(80431 A UE can perform medium sensing using encrgy detection (ED) or carrier sense (CS).
Thresholds of ED and/or C8 can be altered to facilitate medivm sensing when WLAN and
LAA coexist.

[8044] Fig. 9 is an oxample tHustration of a mobile device, such as a UE, a mobile station
{MS}, a mobile wireless device, a mobile communication device, a tablet, a handset, or
another type of mobile wircless device. The mobile device can include one or more antennas
configured to communicate with a fransmission station, such as a base station {BS), an eNB, a
base band unit (BBU}, a remote radio head (RRH), a remote radio equipment {(RRE), a relay

station (RS}, a radio equipment (RE), or another type of wireless wide area network
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{(WWAN} access point. The mobile device can be configured to commmunicate using at least
one wireless communication standard including 3GPP LTE, WiMAX, HSPA, Bluctooth, and
Wi-Fi. The mobile device can communicate using scparate antennas for cach wircless
corrounication standard or shared antennas for multiple wircless communication standards.
The mobile device can communicate in a WLAN, a wircless personal area network {WPAN},
and/or 4 WWAN.

[8045] Fig. O also provides an tllustration of a microphone and one or more spealkeers that can
be used for andio input and output from the mobile device. The display screen canbe a
Hauid crystal display (LCD) screen or other type of display screen, such as an organic light
cmitting diode {OLED) display. The display screen can be configured as a touch screen. The
touch screen can use capacitive, resistive, or another type of touch screen technology. An
application processor and a graphics processor can be coupled to internal memory to provide
processing and display capabilitics. A non-volatile memory port can also be used to provide
data input/output options to a user. The non-volatile memory port can also be used to expand
the memory capabilitics of the mobile device. A keyboard can be integrated with the mobile
device or wirelessly connected to the mobile device to provide additional user input. A

virtual keyboard can also be provided using the touch screen.

Examples

18846] The following examples pertain to further emboduments.

[8047] Example | is an evolved node B (eNB) for sharing unlicensed spectrum. The eNB
meludes a fivst wireless interface for commuunicating with cellular devices over a control
channel. The eNB also includes a second wireless interface for communicating with the
cellular devices over a comynunication channcl on the unlicensed spectrurm. The eNB further
inchades a processor. The processor is configured to select a set of cellular devices to receive
a sct of messages over the communication channel. The processor s also configured to
frausmit a request, using the control channel, to the set of cellular devices to broadcast a clear
to send (CT8) message using a wircless local area network (WLAN) protocol. The processor
s further configured to receive a report from a subset of the set of cellular devices
documenting a successful broadeast of the CTS message and transmit, using a cellular
protocoel over the communication chanucl, a subset of the set of messages that are directed to
the subset of the set of cellular devices.

[8048] In Exaraple 2, the eNB of Exaraple 1 can optionally have the control channel

provided over licensed spectrum.
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[8049] In Example 3, the eNB of Examaples 1 can optionally have the control channel
provided over the unlicensed spectrum,

[8056] In Example 4, the eNB in Examples 1-3 can optionally include the processor being
further configured to buffer unsent messages from the set of rocssages for a next transmission
attempt.

[8051] In Exarople S, the eNB Exarnples 1-4 can optionally inchude the processor being
further configured to determine that a successful report by a first celhular device from the set
of cellular devices also applics to a second ccliular device from the set of cellular devices
based at least in part on a proximity of the first cellular device to the second cellular device.
[8052] In Example 6, ¢NB in Examples 1-5 can optionally include the processor being
further configured to add the second cellular device to the subset of the set of cellular
devices.

[8053] In Example 7 18 a user equipment {UE) for cocxisting with a wircless local arca
network (WELAN) protoco! and a long term evolution over unlicensed spectrum {(LTE-U)
protocol. The UE includes a network controlicr. The network controller is configured to
receive a request, using the LTE-U protocol, to reserve a medium used by the WLAN. The
network controller is also configured to perform medium sensing to determine whether the
medium 18 1o use. When the medium s not in use, the network controller is also configured
to fransmut @ medium reservation message using a WLAN protocol that indicates the medium
is in use and send a success message indicating successful reservation of the mediom.

[8054] In Example 8, the network controiler of Example 7 can optionally be configured to,
when the medium is in use, transmit a message indicating fatlure to reserve the medium.
[8455] In Example 9, the network controiler of Examples 7-8 can optionally be configured
to, when the medium 18 not in use, receive data through the LTE-U protocol.

[8856] In Example 10, the UE of Examples 7-9 can optionally be configured such that the
medium reservation message s a CTS message.

(8687 In Example 11, the UE of Examples 7-10 can optionally be configured such that the
request further includes a length of time to reserve the medium.

{B058] In Exarople 12, the UE of Exaroples 7-11 can optionally be configured such that
performing medium sensing further comprises performing clear channel assessment (CCA).
[8039] In Example 13, the network controller of Examples 7-12 can optionally be configured
to, when the medium is in use, determine a second medium reservation message was sent by
a second UE proximate to the UE and send the success message indicating the successtul

reservation of the medium for the UE.
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[8066] In Example 14 is a method of reserving a shared communication chamnel. The
method 1ncludes receiving a request to broadcast a reservation message of a first protocol
over a wireless band of frequencies shared with the first protocol and a second protocol. The
method also tnclades reserving the wircless band of frequencies from use by the first
protocol. The method further includes sending a successful reservation report indicating a
successtul reservation broadeast. The method also includes communicating, using the second
protocol, within the wireless band of frequencies.
[8061] In Example 15, the mcthod of Exaraple 14 can optionally inchude performing sensing
of the wireless band of frequencies to determine whether the wireless band of frequencies is
in use, and broadcasting the reservation message using the first protocol.
{8062] In Exarople 16, the method of Examples 14-13 can optionally include determining av
idle state exists for the first protocol over the wireless band of frequencies, and determining
that an energy level present over the wireless band of frequencies 1s below a threshold.
[6663] In Example 17, the method of Example 14-16 can optionally include transmitting the
cquest over a sceond wireless band of frequencies not shared with the first protocol and the
second protocol.
[8064] In Example 18, the method of Examples 14-17 can optionally include determining
that the successful reservation report represents a plurality of mobile devices based at least in
part on location information of the phlurality of mobile devices.
[8065] In Exarople 19, the method of Examples 14-18 can optionally be applied such that the
first protocol is a non-third generation partnership project (3GPP) compatible protocol.
[8066] In Example 20, the mucthod of Exaraples 14-19 can optionally be applied such that the
the second protocol is a 3GPP compatible protocol.
{8067} In Exarople 21, the method of Examples 14-20 can optionally include transmutting
using a duplex connection to the subset of the set of mobile devices using the second
protocol.
[8668] In Example 22, the ructhod of Exaraples 14-21 can optionally inchude transmitting
using a downlink-only connection to the subset of the sct of mobile devices using the second
protocol.
[80369] Example 23 is a method of reserving a shared communication channel. The method
meludes determining 4 set of roobile devices to receive a set of communications over a
wireless band of frequencies shared with a first protocol and a second protocol. The method
also includes sending a request to the set of mobile devices to broadcast a reservation

message using the first protocol. The method further includes receiving a successful
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reservation report from a subsct of the set of mobile devices. The metheod also includes
transmitting, using the second protocol, a subset of the set of coromunications that are
directed to the subsct of the set of mobile devices within the wireless band of frequencies.
[8676] In Example 24, the roethod of Exaraples 14-23 can optionally wmchude ove or voore
options. An option can inchude transmitting the request over a second wireless band of
frequencies not shared with the first protocol and the sccond protocol. Anether option can
inchade determining that the successful reservation report from a mobtle device represents a
plurality of mobtile devices based at least in part on location information of the plurahity of
mobile devices. Yet another option can include transmitting using a duplex connection to the
subsct of the set of mobile devices using the second protocol. Another option can include
transmitting using a downlink-ouly connection to the subset of the set of mobile devices
using the second protocol.

[8071] Example 25 is a method of reserving a shared communication channel. The method
includes receiving a request to broadcast a reservation message of a first protocol over a
wircless band of frequencics shared with the first protocol and a sccond protocol. The
method also inchides reserving the wireless band of frequencies from use by the first
protocol. The method further includes sending a successful reservation report indicating a
successful reservation broadcast. The method also includes coramunicating, using the second
protocol, a set of data within the wireless band of frequencies.

{8072] In Exarople 26, the method of Examples 14-25 can optionally mclude one or more
options. An option can inchade receiving the request over a second wireless band of
frequencics not shared with the first protocol and the second protocol. Another option can
include determining that the successful reservation report from a mobile device represents a
plurality of mobile devices based at least in part on location information of the plurality of
mobile devices. Yet another option can include transmitting using a duplex connection using
the second protocol. Another option can inchude receiving using a downlink-only connection
using the second protocol.

[8673] In Example 27, the method of Examples 14-26 can optionally be applied such that the
first protocol 18 a non-third generation partnership project (3GPP) compatible protocol.
(88741 In Example 25, the method of Examples 14-27 can optionally be applied such that the
sccond protocol 18 a third generation partnership project (3GPP) compatible protocol.

[86¢75] In Example 29, the method of Examples 25 can optionally be applied such that the

first protocol 1s a non-third gencration partnership project (3GPP) compatible protocol.
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[8876] In Example 30, the method of Examples 25 can optionally be applied such that the
second protocol is a third generation parinership project (3GPP) compatible protocol.

(80771 in Example 31, the method of Examples 14-30 can optionally be applied such that the
third generation parinership project (3GPP) compatible protocol s Hicensed assisted access
using LTE (LAA).

[8078] Example 32 is an apparatus inchuding rocans to perform a mcethod as described in
Examples 14-31.

[8079] Example 33 1s 3 machine readable storage including rachine-readable instructions
that when executed imoplement a method or realize an apparatus as claimed 1o any of
Examples 14-31.

[8086] Embodiments and implementations of the systeras and methods described herein voay
inchade various operations, which may be embodied in machine-cxecutable instructions to be
excecuted by a coraputer systern. A computer systern may include one or more genceral-
purpose or special-purpose computers (or other electronic devices). The computer system
may include hardware components that mnclude specific logie for performing the operations
or may include a combination of hardware, software, and/or firmware.

[8081] Computer systems and the computers in a computer system may be connected via a
network, Suitable networks for configuration and/or use as described herein inclade one or
more local arca networks, wide area networks, metropolitan arca networks, and/or internet or
IP networks, such as the World Wide Web, a private internet, a secure internet, a value-added
network, a virtual private network, an extrancet, an intranet, or oven stand-alone machines
which coramunicate with other machines by physical transport of media. In particular, a
suitable network may be formed from parts or entireties of two or more other networks,
including networks using disparate hardware and network coramunication technologics.
[3082] One suitable network includes a server and one or more clients; other suitable
networks may contain other combinations of servers, clients, and/or peer-to-peer nodes, and a
given computer system may function both as a client and as a server. Each network includes
at least two computers or computer systems, such as the server and/or clients. A computer
system may ionclude a workstation, laptop coraputer, disconnectable mobile computer, server,
mainframe, cluster, so-called “network computer” or “thin client,” tablet, smart phone,
personal digital assistant or other hand-held coraputing device, “sroart” consumer electronics
device or appliance, medical device, or a combination thereof.

[B083] Suitable networks may include communications or networking software, such as the

®)

software available from Novell”, Microsoft”, and other vendors, and may operate using
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TCP/P, SPX, IPX, and other protocols over twisted pair, coaxial, or optical fiber cables,
telephone lines, radio waves, satellites, microwave relays, moodulated AC power lines,
physical media transfer, and/or other data transmission “wires” known to those of skill in the
art. The network way encorapass smaller networks and/or be connectable to other networks
through a gateway or similar mechanism.

[B084] Various techniques, or certain aspects or portions thercof, may take the forrs of
program code (i.c., instructions) embodied in tangible media, such as floppy diskettes, CD-
ROMs, hard drives, magnetic or optical cards, solid-state memory devices, a nontransitory
corputer-readable storage mediurg, or any other machine-readable storage mediur 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 techuiques. To the case of program
code execution on programmable computers, the computing device may include a processor,
a storage mediur readable by the processor (inchuding volatile and nonvolatile mersory
and/or storage elements), at feast one input device, and at least one output device. The
volatile and nonvolatile mernory and/or storage clements may be 4 RAM, an EPROM, a flash
drive, an optical drive, a magnetic hard drive, or other medium for storing electronic data.
One or more programs that may implement or utilize the various techniques described herein
may use an application programming interface (API), reusable controls, and the hike. Such
programs may be implemented in a high-level procedural or an object-oriented programming
fanguage to communicate with a computer system. However, the program{s) may be
trnplemented in assembly or machine language, if desired. In any case, the language may be
a compiled or interpreted language, and corbined with hardware implernentations.

[8085] Each computer system includes one or more processors and/or memory; computer
systems raay also include various input devices and/or output devices. The processor may
include a general-purpose device, such as an Intel™, AMD®, or other “off-the-shelf”
microprocessor. The processor may include a special-purpose processing device, such as
ASIC, SoC, SiP, FPGA, PAL, PLA, FPLA, PLD, or other custornized or prograramable
device. The memory may inchude static RAM, dynamic RAM, flash memory, one or more
flip-flops, ROM, CB-ROM, DVD, disk, tape, or magnetic, optical, or other computer storage
medinm. The input device(s) may include a keyboard, mouse, touch screen, light pen, tablet,
microphone, sensor, or other hardware with accompanying firraware and/or software. The
output device(s) may inchide a monitor or other display, printer, speech or text synthesizer,

switch, signal line, or other hardware with accompanying firmware and/or software.
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[8086] 1t 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 implernented as a hardware circait comprising custom very large scale integration (VLSTH
circuits or gate arrays, or off-the-shelf semiconductors such as logic chips, transistors, or
other discrete components. A coraponent may also be implemented in programmable
hardware devices such as field programmable gate arrays, programmable array logic,
programmable logic devices, or the like.

86871 Components raay alse 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 way, for instance, be
organized as an object, a procedure, or a function. Nevertheless, the executables of an
identified componeunt need not be physically located together, but may comprise disparate
instructions stored in different locations that, when joined logically together, comprise the
component and achicve the stated purpose for the coraponent.

[BOBE] 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
differeunt programs, and across several macmory devices. Simatlarly, operatioval data roay be
identified and tllustrated herein within components, and may be embodied in any suitabic
forma and organized within any suitable type of data structore. The operatioval data roay 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 g
system or network. The components may be passive or active, including agents operable to
perform desired functions.

[B08Y] Several aspects of the embodiments described will be illustrated as software modules
or components. As used herein, a software module or component may inchide any type of
computer instraction or computer-executable code located within a mewmory device. A
software module may, for instance, include one or more physical or logical blocks of
computer instructions, which may be organized as a routine, program, object, component,
data structure, etc., that perform one or more tasks or implement particular data types. Itis
appreciated that a software module may be iraplemented in hardware and/or firraware instead
of or in addition to software. One or more of the functional medules described herein may be

separated mto sub-rnodules and/or comnbined into a single or smaller number of modules.
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[8096] In certain cmbodiments, a particular software module may include disparate
wstructions stored in different locations of a memory device, different memory devices, or
different computers, which together implement the described functionality of the module.
Indeed, a module voay melude & single justraction or many nstructions, and may be
distributed over several different code segments, among different programs, and across
several memory deviees. Some embodiments may be practiced in a distributed computing
environment where tasks are performed by a remote processing device linked through a
comraunications network. In a distributed computing cuvirormment, software modules may be
located n local and/or remote meroory storage devices. In addition, data being tied or
rendered together in a database record may be resident in the same memory device, or across
several memory devices, and may be linked together in ficlds of a record in a database across
a network.

[8091] Reference throughout this specification to “an cxample” mcans that a particular
feature, structure, or characteristic described in connection with the example is included in at
least onc emnbodiment of the present invention. Thus, appearances of the phrase “in an
example” in various places throughout this specification are not necessarily all referring to
the same embodiment.

[8092] As used herein, a plurality of items, structural clements, compositional elements,
and/or materials may be presented in a common list for convenience. However, these lists
should be construed as though cach moember of the hist 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
cxamples of the present invention may be referred to herein along with alternatives for the
vartous 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
constdered as separate and autonomous representations of the present invention.

[8093] Furthermore, the described features, structures, or characteristics may be combined in
any suttable manner in one or more embodiments. In the following description, numertous
specific details are provided, such as examples of materials, frequencies, sizes, lengths,
widths, shapes, cte., to provide a thorough understanding of embodiments of the mvention.
One skilled in the relevant art will recognize, however, that the invention may be practiced

without one or more of the specific details, or with other methods, components, materials,
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ctc. In other instances, well-known structures, materials, or operations are not shown or
described 1 detail to avoid obscuring aspects of the mvention.

[8094] 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
impleroenting both the processes and apparatuses described herein. Accordingly, the present
embodiments are to be considered tHustrative and not restrictive, and the invention is not o
be limited to the details given herein, but may be modified within the scope and equivalents
of the appended claims.

[8095] Those having skill in the art will appreciate that many changes may be made to the
details of the above-~-described erabodiments without departing from the underlying priveiples
of the invention. The scope of the present invention should, therefore, be determined only by

the following claims.
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Claims:

1. Anevoived node B (eNB) for sharing unlicensed spectrum comprising:
a first wircless interface for communicating with cellular devices over a control
channel;
a second wircless interface for comnumnicating with the cellular devices over a
corrounication channel ou the unlicensed spectrur;
a processor configured to:
select a set of cellular devices to receive a set of roessages over the
communication channel;
transtait a request, using the control channel, to the set of cellular devices to
broadcast a clear to send (CTS) message using a wireless local arca network (WLAN)
protocol;
receive a report froro a subset of the set of cellular devices docurnenting a
successtul broadcast of the CTS message; and
transmit, using a cellular protocol over the communication channel, a subset of
the set of messages that are directed to the subset of the set of cellular devices.
2. The eNB of claim 1, wherein the control channel 18 provided over licensed
spectrum.
3. The ¢NB of claim 1, wherein the control channel 1s provided over the unlicensed
Spectrum.
4. The eNB of claim 1, wherein the processor is further configured to buffer unsent

messages from the set of messages for a next transrmssion atteropt,

5. The oNB of claim 1, wherein the processor is further configured to determine that
a successtul report by a first celhular device from the set of cellular devices also applies to a
second cellular device from the set of cellular devices based at least in part on a proxirity of
the first cellular device to the second cellular device.

6. The eNB of claim 5, wherein the processor is further configured to add the second
cellular device to the subset of the set of cellular devices.

7. A user equipment {UE} for coexisting with a wireless local area network (WLAN)
protocol and a long term evolution over unlicensed spectrum (LTE-U) protocol corprising:

a network controlier configured to:
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receive a request, using the LTE-U protocol, to reserve 8 medium used by the
WLAN;
crform medium sensing to determine whether the medium s tn use; and

when the medium 18 not in use:

transmit 8 medinm reservation message using a WLAN protocol that
indicates the medium is in use; and

send a success message indicating successful reservation of the
mediam.

8. The UE of claim 7, wheren the network controller 18 further configured to, when
the medinm is in use, transmit a message indicating failure to reserve the medium.

9. The UE of claim 7, wherein the network controller is further configured to, when
the medium 1s not in use, receive data through the LTE-U protocol.

18, The UE of claim 7, wheren the medium rescrvation message 1s a CTS message.

11, The UE of claim 7, wherein the request further includes a length of time to
reserve the medium.

12. The UE of claim 7, wherein performing medium sensing further comprises
performing clear channel assessment {CCA).

13. The UE of claim 7, wherein the network controller is further configured to, when
the medium 18 in use, determing a second medium reservation message was sent by a second
UE proximate to the UE and send the success message indicating the successful reservation
of the medium for the UE.

14, A mcthod of reserving a shared comnmunication channel comprising:

receiving a request to broadcast a reservation message of a first protocol over a
wircless band of frequencics shared with the first protocol and a sccond protocol;

reserving the wireless band of frequencies from use by the first protocol;

sending a successful reservation report indicating a successful reservation broadcast;
and

conmmmunicating, using the second protocol, within the wireless band of frequencies.

15. The method of claimn 14, wherein reserving the wireless band of frequencies from
use by the first protocol further comprises:

performing sensing of the wireless band of freguencies to determine whether the
wireless band of frequencies 1s in use; and

broadcasting the reservation message using the first protocol.
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16. The method of claim 15, wherein performing sensing of the wireless band of
frequencies further comprises:

determining an idle state exists for the first protocol over the wircless band of
frequencies; and

determining that an energy level present over the wireless baud of frequencies is
below a threshold.

17. The method of claim 14, wherein receiving the request further comprises
transmitting the request over a second wircless band of frequencics not shared with the first
protocol and the second protocol.

18, The method of claim 14, further comprising determining that the successful
reservation report represents a plurality of mobile devices based at least in part on location
information of the plurality of mobile devices.

19. The method of claim 14, wherein communicating, using the second protocol,
within the wireless band of frequencies further comprises transmitting using a downlink-only
connection to the subset of the set of mobile devices using the second protocol.

28, A method of reserving a shared communication channel comprising:

receiving a request to broadeast a reservation message of a first protocol gver a
wireless band of frequencies shared with the fivst protocol and a second protocol;

reserving the wircless band of frequencies from use by the first protocol;

seudivg a successtul reservation report indicating a successful reservation broadcast;
and

communicating, using the sccond protocol, a sct of data within the wircless band of
frequencies.

21, The method of claim 20, further comprising one or more of]

recetving the request over a second wireless band of frequencies not shared with the
first protocol and the second protoceol;

determining that the successful reservation report from a mobile device represents a
plurality of mobile devices based at least in part on location information of the plarality of
mobtle devices;

transmitting using a duplex connection using the second protocol; or

receiving using a downlink-only connection using the second protocol.

22, The method of claim 20, wherein the first protocol is a non-third generation

partnership project (3GPP) compatible protocol.
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23. The method of claim 20, wherein the second protoco! 1s a third generation
partnership project (3GPP) compatible protocol.

24. An apparatus comprising means to perform a method as claimed in any of claims
14-23.

25. Machine readable storage inchading machine-readable mstructions, when

cxecuted, to implement a method or realize an apparatus as claimed in any of claims 14-23.
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