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MULTICAST SERVICE SETUP

5 PRIORITY CLAIM
{8001] This application claims the benefit of priority to U.S. Patent
Application Serial No. 15/192,566, filed June 24, 2016, which claims the benefit
of priority to U.S. Provisional Patent Application Serial No. 62/298,062, filed
February 22, 2016, and entitled “MULTICAST SERVICE SETUP,” each of

10 which s incorporated herein by reference in its entirety.

TECHNICAL FIELD
{86002] Embodiments pertain to wireless commumications. Some
embodiments relate to wireless focal area networks (WLANg) and Wi-Fi
15 networks including networks operating in accordance with the IEEE 802.11
family of standards. Some embodiments relate to multicast service setup in a

Wi-Fi alliance Wi-Fi Aware 2.0 Neighborbood Awareness Network (NAN).

BACKGROUND

20 {0003] The use of personal communication devices has increased
astronomically over the last two decades. The penetration of mobile devices
{also referred to as stations (STAs)) m modermn society has continued {o drive
demand for a wide variety of networked devices in a number of disparate
environments. The use of networked STAs using a variety of communication

25 protocols and in a vaniety of networks, including Neighborhood Awareness
Networks (NANg), has increased in all areas of home and work life. The STAs
may be provided one of a number of different tvpes of service, including unicast
{STA to 8TA communication} and multicast {one or more publishers o one or

more subscribers). Multicast service, especially for NANZ devices, may be

)
<

complicated due to the defined perniodic scheduies for negotiation between the
NANZ devices. The details of multicast scheduling, however, have not yet been

defined m the current IEEE 802.11 NAN specification.
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BRIEF DESCRIPTION OF THE FIGURES
{60041 In the figures, which are not necessarily drawn to scale, like
numerals may describe similar cornponents in different views, Like numerals

having different letter suffixes may represent different instances of simular

W

components. The figures ilfustrate generally, by way of example, but not by way

of imtation, various embodiments discussed in the present document.

[8005] FiG. 1 15 a wireless network in accordance with some
embodiments,
[B006] FIG. 2 llustrates components of a communication device in

10 accordance with some embodiments.
[6007] F1G. 3 illustrates a block diagram of a communication device in
accordance with some embodiments.
{8008] FI1G. 4 llustrates another block diagram of a communication
device in accordance with some embodiments,

15 |0009] FIGS. 5A and 5B illustrate different multicast groups in
accordance with some embodiments.
[6019] FI1G. 6 1llustrates a method of multicast scheduling in accordance

with some embodiments.

20 DETAILED DESCRIPTION
{001 1] The following description and the drawings sufficiently illustrate
specific embodiments to enable those skilled in the art to practice them. Other
embodiments may incorporate structoral, logical, electrical, process, and other
changes. Portions and features of some embodiments may be included in, or

25 substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.
[8012] FIG. 1 illustrates a wireless network i accordance with some
embodiments. In The network 100 may be a Wi-Fi Aware 2.0 Neighborhood
Awareness Network {(NAN), an Enhanced Directional Multi Gigabit (EDMG)

30 network, a High Efficiency Wireless Local Area Network {(HE} network, a
Wireless Local Area Network (WL AN) or a Wi-Fi network. As an example, the
network 100 may support EDMG devices in some cases, non EDMG devices in

some cases. and a combination of EDMG devices and non EDMG devices in

2
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some cases. As another example, the network 100 may support HE devices in
some ¢ases, non-HE devices in some cases, and a combination of HE devices
and non-HE devices in some cases. As another example, some devices

supported by the network 100 may be configured to operate according to EDMG

W

operation and/or HE operation and/or legacy operation. Accordingly, it is

understood that although techniques described herein may refer to anon EDMG

device, an EDMG device, a non HE device or an HE device, such techniques

may be applicable to any or all such devices in some cases.

[6013] The network 100 may include any number (including zero) of

10 master stations (STA) 102, user stations (STAs) 103, HE stations 104 (HE
devices}, and EDMG stations 105 {EDMG devices). Any of the STAs shown in
FIG. 1 may act as a publisher and/or subscriber. The master station 102 may be
a stationary non-mobile device, such as an access point (AP). In some
embodiments, the STAs 103 may be legacy stations. These embodiments are not

15 hmiting, however, as the 8TAs 103 may be HE davices or mav support HE
operation in some embodiments. In some embodiments, the STAs 103 may be
EDMG devices or may support EDMG operation. It should be noted that
embodiments are not limited to the number of master STAs 102, 8TAs 103, HE
stations 104 or EDMG stations 105 shown in the example network 100 in FIG.

26 1. The master station 102 may be arranged to communicate with the STAs 103
and/or the HE stations 104 and/or the EDMG stations 105 in accordance with
one or more of the IEEE 802.11 standards. In accordance with some HE
embodiments, an AP may operate as the master station 102 and may be arranged
to contend for a wireless medium {e.g., during a contention period) to receive

25 exclusive control of the medium for an HE control period {i.e, a transmission
opportunity {TX0OP)). The master station 102 may, for example, transmit a
master-sync or control transmusston at the beginning of the HE control period to
mdicate, among other things, which HE stations 104 are scheduled for
commumication during the HE control period. During the HE control period, the

3¢ scheduled HE stations 104 may communicate with the master station 102 in

accordance with a non-~contention based multiple access technique. This 1s unlike

conventional Wi-Fi communications in which devices communicate in

accordance with a contention-based commumication technique, rather than a non-
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contention based multiple access technique. During the HE control period, the
masier station 102 may commumnicate with HE stations 104 using one or more
HE frames. During the HE control period, STAs 103 not operating as HE

devices may refrain from commumnicating in some cases. In some embodiments,

5  the master-sync transmission may be referred to as a control and schedule
{ransinission.
[0014] In some embodiments, a first STA 103 may transnut a grant

frame to a second STA 103 1o indicate a transmission of a data payload on
primary channel resources or on secondary channel resources. The first STA

10 103 may receive an acknowledgement message for the grant frarse from the
second STA 103, The first STA 103 may transmit a data payload to the second
STA 103 in the channel resources indicated in the grant frame. These
embodiments will be described m more detail below.
[0015] In some embodiments, the multiple-access technique used during

15 the HE control period may be a scheduled orthogonal frequency division
multtiple access (OFDMA} technique, although this is not a requirement. In some
embodiments, the multiple access technique may be a time-division multiple
access {TDMA) technique or a frequency division multiple access (FDDMA)
technigque. In some embodiments, the multiple access technique may be a space-

20 division multiple access (SDMA) technique mcluding a multi-user (MU
multiple-imput multiple-output (MIMO )} (MU-MIMO) techmique. These
multiple-access techniques used during the HE control period mav be configured
for uplink or downlink data communications.
[8016] The master station 102 may also communicate with 8TAs 103

25  and/or other legacy stations in accordance with legacy IEEE 802.11
communication techniques. In some embodiments, the master station 102 may
also be configurable to communicate with the HE stations 104 outside the HE
control period 1n accordance with legacy TEEE 802.11 communication
techniques, although this is not a requirement. The master station 102 may form

3¢ a Basic Service Set (BSS) with the other STAs 103, 104, 105 having a BSSID
and commumnicating using IEEE 802.11 protocols (using an 1EEE
802.1%a/b/g/n/ac or ax protocol) in a Wireless Local Area Network (WELAN) or

Wi-Fi network.
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[0017] In some embodiments, the HE communications during the control
period may be configurable {o use one of 20 MHz, 40MHz, or 8OMHz
contiguous bandwidths or an R0+80MHz (160MH7) non-contiguous bandwidih.

In some embodiments, a 320 MHz channel width may be used. In some

W

embodiments, subchannel bandwidths less than 20 MH7 may also be used. In

these embodiments, each channel or subchannel of an HE communication may

be configured for transmutting a number of spatial streams.

[0013] In some embodiments, EDMG communication may be

configurable to use channel resources that may include one or more frequency

10 bands of 2.16 GHz, 4.32 GH7z or other bandwidth. Such channel resources may
or may not be contiguous in frequency. As a non-limiting example, EDMG
communication may be performed in channel resources at or near a carrier
frequency of 60 GHz.

[6019] In some embodiments, primary channel resources may include

15 one or more such bandwidths, which may or may not be contiguous in
frequency. As anon-limiting example, channel resources spanning a 2.16 GHz
or 4.32 GHz bandwidth may be designated as the primary channel resources. As
another non-limiting example, channel resources spanning a 20 MHz bandwidth
may be designated as the primary channel resources. In some embodiments,

20 secondary channel resources may also be used, which may or may not be
contiguous in frequency. As a non-limiting example, the secondary channel
resources may include one or more frequency bands of 2.16 GHz bandwidth,
4.32 GH7 bandwidth or other bandwidth. As another non-limiting example, the
secondary channel resources may include one or more frequency bands of 20

25  MHz bandwidth or other bandwidth.

{6020] In some embodiments, the primary channel resources mav be
used for transmission of control messages, beacon frames or other frames or
signals by the AP 102, As such, the primary channel resources may be at least
partly reserved for such transmissions. In some cases, the primary channel

3¢ resources mav also be used for transmission of data payloads and/or other

signals. In some embodiments, the transmission of the beacon frames may be

restricted such that the AP 102 does not transmit beacons on the secondary

channel resources. Accordingly, beacon transmission may be reserved for the

5
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primary channel! resources and may be restricted and/or prohibited in the
secondary channel resources, in some cases.
[8021] Ermbodiments described herein may be implemented into a

system using any suitably configured hardware and/or software. FIG. 2

(]

ilfustrates components of a STA in accordance with some embodiments. At least

some of the components shown may be used i an AP, {or example, such as the

STA 102 or AP 104 shown in FIG. 1. The application or processing circuitry

202 may include one or more application processors. For example, the

application circuitry 202 may include circuitry such as, but not limited to, one or

10 more single-core or multi-core processors. The processor(s) may include any
combination of general-purpose processors and dedicated proceassors (e.g.,
eraphics processors, application processors, eic.). The processors may be
coupled with and/or may mclude memory/storage and may be configured
io execute instructions stored in the memory/storage to enable various

15 applications and/or operating systems 1o run on the system.
{60221 The baseband circuttry 204 may inclade circuitry such as, but not
limated to, one or more single-core or multi-core processors. The baseband
circuitry 204 may include one or more baseband processors and/or control logic
to process baseband signals received from a receive signal path of the RF

20 circuitry 206 and o generate baseband signals for a transmit signal path of the
RF circutry 206. Baseband processing circuity 204 may inderface with the
application circuitry 202 for generation and processing of the baseband signals
and for controlling operations of the RF circuitry 206. For example, in some
embodiments, the baseband circuitry 204 may include a second generation (2G)

25 baseband processor 204a, third generation (3G) baseband processor 204b, fourth
ceneration {4() baseband processor 204¢, and/or other baseband processor(s)
2044 for other existing generations, generations in developroent or {o be
developed m the future {e.g.. fifth generation (3G), 6, etc.). The baseband
circuitry 204 (e.g., one or more of baseband processors 204a-d) may handle

30 various radio control functions that enable communication with one or more

radio networks via the RF circuitry 206. The radio control functions may

mclude, but are not limited 1o, signal modulation/demodulation,

encoding/decoding, radio frequency shifting, etc. In some embodiments,

6
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modulation/demodulation circuitry of the baseband circuitry 204 may include
Fast-Fourer Transform (FFT), precoding, and/or constellation
mapping/demapping functionality. In some embodiments, encoding/decoding

circuitry of the baseband circuitry 204 may include convolution, tail-biting

W

convoluiion, turbo, Viterbi, and/or Low Density Parity Check (LDPC)

encoder/decoder funchionality. Ermbodimsents of modulation/demodulation and

encoder/decoder functionality are not limited to these examples and may include

other suitable functionality in other embodiments.

[6023] In some embodiments, the baseband circutiry 204 may include

10 elements of a protocol stack such as, for exarople, elements of an evolves
universal terresirial radio access network {(EUTRAN} protocol including, for
example, physical {PHY}, media access control {MAC), radio hink control
(RLC), packet data convergence protocol (PDCP), and/or radio resource conlrol
{RRC) elements. A central processing unit {CPU) 204e of the baseband circuitry

15 204 mav be configurad to nim elements of the protocol stack for signaling of the
PHY, MAC, RLC, PDCP and/or RRC layers. In some embodiments, the
baseband circuitry may include one or more audio digital signal processor(s)
(D8P} 204f The audio DSP(s) 204f may be include elements for
compression/decompression and echo cancellation and may iclude other

26 suitable processing elements in other embodiments. Components of the
baseband circuitry may be suitably combined in a single chip, a single chipset, or
disposed on a same circuit board in some embodiments. In some embodiments,
some o1 all of the constiituent components of the baseband circuitry 204 and the
application circuitry 202 may be implemented together such as, for example, on

25  asystem on a chip (SOC).
{6024] in some embodiments, the baseband circuitry 204 may provide
for communication compatible with one or more radio technologies. For
example, in some embodiments, the baseband circuitry 204 may support
commumication with an evolved universal terrestrial radio access network

3¢ {EUTRAN) and/or other wireless metropolitan area networks (WMAN},

a wireless local area network (WL AN), a wireless personal area network

{(WPAN). Embodiments in which the baseband circuttry 204 is configured to

support radio communications of more than one wireless protocol may be

7
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referred to as multi-mode baseband circuitry. In some embodiments, the STA
200 can be configured to operate in accordance with communication standards or
other protocols or standards, including Institute of Electrical and Electronic

Engineers (IEEE) 802.16 wireless technology (WiMax), IEEE 802.11 wireless

(]

technology (WiF1) including 802.11ax, various other wireless technologies such

as global system for mobile communications {GSM}, enhanced data rates for

GSM evolution (EDGE), GSM EDGE radio access network (GERAN},

universal mobile telecommunications system (UMTS), UMTS terresirial radio

access network (UTRAN), or other 2G, 3G, 4G, 50, ete. technologies either

10 already developed or to be developed.
[0025] RF circuitry 206 may enable communication with wireless
networks using modulated eleciromagnetic radiation through a non-solid
medium. In various embodiments, the RF circuitry 206 may include switches,
filters, amplifiers, efc. to facilitate the communication with the wireless network.

15 RF circuitry 206 may include a receive signal path which may include circuitry
to down-convert RF signals received from the FEM circuttry 208 and provide
baseband signals to the baseband circuitry 204, RF curcuttry 206 may also
include a transmit signal path which may include circuitry to up-convert
baseband signals provided by the baseband circuitry 204 and provide RF output

26 signals to the FEM circuitry 208 for transmission.
{0026] In some embodiments, the RF circuitry 206 may include a receive
signal path and a transmit signal path. The receive signal path of the RF circuitry
206 may include mixer circuitry 206a, amplifier circuitry 206b and filter
circuttry 206¢. The transmit signal path of the RF circuitry 206 may include

25 filter circuitry 206¢ and mixer circuitry 206a. RF circuitry 206 may also include
synthesizer circuitry 2064 for synthesizing a frequency for use by the mixer
circuitry 206a of the receive signal path and the transmut signal path. In some
embodiments, the mixer circuitrvy 206a of the receive signal path may be
configurad to down-convert RF signals received from the FEM circuitry 208

30 based on the synthesized frequency provided by synthesizer circuitry 206d. The

amplifier circuitry 206b may be configured to amphity the dowun-~-converted

signals and the filter circuitry 206¢ may be a low-pass filter (LPF) or band-pass

filter {BPF) configured to remove unwanted signals from the down-converted
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30

signals to generate output haseband signals. Output baseband signals may be
provided to the baseband circuitry 204 for further processing. In some
embodiments, the output baseband signals may be zero-frequency baseband
signals, although this is not a requirement. i some embodiments, mixer circuitry
2063 of the receive signal path may comprise passive mixers, although the scope
of the embodiments 1s not limited 1o this respect.

[8027] In some embodiments, the mixer circuitry 206a of the transmut
signal path may be configured to up-convert input baseband signals based on the
synthesized frequency provided by the synthesizer circuitry 2064 to generate RF
output signals for the FEM circuitry 208. The baseband signals may be provided
bv the baseband circuitry 204 and may be filtered by filter circuitry 206¢. The
filter circuitry 206¢ may include a low-pass filter (LPF), although the scope of
the embodiments 13 not limited in this respect.

[0023] In some embodiments, the mixer circuitry 206a of the receive
signal path and the mixer circuitry 206a of the transmit signal path may include
two or more maxers and may be arranged for quadrature downconversion and/or
upconversion respectively. In soroe embodiments, the muixer circuitry 206a of the
receive signal path and the mixer circuitry 206a of the transmit signal path may
include two or more mixers and may be arranged for tmage rejection {e.g.,
Hartley image rejection). In some embodiments, the mixer circuitry 206a of the
receive signal path and the mixer circuitry 206a may be arranged for direct
downconversion and/or direct upconversion, respectively. In some embodiments,
the mixer circuitry 206a of the receive signal path and the mixer circuitry 2062
of the transnut signal path may be configured for super-heterodyne operation.
(8029] In some embodiments, the output baseband signals and the input
baseband signals may be analog baseband signals, although the scope of the
embodiments 15 not Himited in this respect. In some alternate embodiments, the
output baseband signals and the input baseband signals may be digital baseband
signals. In these alternate embodiments, the RF circuitry 206 may include
analog-to-digital converter {ADC) and digital-to-analog converter (DAC)
circuttry and the baseband circuitry 204 may include a digital baseband interface

to communicate with the RF circuitry 206.

G
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[0030] In some dual-mode embodiments, a separate radio IC circuitry
may be provided for processing signals for each spectrum, although the scope of
the embodiments 1s not hinited in thes respect. In soroe embodiments, the
synthesizer circuitry 206d may be a fractional-N synthesizer or a fractional

5 N/N+1 synthesizer, although the scope of the embodiments 1s not limited in this
respect as other lypes of frequency synthesizers may be suttable. For example,
synthesizer circuitry 206d roay be a delta-sigroa svothesizer, a frequency
multiplier, or a synthesizer comprising a phase-locked loop with a frequency
divider.

10 [0031] The synthesizer circuitry 206d may be configured to synthesize
an output frequency for use by the mixer circuitry 206a of the RF circuitry 206
based on a frequency input and a divider control input. In some embodiments,
the synthesizer cirautiry 206d may be a fractional N/N-+1 synthesizer.

[8032] In some embodiments, frequency input may be provided by a

15 voltage controlled oscillator (V) although that is not a requitement. Divider
control input may be provided by either the baseband circuitry 204 or the
applications processor 202 depending on the desired output frequency. In some
embodiments, a divider control input (e.g., N} may be determined from a look-
up table based on a channel indicated by the applications processor 202,

206 [8033] Syuthesizer circuitry 206d of the RF circuitry 206 may include a
divider, a delay-locked loop (IDLL), a multiplexer and a phase accumulator. In
some embodiments, the divider may be a dual modulus divider (DM} and the
phase accumulaior may be a digital phase accumuldator (DPA}. In some
embodiments, the DMD may be configured to divide the input signal by etther N

25 or N+1{a.g. based on a carry out) to provide a fractional division ratio. In some
example embodiments, the BLL may include a set of cascaded, tunable, delay
elements, a phase detector, a charge pump and a D-type flip-flop. In these
embodiments, the delay elements may be configured to break a VCO period up
mto Nd equal packets of phase, where Nd is the number of delay elements in the

30 delay line. In this way, the DLL provides negative feedback to help ensure that
the total delay through the delay hine is one VCO cycle.

19034] In some embodiments, synthesizer circuitry 206d may be

configured io generate a carrier frequency as the oufput frequency, while in other

10
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embodiments, the cutput frequency may be a multiple of the carrier frequency
{e.g., twice the carrier frequency, {our times the carrier {requency) and used in
conjunction with quadrature generator and divider circuitry to generate multiple

signals at the carrier frequency with multiple different phases with respect to

(]

each other. In some embodiments, the output frequency may be a LO frequency

{{Lo). In some embodiments, the RF circuifry 206 may include an IQ/polar

converter.

[0035] FEM circuitry 208 may include a receive signal path which may

mclude circuitry configured to operate on RF signals received from one or more

10 antennas 210, amplify the received signals and provide the aroplified versions of
the received signals to the RF circuitry 206 for further processing. FEM circuitry
208 mayv also include a transmit signal path which may include circuriry
configured to amplify signals for transmussion provided by the RF circuitry 206
for transnussion by one or more of the one or more antennas 210,

15 [0036] In some embodiments, the FEM circuitry 208 may include a
TX/RX switch to switch between transmit mode and recetve mode operation.
The FEM circuntry may include a receive signal path and a transmit signal path.
The receive signal path of the FEM circuttry may include a low-noise amplifier
{LNA) to amplify received RF signals and provide the amplified received RF

20 signals as an oulput (e.g., to the RF circuitry 206). The transmit signal path of

the FEM circuitry 208 may nclude a power amplifier (PA) to amphify input RF

signals {e.g.. provided by RF circuitiy 206), and one or more filters to generate

RF signals for subsequent fransmission {e.g., by one or more of the one or more

antennas 210,

25 {0037] In some embodiments, the STA 200 may include additional
elements such as, for example, memory/storage, display, camera, sensor, and/or
mput/output (1/0) nterface as described m more detail below. In some
embodiments, the STA 200 described herein may be part of a portable wireless
comnmnication device, such as a personal digital assistant (PDA), a laptop or

30 portable computer with wireless communication capability, a web tablet, a
wireless telephone, a smartphone, a wireless headset, a pager, an mstant
messaging device, a digital camera, an access point, a television, a medical

device {e.g., a heart rate monitor, a blood pressure monitor, etc.), or other device

11
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that may receive and/or transmit information wirelessly. In some embodiments,
the STA 200 may include one or more user interfaces designed to enable user
mteraction with the system and/or peripheral component interfaces designed to

enable peripheral component interaction with the system. For example, the STA

(]

200 mav inciude one or more of a kevboard, a kevpad, a touchpad, a display, a

sensor, g non-volatile memory port, a universal serial bus (USB) port, an audio

jack, a power supply interface, one or more antennas, a graphics processor, an

application processor, a speaker, a microphone, and other 1/0 components. The

display may be an LCD or LED screen inchuding a touch screen. The sensor

10 may include a gyro sensor, an accelerometer, a proximity sensor, an ambient
light sensor, and a posttioning unit. The positioning unit may conmmunicate with
components of a posttioning network, e.g., a global positioning svstem {(GPS)
satellite.
{0038] The antermna 210 may comprise one or more directional or

15 ommidirectional antennas, including, for example, dipole antennas, monopole
antenmas, patch antennas, loop antennas, microsirip antenmas or other types of
antennas suitable for transmussion of RF signals. In some nultiple-input
muktiple-output (MIMO} embodiments, the antennas 210 may be effectively
separated to take advaniage of spatial diversity and the different channel

20 characteristics that may result.
[8039] Although the STA 200 1s illusirated as having several separate
functional elements, one or more of the functional elements may be combined
and may be implemented by combinations of software-configured elements,
such as processing elernents including digital signal processors (DSPs), and/or

25 other hardware elements. For example, some elements may comprise one or
more microprocessors, DSPs, field-programmable gate arrays (FPGAs),
application specific integrated circuits (ASICs), radio-frequency integrated
circuits {RFICs) and combinations of various hardware and logic circuitry for
performing at least the functions described herein. In some embodiments, the

30 functional elements may refer to one or more processes operating on one of more

processing elements.

{0040} Embodiments may be implemented in one or a combination of

hardware, firmware and sofiware. Embodiments may also be implemented as

12
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mstructions stored on a computer-readable storage device, which mav be read
and executed by at least one processor {o perform the operations described
herein. A computer-readable storage device may include any non-transitory

mechanism for storing information in a form readable by a machine {e.g.. a

(]

computer). For example, a computer-readable storage device may include read-

only memory {ROM), random-access memory {RAM}, magnetic disk storage

media, optical storage media, flash-memory devices, and other storage devices
and media. Some embodiments may include one or more processors and may be
configured with instructions stored on a computer-readable storage device.

10 [0041] FI1G. 3 1s a block diagram of a communication device in
accordance with some embodiments. The device may bea STA or AP, for
example, such as the STA 102 or AP 104 shown in FIG. 1. The communication
device 300 may include physical layer circuitry 302 and transceiver circuitry 312
for transnutting and recetving sigunals to and from one or roore APs, STAs or

15 other devices using one or more antennas 301, The communication device 300
may also inclade medium access control layer (MAC) circuitry 304 for
controlling access to the wireless medium. The conmymunication device 300 may
also include processing circuitry 306, such as one or more single-core or multi-
core processors, and memory 308 arranged to perform the operations described

26 herein. The commumnication device 300 may also nclude wired and/or wireless
miterfaces 310 to communicate with components external to the network. The
physical layer circuitry 302, MAC circuitry 304 and processing circuitry 306
may handle various radio control functions that enable communication with one
or more radio networks corapatible with one or more radio technologies. The

25 radio control fimctions may include signal modulation, encoding, decoding,
radio frequency shifting, etc. For example, similar to the device shown in FIG.
2, i some embodiments, communication may be enabled with one or more of a
WMAN, a WLAN, and a WPAN. In some embodiments, the communication
device 300 can be configured to operate in accordance with 3GPP standards or

3¢ other protocols or siandards, including WiMax, WiFi, GSM, EDGE, GERAN,

UMTS, UTRAN, or other 3G, 3G, 4G, 5G, eic. technologies either already

developed or 1o be developed. The physical laver circuitry 202, MAC layer

circuitry 304, franscetver circuitry 312, processing circuitry 308, memory 308
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and nterfaces 310 may be separate components or may be part of a combined
component.

{0042} The antennas 301 may comprise one or more directional or
omnidirectional antennas, including, for example. dipole antennas, monopole
antennas, paich antennas, loop antennas, microstrip antennas or other types of
antennas suttable for transmission of RF signals. In some MIMO embodiments,
the antenmas 301 may be etfectively separated 1o take advantage of spatial
diversity and the different channel characteristics that may result.

[6043] Although the communication device 300 1s illustraled as having
several separate functional elerents, one or more of the functional elernents may
be combined and may be implemented by combinations of software-configured
elements, such as processing elements including DSPs, and/or other hardware
elements. For example, some elements may comprise one or more
microprocessors, DSPs, FPGAs, ASICs, RFICs and combinations of various
hardware and logic circuitry for performing at least the functions described
herein. In some embodiments, the functional elements may refer to one or more
processes operating on one or more processing elements. Embodiments may be
implemented in one or a combination of hardware, firmware and software,
Embodiments may also be implemented as instructions stored on a computer-
readable storage device, which may be read and executed by at least one
processor to perform the operations described herein.

[0044] In some embodiments, the communication device 300 may be a
mobile device and may be a portable wireless communication device, such as a
personal digital assistant (PDA), alaptop or portable computer with wireless
communication capability, a web tablet. a wireless telephone, a smartphone. a
wireless headset, a pager, an instant messaging device, a digital camera, an
access point, a television, a wearable device such as a medical device (e.g., a
heart rate monitor, a blood pressure momnitor, ete.), or other device that may
receive and/or transmit information wirelessly.

[0045] In some embodiments, the communication device 300 may
conmymunicate using OFDM conununication signals over a multicarrier
communication channel. Accordingly, in some cases the communication device

300 may be configured to receive signals in accordance with specific

14



WO 2017/146844 PCT/US2017/014520

comnumication standards, such as the Institute of Electrical and Electronics
Engimeers (IEEE) standards including IEEE 802.11-2012, 802.11n-2009 and/or
802.11ac-2013 standards and/or proposed specifications for WLANs including

proposed HE standards, although the scope of the invention is not limited in this

W

respect as they may also be suitable to transmit and/or receive communications

in accordance with other technigues and standards. In some other embodiments,

the communication device 300 may be configured to receive signals that were

transmitted using one or more other modulation techniques such as spread

specirum modulation {e.g., direct sequence code division multiple access (DS-

10 CDMA) and/or frequency hopping code division multiple access (FH-CDMA)),
time-division multiplexing (TDM) modulation, and/or frequency-division
mukltiplexing (FDM) modulation, although the scope of the embodiments is not
hmited in this respect.
[8046] In accordance with embodiments, the communication device 300

15 may transnut an SM-OFDM signal that comprises multiple OFDM signals, and
the SM-OFDM signal may be received at the cornmunication device 300. The
SM-OFDM signal may be transnutted in channel resources that comprise
multiple sub-carriers and the OFDM signals may be based at least partly on data
symbols for used data portions of the sub-carrters. The used data portions may

26 be based on a first portion of encoded bits and the data symbols for the used data
portions may be based on a second portion of the encoded bits. In some
examples, the used data portions of the sub-carriers may be different for at least
some of the OFDM signals.
{6047} In some embodiments, the channel resources may be used for

25  downlink transmission and for uplink transmissions by the communication
device 300. That is, a time-division duplex (TDD) format may be used. In some
cases, the chamnel resources may include multiple channels, such as the 20 MHz
channels previously described. The channels may include multiple sub-channels
or may be divided into multiple sub-channels for the uplink transmissions to

30 accommodate multiple access for multiple commumication devices 300. The

downlink transmissions may or may not utilize the same format.

[8048] In some embodiments, the downlink sub-channels may comprise

a predetermined bandwidth. As a non-limiting example, the sub-channels may
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each span 2.03125 MHz, the channel may span 20 MHz, and the channel may
mclude eight or nine sub-channels. Although reference may be made to a sub-
charmel of 2.03125 MHz for illustrative purposes, embodiments are not limited
to this example value, and any suitable frequency span for the sub-channels may
be used. In some embodiments, the frequency span for the sub-channel may be
based on a value mcluded i an 802 11 standard (such as 802.11ax}, a 3GPP
standard or other standard.

[0049] In some embodiments, the sub-channels may comprise multiple
sub-carriers. Although not limited as such, the sub-carriers may be used for
transnussion and/or reception of OFDM or OFDMA signals. As an example,
each sub-channel may include a group of contiguous sub-carriers spaced apart by
a pre-determined sub-carrier spacing. As another example, each sub-channel
may inchide a group of non-contiguous sub-carriers. That is, the channel may be
divided into a set of contiguous sub-carriers spaced apart by the pre-determined
sub-carrier spacing, and each sub-channel may include a distributed or
mnierleaved subset of those sub-carriers. The sub-carner spacing may take a
value such as 78 125 kHz, 312.5 kHz or 15 kHz, although these example values
are not limiting. Other suitable values that may or may not be part of an 802.11
or 3GPP standard or other standard mav also be used in some cases. As an
example, for a 78.125 kHz sub-carrier spacing, a sub-channel may comprise 26
contiguous sub-carriers or g bandwidth of 2.03125 MHz.

[0050] Fi3. 4 illustrates another block diagram of a conmymunication
device in accordance with some embodiments. In alternative embodiments, the
commumication device 400 may operate as a standalone device or may be
connected {e.g., networked} to other comnmunication devices. In a networked
deployment, the communication device 400 may operate in the capacity of a
server comprameation device, a chent comprumcation device, or both 1 server-
client network environments. In an example, the communication device 400
may act as a peer commumication device in peer-to-peer (P2P) (or other
distributed) network environment. The communication device 400 may be an
AP ora 8TA such as a PC, atablet PC, a STB, a PDA, a mobile telephone, a
smart phone, a web appliance, a network router, switch or bridge, or any

communication device capable of executing imstructions {sequential or
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otherwise) that spacify actions to be taken by that comnmunication

device. Further, while only a single communication device is illusirated, the
term “comwnunication device” shall also be taken to include any collection of
communication devices that individually or jointly execute a set {or multiple
sats) of instructions to perform any one or more of the methodologies discussed
herein, such as cloud computing, software as g service (SaaS), other computer
cluster configurations.

{0051 Exammples, as described herein, may include, or may operate on,
togic or a number of components, modules, or mechanisms. Modules are
tangible entities (e.g., hardware} capable of performing specified operations and
may be configured or arranged in a certain manner. In an example, circuils may
be arranged {e.g., internally or with respect to external entities such as other
circuits) in a specified manner as a module. In an example, the whole or part of
one or more computer systems {e.g., a standalone, client or server computer
system) or one or more hardware processors may be configured by firmware or
software (e.g., instructions, an application portion, or an application) as a module
that operates to perform specified operations. In an example, the software may
reside on a conumunication device readable medium. In an example, the
software, when executed by the underlying hardware of the module, causes the
hardware to perform the specified operations.

[8052] Accordingly, the term “module” is understood o encompass a
tangible entity, be that an entity that is physically constructed, specifically
configured (e g., hardwired}, or temporarily {e.g., transitoriiy} configured (g.g.,
programmed) to operate in a specified manner or to perform part or all of any
operation described herein. Considering examples in which modules are
temporarily configured. each of the modules need not be instantiated at anv one
moment in ime. For example, where the modules comprise a general-purpose
hardware processor configured using software, the general-purpose hardware
processor may be configured as respective different modules at different times.
Software mayv accordingly configure a hardware processor, for example, to
constituie a particular module at one instance of time and to constitute a different

module at a different instance of time.



WO 2017/146844 PCT/US2017/014520

[0053] Communication device {e.g., computer system} 400 may include
a hardware processor 402 {(e.g., a central processing unit (CPU), a graphics
processing unit (GPU), a hardware processor core, or any combination thereof),

a main memory 404 and a static memory 406, some or all of which may

(]

communicate with each other via an interlink {e.g., bus) 408. The
communication device 400 may further include a display umit 410, an
alphanumeric mput device 412 (e.g., a kevboard), and a user interface (U}
navigation device 414 {e.g., a mouse}. in an example, the display unit 410, input
device 412 and Ul navigation device 414 may be a touch screen display. The
10 communication device 400 may additionally include a storage device {e.g., drive
unit) 416, a signal generation device 418 {e.g., a speaker), a network interface
device 420, and one or more sensors 421, such as a global positioning system
{GPS) sensor, compass, accelerometer, or other sensor. The communication
device 400 may include an output controller 428, such as a serial (e.g., universal
15 serial bus (USB), parallel, or other wired or wireless (e g.. infrared (IR), near
field commumication (NFC), efe ) connection o communicate or control one or
more peripheral devices (e.g., a printer, card reader, etc.).
[8054] The storage davice 416 may include a communication device
readable medium 422 on which is stored one or more sets of data structures or
20 mstructions 424 (e.g., software) embodying or utilized by any one or more of the
techniques or functions described herein. The instructions 424 may also reside,
completely or at least partially, within the main memory 404, within static
memory 406, or within the hardware processor 402 during execution thereof by
the communication device 400. In an example, one or any combination of the
25  hardware processor 402, the main memory 404, the static memory 406, or the
storage device 416 may constitute communication device readable media.
[B055] While the commumication device readable mediom 422 is
tllustrated as a single medium, the term "comumumication device readable
medium” may include a single medium or multiple media {e.g., a centralized or
3¢ distributed database, and/or associated caches and servers) configured to store
the one or roore instructions 424.
[8056] The term “communication device readable mediunmt” may include

any mediom that 1s capable of storing, encoding, or carrving instructions for
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execution by the communication device 400 and that cause the communication
device 400 to perform any one or more of the techniques of the present
disclosure, or that is capable of storing, encoding or carryving data structures used
by or associated with such instructions. Non-limiting communication device
readable medium examples may include solid-state memories, and optical and
magnetic media. Specific examples of commumication device readable media
may include: non-volatile memory, such as semuconductor memory devices (e.g.,
Electrically Programmable Read-Only Memory (EPROM), Electrically Erasable
Programmable Read-Only Memory (EEPROM)Y) and flash memory devices,
magnetic disks, such as internal hard disks and removable disks; magneto-optical
disks; Random Access Memory (RAM); and CD-ROM and DVD-ROM

disks. In some examples, communication device readable media may include
non-transitory commumication device readable media. In some examples,
communication device readable media may 1nclude communication device
readable media that is not a transitory propagating signal.

[B057] The instructions 424 may further be transmitied or received over
a communications network 426 using a transmission medium via the network
mterface device 420 utilizing any one of a number of transfer protocols (e g..
frame relay, internet protocol (P}, transmission controi protocol (TCP), user
datagram protocol (UDP), hypertext transfer protocol (HTTP), etc.). Example
communication networks may 1nclude a local area network (LAN), a wide area
network (W AN}, a packet data network (e g.. the Infernet), mobile telephone
networks (g.g., cellular networks}), Plain Old Telephone (POTS) networks, and
wireless data networks (e.g., IEEE 802 11 family of standards known as Wi-Fi®,
1EEE 802.16 famuly of standards known as WiMax®), IEEE 802.15.4 fanuly of
standards, a Long Term Evolution {LTE) family of standards, a Universal
Mobile Telecommurications System (UMTS) family of standards, peer-io-peer
{(P2P) networks, among others. In an example, the network interface device 420
may include one or more physical jacks (e.g., Fthemet, coaxial, or phone jacks)
or one or more antennas to connect to the communications network 426. In an
example, the network interface device 420 may include a plurality of antennas to
wirelessly communicate using at feast one of single-input multiple-output

{SIM(), MIMO, or multiple-input single-output (MISO) technigues. In some
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examples, the network interface device 420 may wirelessly communicate using
Multiple User MIMO techniques. The term “transmission mediam” shall be
taken to include any mtangible medium that is capable of storing, encoding or
carrying instructions for execution by the commumnication device 400, and
mcludes digital or analog communications signals or other intangible medium to
facihitate communication of such software.

[0058] As above, a NAN2 moulticast group may be created to handle
multicast service. Specifically, a multicast service may have a corresponding
multicast group. FIGS. 5A and 5B dlustrate different multicast groups in
accordance with some embodiments. A nwlticast group 500 can be a one-~to-
many multicast group 500 having one publisher 502 providing the same service
to multiple subscribers 504a, 504b, as shown in FIG. 5A, or a many-to-many
multicast group 510 having multiple publishers 512a, 312b providing the same
service to multipie subscribers 514a, 514b, as shown in FIG. 3B. Each publisher
may be a STA an AP or STA such as a personal device. A one-to-many
multticast group 500 may, for example, deliver news, while a many-to-many
multicast group 510 may, for exarple, be used for multicast gaming. In some
embodiments, the many-to-many multicast group 510 shown in FIG. 5B may
mclude mutlticast publishers 512a, 512b that each reach all or only some of the
subscribers 514a, S14b. The number of subscribers 514a, 514b m the many-to-
many multicast group 510 may in general be larger than the number of
publishers 512a, 512b, as shown, but dependent on the number of subscribers
514a, 514b that have registered for a particular service may be fewer than the
nurnber of publishers 512a, 512b at times. However, while multicast groups are
discussed in the current 802 11 NANZ specification, no such specifications have
been provided regarding the scheduling of multicast {ransmissions for these
different multicast groups 500, 510, Accordingly, differentiation between the
scheduling of a one~to-many mulkticast group 500 and a manv-to~-many rmulticast
group 510 is presented herein.

{0059] In some embodiments, the one-to-many multicast group 500 may
be mittated and subsequently mamntained/controlled by the rulticast publisher
302. As asingle multicast schedule may be generated and controlled bv a single

entity, the multicast publisher 502, negotiation between the multicast publisher
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502 and the multicast subscribers 504a, 504b for the multicast schedule may be
avoided. The multicast schedule may be a collection of time slots for
transnussion of the service, which mav be, as indicated further below, be

selected from the time slots of a multicast schedule candidate. The multicast

(]

schedule and multicast schedule candidate may have the same time slots, or the
mutticast schedule may be a subset of the time slots of the multicast schedule
candidate. The multicast schedule may be used by the multicast subscribers
504a, 504b to recetve data from the multicast publisher 502 for the associated
multticast service. In some embodiments, the multicast publisher 502 may
10 mitiate multiple one~to-many multicast groups, in which each multicast group
may have an independent multicast schedule and an mdependent set of multicast
subscribers. In embodiments in which the mublticast publisher 5302 initiates
muliiple one-to-many muldticast groups, the multicast publisher may conirol each
of the multicast schedules, thereby reducing the complexity of multiple
15 schedules being maintained. This, in some respects, may be sinilarto a
Network Digital Link schedule for multiple Neighbor Discovery Protocols
(NDPs).
8060] The multicast publisher may update the multicast schedule for
each of the one-to-many multicast groups by broadcasting a multicast schedule
20 attribute in a service discovery frame (SDF} or public action frame fora
schedule update. The update may not be negotiated between the multicast
publisher and a mukticast subscriber or other multicast publisher. The multicast
schedule may be used by the multicast subscrnibers to receive data from the
multicast publisher for the associated roulticast service. i some ernbodients,
25 the mmulticast service may be able to be provided as both a multicast service and a
unicast service. In such embodiments, the muilticast schedule attribute may
contain a unicast/multicast (U/M) bit for the associated one-to~-many multicast
group to indicate whether the multicast schedule can also be used for a unicast
transmission. In this case, a unicast schedule setup procedure may be bypassed,
3¢ thereby further reducing the complexity. The multicast publisher may be
permitted to send unicast traffic (1.e., a unicast transmission} to the multicast
subsciiber to provide the same service as the multicast transmission. Sinularly,

the multicast subscriber may simiarly be permitted to send unicast traffic to the
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multicast publisher for the same service. The multicast publisher may
simulianecusly transmit multicast traffic to other multicast subscribers. While
the multicast subscriber may be able 1o obtain a multicast service by joining a

multicast group, the muwlticast subscriber may instead {or in addition) establish a

W

unicast NDL with the multicast publisher in response to the multicast subscriber
determining that the U/M bit indicates that the multicast transmussion can also be
used for a umcast transmission. In this case, the unicast NDL may be separate
from the muiticast service. The U/M bit may be included in ong or both a
multicast schedule attribute and a mudticast group attribute of the multicast
10 schedule frame used to schedule the multicast service,
18061} In some embodiments, the manv-to-many multicast group 510
may be initiated by one of the multicast publishers 512a and other multicast
publishers 512b and nulticast subscribers 514a, 514b may thereafter join the
multicast group. In some embodiments, the multicast publishers 512a, 512b may
15  negotiate amongst themselves which multicast publisher is to control the
multicast group after intiation, perhaps mncluding scheduling. While the mitiator
and controller are usually the sarve, they mav differ in some embodiments. For
example, instead of control of the many-to-many multicast group 510 being
retained by the initiating multicast publisher, the control may rotate among the
20 mutticast publishers 512a, 512b on a temporal basis, on the basis of an amount
of data transmutted by a particular multicast publisher 512a, 512b or dependent
on conditions of the various nmlticast publishers 512a, 512b. In some
embodiments, the control may change between mlticast publishers 512a, 512b
once a particular multicast publisher 512a, 512b has provided control for a
25 predetermined period or a predetermined amount of data (e.g., number of
packetsy. In some embodiments, the control may change between multicast
publishers S12a, 512b in response to one or more conditions, for example,
network conditions such as channel qualitv or device conditions, such as buffer
size, remaining battery power falling below a predetermined threshold or battery
30 power falling below a relative threshold compared to at least one other of the
multicast publishers 512a, 512b, power publisher (battery/wall} or power

publisher compared to at least one other of the multicast publishers 512a, 512b.
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[0062] In embodiments in which a particular multicast publisher initiates
multiple many-to-many muldticast groups, the particalar muolticast publisher may
n some embodiments control each of the multicast schedules, thereby reducing
the complexity of maintaining multiple schedules. In this case, as shown in FIG.
5B, the multicast schedule may be supplied only by the initiating multicast
publisher 512a. In other embodiments, the multicast schedule may also be
supplied by other multicast publishers 512b with the final multicast schedule
received by the multicast subscriber being used, or, if differences exist between
the multicast schedules, the mudticast subscriber requesting confirmation of the
last multicast schedule from the multicast publisher transmoitting the schedule. In
other embodiments however, control of the multiple many-to-many multicast
eroups may change such that, in each many-fo-many multicast group in which
the control i able to change, the control may shift among the multicast
publishers of the many ~to~-many multicast group. The control in one or more
{e.g., each} of these many-to-many multicast groups may change based on the
same conditions of combmaton of conditions, or the conditions under which
control changes for one or more of these many-to-many multicast groups may be
mdependent of others of the manv-to-many multicast groups. Thus, although a
particular muiticast publisher mav belong to multiple multicast groups, control
may shift independently for each multicast group so that the particular multicast
publisher may at various pownts control from none of the multicast groups to all
of the multicast groups. In some embodiments, control of only some the
multiple many -to-many nuiticast groups to which the particular multicast
publisher belongs may change, while others may remain with the initiating
mukticast publisher.

{8063] A particular mukHicast publisher that belongs to multiple many-to-
many mudticast groups, as an mitiator/controller or a member, may broadcast and
maintain (whether or not the particular multicast publisher controls) a multicast
schedule for each of the many-to-many multicast groups. The multicast
schedule of a particular many-io-many muiticast group may be dependent on the
availabilities of the multicast publishers in the many-to~-many multicast group.
Thus, if the multicast schedule is negotiated among the multicast publishers, the

mukticast schedules of different many-to-many multicast groups may be different
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due to the presence of nultiple multicast publishers {(which may differ from
group to group) involved i the schedule decision. In some embodiments, the
different multicast publishers mav coordinate to have similar multicast schedules

so that a multicast subscriber that is a member of the different multicast groups

W

{io which the particular multicast publisher belongs} is abie to wake up for fewer
iime slots to receive multicast service from the different multicast publishers in
the sare multicast group. However, whether the multicast service 15 unilaterally
scheduled by a single multicast publisher or whether schedule coordination
between multiple multicast publishers is present, the multicast scheduling may in
10 some embodiments be publisher-dependent, rather than subscriber-dependent,
i.e., while one or more of the multicast publishers may negotiate to deternmuine the
mukticast schedule, the multicast publishers may avoid negotiation with the
multicast subscribers to determine the multicast schedule.
[0064] The multicast publisher may update the multicast schedule for
15 each of the many-to-many multicast groups maintained by the multicast
publisher by broadcasting a multicast schedule atiribuie in a SDF or public
action frame for a schedule update. In some emboduments, the multicast
schedule attribute may contain a U/M bit for the assoctated many-to-many
muldticast group to indicate whether the multicast schedule can also be used for a
20 unicast transmission.
[8065] The multicast publishers i the same multicast group may have
multicast schadules that fully or partially overlap, or may have no overlap. For
the multicast publishers in the same multicast group, a relationship may exist
between the multicast schedules maintained by the multicast publishers for the
25 multicast group. In some embodiments, the initiating multicast publisher that
starts the multicast group may determine a coliection of time slots, referred to as
a muiticast schedule candidate. The initiating multicast publisher may select the
multicast schedule from a subset of the time slot collections of the muiticast
schedule candidate. In some embodiments, gach of the multicast publishers that
30 joins the muiticast group may choose the multicast schedule from the multicast
schedule candidate. The multicast schedule selected by the particular multicast
publisher from the multicast schedule candidate may be transmitted to the

controller multicast publisher. In some embodiments, the multicast schedule
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selected by the particular multicast publisher may be constrained by the
controller muidiicast publisher dependent on geographical or subscriber overlap
such that for increasing overlap between the multicast publisher, selections may
be linuted from the multicast schedule candidate. In various embodiments. the
mukticast schedule for a particular subscriber or publisher may be decided by the
mitiator of the multicast group or may be advertised by the mullicast publisher
that enrolls the subscriber/publisher with the multicast group.

[0066] The multicast schadule candidate may be included in multicast
group attribute/multicast schedule attribute and the multicast group
atiribute/multicast schedule attnbute may be in the SDF for a many-to-many
multicast group. The multicast schedule candidate in some embodiments may
not be included in the multicast group set for a one-to~-many muiticast group. A
candidate bit that indicates whether a multicast schedule candidate may be
provided in the multicast group attribute or multicast schedule atiribute. Every
multicast publisher in the muiticast group may select among the time slots of the
same multicast schedule candidate and may select, for example, the same time
slots as the multicast schedule candidate. This can be achieved in embodiments
in which every multicast publisher reuses the multicast schedule determined by
the imitiating multicast publisher. A pair or more of bits in the multicast
schedule attribute or multicast group attribute may be used to indicate multicast
schedule selection policy such as: to follow the same nulticast schedule acquired
when joining the multicast group, to use the multicast schedule candidate as the
mutticast schedule, and/or to be free to choose multicast schedule individually.
The multicast schedule selection policy may be set by default to follow the same
muliicast schedule acquired when joining the multicast group. Other bits in the
multicast schedule attribute or multicast group atiribute may in some
embodiments specify particular time slots or an amount of the multicast schedule
of the initiator or enrolling publisher to use.

[08067] Fi(3. 6 illustrates a method of multicast scheduling in accordance
with some embodiments. Any of the STAs shown in FIGS. 1-4 may perform the
method shown in FIG. 6. FIG. 6 may be used for joining a one-to-many or
many-to-many multicast group. In some embodiments, any of the multicast

publishers in the multicast group may be able to enroll another STA with the
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multicast group through a message exchange. At operation 602, a multicast
publisher i a multicast group may broadeast its existence through an SDF. The
SDF may include a multicast group atintbute and multicast schedule atinbute.

The STF may be broadcast at predetermined times that are known by STAs. In

(]

different embodiments, if multiple multicast publishers are present for the

multicast group, the SDFs from some or all of the multicast publishers may be

broadcast independently or may be broadcast at the same time.

[0063] A STA may receive the SDF from a multicast publisher. After

decoding the broadcast, the STA may wish to become a multicast subscriber for

10 aparticular group. In this case, the STA can send a multicast request to the
multicast publisher, where it is received at operation 604. Each of the subscriber
and publisher may be, for example, a NANZ device and may establish NAN2
data path (NDP) to support data communication between the NAN devices for
that service. The NANZ data path for the service may be established by setting

15 upaNAN2 Data Link (NDL).

[0069] In response to receiving the request from the STA, the multicast
publisher may transnut to the STA, at operation 606, a multicast response such
as a Service Discovery Frame. The multicast response may contain an
enrollment rule to permit the STA 1o complete the group joining process for the

20 desired group. In some embodiments, the multicast subscriber may, via the
enrollment rule, be prohibited from enrolling other STAs {(as subscribers) with
the multicast group, which ensures that each multicast publisher is connected to
at least one another multicast publisher and the multicast schedule relation can
be maintained.

25 {0070] The muliicast response may, in some embodiments, contain
imformation about the multicast schedule for the multicast group. In other
embodiments, for either or both one-to-many or many-~lo-many multicast
services, a multicast subscriber can request the multicast publisher to send out
the latest multicast schedule In this case, the multicast publisher may receive, at

30 operation 608, a public action frame or management frame from the multicast

subscriber.

9071} The choice of which multicast publisher to request to transnut the

latest multicast schedule for a many-to-many multicast service may depend on
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the multicast schedule provided by the different multicast publishers and which
multicast publisher is providing the multicast service to the multicast subscriber,
In some embodiments, the same multicast publisher servicing the multicast

subscriber may transmit the schedule; in other embodiments, the request may be

(]

provided to a different, perhaps dedicated, multicast publisher that s able to

reach the mutticast subscriber. The multicast publisher, having received the

request at operation 608, can may subsequently at operation 610 transmit or have

transmitted a response such as management frame or public action frame with

the multicast schedule atiribute to the multicast subscriber. The response may be

10 provided through a broadcast message or a unicast message to the multicast
subscriber.
{8072] Whether or not the schedule is requested and transmitted,
eventually, the multicast service may be transmitted at operation 612. In some
embodiments, the multicast schedule candidate may be set as the multicast

15 schedule of the initiating multicast publisher that started the multicast group. In
this case, all mudticast publishers may transmit using a multicast schedule that is
a subset {or all) of the multicast schedule candidate of the mitiating multicast
publisher. In some embodiments, the multicast schedule candidate can be the
same as the multicast schedule of the inttiating multicast publisher. An

26 algorithm can be designed to ensure that different multicasts use the same
multicast schedule. A schedule bit in the multicast schedule attribute or
multicast group attribute may be used in one embodiment to enforce the
multicast schedule. For example, muiticast group schedule attribute broadcasted
by the inthiating multicast publisher may be devoid of a multicast schedule

25 candidate. In this case, multicast publishers that join the multicast group through
the mitiating multicast publisher may follow the multicast schedule broadceasted
by the candidate muliicast publisher. The specific decision of which subset of
the multicast schedule candidate fo use may depend on the implementation.
[0073] Alternatively, the multicast schedule candidate may include more

3¢ time slots than the muliicast schedule of the initiating multicast publisher. In

this case, each multicast publisher may maintain a unique set of time slots to

accommodate different availability requirements and avoid collision. An

algorithm can also be used to ensure that the different multicast schedules
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choose non-overlapping time slots. For example, a schedule bit in the multicast

schedule atiribute or multicast group attribute may be used {0 enforce selection

of the non-overlapping time slots. The specific decision of which subset of

multicast schedule candidate 1o use may depend on the implementation.

[0074]

An example of a multicast group attribute 18 shown in Table 1.

An example of a multicast schedule attribute is shown in Table 2.

- Size . s
Field (octets) Yalue Bescription
Attribute ID i TBD Identifies the type of NAN attribute.
Length 2 Vanable Length of the following ficlds in the attribute.
Service [D
6 Variable Service for which the NDP is requested for
Instance 1D 1 Vanable Instance ID of the service (received in publish
Messageh
Data Interface 6 Variable MAC Address of the Data Interface
Address
NMSG-ID i Variable Token
Multicast 6 Variable Multicast Address for one to many traffic
Address
Multicast i Variable One bit to Indicate i unicast is allowed
Controd Oune kit to indicate f secority is inchuded
One bit to indicate if multicast schedule candidate is
present (exists if multicast schedule candidate is
included in multicast group attnbute)
Several bits to indicate multicast schedule select
policy for many-to-many
Security TED Variable Contains all information with respect to secunty
{(ITBIY
Map ID {present if multicast schedule is present 1n multicast
grouy atinibute) Indicate the NAN Availability
1 Vanable attribute that specifies the channel information
associated with the multicast schedunle candidate
available time blocks
Time Bitmap 3 Variable (present if multicast schedule is present in multicast
Control zroup attribute) A field that indicates the parameters
associated with the following Time Bitmap ficld. See
Table 5.11 for details,
Time Bitmap 1 Variable (present if multicast schedule 1s present 1n multicast

group aitribute) Indicate the multicast schedule
candidate time blocks

Table 1. Multicast Group Atiribute

28




WO 2017/146844 PCT/US2017/014520

s Size ; o
Des
Field (oetets) Value escription
Attribute (D i TBD Identifies the type of NAN attribute.
Length 2 Variable Length of the following ficlds in the attribute.
Dala . . . L
. X . I The NAN Data Interface Address for this Multicast
Interface 6 Variable Sehedule
Address o
Map [ Indicate the NAN Availability attribute that
1 Variable specifics the channel information associated with
the nmlticast schedule time blocks
Time Bitmap 3 Variable A field that indicates the parameters associated
Control with the following Time Bitmap field. See Table
5.11 for details.
Time Bitmap 1 Variable Indicate the multicast available time blocks
Map [ {present if wulticast schedule 15 present in
muplticast schedule attribuie) Indicate the NAN
i Variable Awailability attribute that specifies the channel
information associated with the multicast schedule
candidate available time blocks
Time Bitmap 3 Variable {present if muiticast schedule ig present 1n
Contro} multicast schedule attribute) A ficld that indicates
the parameters associated with the following Time
Bitmap field. See Table 5.11 for details.
Time Bitmap 1 Yarable {present if wulticast schedule 15 present in
multicast schedule attribute) Indicate the multicast
schedule candidate time blocks
Table 2: Multicast Schedule Attribute
{8075] In one example, a first STA initiates a many-to-many muliicast

group. The first STA 1s a multicast publisher and the multicast miniator. A
second STA mav join the multicast group through the first STA or a third STA,
5  which mayv be ancther multicast publisher to be able to enroll another STA to the
mutticast group. The second STA may iiself become a multicast publisher. The
mudticast initiator may select both a multicast schedule and a multicast schedule
candidate. The multicast schedule candidate may be selected by the multicast
mnitiator after choosing the muilticast schedule and may be provided to the other
10 STAs accordingly. The second STA may select the multicast schedule by
following the multicast schedule of the STA that enrolled the second STA or
may choose the multicast schedule from the multicast schedule candidate
announced by the STA that enrolled the second STA. Note that for a one-to-

many multicast group, only one multicast publisher exists. This multicast group
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is the initiator of the multicast group. In this case, no other STAs in the
mudticast group may be able to enroll other STA in the mudticast group {i.e., the
second STA may not be able to be a multicast publisher in the one-to-many

mukticast group).

5
EXAMPL
{0076} Example 1 15 an apparatus of a wireless device configured to

operate as a multicast publisher, the apparatus comprising: a memory; and

10 processing circuitry arranged to: iniiate a multicast group for a multicast service
in a Neighborhood Awareness Network (NAN}, the multicast group being a one-
fo-many or many-to-many multicast group; establish a multicast schedule and a
mudticasi schedule candidate {or the multicast service, time slots of the muliicast
schedule being at least a subset of titne slots of the multicast schedule candidate;

15 coordinate muticast schedules of other multicast publishers in the multicast
group: decode a request from g multicast subscriber to join the mullicast group;
generate a Service Discovery Frame (SDF) in response to the request to the
muliicast subscriber, the SDF comprising a multicast schedule fo provide data of
the multicast service from the multicast publisher.

20 [0077) In Example 2, the subject matter of Example 1 optionally
mcludes, wherein the processing circuitry 1s further arranged to: maintain the
multicast group after initiation of the multicast group.

{0078] In Example 3, the subject matter of anv one or more of Examples
12 optionally include, wherein the processing circwitry 1s further arranged to:

25  initiate multiple multicast groups; and maintain a multicast schedule of each of
the multicast groups.

{0079] In Example 4, the subject matter of any one or more of Examples
1-3 optionally include, wherein the processing circuitry 1s further arranged to:
update the multicast schedule via transnussion of one of a service discovery

3¢ frame (SDF) or public action frame for a schedule update broadcast comprising a
multicast schedule attribute.

(5080] In Example 5, the subject matier of any one or more of Examples

1-4 optionally inchude, wherein the processing circuitry is further arranged to:
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generate one of a multicast schedule attribute or a multicast group attribute of a
multicast schedule frame, used to schedule the multicast service, that comprises
a unicast/multicast {U/M) bit for the multicast group to mdicate whether the

multicast schedule 1s able to be used for a unicast transmission.

W

{6081] in Example 6, the subject matter of Example 5 optionally
includes, wherein: the U/M bit indicates that the multicast schedude 15 able to be
used for a umicast transnussion, and the processing circuitry is further arranged
to: decode a request for unicast service for the multicast service from a unicast
subscriber, and 1n response to the request, bypass a unicast schedule setup

10 procedure for the unicast subscriber.

9082} In Example 7, the subject matter of Example 6 optionally
includes, wherein the processing circuitry is further arranged to: generate
multicast traffic for the multicast service directed to the multicast subscriber
stmultaneously with generation of unicast traffic for the umicast subscriber.

15 [0083] In Example 8, the subject matter of anv one or more of Examples
1-7 optionally include, wherein the processing circuitry 1s further arranged to:
mitiate multiple many-to~-many roulticast groups; decode a request to join one of
the many-to-many multicast groups from at least one multicast publisher; and
control a multicast schedule of each of the many-to-many multicast groups.

20 [0084] In Example 9, the subject matter of Example 8 optionally
mcludes, wherein the processing circuitry is further arranged to: deternune
multicast schadules for the many-to-many multicast groups, the multicast
schedules of each of the many-to-many multicast groups dependent on multicast
publishers that have joined the many-~to-manv multicast group and independent

25 of the multicast schedule of multicast publishers of other many-to-many
mukticast groups.

[8085] In Example 10, the subject matter of any one or more of
Examples 1-9 optionally include, wherein the processing circuifry is further
arranged to: coordinate multicast schedules for a plurality of multicast publishers

3¢ associated with the multicast group to permit a muliicast subscriber that is a

member of the multicast group to wake up for fewer time slots to receive the

mukticast service from the plurality of multicast publishers.
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[0086] In Example 11, the subject matter of Example 10 optionally
mcludes, wherein the processing circurtry 1s further arranged to: permit another
multicast publisher that joins the multicast group to select a multicast schedule

from the time slots of the multicast schedule candidate.

(]

{0087} in Example 12, the subject matter of any one or more of

Examples 1-11 optionally include, wherein the processing circuitry 1s {urther

arranged to; generate one of a multicast group atiribute or multicast schedule

attribute that includes the multicast schedule candidate in the one of the

multicast group atiribute and mudticast schedule attnbute, wherein the one of a

10 multicast schedule attribute or multicast group attnibute comprises a multicast
schedule selection policy selected from among at least: to follow the multicast
schedule acquired when joining the muliicast group, to determine a multicast
schedide from the mudnicast schedule candidate, and o be free 1o choose a
multicast schedule.

15 [0088] In Example 13, the subject matter of any one or more of
Examples 1-12 optionally include, wherein the processing circuiiry is further
arranged to: indicate to a station that has requested to join the multicast group an
enroliment rule that indicates which is to be followed of’ the station 15 able to
enrol] another station with the multicast group through a message exchange or

20 the siation is prohibited from envolling the other station with the multicast group.
[8089] In Example 14, the subject matter of any one or more of
Examples 113 optionally include, wherein the processing circuitry is further
arranged to: decode a request from the multicast subscriber for a latest multicast
schedule, the request received 1n one of a public action frame or management

25 frame; and in response to reception of the request, generate one of another
management frame or public action frame with the latest multicast schedule
attribute through one of a broadcast message or a unicasi message to the
multicast subscriber.

[0090] In Example 15, the subject matter of any one or more of

30 Examples 1-14 optionally include, further comprising: an antenna configured to

transmut to and receive fransmissions from the multicast subscriber and other

multicast publishers.
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[0091] Example 16 15 a method of providing multicast communications,
the method comprising: determining a multicast schedule for a multicast service
n a Neighborhood Awareness Network (NAN), the muiticast schedule used to
recetve data from a nulticast publisher for the multicast service, time slots of the
muldticast schedule comprising time slots of a multicast schedule candidate or a
subset of the time slots of the multicast scheduale candidate; receiving a request
from a multicast subscriber to join a multicast group associated with a multicast
service, the multicast group being one-to-many or many-to-many; transmitting a
Service Discovery Frame (SDF) in response to the request (o the multicast
subscriber, the SDF comprising the multicast schedule.

9092} In Example 17, the subject matter of Example 16 optionally
mcludes, further comprising: generating one of a multicast schedule attribute or
a muiticast group aitribute of a multicast schedule frame that comprises a
unicast/multicast (U/M) bit for the multicast group to indicate whether the
multicast schedule is able to be used for a unicast transmission; and scheduling
the multicast service using the one of the multicast schedule attribute or the
multicast group attribute.

[9093] In Example 18, the subject matter of Example 17 optionally
mcludes, further comprising: receiving a request for unicast transmission when
the U/M bit indicates that the multicast schedule 1s able to be used for a unicast
iransmission; and bypassing a unicast schedule setup procedure in response to
receiving the request for the unicast transmission.

{0054] In Example 19, the subject matter of anv one or more of
Examples 16-18 optionally include, at least one of: the method further
comprises at least one of setting multicast schedules for many-to-many
multicast groups, the mudticast schedules of each of the many -to-many nuidticast
groups dependent on multicast publishers that have joined the many-to-many
multicast group and independent of the multicast schedule of other manv-to-
many multicast groups, or coordinating multicast schedules for a plurality of
mutticast publishers agssociated with the multicast group to permit a multicast
subscriber that 1s a member of the multicast group to wake up for fewer time
stots to receive the multicast service from the plurality of multicast publishers; or

an initiating nudticast publisher that inttiates the multicast group determines the
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nuudticast schedule candidate, the multicast schedule candidate is included in one
of a multicast group attribute and multicast schedule attribute provided by the
mitiating multicast publisher, and a nwlticast schedule of each multicast

publisher that joins the multicast group 1s selected by the multicast publisher

(]

from the multicast schedule candidate dependent on a multicast schedule

selection policy, the multicast schedule selection policy selected from among at

feast: to follow the multicast schedule acquired when joinung the multicast
group, to use the multicast schedule candidate to determine a multicast schedule,
and to be free o choose a multicast schedule.

10 [0098] In Example 20, the subject matter of any one or more of
Examples 16-19 optionally include, further comprising at least one of:
transmitiing {0 a station that has requesied to join the multicast group an
enrotiment rule that indicates which is to be followed of: the station is able to
enroll another station with the multicast group through a message exchange or

15 the station is prohibited from enrolling the other station with the multicast group,
or receiving a request from the multicast subscriber for a latest multicast
schedule, the request received in one of a public action frame and management
frame and. in response 1o reception of the request, send one of a management
frame and public action frame with the latest multicast schedule attribute through

26 one of broadcast and unicast to the multicast subscriber.

{0096] Exarmple 21 15 a non-transitory computer-readable storage
medinm that stores instructions for execution by one or more processors of a
muiticast publisher to configure the multicast publisher to: determine a nmudticast
schedule and a multicast schedule candidate for a multicast service in a

25 Neighborhood Awareness Network {(NAN), the muiticast schedule used to
receive data from the multicast publisher for the multicast service, an initiating
mutticast publisher that initiates the multicast group determines the multicast
schedule candidate, time slots of the multicast schedule comprising time slots of
a multicast schedule candidate or a subset of the time slots of the multicast

3¢ schedule candidate; receive a request from a muiticast subscriber to join a

multicast group associated with a multicast service, the multicast group being

one-~to-many or many-to-many; transmit a Service Discovery Frame (SDF) to the

request to the multicast subscriber, the SDF comprising the multicast schedule;
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and indicate a multicast schedule selection policy for other multicast publishers
to join the muliicast group, the multicast schedule selection policy specifying
selection of the multicast schedule by the other multicast publishers.

{0097} In Example 22, the subject matter of Example 21 optionally
p 4

W

includes, wherein the instructions further configure the multicast publisher to:

generate one of a multicast schedule atiribute or a multicast group attribute of g

multicast schedule frame that comprises a unicast/multicast (U/M) bit for the

multicast group to indicate whether the multicast schedule is able to be used for

a unicast transmission, and schedule the multicast service using the one of the

10 multicast schedule attribute or the multicast group attribute.
[95098] In Example 23, the subject matter of Example 22 optionally
includes, wherein the instructions further configure the multicast publisher to:
receive arequest for unicast transmussion when the U/M bit indicates that the
multicast schedule is able to be used for a unicast transnmussion, and bypass a

15 unicast schedule setup procedure in response to receiving the request for the
uniicast transmission.
[B099] In Example 24, the subject matter of any one or more of
Examples 21-23 optionally include, wherein the instructions further configure
the nmulticast publisher to at least one of determine multicast schedules for

20 many-io-many multicast groups, the muttticast schedules of each of the many-to-
many multicast groups dependent on multicast publishers that have joined the
many-to-many multicast group and independent of the multicast schedule of
other many-to-many multicast groups, coordinate multicast schedules for a
plurality of multicast publishers associated with the multicast group to pernut a

25 multicast subscriber that is a member of the multicast group to wake up for
fewer time slots to receive the multicast service from the plurality of mudticast
publishers, transmit {¢ another multicast publisher that has requested to join the
multicast group an enrollment rule that indicates which 1s to be followed of: the
other multicast publisher is able o enroll another station with the multicast

30 group through a message exchange and the other multicast publisher s

prohibited from enrolling the other station with the multicast group, or receive a

request from the multicast subscriber for a latest mukticast schedule, the request

received in one of a public action frame and management frame and, in response
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to reception of the request, send one of a management frame and public action
frame with the latest multicast schedule attribute through one of broadcast and
unicast to the multicast subscriber.

{90100] In Example 23, the subject matter of any one or more of

(]

Examples 21-24 optionally include, wherein: the multicast schedule candidate is

mcluded in one of a multicast group atiribute and multicast schedule attribute

provided by the iniiating multicast publisher, a multicast schedule of each

multicast publisher that joins the multicast group 1s selected by the muiticast

publisher from the multicast schedule candidate dependent on the multicast

10 schedule selection policy, and the multicast schedule selection policy is selected
from among at least: to foliow the multicast schedule acquired when joining the
multicast group, to use the mudticast schedule candidate to determine a multicast
schedule, and to be free {0 choose a multicast schedule.
{00101} Exarple 26 is an apparatus of a wireless device configured to

15 operate as a nulticast subsecriber, the apparatus comprising: a memory; and
processing circuitry arranged to: generate a request to a multicast publisher to
join a multicast group associated with a multicast service in a Neighborhood
Awareness Network (NAN), the nmulticast group being one-to-many or many-to-
many; decode a Service Discovery Frame (8DF) 0 the request from the

26 mutticast publisher, the SDF comprising a multicast schedule to provide data of
the multicast service from the multicast publisher, timoe slots of the multicast
schedule comprising time slots of a multicast schedule candidate or a subset of
the time slots of the multicast schedule candidate, the multicast schedule
coordinated with a multicast schedule of another multicast publisher in the

25  multicast group; and decode the data of the multicast service as indicated by the
multicast schedule.
[80102] In Example 27, the subject matter of Example 26 optionally
mcludes, wherein the processing circuitry is further arranged to: decode one of a
service discovery frame (SDF) or a public action frame comprising a multicast

3¢ schedule attribute, the multicast schedule atiribute comprising an updated

multicast schedule for the roulticast service.

[901063] In Example 28, the subject matier of any one or more of

Examples 26-27 optionally include, wherein the processing circuttry is further
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arranged to: decode one of a multicast schedule atiribuie or a multicast group
attribute of a multicast schedule frame, used io schedule the multicast service,
that comprises a unicast/multicast (U/M) bit for the multicast group to indicate
whether the multicast schedule is able 1o be used for a unicast transmission, the
U/M bit indicates that the multicast schedule 1s able to be used for a unicast
fransmission, generate a request for unicast service {or the multicast service, and
bypass a unicast schedule setup procedure with the multicast publisher after
transmission of the request.

[H0104] In Example 29, the subject matier of any one or more of
Examples 26-28 optionally include, wherein the processing circuttry is further
arranged to: decode one of a multicast group attribute or multicast schedule
atiribute that includes the multicast schedule candidate in the one of the
muliicast group attribute and multicast schedule attribute, wherein a multicast
schedule selection policy 1n is selected from among at least: to follow the
multicast schedule acquired when joining the multicast group, 1o use the
mutticast schedule candidate fo determine a mudticast schedule, and {6 be free to
choose a multicast schedule.

{00105] Example 30 is an apparatus of a wireless device configured to
operate as a multicast publisher, the apparatus comprising: means for
determining a multicast schedule and a multicast schedule candidate for a
multicast service in a Neighborhood Awareness Network (NAN), the multicast
schedule used to receive data from the multicast publisher for the multicast
service, an initiating sutlticast publisher that initiates the multicast group
determines the multicast schedule candidate, time slots of the multicast schedule
compiising time slots of a multicast schedule candidate or a subset of the time
stots of the multicast schedule candidate; means for receiving a request from a
mutticast subscriber {0 join a multicast group associated with a multicast service,
the multicast group being one~to-many or many-to-many; means for iransmitting
a Service Discovery Frame (SDF) to the request to the multicast subscriber, the
SDF comprising the multicast schedule; and means for indicating a multicast
schedule selection policy for other multicast publishers to join the multicast
eroup, the multicast schedule selection policy specifying selection of the

multicast schedule by the other muldticast publishers.
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[00106] In Example 31, the subject matter of Example 30 optionally
mcludes, {urther comprising: means for generate one of a mudticast schedule
atiribute or a multicast group attribute of a multicast schedule frame that

comprises a unicast/multicast (/M) bit for the multicast group to indicate

W

whether the multicast schedule is able to be used for a unicast transmission, and

means for schedule the multicast service using the one of the multicast schedule

attribute or the muliticast group attribute,

[00107] In Example 32, the subject matter of Example 31 optionally

mcludes, further comprising: means for receive a request for unicast

10 transnussion when the U/M bit indicates that the multicast schedule 1s able to be
used for a unicast transmission, and means for bypassing a unicast schedule
setup procedure in response 1o receiving the request for the unicast transmission.
[80108] In Example 33, the subject matter of any one or more of
Examples 30-32 optionally include, further comprising: roeans for deternune

15 multicast schedules for many-to-many multicast groups, the multicast schedules
of each of the many-to-many multicast groups dependent on mudticast publishers
that have joined the many-to~-many multicast group and independent of the
multicast schedule of other many-to-many multicast groups, means for
coordinate multicast schedules for a plurality of multicast publishers associated

26 with the mulficast group to permit a muilticast subseriber that is a member of the
multicast group to wake up for fewer time slots to receive the multicast service
from the plurality of multicast publishers, means for transmit to another
mutticast publisher that has requested to join the muilticast group an enrollment
rule that mdicates which 1s 1o be followed of the other multicast publisher is

25 able 1o enroll another station with the multicast group through a message
exchange and the other multicast publisher is prohibited from enrolling the other
station with the multicast group, or means for recetve a request from the
multicast subscriber for a latest multicast schedule, the request received in one of
a public action frame and management frame and, in response to reception of the

3¢ request, send one of a management frame and public action frame with the latest

multicast schedule attribute through one of broadcast and unicast to the multicast

subscriber.

38



WO 2017/146844 PCT/US2017/014520

[00109] In Example 34, the subject matter of any one or more of
Examples 30-33 optionally include, wherein: the muldticast schedule candidate is
included in one of a multicast group attribute and multicast schedule attribute

provided by the inttiating muiticast publisher, a multicast schedule of each

W

multicast publisher that joins the multicast group is selected by the multicast
publisher from the multicast schedule candidate dependent on the muldticast
schedule selection policy, and the multicast schedule selection policy 1s selected
from among at least; to follow the multicast schedule acquired when joining the
mudticast group, to use the multicast schedule candidate to determine a multicast
10 schedule, and to be free to choose a roulticast schedule.
{00110} Example 35 is an apparatus of a wireless device configured to
operaie as a multicast subscriber, the apparatus comprising. means for generating
a request to a mudticast publisher {0 join a multicast group associaled with a
multicast service in a Neighborhood Awareness Network (NAN), the multicast
15  group being one-to-many or many-to-many; means for decoding a Service
Discovery Frame (SDF) to the request from the multicast publisher, the SDF
comprising a rulticast schedule to provide data of the multicast service from the
multicast publisher, time slots of the multicast schedule comprising time slots of
a muiticast schedule candidate or a subset of the time slots of the multicast
20 schedule candidate, the multicast schedule coordinated with a multicast schedule
of another multicast publisher in the roulticast group; and means for decoding
the data of the multicast service as indicated by the multicast schedule.
{00111} In Example 36, the subject matier of Example 35 optionally
includes, wherein the processing circuttry is further arranged to: means for
25 decoding one of a service discovery frame (SDF) or a public action frame
comprising a multicast schedule attribute, the multicast schedule attribute
comprising an updated multicast schedule for the multicast service.
[00112] In Example 37, the subject matter of any one or more of
Examples 35-36 optionally include, wherein the processing circuitry is further
30 arranged to: means for decoding one of a multicast schedule attribute or a
multicast group atiribute of a multicast schedule frame, used to schedule the
multicast service, that comprises a unicast/multicast (U/M) bit for the multicast

eroup to indicate whether the multicast schedule is able to be used for a unicast
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transmission, the U/M bit indicates that the multicast schedule is able to be used
for a unicast transmission, means for generating a request for unicast service for
the multicast service, and means for bvpassing a unicast schedule setup

procedure with the multicast publisher after transmission of the request.

(]

{00113] In Example 38, the subject matter of any one or more of

Examples 35-37 optionally include, wherein the processing circuitry 1s further

arranged to: means for decoding one of a multicast group attribute or roulticast

schedule attribute that includes the nulticast schedule candidate in the one of the

mudticast group atiribute and muldiicast schedule atinbute, wherein a muliicast

10 schedule selection policy in 1s selected from among at least: 1o follow the
multicast schedule acquired when joining the multicast group, to use the
mudticast schedule candidate to determine a multicast schedule, and to be free to
choose a multicast schedule.
{001 14] Although an embodiment has been described with reference to

15 specific example embodiments, it will be evident that various modifications and
changes may be made to these embodiments without departing from the broader
scope of the present disclosure. Accordingly, the specification and drawings are
to be regarded in an illustrative rather than a restrictive sense. The
accompanying drawings that form a part hereof show, by way of illustration, and

20 not of imitation, specific embodiments in which the subject matter may be
practiced. The embodiments illustrated are described n sufficient detail to
enable those skilled in the art to practice the teachings disclosed herein. Other
embodiments may be utilized and dertved therefrom, such that structural and
logical substitutions and changes may be made without departing from the scope

25 ofthis disclosure. This Detailed Description, therefore, isnotto betakenin a
himiting sense, and the scope of various embodiments is defined only by the
appended claims, along with the full range of equivalents to which such claims
are entitled.
[00115] Although specific embodiments have been ilustrated and

3¢ described herein, it should be appreciated that anv arrangement calculated to

achieve the same purpose may be substituted for the specific embodiments

shown. This disclosure is intended fo cover any and all adaptations or variations

of various embodiments. Combinations of the above embodiments, and other
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embodiments not specifically described herein, will be apparent to those of skill

in the art upon reviewing the above description.

1, H

{60116} In thig document, the terms "a" or "an" are used, as is common in

patent documents, to include one or more than one, independent of any other

n

W

instances or usages of "at least one” or "one or more." In this document, the
term "or" 15 used {o refer 1o a nonexclusive or, such that "A or B" includes "A
butnot B." "B butnot A" and "A and B," unless otherwise indicated. In this
document, the terms "including” and "in which" are used as the plain-English
equivalents of the respective terms "comprising” and "wherein.” Also, in the
10 following claims, the terms "including” and "comprising” are open-ended, that
is, a system, UE, article, composition, formulation, or process that includes
elements in addition to those listed afier such a term in a claim are still deemed
io fall within the scope of that claim. Moreover, in the following claims, the
terms "first,” "second," and "third." etc. are used merely as labels, and are not

15 intended to impose numerical requirements on their objects.
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Claims
1. An apparatus of a wireless device configured 1o operate as a muliicast
publisher, the apparatus coraprising:

a memory; and

(]

processing circuitry arranged {0
nitiate a multicast group for a mudiicast service ina
Neighborhood Awareness Network (N AN), the multicast group being a
one-to-many or many-to-many multicast group;
establish a multicast schedule and a multicast schedule candidate
10 for the multicast service, ime slots of the multicast schedule being at
least a subset of time slots of the multicast schedule candidate;
coordinate muiticast schedules of other multicast publishers in the
multicast group;
decode a request from a multicast subscriber to join the nwlticast
15 group;
generate a Service Discovery Frame (SDF) m response to the
request to the multicast subscriber, the SDF comprising a multicast
schedule to provide data of the multicast service from the multicast
publisher.
24
2. The apparatus of claim |, wherein the processing circuitry is further
arranged to:

maintain the multicast group after initiation of the multicast group.

25 3 The apparatus of claim 1 or 2, wherein the processing circuitry is further
arranged to:
imitiate multiple multicast groups; and

maintain a multicast schedule of each of the multicast groups.

3¢ 4. The apparatus of claim 1 or 2, wherein the processing circuitry s further

arranged to:
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update the multicast schedule via transmission of one of a service
discovery frame {SDF) or public action frame for a schedule update broadcast

comprising a multicast schedule atinbute.

5. The apparatus of claim 1 or 2, wherein the processing circuitry is further
arranged to:

generate one of a multicast schedule atiribute or a multicast group
attribute of a multicast schedule frame, used to schedule the multicast service,
that comprises a unicast/muldticast (U/M} bit for the mudticast group o indicate

whether the multicast schedule 1s able to be used for a unicast transrission.

6. The apparatus of claim 5, wherein:
the U/M bit indicates that the multicast schedule is able to be used fora
unicast transmission, and
the processing circuitry is further arranged to:
decode arequest for unicast service for the multicast service from
a unicast subscriber, and
in regponse to the request, bypass a unicast schedule setup

procedure for the unicast subscriber,

7. The apparatus of claim 6, wherein the processing circuitry is further
arranged to:

generate multicast traffic for the multicast service directed to the
multicast subscriber simultaneously with generation of unicast traffic for the

unicast subscriber.

8. The apparatus of claim 1 or 2, wherein the processing circuitry is further
arranged to:

imitiate multiple many-to-many multicast groups;

decode a request to join one of the many-to-many multicast groups from
at least one multicast publisher; and

control a multicast schedule of each of the many-to-many multicast

roups.
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9. The apparatus of claim 8, wherein the processing circuitry is further
arranged to:

determine multicast schedules for the many-to-many multicast groups,

W

the multicast schedules of each of the many -to-many multicast groups dependent
on multicast publishers that have jommed the many-to-many multicast group and
mdependent of the multicast schedule of multicast publishers of other many-to-

many multicast groups.

w10, The apparatus of claim 1 or 2, wherein the processing circuitry is further
arranged to:
coordinate multicast schedules for a plurality of multicast publishers
associated with the multicast group to permit a multicast subscriber that is a
member of the multicast group 1o wake up for fewer time slots fo receive the

15 multicast service from the plurality of multicast publishers.

1L The apparatus of claim 10, wherein the processing circuitry 1§ {urther
arranged to:
permit another multicast publisher that joins the multicast group to select

20 amulticast schedule from the time slots of the multicast schedule candidate.

12. The apparatus of claim 1 or 2, wherein the processing circuitry is further
arranged to:
generate one of a multicast group attribute or muiticast schedule attribute
25 that inclhudes the multicast schedule candidate in the one of the multicast group
attribute and multicast schedule attribute,
wherein the one of a multicast schedule attribute or multicast group
attribute comprises a multicast schedule selection policy selected from among at
least: to follow the multicast schedule acquired when joining the multicast
30 group, to determine a multicast schedule from the multicast schedule candidate,

and to be free to choose a multicast schedule.
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13, The apparatus of claim 1 or 2, wherein the processing circuitry is further
arranged to:

mdicate to a station that has requested to join the multicast group an
enrollment rule that indicates which is to be followed of! the station is able to
enrol] another station with the multicast group through a message exchange or

the station is prohibited from enrolling the other station with the multicast group.

14, The apparatus of claim 1 or 2, wherein the processing circuitry is further
arranged to:

decode a request from the multicast subscriber for a latest multicast
schedule, the request received in one of a public action frame or management
frame; and

m response 1o reception of the request, generate one of another
management frame or public action frame with the latest multicast schedule
attribute through one of a broadcast message or a unicast message to the

multicast subscriber,

15. The apparatus of claim 1 or 2, further comprising;
an antenna configured to transmit 1o and receive transmissions from the

mutticast subscriber and other multicast publishers.

16, A method of providing multicast communications, the method
compiising:

determuning a multicast schedule for a multicast service in a
Meighborhood Awareness Network (NAN), the multicast schedule used to
receive data from a multicast publisher for the multicast service, time slois of the
multicast schedule comprising time slots of a multicast schedule candidate or a
subset of the time slots of the nulticast schedule candidate;

receiving a request from a multicast subscriber to join a multicast group
associated with a multicast service, the multicast group being one-to-many or
many~to-rany;

transoutting a Service Discovery Frame (8DF) i response 1o the request

to the multicast subscriber, the SEXF comprising the muilticast schedule.
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17. The method of claim 16, further comprising:

generating one of a multicast schedule attribute or a roulticast group
attribute of a multicast schedule frame that comprises a unicast/multicast (U/M)
bit for the multicast group to indicate whether the multicast schedule is able to
be used for a unicast transmission; and

scheduling the multicast service using the one of the multicast schedule

attribute or the muliticast group atiribute,

18. The method of claim 17, further comprising:
receiving a request for unicast transmission when the U/M bit indicates
that the multicast schedule 15 able to be used for a unicast transmission; and
bypassing a unicast schedule setup procedure in response 1o receiving the

request for the unicast transnussion.

19, The method of claam 16 or 17, at Jeast ope of
the method further comprnises at least one of.
setting multicast schedules for many-to-many multicast groups,
the multicast schedules of each of the manv-to-many multicast groups
dependent on nudticast publishers that have joined the many-to-many
multicast group and independent of the multicast schedule of other
many-to-many multicast groups, or
coordinating mutiicast schedules for a plurality of multicast
publishers associated with the multicast group to pernut a multicast
subscriber that is a member of the multicast group to wake up for fewer
time slots 1o receive the multicast service from the plurality of multicast
publishers; or
an initiating multicast publisher that iitiates the multicast group
determines the multicast schedule candidate, the multicast schedule candidate is
included in one of a multicast group atiribute and multicast schedule attribute
provided by the imtiating muiticast publisher, and a multicast schedule of each
multicast publisher that joing the multicast group is selected by the multicast

publisher from the multicast schedule candidate dependent on a multicast
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schedule selection policy, the multicast schedule selection policy selected from
among at least: to follow the multicast schedule acqunred when joining the
multicast group, to use the multicast schedule candidate to deternune a multicast

schedule, and to be free to choose a multicast schedule.

W

20, The method of claim 16 or 17, further comprising at least one of!
fransnutiing 1o a station that has requested to join the multicast group an
enroliment rule that indicates which is to be followed of’ the station is able to
enroll another station with the multicast group through a message exchange or
10 the station 1s prolubited from enrolling the other station with the multicast group,
or
recetving a request from the multicast subscriber for a latest multicast
schedule, the request received in one of a public action frame and management
frarne and, 1n respouse to reception of the request. send one of a management
15 frame and public action frame with the latest multicast schedule attribute through

one of broadcast and unicast 1o the muliicast subscriber.

21 A non-transitory computer-readable storage medium that stores
mstructions for execution by one or more processors of a multicast publisher to
26 configure the multicast publisher to:
determine a multicast schedule and a multicast schedule candidate for a
multicast service in a Neighborhood Awareness Network (NAN), the multicast
schedule used to receive data from the multicast publisher for the multicast
service, an tutiating multicast publisher that initiates the multicast group
25 determines the multicast schedule candidate, time slots of the multicast schedule
comprising time slots of a multicast schedule candidate or a subset of the time
stots of the multicast schedule candidate;
recetve a request from a multicast subscriber to join a multicast group
associated with a multicast service, the multicast group being one-to-many or
30 many-to-many.
transmit a Service Discovery Frame (SDF) to the request to the multicast

subscriber, the SDF comprising the multicast schedule; and

47



WO 2017/146844 PCT/US2017/014520

W

10

15

26

30

indicate a multicast schedule selection policy for other multicast
publishers o join the multicast group, the multicast schedule selection policy

specifymg selection of the multicast schedule by the other multicast publishers.

22. The medium of ¢laim 21, wherein the instructions further configure the
mutticast publisher to:

generate one of a multicast schedule atiribute or a multicast group
attribute of a multicast schedule frame that comprises a unicast/multicast (U/M}
bit for the multicast group to indicate whether the multicast schedule 1s able to
be used for a unicast transnussion, and

schedule the multicast service using the one of the multicast schedule

atiribute or the muiticast group atiribute.

23. The medium of claim 22, wherein the instructions further configure the
multicast publisher to:

receive a request for unicast transmuission when the U/M bit indicates that
the multicast schedule 15 able 1o be used for a unicast transmission, and

bypass a unicast schedule setup procedure in response to receiving the

request for the unicast transmission.

24, The medium of claim 21 or 22, wherein the mstructions further configure
the multicast publisher to at least one of’

determine multicast schedules for many-to-many mukHicast groups, the
multicast schedules of each of the many-to-many multicast groups dependent on
multicast publishers that have joined the many-to-many multicast group and
independent of the multicast schedule of other manv-to-many multicast groups,

coordinate mullicast schedules for a plurality of multicast publishers
associated with the multicast group to permit a multicast subscriber that is a
member of the multicast group to wake up for fewer time slots {o receive the
miutticast service from the plurality of multicast publishars,

transmit to another multicast publisher that has requested 1o join the
multicast group an enrollment rule that indicates which is to be followed of: the

other multicast publisher 15 able to enroll another station with the nulticast
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group through a message exchange and the other multicast publisher is
prohibited from enrolling the other station with the multicast group, or
receive a request from the multicast subscriber for a latest roulticast

schedule, the request received in one of a public action frame and management

5 frame and, in response to reception of the request, send one of a management
frame and public action frame with the latest multicast schedule attribute through
one of broadcast and unicast to the multicast subscriber.

25 The medium of claim 21 or 22, wherein:
10 the multicast schedule candidate is included in one of a multicast group

attribute and multicast schedule attribute provided by the mitiating multicast
publisher,

a mudticast schedule of each multicast publisher that joins the multicast
group s selected by the multicast publisher from the multicast schedule

15 candidate dependent on the multicast schedule selection policy, and

the multicast schedule selection policy is selected from among at least: to
follow the multicast schedule acquired when joining the multicast group, to use
the multicast schedule candidate to determine a multicast schedule, and 1o be
free to choose a multicast schedule.

26
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