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Technical Field

[0002] Embodiments relate generally to access points, radio communication devices,
methods for controlling an access point, and method for controlling a radio

communication device.

Background

[0003] An access point may indicate information about a restricted access window to

a radio communication device. An efficient signaling may be desired.
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Summary

[0004)  According to various embodiments, an 'access point may be provided. The
access point may include: a transmitter configured to transmit restricted access Window
parameters. The restricted access window parameters may include at least one parameter
selected from a list of parameters consisting of: a type parameter indicating which type of
restricted access window parameters is represented by the restricted access window
parameters; a same group indicator parameter indicating whether a group field is present;
and a channel indication presence parameter indicating whether a channel indication is
present.

[0005] According to various embodiments, a radio communication device may be
provided. The radio communication device may include: a receiver configured to receive
restricted access window parameters. The restricted access window parameters may .
include at least one parameter selected from a list of parameters consisting of: a type
parameter indicating which type of restricted access window parameters is represented by
the restricted access window parameters; a same group indicator parameter indicating
whether a group field is present; and a channel indication‘ presence parameter indicating
whether a channel indication is present.

{0006} According to various embodiments, a method for controlling an access point
may be provided. The method may include: transmitting restricted access window
parameters. The restricted access window parameters may include at least one parameter
selected from a list of parameters consisting of: a type parameter indicating which type of

restricted access window parameters is represented by the restricted access window
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parameters; a same group indicator parameter indicating whether a group field is present;
and a channel indiqation presence parameter indicating whether a.channel indication is
present.

[0007] According to yarious embodiments, a method for controlling a ‘radio
communication device may be provided. The method may include: receiving restricted
access window parameters. The restricted access window parameters may include at least
one parameter selected from a list of parameters consisting of: a type parameter
indicating which type of restricted access windqw parameters is represented by the
restﬁcted access window parameters; a same group indicator parameter indicating
whether a group field is present;‘ and a channel indication presence parameter indicating

whether a channe] indication is present.

Brief Description of the Drawings

[0008] In the drawings, like reference characters generally refer to the same parts
throughéut the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In the
follc;wing déscription, various embodiments are described with reference to the following .
drawings, in which:

FIG. 1 A shows a mobile radio communication system;

FIG. 1B shows an access point according to various embodiments;

FIG. 1C shows a radio communication device according to various embodiments; -

FIG. 1D shows a flow diagram illustrating a method for controlling an access

point according to various embodiments;
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FIG. 1E shows a flow diagram illustrating a method for controlling a radio
communication device according to various embodiments;

FIG. 2 shows an illustration of an example of virtual TIM segment & (and) virtual
RAW slot assignment; |

FIG. 3 shows an illustration of an example of virtual RAW slot where non-TIM
STA sends PS-Poll again and AP responds to the non—TIM STA after the wakeup timer
expires;

FIG. 4 shows an illustration of an example of virtual RAW slot assignment where
AP immediately sends data to the non-TIM STA after the wakeup timer expires;

FIG. S shows an illustration of the separate RAWs for unicast and multicast traffic
delivery;

FIG. 6 shows an illustration of the separate RAWs for unicast and multicast traffic
delivery;

FIG. 7 shows an illustration of the combined RAW for unicast and multicast
traffic delivery;

FIG. 8 illustrates the EDCA backoff procedure for PRAW where two non-TIM
STAs;

FIG. 9 shows an illustration of a RAW-PS IE format according to various
embodiments;

FIG. 10 shows an illustratioﬁ of a BAW-PS IE format according to various
embodiments;

FIG. 11 shows an illustration of an example of default operating mode according

to various embodiments;



WO 2014/074071 PCT/SG2013/000481

FIG. 12 show an illustration, where it is assumed a singlé mode ihdication bit is
used in a field that contains common control signaling in RAW-PS IE;

FIG. 13 shows an illustration of an cxarﬁple of a single-bit format indication
according to various embodiments; |

FIG. 14 shows an illustration of a RAW-PS IE with RA .m'ode indication
according to various embodiments;

FIG. 15 shows an illustration of a RAW-PS IE with RA mode indication
according to various embodiments; |

FIG. 16A, FIG. 16B, aﬁd FIG. 16C show illustrations of RAW operating modes;

FIG. 17 shows an illustration of a ﬁse of multiple RPS-IEs to support multi-RAW
operation;

| FIG. 18 shows an illustration of scheduling of non-TIM STA to contention-free
RAW / reduced contention RAW via Beacon; |
| FIG. 19 shows an illustration of scheduling of non-TIM STA baéed on RA frame;

FIG. 20 shows an illustration of scheduling of non-TIM STA via Beacon for two-
RAW operation;

FI.G'. 21 shows an illustration of scheduling of non-TIM STA via RA frame
directly in two-RAW operation; |

FIG. 22 shows an illustration of RAW protection based on response timer. STA
uses RTS to initiate uplink transmission;

FIG. 23 shows an illustration of RAW protection based on response timer. STA

transmits uplhink data directly without RTS;
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FIG. 24 shows an illustration of the AP using a broadcast CTS to defer STA’s
channel access;

FIG. 25 shows an ‘illustration of indicating RAW with a bit in frame control field;

FIG. 26 shows an illustration of Group Address Buffered Data Bit Indication in
Bitmap Control Field of TIM IE;

FIG. 27 shows an iilustration of the operation of RAW,

FIG. 28 shows an illustration of an example RA frame format;

FIG. 29 shows an illustration of an example of a potential collision caused by
OBSS STA in RAW operation,

FIG. 30 shows an illustration of an éxample method for downlink protection
indication within a RAW in RPS IE;

‘FIG. 31 shows an illustration of an example me‘thod for downlink protection
indication within a RAW in RA; |

FIG. 32 shows an illustration of an example where AP specifies downlink
protection indication in RA Slot assignment for STA1;

FIG. 33 shows an illustration of an fmplicit RAW slot assignment with
unassigned 'AIDs;

FIG. 34 shows an il]ustration of an example of RAW Slot protection indication,

FIG. 35 shows an illustration of an example of RAW Slot protection indication;

FIG. 36 shows an illustration of a format of RPS informatioﬁ element according
to various embodiments;

FIG. 37 sﬁowg an illustration of the subfield defined for Regular RAW;

FIG. 38 shows an illustration of the slot definition;
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FIG. 39 shows an illustration of a format of RAW N assignment field for AP PM
RAW;

FIG. 40 shows an illustration of the RAW N format for PRAW;

FIG. 41 shows an illustration of a unified structure for RAW assigmnenf field
accofding to various embodiments;

FIG. 42 shows an illustration of a RAW assignment field format according to
various embodiments;

FIG. 43 shows an illustration of a definition of RAW control subfield according to
various embodiments;

FIG. 44 shows an illustration of periodic operation parameters according to
various embodiments;

FIG. 45 shows an illustration of a decoding order of the RAW information body
according to various embodiments;

FIG. 46 shows a flow diagram illustrating an encoding method for a RAW field
according to various embodiments; and

FIG. 47 shows a flow diagram illustrating a decoding method for a RAW field

according to various embodiments.

Description

[0009] Embodiments described below in context of the devices are analogously valid
for the respective methods, and vice versa. Furthermore, it will be understood that the
embodiments described below may be combined, for example, a part of one embodiment

may be combined with a part of another embodiment.
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[0010] In this context, the access point as described in this description may include a
memory which is for example used in the processing carried out in the access point. In
this context, the radio communication device as described in this description may include
a_memory which is for example used in the processing carried out in the‘ radio
communication device. A memory used in the embodiments may b'ev a volatile memory,
for example a DRAM (Dynamic Randpm Access Memory) or a non-volatile memory, for
example a PROM (Programmable Read Only Memory), an EPROM (Erasable PROM),
EEPROM (Electrically Erasable PROM), or a flash memory, e.g., a floating gate memory,
a charge trapping memory, an MRAM (Magnetoresistive Random Access Memory) or a
PCRAM (Phase Change Random Access Memory).

[0011] In an embodiment, a "circuit"rmay be understood as any kind of a logic
implementing entity, which may be special purpose circuitry or a processor executing
software stored in a memory, firmware, or any combination thereof. Thus, in an
embodiment, a "circuit" may be a hard-wired logic circuit or a programmable logic
circuit such as a programmable processor, e.g. a microprocessor (e.g. a Complex
Instruction Set Computer (CISC) processor or a Reduced Instruction Set Computer
(RISC) proéessor). A "circuit" may also be a processor executing software, e.g. any kind
of computer program, e.g. a computer program using a virtual machine code such as e.g.
Java. Any other kind of implementation of the respective functions which will be
described in more detail below may also be understood as a "circuit" in accordance with
an alternative embodiment.

[0012] An access point may indicate information about a restricted access window to

a radio communication device. An efficient signaling may be desired.
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{0013] FIG. IA. shows a mobile radio communication system 100. A radio
communication terminal 102 (for example a mobile station, for example referred to by
STA) may communicate With an access point 104, like indicated by arrow 106. The
access point 104 (AP) may indicate to the mobile statioln 102 when it has data for the
~ statién 102.

[0014) | FIG. 1B shows an access point 108 according to various embodiments. The
access point 108 may include a transmitter 110 configured to transmit (for example to a
radio communication device, for example as shown in FIG.‘ 1C, for example a STA)
restricted access window parameters. The restricted access window paraméters may
include at least one parameter selected from a list of parameters consisting of: a type
parameter indicating which type of restricted access window parameters is represented by
the restricted access window parameters; a same group indicator parameter indicating
whether a ‘grou;p field is présent; and a‘channel indication presence parameter indicating
whether a channel indication is present.

[0015) In other words, the access point 108 may transmit restricted access window
parafneter sets of various kinds.

[0016] 'According'to various embodiments, the type of restricted access window
| parameters may include or méy be restricted access window paraméters'ihdicating
parameter for a plurality of restricted access windows.
- [0017] According to various embodiments, the restricted access window parameters
may include at least one common parameter for the plurality of restricted access

windows.
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[0018] According to various embodiments, the type parameter may include or may be
a parametef of a subsequent restricted access window.

[0019] According to various embodiments, the restricted access window parameters
may include a same group parameter indicating whether parameters for a restricted éccess
window are valid for a group of radio communication devices identical to a group of
radio communication devices, for which the previous restricted access window
parameters are provided.

[0020]) According to various embodiments, the type parameter may include or may be
a parameter indicating whether the restricted access window parameters define a pre-
determined def@ult operation mode.

[0021] According to various embodiments, the restricted access window parameters
may include or may be a parameter indicating whether a random slot assignment is
provided.

[0022] According to various embodiments, the restricted access window parameters
may include or may be a periodic operation validity parameter indicating the number of
periods the periodic operation of the restricted access window repeats.

[0023] According to various embodiments, the type parameter may indicate whether
the restricted access window parameters are parameters for a regular restricted access
window, for a power saving mode restricted access window, for a periodic restricted
access window, or for a sounding restricted access window.

[0024] According to various embodiments, the type parameter may indicate whether
the restricted access window parameters are parameters in which one or more of the

following parameters are provided: start time indication; slot definition; same group

10
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indication; channel indica{ion; periodic restricted access window periodicity; or periodic
restricted access window start offset.

[0025]  FIG. 1C shows a radio communication device 112Vaccording to various
embodiments. The radio communication device 112 may include a receivef 114
configured to receive restricted access window parameters. The restricted access window
parameters may include at least one paranieter selected from a list 'of pararheters
consisting of: a type parameter indicating which type of réstricted access window
parameters is represented by the restricted access window parameters; a same group
indicator paraméter indi;:ating whether a group field is present; and a channel indication
presence parameter indicating whether a channel indication is present;

[0026] According to varioué embddifﬁeﬁts, the type of restricted access window
parameters may include‘ or may be restricted access window parameters indicating
parameter for a plurality of restricted access windows.

[0027] According to various embodiments, the restricted access wihdow parameters
may include at least one common parameter for the ‘plurality of restricted access
windows.

[0028] According to various embodiments, the type parameter may include or may be
a parameter ofa subsequent restricted access window.

[0029] According to va'rioﬁs embodiments, the restricted access window parameters
may include a same group parameter indicating whether parameters for a restricted access
window are valid for a group of radio communication devices identical to a group of
radio communication devices, for which the previous restricted access window

' parameters are provided.

11
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[0030] According to varioqs embodiments, the type parameter may include or may be
a parameter indicating whether the res;ﬁcted access window parameters define a pre-
determined default operation mode.
[0031] According to various embodiments, the restricted access window pararheters
may include or may be a parameter indicating whether a random slot assignment is
provided.
[0032] According to various embodimgnts, the restricted access window parameters
may include or may be a periodic operation validity parameter indicating the number of
periods the periodic operation of the restricted access window repeats. -
[0033] According to various embodiments, the type parameter may indicate whether
the restricted access window parameters are parameters for a regular restricted access
window, for a power saving mode restricted access window, for a periodic restricted
access window, or for a sounding restricted access window,
[0034] According to various embodiments, the type parameter may indicate whether
the restricted access window parameters are parameters in which one or more of the
following parameters are provided: start time indication; slot definition; same group
indication; channel indication; periodic restricted access window periodicity; or periodic
restricted access window start offset.
[0035] FIG. 1D shows a flow diagram 116 illustrating a method for controlling‘ an
access point according to various embodiments. In 118, restricted access window
parameters may be transmitted. The restricted access window parameters may include at
least one parameter selected from a list of parameters consisting of: a type parameter

indicating which type of restricted access window parameters is represented by the

12
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restricted access window parameters; a same group indicator parameter indicating
whether a group field is preseﬁt; and a channel ‘indication presence parameter indicating
‘whether a channel indication is present.

[0036]  According to various embodiments, the type of reétricfed access window
parameters may include or may be restricted aécess 'window parameters Vind‘icating
parameter for a plurality'of restricted access windows.

[0037] According to various embodiments, the restricted access window parameters
may include at least one common parameter for the plurality of res;ricted access
windows.

[0038) According to“\;arious embodiments, the type parameter may includé or may be .
a parameter of a subsequent restricted access window.

[0039] According to various embodiments, the restricted access window parameters
may include a same group parameter indicating whether parameters for a restricted access
window are valid for a group of radio communication devices identical to a group of
radio communication devices, for which the previous restricted access window
parameters are provided. |

[0040] According to various embodiments, thé type parametef may include or may be
a parameter indicatihg whether the restricted access window parameters define a pre-
determined default operation mode.

(0041]  According to various embodiments, the restricted access window parameters
may include or méy be a parameter indicating whether a random slot assignment is

provided.

13
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[0042] According to various embodiments, the restricted access window parameters

may include or may be a periodic operation validity parameter indicating the number of
periods thé periodic operation of the regtﬁcted accéss WindoW repeats.

[0043] ~ According to various embodiments, the type parametér may indicate whether4
the restricted access window parameters are parameters for a regular restricted access

window, for a power saving mode restricted access window, for a periodic restricted

access window, or for a sounding restricted access window.

[0044) According to various embodime;nts, the type parameter rhay indicate whether

the restricted ac;cess window parameters are parameters in ‘which one or more of the

following parameters are provided: start time indication; slot definition; same‘group

indication; channel indication; periodic restricted access window periodicity; or periodic

restricted access window start offset. ‘ -

[0045) FIG. 1E shows a flow diagram 120 illustrating a method for controlling a

radio communication device according to various embodiments. In 122, restricted access

‘window parameters may be received. The restricted access wiﬁdow parameters may

include at least one parameter selected from a list éf parameters consisting of: a type

parameter indicating which type of restricted access window pararﬁeters is represented by

the restricted access window parameters; a same group indicator parameter indicating

whether a group field is present; and a channel indication presence parameter indicating

whether a channel indication is present.

[0046]) According to various embodiments, the type of restricted access window

parameters may include or may be restricted access window parameters indicating

parameter for a plurality of restricted access windows.

14
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[0047] According to various embodiments, the restricted access window parameters
méy include at Jeast one common parameter for the plurality of restricted access
‘windows. |
- [0048] According ‘to various embodiments, the type parameter may include or rhay be
a parameter of a subsequent restricted access window.
[0049) According to various embodiments, the restricted access window parameters
may i.ncll'lde a same group parameter indicating whether parameters for a restricted access
window are valid for a group of radio communication devices identical to a group of
radio communication devices, for ‘whi'ch the previous restricted access window -
parameters are provided. |
[0050] According to various embodiments, the type parameter may include or may be
a parameter indicating whether the restric?éd access window parameters define a pre-
determined default operation mode.
[0051] According to various embodiments, the restricted access window parameters
may include or may be a parameter indicating whether a random slot assignment is
provided.
[0052] According to various embodiments, the restricted access window'parameters
may include or may be a periodic operation validity parameter indicating the number of
periods the periodic operation of the restricted access window repeats.
[0053] According to various embodiments, the type parameter may indicate W‘hether
the restricted access window parameters are parameters for a regular restricted access
window, for a power saving mode restricted access window, for a periodic restricted

access window, or for a sounding restricted access window.

15
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[0054] According to various embodiménts, the type parameter may indicate ‘whether
the restricted access window parameters are‘.p\arameters in which one or more of the
following parameters are provided: start time ihdication; slot definition; same group
indication; channel indication;l periodic restricted access window periodiéity; or peﬁodic
restricted access window start offset.

[0055) According to various embodiments, deQices and methods to support efficient
MAC (medium ac;:ess control) operation in IEEE 802.11-based networks may be
proyided. |

[0056] In the following, channel access for a non-TIM (non traffic indication map)
station will be described.

[0057] A brocedure for a STA that doesn’t listen to the beacon to reschedule its
awake/doze cycle may be defined.

[0058] A low power STA can send a PS-Poll/trigger frame any time to its associated
AP upon waking up without listening to the beacon. The low power STA can be a non-
TIM STA.

[0059] Upon receiving the PS-Poll/trigger frame, AP may respond with a control
Tframe with a timer. The control frame can be short ACK (acknowledgement) frame or
modified short ACK frame, which uses the‘Duration field to indicate wakeup timer when
Duration Indication field is set to 1. The STA can re-synchronize to the beacon with the
help of the timer. The short ACK frame may contain a buffered data indication in More
Data field for the low power STA. When the low power STA identifies there is no

buffered frame for itself (More Data field is 0), it can go to sleep. If the low power STA

16
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identifies there is any buffered frame for itself (More Data field is 1), it may go to sleep
but may wake up again after the timer expires.

[0060] AP may set the timer (Duration field) as the duration to the next TBTT (target
beacon transmission time) in the responding NDP (null data packet) ACK frame and treat
the non-TIM STA as a TIM STA starting from the next TBTT. When the timer expires,
the dozing low power STA may wake up to receive the beacon and operate as a TIM
STA. The STA returns to the non-TIM STA operation mode if the AP indicates that there
is no more data buffered for the STA and the STA indicates to the AP that there is no
more data to transmit. The AP treats the STA as a non-TIM STA if the STA indicates that
there is no more data to transmit and the AP indicates that there is no more data buffered
for the STA. If AP sets the timer to 0, it indicates that there is no sleep duration for the
low power STA.

[0061}) AP may respond to the active polling from the unscheduled STA with
timestamp and change sequence. If the timestamp indicated in the response to active
polling message may help the STA to resynchronize with the AP’s timestamp. The non-
TIM STA can wake up at the intended time with little clock drift and may turn into TIM
operation mode and listen to the beacon and/or align to the boundary of its slot assigned
by the AP.

[0062] The question may be: can non-TIM STA make efficient use of TIM-RAW
(wherein RAW may stand for restricted access window) based channel access after
temporarily mode switching? The challenge is that TIM indication is page-based and if
nbn-TIM STA switches its mode temporarily and its TIM bit should be indicated in the

TIM IE of the beacon, non-TIM STAs at different pages may not be able to receive their

17
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TIM bits at the next TBTT when only one page is allowed in one beacon. If multiple- |
page TIM IEs are allowed, the non-TIM STA is able to receive its TIM bit in the next
TBTT after temporary mode switching. Raw Parameter Set (RPS) IE and ‘Segment Count
[E consider only TIM STA f;)r RAW operation. TIM page/segment doesn’t scl.le'dule
mode-changing non-TIM STA. It is costly for non-TIM STA to receive every TIM -
| segment arrangement. Therefore, some change are requifed to support TIM-RAW based
channel accégs for mode-changing non:TIM STA.

[0063] There may be a few options to support low power operation of non-TIM STA.
[0064] A first option is that we can inclﬁde multi-page TIM IEs in one beacon. This
method has some advantages, for example, temporary mode-switching non-TIM STA can
follow TIM STA’s channel access method to receive downlink ‘(DL) data. The
disadvantage is that RPS IE should support temporary mode-changing non-TIM STA and
needs modification i.e. support multi-page STAs for different RAW groups‘. Otherwise,
we need to include RPS IE for multi-page STAs in one beacon.

[0065] A second option could be Virtual TIM Segment for non-TIM STAs (details
see following deécription). The method may have the advantage that we can make use of
TIM page/segment concept with some change. However, the disadvantage is that it may
" be inflexible when non-TIM STAs change their mode permanently and/or AID
(association identifier) is re-assigned and/or TIM and non-TIM STAs are associated with
the same AP. In this scheme, the information of virtual TIM segment and virtual RAW
slot allocation is usually fixed and not required to be transmit at every beacon unless
there is a difference between the original and current virtual RAW slot assignment or

between the original and current virtual TIM segment.

18
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[0066] In the following, a virtual TIM Segment will be déscribed.

[0067] In this scheme, we regard non-TIM STA as TIM STA for virtual TIM
segment but without TIM indication in TIM IE unless it temporarily changes its non-TIM
mode to TIM mode. If no TIM bit is set, no TIM IE is required. Normally, each ségment
for non-TIM STAs is virtually associated with one beacon or one beacon interval (BI)
and each non-TIM STA (AID) is associated with one virtual TIM segment. Non-TIM
STA may re-synéhrom'ze with the TBTT with which its TIM segment is associated. The
scheme is with little overhead but with the almost static assignment and the latency could
be more than one beacon interval (BI). If a non-TIM STA is allowed to associate with
more than one AID (AID for unicast and MID for multicast), it may be associated with
more than one virtual TIM segment in which the non-TIM STA should have one assigned
AID. Segment Count IE may be used to provide the assignment of page segments among
multiple TIM segments and indicate the assignment to non-TIM STAs in allocated page
segments. If there is no change for TIM segment assigﬁment, ‘Segment Count IE is not
required in DTIM beacon. The TIM Segment assignment may be determined through
other frame exchange or association phase and may be associated with the DTIM Count
value of TIM IE in which the DTIM Count field indicates how many Beacon frames
(including the current framé) appear before the next DTIM. A DTIM Count of 0 indicates
that the current TIM is a DTIM. Tﬁe DTIM count field is a single octet. For example, if
DTIM period is 10 beacon intervais, the 1 TIM segment is associated with the beacon
with the DTIM Count value of 0 and N® (N<10) TIM segment is associated with the
beacon with the DTIM Count value of N. If virtual TIM segment contains unequal

number of non-TIM STAs for the beacon intervals, the frames other than Segment Count
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IE in DTIM beacon may be used to indicate the virtual TIM assignment for‘the‘ ﬁon~TIM
STAs.

[0068] In the following, a virtual RAW slot assignment Will be described.

’[0069] Default RAW Parameter Set IE may be used for ‘yt\he channel accéés of
temporary mode-change non-TIM STAs. Slot allocation approach according to IEEE
may be reused to allocate and indicate the virtual RAW, which is allocated to a RAW
group including the non-TIM STAs for their channel access. Howe‘-ver, if there‘is no
change, RPS IE is not required to appear in the beacon. In this case, the pre-arrangement
of RAW in the beacon interval is known to both AP and the non-TIM STAs, if the
beacon contains no RPS IE. The RAW Start Time subfield indicates the duration, e.g. in
TU, from the end of beacon transmission to the start time of the RAW. If the‘beacon size
and transmission rate is not changed, the start time of virtual RAW can be fixed. Virtual
RAW duration and slot duration are typically fixed. If a change on RAW duration or slot
duration/starting or slot allocation is required, RPS IE may be used in the beacon to
indicate the assignment. Multiple non-TIM STAs may share the same slot virtually if
there are fewer slots than the number of non-TIM STAs associated with the indicated
TIM segment. T};e example in FIG. 2 (like will be described in more detail below)
iilustratés that 128 non-TIM STAs virtually share the 8 time slots in one RAW which is
assigned to a virtual TIM segment associated with one beacon interval of which the
assignment may be indicated by TIM Segment Count IE in DTIM beacon. Upon AP
detemihing there will be collision in one slot for more than one mode-changing non-TIM

STA, AP may indicate in the RPS IE explicitly to avoid collision.
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[0070] In RAW, the STA may determine the index of the time slot, igq, in which the

STA is allowed to start accessing the medium based on the following mapping function:
Isiot = (x + Nogiset) mod Nraw

where,

[0071] if the RAW is restricted to STAs whose AID bits in the TIM element are set to

1, x is the position index of the AID of the STA when the AIDs are arranged in ascending

order and each AID is assigned with a position index, which starts from 0; x is the AID of

the STA, otherwise;

[0072] Noftser Tepresents the offset value in the mapping function, which improves the

faimess among the STAs in the RAW, and the FCS field or the Timestamp field of the

Beacon frame shall be used for the Nofger;

[0073]) mod X indicates the modulo X operation.

[0074] However, though RPS IE (information element) is not required in the beacon

if there is no change, the temporary mode-changing(non-TIM STA receives the beacon to

obtain N, to achieve the fairmess on the accessing to the slots after the wakeup timer or

other equivalent time information indicated in the response to unscheduled PS-

Poll/tn'ggef frame expires. If the non-TIM STA can’t obtain Ny, the time information

carried in the response to unscheduled PS-Poll/trigger frame points to the starting of the

assigned virtual slot(s) for the virtual TIM segment.

[0075] The virtual RAW slot assignment is different from the concept of TWT

(Target Wake Time). The main purpose of this scheme is for long sleep STA with clock

drift that can’t synchronize their wakeup time with the beacon transmission time.

Therefore, the long sleep STA will send PS-Poll/trigger frame when wake up without
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listening to the beaéon, and once is respbnded by the AP with a timer indication or other
equivalent time information to re-synchronize with the TBTT, it can access its RAW and
assigned time slot in the RAW properly. The first step for long sleep STA is to re-synch
with the‘TETT. Due to Nt that is used to randomize the slot assignment for th-e RAW
operation to achieve thé fairﬁess, the virtual slot assignment may not be fixed for the non-
TIM STA. In this sense, the virtual slot assignment is different from TWT as the assigned
virtual slot for a particular non-TIM STA may be changed due to the different Ny in
the beacons. |

[0076] However, RPS IE is not required to be included in the beacon if only the
parameter Nogser (but not the starting time of virtual RAW, slot duration and TIM segment)
is different from the earlier assignment (i.e., virtual TIM segment and virtual slot
assignment) for the beacon interval. RPS IE may be used when there is a change on
RAW duration or slot d>urativon/staning. For example, slot duration could be changed or a
RAW is setup for TIM STAs associated with the same AP. If there is a broadcast traffic
delivery immediately after DTIM (delivery traffic indication message) beacon and there
is no enough space between the end of beacon transmission and the starting of the virtual
RAW, the virtual RAW start time has to be changed. If it happens that there will be a
non-TIM STA accessing to its assigned virtual slot in its virtual RAW, such change leads
to the channel access time change in the beacon interval and RPS IE can be used to
indicate thé RAW and slot assignment for the non-TIM STA that was rescheduled to
listen to the beacon and will operate at TIM modé-temporadly‘ after wakeup on TBTT.
[0077] In fhe following, indicatton for virtual TIM segment and virtual RAW slot

assignment will be described.
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[0078] The virtual TIM segment (page and segment) and virtual RAW slot
assignﬁent can be indicated through association, management frame exchange or beacon
frame.

[0079] If there is an AID re-assignment, individual management frame exc'hange
between AP and STA can be used to complete the re-assignment of virtual TIM segment
& slot assignment. The (re)-assignmenf method for virtual TIM segment and slot
assignment may be through other mechanism.

[0080] First time virtual TIM segment and virtual RAW slot assignment for non-TIM
may be done through association.

[0081] If there is viﬁual TIM segment arrangement change, it can be indicated
through DTIM beacon.

[0082] If thére is virtual RAW slot assignment (starting of the slots and/or slot
duration) change, it is indicated at the broadcast/group frame or beacon or other frames.
[0083] TIM and temporary mode-switching non-TIM STAs may be allocated with
the slots in the same or different RAWs.

[0084] RAW group for RA frame may include non-TIM STA which is in the same
AID range as TIM STA if any.

[0085] The virtual RAW slot assignment is similar to the concept of assigning Target
Wake Time (TWT) to the non-TIM STA which will Wake up at TWT. However, virtual
RAW slot assignment is mainly for the data transmission between AP and the non-TIM
STA which wakes up in an earlier time before accessing to the assigned virtual slot. TWT

is for non-TIM STA with small clock drift while virtual slot assignment is for the non-
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TIM STA that may sleep much longer time with larger clock drift disabling the

synchronization with its AP’s timestamp.

[0086] In the following, responsé to PS-Poll/Trigger Frame will be described.

[0087] FIG. 2 shows an illustration 200 of an example of virtual TIM s:egment & (and)
virtual RAW slot assignment. |

(0088] FIG. 3 shows an illustration 300 of an example of virtual RAW slot where

non-TIM STA sends PS-Poll again and AP responds to the non-TIM STA after the

wakeup timer expires.

[0089] FIG. 4 sh.ows an illustration 400 of an example of virtual RAW slot

assignment where AP immediately sends data to the non-TIM STA after the wakeup

timer expires.

[0090] Devices and methods may be provided to set the time indicated to

receive/transmit data frame.

[0091) AP may indicate the time in the response to non-TIM STA’s PS-Poll/trigger
frame wheré the time could point to TBTT, an assigned slot in RAW operation, its TWT

(Target Wake Time) or open access window (if the starting time is fixed or known).

Latency can be reduced without re-synch to next TBTT/associated TBTT (associated

TBTT is the TBTT that its virtual TIM segment is associated with).

{0092} The indicated time could point to TBTT as in the descn'ptioﬁ of our earlier TD.
After the long sleep STA listens to the beacon, it can start to follow TIM-RAW or virtual

TIM-RAW based channel access.
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[0093] If the STA is allocated with TWT, the indicated time could point to the low
power non-TIM STA’s TWT. In this case, virtual TIM segment/RA W/slot assignment is
not applicable.

- [0094] The indicated time could be Open Access Window, which sets a bit in RAW
PS IE or the beacon to indicate there will be data frame transmission at the beginning of
open access window (suitable for only one transmission). In some cases, the indicated
time could only point to the starting of open access window that starts at the closest
future time to satisfy its required latency. If there is a latency requirement, AP may
indicate the non-TIM STA to wake up at the starting of an earliest future open access
window if the duration to the respective virtual RAW time slot or TWT of the non-TIM
STA is large than the ;'equix'ed maximum latency.

[0095] The indicated time points to Virtual RAW slot that is assigned to the non-TIM
STA. Each non-TIM STA is allocated to into a Virtual RAW group in a beacon interval
or some beacon intervals. RAW starting time could be fixed. RAW slot allocation could
be fixed. RAW PS IE may not be required for each beacon unless the parameter changes.
Figure 1.2 shows one example for the virtual TIM-RAW channel access through a Virtual
RAW Slot where non-TIM STA sends PS-Poll again and AP responds to the non-TIM
STA after the non-TIM STA sleeps for a period of time. A wakeup timer may be carried
in the i;ésponse frame to the first PS-Poll sent by STA1 upon the STA1 wakes up for
some channel access delay time, The virtual TIM-RAW channel access is different from
TIM-RAW channel access in that there is no RPS IE for the RAW group including the

non-TIM STA (temporary mode-changing to TIM mode) in TIM IE and the non-TIM
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STA can still access to the channel according to the virtual TIM segment arrangement
and virtual slot assignment in the earlier time. '
[0096] Altemativé, if the timestamp is carried in the response to the PS-Poll/trigger
frame from the long sleep STA, the long sleep STA can go to sleep and directly access to -
the channel after waking up again. Note that the sleep time for the long sleep STA is
determined by the difference of timéstamp it stores and the tirﬁestamp it receives from
AP’s response to its PS-Poll/trigger frame. Once the difference is known, the long sleep
STA can calculate the duration to its associated TBTT from which the virtual RAW and
virtual slot assignment can be determined. FIG. 3 shows that if the timestamp is carried in
the response to non-TIM STA’s PS-Poll, the non-TIM STA may be aBle to calculate the
difference between its stored timestamp and the received timestamp from it.s associated
‘AP, and then go to sleep for a duration after whicH it wakes up at it§ assigned virtual slof
in the virtual RAW to which its virtual TIM segment is assigned and send PS-Poll again
to pull the buffered data ffom its AP.

[0097) Non-TIM STA receives AP’s response that reschedules it to wake up at a time
when Resource Allocation (RA) frame is broadcast (i.e., the siarting time of RAW for
which RA frame is the first frame) after sending PS-Poll/trigger frame. It can get channel
access within current beacon interval without fe-synch to next TBTT (not required to
listen to the beacon). Resource Allocation frame is broadcast at the assigned time (e.g.
starting of a RAW). |
[0098] Sometimes, a non-TIM STA may be directed to a beacon that is not for its
own TIM segment when it is allocated during association or other (management) frame

exchange to determine its virtual TIM segment. In this case, a proper virtual TIM

-
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segment indication should be carried either at the beacon or other frame to the non-TIM
STA. However, this change is temporary for once only and should. not be recognized as a
permanent change through the rg-assignment of virtual TIM segment/slot assignment.
(0099] If AP sends the time information in the response to ndn-TIM STA’s PS-
Poll/trigger frame and the time points to the slot boundary, upon the non-TIM STA
waking up after rescheduling the doze/awake cycle, AP may send synchronization frame
to assist the non-TIM STA to synchronize with the slot boundary. Altematively, non-TIM
STA may send additional frame to request the resynchronization with AP. |
[00100] If the response includes the Wakeuﬁ timer or sleep duration information, the
information contains the difference between the associated TBTT and the value of the
transmitting STA’s TSF timer (timestamp) at the time that the data symbol containing the
first bit of the timestamp is transmitted to the PHY plus the transmitting STA’s delays
through its local physical layer (PHY) hardware from the MAC-PHY interface to its
interface with the wireless medium (e.g. antenna, light emitting diode (LED) emission
surface). The TBTT is the time that the data symbol containing the first bit of the beacon
1s transtnitted to the PHY plus the transmitting STA’s delays through its local physical
layer (PHY) hardware from the MAC-PHY interface to its interface with the wireless
medium.

[00101] If the response includes the timestamp information, the information contains
the full or least significant X (e.g. X=4) octéts of the valtle of the transmitting STA’s TSF
timer (timestamp) at the time that the data symbol containing the first bit of the

timestamp is transmitted to the PHY plus the transmitting STA’s delays through its local
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physical layer (PHY) hardware frém the MAC-PHY interface to its interface with the
wireless medium. |

[00102]) If the éssigned virtual RAW and time slot is or will be used by new TIM
STAs, upon sending PS-Poll/trigger frame and receiving the response from the AP, the
“non-TIM STA may be directed to the beacon (i.e. scheduled to next or a suitable TBTT)
where a new RPS IE is specified for both TIM and the non-TIM STA (temborary mode-
switching to TIM STA) and this non-TIM STA car; follow the RAW operation according
to the information in the beacon (e.g. TIM IE, RPS IE, FCS of the beacon). In this
situation, since the virtual slot assigned to the non-TIM STA will be used by TIM STAs
for a long time, the AP had better ’re—‘assign to the non-TIM STA a new AID and/or to a
new virtual TIM segment so that the non-TIM STA can perform virtual TIM-RAW
channel access without re-synch to the beacon (TBTTj, Otherwise, since non-TIM STA
may go to sleep after the data transmission in the beacon interval and TIM STAs may de-
associate with AP, AID re-assignment and/or re-allocation of virtual RAWr/slot is not
required. |

[00103] If the assigned virtual RAW and time slot is or will be used by new TIM
S"fAs, upon sending PS-Poll/trigger frame and receiving the response from the AP, the
non-TIM STA may be directed to the beacon (i.e. scheduled to next or a suitable TBTT)
where the non-TIM STA can access the open access window (the channel access time not
in the RAW), or may be directed to the starting time of open access window in‘ the same
Beacon interval.

[00104] Alternatively, if new TIM STAs can be allocated to a RAW without

overlapping with the virtual slot(s) assigned to an existing non-TIM STA, the non-TIM
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STA is not required to re-synch with the b-eac0n to capture the new RPS IE. For example,
AP may assign a certain percentage of beacon interval as the virtual RAW to the non-
TIM STAs and réserve some channel access time other thén virtual RAW for TIM STAs.A
[00105] FIG. 4 shows one example for the virtual TIM-RAW channel access thrdugh a
Virtual RAW Slot where non-TIM STA sends data immediately without sending PS-Poll
again after the indicated timer expires. The timer is carried in the response frame to the
PS-Poll sent by STA1 upon the STA1 wakes up for some channel access delay time.
100106] The above mechanism of AP sending time information in the response to the
long sleep STA’s initial frame after wakeup is not limited to PS-Poll/trigger frame (e.g.
The frame could be the active polling message, if the polling message is different from
PS-Poll. The frame could be NDP MAC frame format for PS-Poll.).

[00107] In the following, group addressed traffic delivery will be described.

[00108] Muiticast AID (MID) may be provided to support the traffic delivery to a
group of STAs that belong to the same multicast group. When the group of STAs joins a
multicast group, a multicast AID other than individual AID is also assigned to the STA
that is a member of the multicast group. However, how to deliver the traffic from AP to
the multicast group of STAs is not specified.

[00109] Due to powér saving and TIM-RAW access, when the multicast traffic is
indicated through TIM bit for the multicast AID, the multicast group is designed to wake
up at the time slots allocated to the multicast AID in the RAW group. We may have a
few options to support the delivery.

(001101 A first option may be that AP may deliver the traffic for multicast AIDs in a

separate RAW that is different from the one for unicast downlink/ﬁplink traffic. This
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RAW is for multicast traffic delivery only and can allocat¢ the time slots for different
MIDs either explicitly through a Resource Allocation frame or an implicit time slot
allocation. In both cases, the STA should identify the slots for its own MID so that it can
go to sleep in other slots and wake up at its own slots to receive MID traffic. To fgt the
STA identify the exact time slot for its MID traffic, the implicit time slot allocation)
‘through the MID indication in TIM IE is simple but the AID range for the MID should Be
known by the AID group in the RAW. For examplé, AP may specify that some AlIDs in
the. RAW group are reserved to MIDs explicitly thr-ough some signaling fames or the
beacon. |
[00111] FIG. 5 shows an illustration 500 of the separate RAWSs for unicast and
multicast traffic delivery. Assume STA! is not in the multicast group and has no MID
associated with it while STA2 is in the multicast group and there is one MID associated
with it. In FIG, 3, it is assumed the MID TIM bit for STA2 is set to 1 and MID traffic
delivery in RAW] is indicated in RPE IE in the beacon. RAW2 is for the STAs (STAI1
and STA2) in the RAW group to send PS-Poll while Resource Allocation frame (RA
frame) is traﬁsmitted at the beginning of RAW3 to indiéate there are two slots (may be
with differént‘duration) allocated to STA1 and STA2 respectively. Thus, STA1 is not
required to wake up in RAW1 but it wakes up to send PS-Poll in RAW2 and receives RA
frame and dovmlink (DL) data only in its time slot (slot 1) in RAW3. STA2 wakes up in
RAWI td receive MID traffic and sends its PS-Poll in RAW?2 and receives RA frame and
downlink (DL) data in only its time slot (slot 2) in RAW3.

(00112] FIG. 6 shows an illustration 600 of the separate RAWs for unicast and

multi'cas_t traffic delivery. Assume STA1 with AID1 is associated with multicast group
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MID1 while STA2 with AID2 is associated with multicast group MID2. In FIG. 6, it is
assumed the TIM bits for MID1 and MID2 as well as AID1 and AID2 are set to 1. MID
traffic delivery in RAW1 is indicated in RPE IE in the beacon and slot assignment is
based on an implicit time slot allocation. Thus, once STA1/STA2 know that MID1 and
MID2 are for multicast AID, it can sleep in the slot that is not used for its own MID but
wake up at the slot for its own MID. RAW2 is used for the STAs (STA1 and STA2) in
the RAW group to send PS-Poll to pull the buffered frame from the AP, where slot
assignment is also based on the implicit time slot allocation.

[00113] A second option may be that AP may deliver the traffic for multicast AIDs in
a RAW that is also for unicast downlink/uplink traffic. In this case, AP can indicate a few
reserved slots for MID traffic and exclude unicast traffic from accessing these reserved
slots. If there are more than one MID traffic to be delivered in one RAW, to save the
powﬁr (the STA only wakes up at its MID slot), an explicit indication of AID range
reserved for MIDs should be indicated to the STAs in the RAW group explicitly through
some signaling fames or the beacon. Otherwise, if AP indicates the slot assignment
through Resource Allocation frame, it can indicate the slots for MID traffic explicitly.
[00114]) FIG. 7 shows an illustration 700 of the combined RAW for unicast and
multicast traffic delivery. Assume STA1 with AID] is associated with multicast group
MID1 while STA2 with AID?2 is associated with multicast group MiDZ. In FIG. 7, it 1s
assumed the TIM bits for MID1 and MID2 as well as AID1 and AID2 are set to 1.
RAWI1 is for the STAs (STAl and STA2) in the RAW group to send PS-Poll while
RAW?2 is used for traffic delivery and Resource Allocation frame (RA frame) is

transmitted at the beginning of RAW2 to indicate there are four slots (may be with
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different duration) allocated to MID1, MID2, AID1 and AID2 respectively. Thus, STA1
is not required to wake up in slot 2 and 4 in RAW?2 but it wakes up to receive RA frame
and downlink (DL) data only in its time slot (slot 1 and 3) in RAW2. STA2 is not
required to wake up in slot 1 and 3 in RAW?2 but it wakes up to receive RA frame and
downlink (DL)- data only in its time slot (slot 2 and 4) in RAW2.

[00115] A third option may be that AP may deliver the traffic for multicast AIDs
immediately after the beacon. This method regards the MID traffic as broadcast. If there
is only one MID with its TIM bit set to 1 in the TIM IE, it is convenient. However, when
there is more than one MID with their TIM bits set to 1, the STA may waste its power to
keep waiting for its MID traffic.

[00116] A fourth option may be that AP may deliver the traffic for one multicast AID
immediately after each beacon and which MID traffic is delivgred is indicated through
DTIM beacon. This design is not flexible as when the number of MID grows, the DTIM
interval has to increase. The MID traffic delivery is also limited to the fixed delivery
interval and may not meet the latency requirement.

[00117] In the following, EDCA (Enhanced distributed channel access) backoff
procedure in PRAW (periodic RAW) will be described.

[00118] PRAW is a series of RAWs that are allocated to one or a group of non-TIM
STAs in a periodic manner with identical resource allocation. An AP may indicate to
TIM STAs information of scheduled RAW during which no TIM STAs are allowed to
contend, and PRAW can be used for this purpose. An AP may schedule and indicate
TWT for a non-TIM STA within the PRAW duration in periodic manner, when the STA

is associated with the AP or reschedule is needed. By allocating PRAW only for one or a
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group of STAs that an AP scheduled TWT, the AP can indicate to TIM ST As information
of iaeri‘odically scheduled RAWs during which no TIM STAs are allowed to contend.
[00119] For supporting the PRAW based on EDCA, a STA may maintain two backoff
function stafes. First backoff function state is used in outside PRAW‘if it wakes .'up to
access the channel and second backoff function state is useq in inside PRAW. If the STA
don’t access the channel in non-PRAW period, it is not’required to maintain non-PRAW
backoff state. If the STA belongs to multiple different PRAWSs, the backoff states for
different PRAWs at the non-TIM STAs may be stored when the PRAW is not operated
and restored when PRAW is operated, if the STAs in the PRAWs are different.

[00120] ‘When a STA is‘a_llowed to contend in the PRAW, the STA suspends its
backoff at the start of a PRAW and stores the backoff function state. At the end of PRAW,
the previously stored backoff function state is restored and the backoff function resumes
if the STA is awake and wants to access the channel. If the previously stored backoff
function state is empty, the STA invokes a backoff procedure.

(00121} If a STA is participating in the PRAW, STA invokes the backoff function
using the PRAW backoff parameters which may be differex;t from non-PRAW backoff
parameter. The backoff is also restored in a series of PRAW. If the previously stored
backoff function state is empty, the STA invokes a backoff procedure. In the latter
PRAW, the backoff function should resume the previously stored backoff state. This is
due to there may be a group of STAs are assigned to the same series of PRAW.

[00122])  If there is only one STA allowed to access to PRAW, the STA may invoke a
new backoff function using the'PRAW backoff parameters with an empty backoff state

~ when it participate in the PRAW for channel access, i.e. it may not be required to store
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the backoff state for a series of PRAW. However, when there are new STAs participating
in the same PRAW, the STA will be signaled by the AP to store the backoff state for a
series of PRAW. The backoff state is not required to be stored if AP signals the STA can
start the backoff with empty state due to that all other STAs in the same PRAW are no
longer associated with the PRAW and the STA is the only one allowed to access to the
PRAW.

[00123] The parameter such as CWmax for a group of STAs in the PRAW may be set
toa smallef value since a long backoff large than PRAW duration may stop the STAs in
the PRAW fr’om getting channel access in the PRAW. Therefore,‘ we can set a smaller
CWmax PRAW parameter, taking into account the number of STAs participating in the
PRAW. The parameter of backoff function PRAW can be indicated or setup through
association or other frame exchange.

[00124]  If the remaining time in the current PRAW is not enough to transmit data
frame, the STAs may stop its backoff procedure to allow other STAs contending the
channel for shorter frame transmissions and store the backoff state.

[00125])  Alternatively, if the remaining time in the current PRAW is not enough to
transmit daia frame, the STAs méy continue its backoff procedure till the end of PRAW
and store the backoff state. |

100126) FIG. 8 illustrates the EDCA backoff procedure for PRAW where two non-
TIM STAs i.e.,, STA1 and STA2 are allowed to access in the PRAW. Upon wakeup in the
PRAW, STA] and STA2 restore its béckoff state in the PRAW and store the backoff
state before the end o‘f the PRAW. In the first PRAW, STA1 countdown its backoft state

with backoff counter = 6 and STA2 with backoff counter 4. STA2 starts to access the
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channel after the countdown counter reaches zero and STAI stores the backoff state with
the counter = 3. In the second PRAW, STA1 wakes up and restore its backoff state with
counter =3 and resumes its backoff until the counter reaches zero and then starts to access
the channel, while STA2 starts its backoff state with the counter set to initial CW‘vah‘le
(e.g. 16) and stores its backoff state as STA grips the channel.

[00127]) In the following, RAW (restricted access window) operation according to
various embodiments will be described.

[00128) RAW parameter set (RAW-PS) information element (IE) may be provided in

the context of the IEEE 802.11ah standard, as shown in Table 1.

Feature Value Interpretation
IE type 8 bits Type of RAW-PS IE
IE length | 8 bits Length of IE
RAW Group | 24 bits Indicate range of AIDs included in the RAW
RAW Start Time 8 bits Duration in TU (time units) from end of

‘ beacon transmission to RAW Start time
Access restricted | 2 bits Bit 1: Set to 1 if only STA with their TIM bit
to paged STA only set to 1 are allowed to perform UL

transmissions

Bit 2: Setto 1 if RAW is reserved for frames
with duration smaller than slot duration, such
as PS-Polls / trigger frames (ignored if Bit 1 is

: not set)
Group/Resource 1 bit Set to 1 to indicate if STAs need to wake up
allocation frame : at the beginning of the RAW to receive group
indication ‘ addressed frames such as resource allocation
(format of the resource allocation frame TBD)
Slot definition 16 bits Include '

* Slot duration signaling
» Slot assignment to STA
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* Cross boundary transmissions
allowed/not allowed
Format is TBD
Table 1: RAW-PS IE format

{00129] The IE type and IE length may enable the receiv‘ing STA to properly identify
and decode the RAW-PS IE. The subsequent fields may include the RAW definition and
define the RAW operation. The page ID, ‘block offset, and block range may define the
RAW group, which is the group of STAs that are eligible to access the RAW, The
s.ubsequent‘ fields may define the RAW operating parameters. The RAW start time and
duration within the Beacon interval may be defined in RAW start time and RAW
duration ﬁeids. The inférmation may be necessary to prevent non-eligible STAs to access
the RAW. It may be also necessary to eligible STAs (i.e. STAs in the RAW group) to
determine their action properly. For example, they may go into sleep mode until the start
of the RAW. They may also finish their transmission before the end of the RAW
protection. The subsequent fields define the RAW option, which includes access |
restﬁction, group/resource allocation frame indication, and slot definition.

[00130] It may be desirable to shorten the Beacon to reduce the signaling overhead,
and the size of RAW-PS IE may be reduced. One method to reduce the size of RAW-PS
IE may be to combine the signaling information that is common to the operation of
RAWSs. Such common signaling information may include IE type, IE length, and RAW
group. , |

[00131) According to various embodiments, the RAW definition for STAs in the same
RAW group may be combined within a Beacon interval info a single IE. This may be

~beneficial when the channel access for the same group of STAs span across multiple
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RAWs within the Beacon interval, where the first RAW may be used for PS-Poll/trigger
frame transmission, and subsequent RAWs may be based on the Resource Allocation
(RA) frame for data delivery. The definitions for these RAst may be combined into a
single 1E that contains a common signaling field and a variable field. The common
signaling field may include the signaling fields that are common in RAW definition, such
as IE type (e.g. 902 in FIG. 9), IE length (e.g. 904 in FIG. 9), and RAW group
information (e.g. 906 in FIG. 9). The variable ﬁéld is of length S*N, where S is the size
of each RAW operation ‘parameter information in unit of bytes, and N is the total number
of RAWs used in the Beacon interval. One example of the RAW-PS IE according to
various embodiments is shown in FIG. 9.

{00132} FIG. 9 shows an illustration 900 of a RAW-PS IE format according to various
. embodiments. The RAW-PS IE may include an ID (identifier) field 902, a length field
904, a RAW group field 906, and a plurality of fields 908, 910, 912 for RAW operation
parameters.

{00133] Based on the received RAW-PS IE, the receiving STA may first check if it is
within the range of IDs defined in RAW group. If it belongs to the RAW group, it may be
eligible to ‘use the RAW for channel access, and it may read the following RAW
operating parameters to determine usage of RAW. If the receiving STA does not belong
to the RAW group, it may avoid accessing the RAWs defined in the RAW-PS IE in
RAW start and RAW duration fields. It may access the channel outside these RAWSs in
the open access window (OAW).

[00134] According to various embodiments, a ‘same group’ indication may be added

in each RAW definition for RAW group ID compression, as shown in FIG. 10.
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[00135] FIG. 10 shows an illustration 1000 of a RAW-PS IE format according to
various embodiments. An element ID field 1002, a length field 1004, and a raw definition
field 1006 méy be provided in the RAW-PS IE. The RAW definition field 1006 may
include a plurality of RAW definitions, for example a RAW 1 definition field 1008, a
RAW 2 definition field 1010, further RAW definition fields, like indicated by dots 1012,
and a RAW N definition field 1014. Each of the RAW definition fields 1008, 1010, 1012,
1014 may have a similar or same structure. As an example, the structure for RAW 2
definition field 1010 is shown, in which a same group field 1016 may be provided and, if
the same group field 1016 includes a value of 0, a RAW group field 1018 and RAW
operating parameters field 1020 are provided, and if the same group field 1016 includes a
value of 1, only the RAW operating parameters field 1020 (but not the RAW group field
1018) 1s provided.

[00136] To combine several RAW groups into the same RAW-PS IE, a ‘same group’
indication bit 1016 may be added to the RAW definition to indicate whether group ID in
the current RAW definition is the same as previous one. When the same group indication
bit 1016 is set to 1, it may indicate the group ID for current RAW definition is the same
as previous one, and the group ID can be omitted. When the same group indication 1016
bit is 0, the group ID for current RAW definition is different from previous one, and
group ID 1018 is present in current RAW definition. Regardless of the presence of RAW
group, the same group indication bit 1016 is placed in a fixed location in the RAW
definition and is known by all STAs,

[00137] Upon reception of the RAW-PS IE, a STA may first decode whether the

‘same group’ 1016 is set to 1 or 0. If the same group indication bit is 0, the STA may
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decode the subsequent field as RAW group. If the same group indication bit is I, the STA
may use the RAW group in the preixious RAW definition as its currént RAW group, and
may decode the subsequent field as RAW operating parameters.

[00138) According to various embodiments, a default RAW operating mode may be
provided. When multiple RAWs are used by the same group of STAs, the first RAW may
be usually used for PS-Poll / tﬁgger frame transmission, and the subsequent RAWs may
be RA (restricted access)-based for data delivery for the same RAW group, as shown in
FIG. 11. This can be considered as a default RAW operation mode.

[00139] FIG. 11 shows an illustration 1100 of an example of default operating mode
- according to various embodiments,' wherein frames indicated by B may represent a
Beacon, P a PS-Poll/trigger frame, A and ACK frame, D ’data, and RA and RA frame.
Information sent by AP may be indicated above the horizontal line, and infoﬁnation sent
by STA may be indicated below the horizontal line. For example, a beacon 1102 may be
sent from AP. A PS poll frame 1104 may be sent from STA and may be acknowledged in
1106 by AP. An RA frame 1110 may be sent by AP, and data 1112 may be sent by AP
and acknowledged in 1114 by STA. An RA frame 1118 may be sent by AP, and data
1120 may be sent by STA and acknowledged in 1112 by AP. Each dashed box 1108,
1116, and 1124 corresponds to one RAW., |

[00140] The operating mode may be indicated in a control field in RAW-PS IE. As
resource allocation is done in subsequent RA frames, some fields such as the slot
definition in RAW-PS IE may not be necessary and may be omitted. Hence the default
mode rﬂay reduce signaling overhead. An example of RAW-PS IE to support default

mode is shown in illustration 1200 of FIG. 12, where it is assumed a single mode
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indication bit is used in a field that contains common control signaling in RAW-PS [E.
When mode indication bit is set to 1, the RAWSs are defined for the default mode. The
receiving STA may first decode the RAW group to check its eligibility. Eligible STA
may continue to decode the RAW 1 operating parameter, which assigns a slot for PS-
Poll/trigger frame trans‘mllssion. The STA further may decode the subsequent RAW
operating parameters to find out the target RA frame transmission time and the
corresponding RAW duration. It may sleep and only wake up at the RAW start time to
receive the RA frame, which may further‘assign channel access slot for the STA. When
. mode indication is set to 0, the receiving STA may decode each RAW definition to check
its eligibility and determine the RAW operating parameters. More modes may b.e
supported with multiple operation mode bits.

[00141]  According to various embodiments, a format indication may be added in
control field to support‘ several formats of RAW-PS IE. As the efficient signaling of
RAW-PS [E depends largely on the RAW groups, the number of RAWS used for each
group, and the channel access scheme several formats of RAW-PS IE may be supported.
[00142] For example, the RAW-PS IE may define several RAW groups with different
number of RAWs for each group. In this case, it may be efficient to use the same group
indication to combine RAW definitions for the same group of ‘STAs. On the other hand,
when several RAWs are defined for a_single group of STAs, it may be more efficient to
eombine the IE type, IE length, and STA group into the common signalihg field. The
format indication may be used~to indicate whether the RAW-PS [E confains a single
group of STAs, or multiple groups of STAs. More formats may be supported with more

format indication bits.
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[00143) FIG. 13 shows an illustration 1300 of an example of ‘a single-bit format
indication according to various embodiments. The RAW-PS IE may include‘a‘n element
ID field 1302, a léngth field 1304, a fonﬁat indication field 1306, and a raw assignment
deﬁnitjon field 1308. The receiving STA may first check the format indication bit 1306
in the éommon control signaling field to determine the format of thé RAW-PS IE. When
format indication 1306 is 0, it may decode each RAW definition 1310, 1312, 1314, 1316
separately to check its eligibility and operating parameters. The RAW definitions 1310,
1312, 1314, 1316 may be compressed using the ‘same grqup’ indication method
described above. When format indication 1306 is 1, the STA may first decode the RAW
group field 1318 to check its eligibility. It' may further decode the RAW operating
parameter fields 1320, 1322, 1324, 1326. Default operating mode as described above may
also be indicated and supported.
[00144] The AP may indicate the presence of an RA frame at beginning of RAW by
setting the ‘Group/RA frame indication’ bit to 1. Not all STAs in the RAW group need to
wake up to receive the RA frame. For example, STAs without any uplink or downlink
data need not check RA frame. Besides, STAs whose PS-PolV/trigger frames are not
acknowledged by AP may not need to listen to ‘RA frame, as AP may not be aware of the
STA’s power-saving status. |
(00145] The AP may transmit group-addressed traffic in RAW. The scheduling‘of
group-addressed traffic méy be conveyed in the RA frame. In this ca-se,’all STAs in the
RAW group may wake up to receive the RA frame and thé group-addressed traffic.
(00146]  According to various embodiments, a RA mode indication bit may be added

in the RAW definition. When the RA mode indication bit is set to 0, all STAs within the
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RAW group shall wake up to receive the RA frame defiried in the RAW definition. When
the RA mode indication bit is set to 1, only STAs that have successifully sent PS-
PoI.l/tn'gger frame need to wake up to receive the RA frame. Possible formats of RAW
definition are shbwn in FIG.‘14 and FIG. 15. In one option like shown in FIG. 14, the RA
- mode indication may be added to a common control field. In the other option like shown
in FIG. 15, the RA mode indication may be added to each RAW definition.

[00147]  FIG. 14 shows an illustration 1400 of a RAW-PS IE with RA mode indication
according to various embodiments, wherein the RAW operation mode indication is put
into a common control field 1406 in RAW-PS IE. The RAW-PS IE may further include
an elément ID field 1402; a length ﬁgld 1404, and a plurality of RAW assignment field
1408, 1410, 1412, and 1414. If mode indication 1406 indicates a zero-th mode (which
may for example be referred to as Mode 0), all STAs in the RAW group shall listen to
every group/RA frame defined in the RAW-PS IE for their RAW group in the current
Beacon interval. If mode indication 1406 indicates a first mode {which may for example
be referred to as Mode 1), only STAs that have successfully send PS-Poll / trigger frames
need to wake-up and listen to subsequent RA frames defined in RAW-PS IE for their
| RAW group for data delivery in the current Beacon interval.

[00148]  FIG. 15 shows an illustration 1500 of a RAW-PS IE wifh RA mode indication
according to various embodiments, in which the RAW operation mode indication 1522
may be put into each RAW assignment definition. The RAW-PS JE may include an
element ID field 1502, a length field 1504, and a plurality of RAW assignment fields
- 1506, 1508, 1510, and 1512. Each RAW assignment field may include a RAW group

field 1514, a RAW start time field 1516, a RAW duration field 1518, an options field
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1520, the mode indication field 1522, a RAW slot definition field 1524, a channel
indication field 1526, and an AP in doze state field 1528. If mode indication 1522 5
indicates a zero-th mode (which may for example be 'referred fo as Mode 0), all STAs in
the RAW group shall listen to the RA frame defined in the RAW-PS IE for théir RAW
group in the current Beacon interval. If mode indication 1522 indicates a first mode
(which may for example be referred to as Mode 1), only STAs that have successfully
send PS-Poll / trigger frames need to wake-up and listen to the RA frames defined in
RAW-PS IE for their RAW group in the current Beacon interval).

[00149]  When slot assignment is done in RPS-IE without using the RA-frame, the
slots may be designed to be equal size, and allocatién of STA to slot depends on the
position of STA’s AID bit in TIM. Multiple STAs may be assigned to the same slot,
while at the same time some slots are empty. This may be due to the unpredictable wake-
up behavior of power-saving STAs. A STA whose TIM bit is set may not necessar_ily
wake up to poll the AP for downlink data. Therefore the slot assignment may take iﬁto
account the unpredictable STA wakeup behavior, and some randomization method can be
applied at each STA locally to improve the slot utilization.

[00150]  According to various embodiments, random slot assignment indication may be
added. The AP may allow the STAs to randomly choose a slot defined in RAW-PS IE.
The slot assignment indication may be added in the slot definition field. For example
when slot assignmeﬁt indication indicates that random slot assignment is used, a STA
may pick one random slot index in the range [Smin, Smax], where Smin corresponds to
the index of the first slot for STA to choose, and Smax corresponds to the index of the

last slot for STA to choose. The AP may broadcast the value of Smin and Smax in RAW-
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PS IE. Altemative]_}{, a single default mode may be introduced. For example, when all
slots can be chosen randomly by STAs locally (i.e. Smin = 1 and Smax = total number of
slots). The total number of slots can be calculated as:

Total number of slots = RAW duration / slot duration,'
where the slot duration is defined in the slot definition field.
[00151] | Upofl reception of the indication that random slot assignment is enabled, each
STA, subject to the RAW access restriction, rﬁay generate a random number in the range
of [Smin, Smax]. A STA may access the channel no earlier than its allocated slot, whose
index corresponds to the random number generated. STAs may also follow other
. restriction as indicated in the RAW option field. |
[00152) Currently, the RAW group contains the range of AIDs whose corresponding |
STAs are'eligible to use the RAW. STAs not in the RAW group are not eligible to use the
RAW. STAs in the RAW group may also use the channel outside the RAW (e.g. OAW).
It is necessary to constrain these STAs and prevent them from using the channel outside
the RAW for faimess / protection of other STA’s traffic / other purposes.
[00153] According to various embodiments, an access constraint indication may be
added in RAW-PS IE. For example, a single access constraint bit may be used to indicate
whether STAs in the RAW group are allowed to access the channel ogtside the RAW for
the current Beacon interval. When the access constraint bit is set to 1, STAs in the RAW
group shall not access the channel outside the RAW. When the access constraint bit is set
to 0, STAs in the group may access the channel outside the RAW. A STA in the RAW

group needs to check the access constraint indication bit to determine whether it is

allowed to use the channel outside the RAW defined by the RAW-PS IE.
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[00154] In the following, enhancement to RAW slot assignment procedure according

[00155)

[00156]

to various embodiments will be described.

Since PAID (Partial Association Identifier) in SIG (SIGNAL) field is defined

as 9 bits Partial AID value and is not needed for MU, according to Partial AID rules the

fol‘lowing may be taken into account: (1) A STA that transmits a PPDU (physical

protocol data unit) to an AP shall set the TXVECTOR parameter PARTIAL AID to

(dec(BSSID[39:47]) mod (29~1))+1; (2) AP Should not assign an AID to a STA that

results in the PARTIAL_AID value, being equal to either (dec(BSSID[39:47]) fnod (29-

1))+1 or (dec(Overlapping BSSID[39:47]) mod (2°-1))+1, we define the AIDs that can’t

be assigned due to the above reason as the void AIDs.

‘[00157] SIG may be the SIGNAL field of PPDU (physical protocol data unit). S1G

PPDU (i.e. the PPDU format for 11ah) may include:

[00158]
[00159]
[00160]
[00161]
[00162]
[00153]
 [00164]
[00165)
[00166]
{00167]

(00168

- STF: Short Training field;
— LTF: Long Training field;
_ SIG: SIGNAL field;

- SIG-A: Signal A field;

= D-STF: Short Training field for data;

- D-LTF: Long Training field for data,

- SIG-B: Signal B field; and

- Data.

The Data field may carry the PSDU(s) (Physical layer Service Data Unit).

The null data packet (NDP) may include:

~ STF: Short Training field;

45



WO 2014/074071 PCT/SG2013/000481

[00169) ~ LTF: Long Training field; and

[00170) - SIG: SIGNAL field.

[00171] In the following, it may be éss‘umed that AP doesn’t assign to the STA with
the void AID.

[00172]  If the void AID is allocated to a slot and not shared with any valid AID based
on -time slot allocation, the slot_ will be wésted. Thus, it may be desired to change the
above implicit time slot allocation, taking into account the unassigned AIDs (void AlDs).
The fol‘lowing exception case is only for the RAW group including the void AIDs.
[00173] AP may consider the setting of Nraw, RAW duration and slot duration for the
- RAW group including tﬁe void AIDs. |

[00174] The STA may keep track of the void AIDs. If it is in the same RAW group as
the void AIDs, it may apply the following approach to avoid the slot allocation for the
void AlDs.

[00175] In the following, it may be assumed thgt there are M void AIDs with the
values denoted as y(i), where i=1,...,M, and the first and last AID in the RAW group are
u and v respectively. ‘

{00176) If the RAW is not restricted to STAs whose AID bits in the TIM element are
set to 1, the total number. of the AIDs that can be allocated to the slots is (v-u+1-M), but
nof (v-u+l).

[00177]) The STA may compute its allocated slot using the following mapping function
Iot = (X + Nogser) mod Nraw for u<= x < y(1), igor = (x - k++ Nogeer) mod Nraw for y(k) < x
< y(k+1), and igo = (x - M+ Nogrser) mod Nraw for yM) < x <= vv, where x is the AID of

the STA.
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[00178]) If there is no valid AID sharing with the same slot with AID=y(i), where
i=1,...,M, the above slot allocation can be used.

[00179] If it is possible that there is at least one valid AID sharing with the same slot
- with AID=y(1), i=1,...,M, AP can cHange Nraw to a proper value through setting RAW
duration or slot duration to avoid the slot allocation to the void AlDs,

[00180). ‘For example, if there are (v-u+1-M) AIDs including M void AlDs in the
RAW group, we can set a Ngaw such that there is at least one valid AID (assume its AID
value is z, not equal to y(i), where i=1,...,M) in the RAW group is assigned with the slot
index which is the same as that for AID=y(i), 1.e. (y(i) + Nofrser) mod Nraw = (z + Nogrer)
mod Neaw for i=1,...M. |

[00181]  Alternatively, if there is' only one void AID y and y=v or y=u, one may set
Nraw=(v-u) so that there is no slot allocated to the void AID.

[00182]) However, it may Be infeasible or not easy to tune Ngaw.

[00183] The method handling the void AIDs may be also used for MID (Multicast
AID) assignment and slot allocation for MID traffic delivery when the implicit slot
allocation is applied. |

[001841 In the following, RAW operation indication will be described. This may be a
basis for RAW operation as described herein.

[00185] The RAW-based channel éccess may support several modes of operations. In
one mode of operation, the AP assigns STAs access slots implicitly via the RAW
parameter set information element (RPS-IE) in the Beacon. The RPS-IE format is shown

and described above with reference to Table 1.
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[00186] In another mode of operation, the AP schedules STA in a RAW for data
delivery by transmitting a management frame, say, the Resourcé Allocation (RA) frame.
Prior to the RA frame transmission, STAs may contend for channel to transmit PS-Poll /
trigger frames to AP to request for downlink buffered data and/or indicate uplink data.
There may b‘e different uplink and downlink frame format or unified RA frame format for
UL (uplink) & (and) DL (downlink). The RA frame may include the information such as
AID groﬁp ih t‘he RAW, RAW duration, traffic indication, and time slot assignment (e.g.
starting time and duration or number of slots) for each STA with AID in the group. Table
2 illustrates the core information that may be conveyed by the RA frame. The RA frame

may also contain slot assignment for group addressed frames.

AID Direction control | Schedule 1
(full/partial) | (uplink/downlink/TBD) | (offset in TU from RA frame)

AID 1 Downlink t 1

AID n Downlink then uplink t n

Table 2: Scheduling information conveyed in the RA frame.

[00187] In another mode df operation (two-RAW operation), the AP assigns a first

RAW (RAWI1) for STAs to transmit poll/trigger frames. Following that, AP transmits a
| RA frame and schedules the data delivery in the second RAW (RAW?2).

[00188]' Examples of the above operating modes are shown in FIG. 16A, FIG. 16B,

and FIG. 16C.

[00189] FIG. 16A, FIG. 16B, and FIG. 16C show illustrations of RAW operating

modes, in which B indicates a beacon, D indicates Data, A indicates an ACK, and P

indicates a poll (in other words: a trigger). Information sent by AP may be indicated
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above the horizontal line, and information sent by STA may be indicated below the
horizontal line.

[00190] FIG. 16A shows an illustration 1600 of a RPS-IE based implicit scheduling.
The AP may send a beacon 1602. The STA may send data in 1604, which may be
acknowledged by AP in 1608. Contention may arise in 1606 when more than one STA
are mapped to the same slot. The STA may also transmit a poll/trigger frame in its
allocated RAW slot before data delivery.

[00191)  FIG. 16B shows an illustration 1610 of a of RA-based explicit scheduling.
The AP may send a beacon 1612, in which RA indication may be 1, like indicated by the
arrow from 1612 to 1618. The STA may send a poll 1614, which may be acknowledged
by the AP in 1616. The STA need to contend for polV/ trigger transmission. In 1618, the
AP may transmit an RA frame, and may allocate slots based on previous poll/ trigger
recetved, which may result in reduced contention or contention free data delivery during
1622. In 1620, the STA may transmit data to the AP, which may be aéknowledged in
1624.

[00192] FIG. 16C shows an illustration 1626 of a two-RAW operation. The AP may
transmit a beacon 1627. RAW1 may only be for poll/trigger based on RPS-IE (for
example transmitted in the beacon 1626). Box 1630 may indicate the RAW 1. The STA
may transmit a poll 1632, which may be acknowledged in 1634, The AP may transmit a
RA frame 1636. RAW?2 may be for data delivery based on the RA frame 1634. The AP
may transmit data 1640, and the STA may transmit data 1642, which may be

acknowledged in 1644. Box 1636 may indicate the RAW 2.
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[00193] Based on the current speciﬁcatipn, when th‘ere are multi-RAW operations
| such as described with reference to FIG. 16C, multiple RPS-IEs are needed as shown in
FIG. 17.

[00194])  FIG. 17 shows an illustration 1700 of a use of multiple RPS-IEs to support
multi-RAW operation, in which B may indicate a beacon, D rhay indicate data, A may
indicate an ACK, and P may indicate a poll/trigger. The AP may transmit a beacon 1702,
which may include a plurality of RPS, for example a first RPS 1704 and a second RPS
1706. The first RAW 1708 may be for poll/triéger frames. The second RAW 1712 may
be for data delivery. The AP fnay send a RA frame 1710. The STA may send data 1714,
The AP may send data 1716, which rhay bé acknéwledged in 1718.

[00195] Each RPS-IE may indicate the parameters for a corresponding RAW. Using
multiple RPS-IEs may create large overhead and may overload the Beacon. More
efficient support of multi-RAW operation may be provided according to various
embodiments. |

{00196] According to various embodiments, the RAW operation mode and associated
RAW operation parameters may be indicated in the Beacon to the STA. The benefit of
indicating the RAW o‘peration mode and parameters in the Beacon may be that a STA
can derive the open access window (OAW) from the Beacon. OAW is the time in a
Beacon interval excluding the RAW.

[00197] The AP may use reserved/used bits to indicate RAW operation mode. For
example, the Access Right bits may be used to indicate the two-RAW operation as shown

in Table 3.
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Access Right 2 B1 B2

bits | 0 0:any STA

0 1: RAWI1 (poll/trigger) followed by RAW?2
(data)

1 0:paged STA UL

1 1: short frames like PS-Poll
Group/Resource | bit |Setto I to indicate if STAs need to wake up at the
allocation frame beginning of the RAW to receive group addressed
indication frames such as resource allocation (format of the
resource allocation frame TBD)

Slot definition TBD | Include

bits * Slot duration signaling
(for RAW 1) * Slot assignment to STA
*  Cross boundary transmissions allowed/not
allowed

Format is TBD
RAW2 TBD { Subfield to indicate RAW2 parameters if:
parameters. : Access Right =01:
(present if Access Start time offset
Right = 01) Duration

Table 3: An example of using the Access Right bits to indicate two-RAW operation.

Fields similar to Table 1 are not shown.

[00198]  Currently, the two Access Right bits have only three definitions. By using the
remaining one definition (e.g. Access Right = 01 in this example), the AP may indicate
that it is operating two RAWs as shown in FIG. 16C. The AP also may add another field
to indicate RAW2 parameters such as the starting time offset and the duration if Access
Right = 01.

[00199] The AP may use a combination of several sub-fields to indicate RAW
operation mode. In an example shown in Table 4, when the Access Right is set to 01, it
indicates that a STA needs to decode the Group/RA frame indication bit to know the
operating mode. The Access Right field may be used together with another field (e.g.

Group/RA indication) to support the multiple operating modes. In this example, when the
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Group/RA indication is  1, the operating mode is two-RAW. The Group/RA indication of

0 indicates some other operating mode to be determined (TBD).

Access Right 2 bits B1 B2
» 0 0:anySTA
0 1: Operating mode
1 0: paged STA UL
1 1: short frames like PS-Poll

Group/Resource 1 bit 1: Two-RAW
allocation frame 0: TBD
indication
Slot definition TBD Include
bits ¢  Slot duration signaling

* Slot assignment to STA
* Cross boundary transmissions
allowed/not allowed
Format is TBD

RAW?2 parameters TBD Subfield to indicate RAW2 parameters if:

(present if Access - | Access Right = 01; AND
Right=01 AND Group/RA frame indication = 1.
Group/RA indication = Start time offset

1) -Duration

Table 4: An example of using multiple sub-fields to indicate RAW operation modes.

Fields similar to Table 1 are not shown.

[00200] In another example as shown in T.able 5, the AP may use the Access Right =
01 as extended operation indication. If Access Right = 01, extended operation modes
such as two-RAW operation is supported. Otherwise, the same RPS-IE frame format
shown in Table 1 isused. In extended operation mode (Access Right = 01), the RAW
operation mode (e.g. two-RAW) is indicated by AP and cdrrespondin‘g parameters (€.g.

RAW?2 starting time and duration) are also specified.
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Access Right 2 bits | B1 B2

0 O:any STA

0 "1: Extended RAW operation indication
1 0:paged STA UL

1 1. short frames like PS-Poll

Group/Resource I bit | Setto I toindicate if STAs need to wake up at
| allocation frame the beginning of the RAW to receive group
| indication addressed frames such as resource allocation
S , ‘ (format of the resource allocation frame TBD)
RAW operation 2 bits If Access Right = 01: RAW operation
indication indication ‘
(present if Access 00: Two-RAW operation
Right = 01) 01: TBD mode
10: TBD mode

11: TBD mode

.| Else: slot definition

RAW parameters TBD Present only if Access Right = 01.
(present if Access The field indicates RAW1 and possibly
Right = 01) RAW?2 operating parameters.

Table 5: Another example of using multiple sub-fields to indicate RAW operation

modes. Fields similar to Table 1 are not shown.

[00201) The AP may add some bits in RPS-IE to explicitly indicate RAW operation
mode, and subsequent field definitions depend on the operation mode. An example is
shown in Table 6. The bits used for RAW operating mode indication may come from
reserved l:;itsj Alternatively, AP may add a new IE to indicate the RAW operating mode

and the new IE can be usedjointly with the RPS-IE.

Feature Value Interpretation

Page ID TBD bits Indicates the page index for hierarchical AID (based on
hierarchical AID) of the allocated group

Block TBD bits Assuming 32 blocks per page, these bits indicate the

Offset starting block index of the allocated group
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Block TBD bits Indicates the number of blocks (starting from the block
Range offset) for the allocated group
RAW 2 bits 00: implicit scheduling based on RPS-IE
operating 01: explicit scheduling using RA
mode 10: two-RAW operating
11: TBD ‘ ‘
(more bits are needed to support more operating
modes)
RAW TBD bits RAW operating parameters based on RAW operating
operating modes:
00: RAW start time, RAW duration, Access Right,

parameters

Group frame indication, and slot definition.

01: RAW start time, RAW duration, Access Right,
Group frame indication.

10: RAW start time, RAW duration, Access Right,
Group frame indication, slot definition for RAW1,
and RAW2 parameters

11: TBD

Table 6: Example of explicit RAW operating mode indication. The relative location

of the fields can be changed. Support for the first three RAW operating modes

should be mandatory, and other operating modes may also be supported.

[00202]) One advantage of operating mode indication is that some fields in the RPS-IE

may be eliminated to reduce Beacon overhead. E.g. if RA-based RAW is used, the slot

definition field may not be necesséry, as slot assignment may be carried in the RA frame.

Another advantage is more flexible support for multiple modes of operation such as data

delivery based on single RAW or multiple RAWs.

[00203) In addition to IE-based method, an alternative to support multi-RAW

operation may be via the AP’s response frame. The RPS-IE in beacon may point a STA

to its allocated slot for poll/trigger frame transmission. After receiving the poll/trigger

frame from a STA, AP may respond with a timer pointing to the targeted RA frame
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transmission time. The STA may listen to the RA frame, which may include the schedule
for data delivery.

[00204]) In the following, support for non-TIM STAs will be described.

[00205] A STA may choose not to have a TIM entry and does not need to listen to the
Beacon. Such STAs usually operate in low power mode. They may send a poll/tn'ggér
frame any time to query AP for buffered downlink data. AP may defer the data delivery
to such non-TIM STA.

[00206] In one case, AP may respond with a timer pointing to a Beacon that carries the
non-TIM STA’s downlink data buffer status. Instructing a STA to listen to Beacon serves
two main purposes: one is to indicate via TIM the downlink buffer stétus for the STA,
and the other is to schedule data delfvery between the AP and the STA (if there is any
buffered uplink or downlink data), possibly with reduced contention. When there is no
downlink data buffered at the AP and the STA indicates there is no uplink data, AP may
respond to the poll/trigger with an ACK with MoreData bit set to zero. The S‘TA may
then doze. In other cases, AP may respond with a timer pointing to Beacon, and the non-
TIM STA temporarily switches to TIM mode. The Beacon may contain information such
as RAW parameter for data delivery between the AP and the STA with reduced
contention. AP may indicate in the Beacon whether non-TIM / low-power mode STAs
need to re-send poll/trigger frame after they have resynchronized thtough the timer
indication in AP’s response frame to its unscheduled pol‘l/trigger frame. AP and STA may
negotiate through association procedure or other management frame exchange on this
feature. By default, non-TIM STA that has received the response with timer needs not

transmit poll/trigger again, as AP can assume that the STA will wake up to receive
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Beacon. The data delivery/exchange occurs as s,‘cheduled in the Beacon. The contention
involved in the data delivery/exchange may be reduced or even eliminated. This can be
| achieved by RPS-IE or RA based RAW as described earlier.

[00207) The AP may point a STA to a Beacon and schedule via,:_the Be’a'con a
contention-free or reduced-contention period for data delivery between AP and STA. The
STA, having received the response with timer earlier, may not transmit another
poll/trigger again by default or through an indication in the Beacon. The STA may doze if
no resource is scheduled to it by AP via the Beacon. This is illustrated in FIG. 18.

[00208] FIG. 18 shows an illustration 1800 of scheduling of non-TIM STA to
contention-free RAW / reduced contention RAW via Beacon. Either AP ‘or STA may
initiate the delivery. The direction of data delivery may be indicated by AP in Beacon /
poll response, or based on predefined rules.

[00209) The scheduling information may be carried by a new IE in Beacon that has
similar format as the RA frame either in‘ the current Beacon interval or in any of the
following Beacon intervals. It shoulci be able to indicate at least the start of the RAW, the
AID of scheduled STAs (eithef explicitly or using a bitmap), and the channel access time
assigned to the corresponding STAs. The scheduling information can also be carried in
the RPS-IE, and used together with the RAW operating mode indication bits, which
indicate a contention free RAW for data delivery to non-TIM STAs that have sent
poll/trigger earlier,

[00210] In another case, AP may respond with a timer pointing to a management
frame such as the RA frame. AP and STA may negotiate this feature during association

or through management frame exchange. The STA may not check the Beacon for

56



WO 2014/074071 PCT/SG2013/000481

buffered data status..It may not transmit polVtrigger again upon timer expiration either, as
AP can assume thatl the STA will wake up to receive the management frame\.‘lf the RA
frame allocates channel resource to the STA, the STA may use thé allocated resource for
data exchange. If no channel resource is allocated to the STA By the management frame,
the STA may doze. The" management frame may contain scheduling information
dedicated to non-TIM STAs only, or mixed with TIM STA.

[00211] The AP may point a STA to a management frame (e.g. Beacon/RA frame) and
schedule via the management frame (e.g. Beacon/RA frame) a contention-free Qf
reduced-contention period for data deliyery between the AP and STA. The STA that has
received the response with timer earlier may not transmit another poll/tfigger égain by
default or through an indication in RA frame. The STA may doze if no resource is
scheduled to it by AP in the management frame. AP and STA may negotiate this feature
during association or through management frame exchange. This is illustrated in FIG. 19.
[00212]v FIG. 19 shoWs an illustration 1900 of scheduling of non-TIM STA based on
RA frame. The AP may luse the timer to point the STA to the RA frame directly.

[00213]) FIG. 20 shows an illustration 2000 of scheduling of non-TIM STA via Beacon
for two-RAW operation.

[00214] When the AP adopts two-RAW operation, the non-TIM STA can be supported
as shown in the subsequent figures. In FIG. 20, the non-TIM STAS may be pointed to a
'followirig Beacon after their poll/trigger frame. The Beacon contains the two-RAW
operation parameters, and non-TIM STAs can read ‘the RA frame start time from Beacon
together with TIM STAs. AP may indicate via Beacon whether a non-TIM STA needs to

listen to the RA frame and whether it needs to resend poll/trigger frame.
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[00215) ©  FIG. 21 shows an illustration 2100 of scheduling of non-TIM STA via RA
frame directly in two-RAW operation. In the example shown in FIG. 21, the non-TIM
STAs may be pointed to the RA frame directly by AP’s response timer. They need not
listen to the Beacon, as the status of their downlink buffered data can be inferred from
whether the non-TIM STAs may be scheduled any resources in the RA frame.

{00216]  In the following, RAW protection will be described.

[00217) Some STAs (e.g. non-TIM STA) may not know the RAW parameters ‘within
the current Beacon interval and their transmission may collide with / encroach the RAW.
- AP may protect the subsequent RAW and prevent the STAs, and possibly other third-
party STAs from accessing the RAW. | |

- [00218] The AP may use a response timer to defer the STA’s channel access (e.g. to
an OAW). The response timer can also serve as an ACK indication. Upon expiration of
the timer, the STA may begin the uplink transmission vié contention.” An example is
shown in FIG. 22, where the AP uses a response timer to defer a STA’s channel access to
the next OAW to protect the RAW. AP may know the STA has ‘more uplink data based
on the MoreData bit in the first Data frame.

[(00219] FIG. 22 shows an illustration 2200 of RAW protection based on response
timer. STA uses RTS to initiate uplink transmission. |

[00220]) The AP may also use a CTS to truncate a STA’s TXOP request. When the AP
uses the ﬁrgt CTS to truncate the NAV in first OAW, it infers that the STA will attempt
to transmit the'remaining uplink frames later. The STA may also set the MoreData bit to
] to indicate it-has more uplink data following. In the second OAW, the STA transmit

RTS again upon timer expiration.
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[00221]) The STA may also transmit uplink data directly to AP, as shown in FIG. 23.
[00222]) FIG. 23 shows an illustration 2300 of RAW protection based oﬁ response
timer. STA transmits uplink data directly without RTS.

[00223] The AP may choose to respond with a timer regardless the uplink data buffer
status of the current STA. In this way, third-party STAs may make use of the timer to
find the next OAW. STAs that have been scheduled to RAW may neglect the timer.
[00224) Instead of using a response timer, the AP méy use a frame (e.g. CTS, NDP-
CTS or similar) to explicitly set the NAV for STAs that do not have the Access Right in
current RAW, For STAs that héve the Accesé Right in current RAW (i.e. STAs that have
been allocated slots implicitly or explicitly in the RAW), they may neglect the 'NAV‘
 setting. This is illustrated in FIG. 24.

[00225] FIG. 24 shows an illustration 2400 of the AP using a broadcast CTS to defer
STA'’s channel access.

[00226] When the STA’s transmission in first OAW encroachés the RAW, AP will
transmit a broadcast CTS (e.g. in SIFS (Short Iﬁterframe Space) time after ACK to STA
A) to protect the current RAW and defer non-scheduled STAs from using the channel by
setting their NAV (Network Allocation Vector) specified in the broadcast CTS Duration.
Non-scheduled STAs can only contend for the channel after the NAV timer expires.
Scheduled STAs can neglect tﬁe NAV setting. Instead of waiting for somé: IFS before
traﬁsmission the CTS, AP may also respond with a new single frame type (e.g.
CTS+ACK) containing the ACK adciressed to previous data transmission and the timer to

defer all third-party STA’s channel access to protect RAW.

59



WO 2014/074071 PCT/SG2013/000481

[00227] A STA may transmit a short frame like RTS/Poll/Trigger to initiate uplink
data transmission, or it can transmit the uplink data directly. In a central-controlled
network, the AP may determine the initial uplink frame transmission.

[00228) The AP may indicate RAW Protection Enable/Disable in an information
element that is broadcasted in Beacon or transmitted in Probe Response or
(Re)association Response. When the RAW protection subfield indicates that the RAW
protect.ion is enabled, STAs are required to transmit some control signal (e.g. RTS) first
before uplink data transmission. For STAs that have the access right in current RAW (ie.
STAs that have been allocated slots implicitly or explicitly in the RAW), they may
neglect the rule and can transmit intended uplink frames directly.

[00229] When the data transmission is finished earlier than the end of current RAW,
AP may transmit a short frame (e.g.CF-end) to indicate the termination of current RAW,
and the channel time may be used for open access.

[00230] It may be known that in the [EEE 802.11ah standard, the AP may declare a
Restricted Access Window (RAW). STAs associated to the same AP but not in the list for
RAW access shall not access the channel until the current RAW ends. However, for those
low power STAs, they may wake up after the RAW is started. After listening to the
channel for a while, for example, receiving either a data or ACK packet, it is allowed to
access channel. The channel access activity from these low power stations may prevent
those STAs in the RAW list from transmitting data packets as scheduled. In such
situation, the use of RAW becomes not that efficient as expected.

[00231] To avoid those low power stations from distracting the scheduled channel

access by RAW, one bit may be reserved either in the Frame Control field as shown in
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FIG. 25 or in the SIG field to indicate that the current channel access falls in a RAW or
not. A possible embodiment is‘ that whéﬁ the desired RAW indication bit is set to 1, it
indicates ‘that the current channel access is in RAW and those stations that are not
included in the list for RAW acces‘s shall not access the channel. If RAW indication bit is
set to zero, then if ~indicates the current channel access is not in a RAW and stations are
allowed to access the channel as usual.

[00232]) FIG. 25 shows an illustration 2500 of indicating RAW with a bit in frame
control ﬁeld‘

[00233] Other RAW indica;ion imethods may include that in the ACK, including the
short ACK, the duration field in the ACK may be set to point to the end of current RAW.
Traditionally, the duration field of ACK is set to zero if there are no data frame following
the current ACK and is set to non-zero to protect the fdllowing data frames from the
station who is suppbsed to receive the.ACK. AP and station may use this feature to
protect the RAW as follows: for AP and stations in th.e RAW, when they transmit ACK,
they may sei the duration field of the ACK and let it point to the end of the RAW. For
station in the RAW access list, they access vth‘e channel as scheduled and may not be
limited by the duration field set{ing in ACK. But for those stations not included in the
RAW- access list, they may not be allowed to access the channel within the period
specified by the ACK. Théy may update their NAV based on the duration field in the
ACK.

[00234] In the following, AP”s response timer enhancement will be described.
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[00235] There may be several cases where AP can respond to a STA with a
timer/timer indication. The subsequent action after the timer expiration is also different.
Some of these cases are described in the following.

[00236]) In one case, in response to a STA’s uplink frame (which could be a
poll/triggér frame, RTS, or data frame), AP uses the timer to defer the STA’s channel
access. Upon expiration of the timer, the STA is allowed to contend for the channel again.
This scheme may be used for RAW protection. In another case, in response t6 a STA’s
ilplink frame (which could be a poll/trigger, RTC, or data frame), AP uses the timer to
indicate to STA that AP will only transmit downlink frame (e.g. data / management
frames / confrol) to the STA after the timer expires. The STA may doze for some time
and wake up upon expiration of the timer to receive downlink frames (which could be
data, management, or control frame) from AP. In such cases above, the STA may be
required to transmit again or listen to some frames. It is necessary to indi‘cate“to STA the
possible action upon expiration of the timer.

[00237] ‘ THe AP may indicate explicitly the expected action upon timer expiration such
as transmit uplink data frame, re-transmit uplink request (e.g. management / control
frames), receive management frame (e.g. Beacon, resource allocation, action frames),
receive contrlol frame (e.g. CTS), and receive downlink data. The response. type
indication can be based on the polling response frame that carries the deferred channel
access time/duration. Some additional bits are added to indicate the expected action after
the timer expires. For example, when 2>b‘its ére used for expected action indication, the
expected actions may include: (00) receive management/control frame; (01) receive data

frame; (10) transmit uplink poll/trigger; and (11) transmit uplink data. The above actions
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ére mapped to the four values represented by the 2-bit response type indication. AP may
also use, for example, two more bits to indicate whether the timer is intended for: (00) the
receiving STA; (01) all the STA, (10) the scheduled STA; and (11) the non-scheduled
STA. Alternatively, one single bit can be used to indicate whether the timer is intended
for the receiving STA only br the broadcasted to all STAs (although the specification rule
'r‘nay allow that scheduled STA to neglect the timer). The values of ExpectedAction and
IntendedSTA subfields and their corresponding interpretation are summarized in Table 7.
It will be understood that Table 7 may only be for illustration, and the actual mapping
may be like shéwn in Table 7 or may be different. More bits' values will also support

more operating modes.

Expected | Indicates expected Intended | Indicates eligible STA to

Action action upon timer STA use the timer
expiration. S

00 receive management 00 receiving STA only
frame (e.g. RA,

» - | Beacon)

01 receive data frame 01 all the STA

10 transmit uplink 10 scheduled STA
poll/trigger ‘

11 transmit uplink data 11 non-scheduled STA

Table 7: Summary of definitions for ExpectedAction and IntendedSTA.

[00238] In one example, AP may use the response timer to defer a STA’s uplink
transmission for RAW protection. AP may request the STA to transmit RTS by
specifying the ExpectedAction = 10, or AP can specify the ExpectedAction = 11 to

indicate to STA it may transmit uplink data directly without RTS. AP may specify that

63



WO 2014/074071 PCT/SG2013/000481

the timer can be used by all non-scheduled STA by specifying the IntendedSTA = 11 as
described above,

[00239] In another example, AP may use the response timer to point a STA to a
reduced contention RAW for data transmission as described above. In this case, AP can
specify the timer is intended to the receiving STA only by setting IntendedSTA = 00. AP
may allow the STA to transmit uplink data first by setting ExpectedAction =11, or AP
can transmit the downlink data first by specifying the ExpectedAction = 01.

[00240) In another example, AP may use response timer to indicate RA frame start
time n two;RAW operation as described above. In this case, AP sets the ExpectedAction
= 00 and IntendedSTA = 00. Similarly AP may use the response timer to indicate the
expected Beacon transmission time by setting ExpectedAction = 00.

[00241] In the following, group addressed traffic delivery will be described.

[00242] In current specification framework document (r11) for [EEE 802.11ah, the
Group Addressed Buffered Data field (Bit O of the Bitmap Control field) may be set to 1
when one or more group addressed MSDUs (MAC service data unit)MMPDUs (MAC
Management Protocol Data Unit) are buffered at the AP. |

[00243] FIG. 26 shows an illustration. 2600 of Group Address Buffered Data Bit
Indication in Bitmap Control Field of TIM IE.

[00244] When DTIM beacon frame sets Group Addressed Buffered Data field as one,
it indicates that there will be group addressed traffic broadcast to the STAs. Although the
group addressed buffered data can be sent immediately after fhe beacon, non-TIM STAs

in the same BSS (Basic Service Set) or the STAs in other BSS may contend the channel
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such that the broadcast traffic can’t be transmitted after some interval e.g. before the start
of first RAW.

[00245])  If group addressed traffic is not able to finish before the start of the RAW and
is not allowed to use RAW to complete, it could be deferred to the end of the RAW
(which is Open Access Windows). However, further indication is required for the STAs
to know when is the next transmission time for the group addressed traffic, which makes
this method more complicated. If the transmission time of group addressed traffic is
immediafely after the RAW in the same beacon interval, the STAs should wakeup to
receive the peﬁding unfinished group addressed traffic.

[00246) As RAW has specified the starting time in RAW Parameter Set IE, the STAs
thét are in the group indicated by RAW PS IE have to give up their assigned slots when
the transmission of group address traffic encroaches into the time slots in the RAW. If
there are remaining slots that are not assighed, these STAs can make use of them. AP
may allocate and reserve some timé slots for this case. However, RAW usually doesn’t
have any unallocated slots. To avoid the case of the time slots encroached by group
addrésséd traffic delivery, AP can either set a TXOP (reserve some channel access time)
or reserve some slots in the RAW for the transmission of group addressed traffic.

[00247] To avoid the contention from other STAs, AP can send a protection indication
before the transmission of gréup addressed traffic. The indication may be sent before the
Beacon transmission, in the beacén, or immediately after the beacon (e.g. SIFS time after
the end of the beacon). The indication could be sen; through e.g. CTS-to-itself, including
the protection time for channel access. If the group addressed traffic is sent after DIFS

and some backoff time at the end of the beacon, other transmissions may cause the
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contention to the transmission of group addressed traffic. Since RAW PS IE includes
Group/Resource allocation frame indication (as shown in FIG. 26), which is set to 1 to
indicate if STAs need to wake up at the beginning of the RAW to receive group
addressed frames such as resource allocation (format of the resource allocation frame
TBD), slot assignment apnd resource allocation based on TIM-RAW access need to
consider the group addressed traffic.

[00248]  In the following. slot assignment for group addressed traffic will be described.
[00249] The slot assignment for group addressed traffic may be included in RAW PS
IE and Resource Allocation frame. When there is no Group Addressed Buffered Data
field is set to 0, no change is required with regarding to slot assignment for this data
delivery.

{00250] One of the slot assignment schemes for TIM-RAW based channel access
could be simply just spread the STAs into the time slots based on AID position in the
bitmap for traffic indication. We can include the information of the number of slots that
are assigned to group addressed frames an.d‘its starting slot index, e.g. into RPS-IE.
[00251] A value of Ny which in@icates the number of slots that are assigned may be
included to group addressed traffic .

[00252] - Nr may be explicitly indicated in the beacon (e.g. RPS-IE or Resource
Allocation IE) or implicitly indicated in other frames (e.g. associatioh);

[00253] - IfNgis fixed as 1, it can be known to STA by default..

(00254] To simplify the slot assignment function, the starting slot index for group

addressed frame may be the first slot or last slot. When AP spreads the STAs into the
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time slots, it should not mix the slot(s) reserved for group addressed frame(s) with the
slots for the STA’s unicast traffic frame.

[00255] In the following, a resource allocation frame format will be described.

[00256) One of the resource -allocation frame formats for TIM-RAW based channel
access r;may include the time slot starting time and duration. Starting time or equivalently
an offset to the beacon timestamp or RA framé starting time for Group Addressed Frames
may be included in Resource Allocation IE/frame, e.g. at 1% place at slot assignment if
there is Group Addressed Frames. When the AP allocates the time slots to the STAs, it
should not mix the slot(s) reserved for group addressed frame(s) with the slots for the
STA’s unicast traffic frame.

[00257] In the following, group addressed traffic delivery to non-TIM STAs will be
described.

[00258] The DTIM Period field may indicate the number of beacon intervals between
successive DTIMs. If all TIMs are DTIMs, the DTIM Period field has the value 1. The
DTIM Period value O is reserved. The DTIM period field is a single octet.

[00259] Since non-TIM STA is not required to listen to the beacon, if it wants to
receive the group addressed traffic indicated in the DTIM beacon (e.g. ReceiveDTIMs =
TRUE), non-TIM STA can send PS-Poll/trigger frame or other frame with the request
indication for group addressed traffic and expect to be replied Wifh a fesponse frame with
a ti;lle/timer indication upon it sends out unscheduled polling/trigger frame.

[00260] ‘If all STAs are in non-TIM mode, AP is not required to send group addressed
frames (including buffered data) unless PS-Poll/trigger frame sent by non-TIM/low

power STA includes the request indication for group addressed traffic (define a
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ReceiveDTIMs Bit in PS-P(_)ll/trigger frame and (NDP) PS-Poll/trigger frame) so that AP
can prepare group addressed traffic for the STA.

[00261] The response frame may include a timer/time indication to help the non-TIM
STA re-synchronizing with DTIM beacon. The time/timer indicafion could point to TIM
beacon or DTIM beacon. Since the TIM IE includes DTIM period and DTIM count, non-
TIM STA can receive unicast traffic in TIM beacon interval and then sleep until the
target DTIM beacon. AP should set the group addressed trafﬁc bit on in Bitmap Control
field of TIM IE in DTIM beacon if there is buffered group addressed traffic. After
waking up to receive DTIM beacon, non-TIM STA will determine whether to ;e;:eive
group addressed traffic.

[00262] | If there are TIM and non-TIM mode STAs, the AP may send group addressed
traffic after DTIM beacon. Non-TIM STAs may have to re-syr.xch with DTIM beacon
before receiving group addressed traffic. Mﬁltipagf; TIM/non-TIM STAs may have to
receive DTIM beacon before receivihg group addre‘ssed traffic.

[00263] In the following, the indication of ReceiveDTIMs will be described.

[00264]) When true, this parameter may cause the STA to awaken to receive all DTIM
frames. When false, the STA 1s not requi’red to awaken for every DTIM frame.

[00265] With explicit slot allocation for group addressed traffic, the STAs may be able
~ to go to sleep (choose not to receive group addressed traffic) for that assigned slot(s), but
“the STAs should listen to resource allocation if they want to access the channel.

[00266] In the following, RAW operating mode indication according to various

embodiments will be described.
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[00267) Conventional channel access methods based on CSMA/CA is optimum only
for a small number of comendiﬁg STAs. However, in some of the IEEE 802.11ah use
cases, it is expected that the contention domain is formed by a large number of client
STAs, and such contention overhead is inefficient in terms of both channel usage and
power consumption. Therefore several'channel acces-s mechanisms have been provided
for IEEE 802.11ah to support more efficient channel usage at low power. For example,
the concept of Restricted Access Window (RA‘W) may be provided to spread the STAs’
channel access into multiple slots to reduée c;ontention and achieve power saving‘ In the
following, enhancement for RAW-based channel access in IEEE 802.11ah according to
various embodiments will be described.

[00268] The RAW-based channel access may support several modes of operations. In
one mode of operation,. the AP assigns STAs. access slots implicitly via the RAW
parameter set information element (RPS-IE) in the Beacon. In another mode of operation,
the AP schedules STA in a RAW for data delivery by transmitting a rhanagement frame,
say, the Resource Allocation (RA) frame. Prior to the RA frame transmission, STAs may
contend for channel to transmit PS-Poll / trigger frames to AP to request for downlink
buffered data and/or indicate uplink data. There may be different uplink and downlink
frame format or uniﬁea RA frame format for UL & DL. The ‘RA frame includes the
information such as AID group in the RAW, RAW duration, «trafﬁc indication, and time
slot assignment (e.g. starting time and duration or number of slots) for each STA with
AID in the group. In other modes of operation (multi-RAW operation), the AP may

assign the first RAW (RAWI) for STAs to transmit poll/trigger frames. The subsequent
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RAWSs are then used for data delivery. For eXample, AP may transmit a RA frame and
schedules the data delivery in the second RAW (RAW2).

[00269] Based on the current specification, when there are multi-RAW operations,
muitiple RPS-IEs are needed. Each RPS—IE indicates the parameters for a Eorfespdnding
RAW. Using multiple RPS-IEs creates large overhead and may overload the Beacon.
More efficient support of multi-RA'W operation is described in the sequel. According to
.various embodiments, device and methods may indicate the RAW operating mode and
associated RAW operating parameters in the Beacon to the STA. The benefit of
indicating the RAW operating mode and parameters in the Beacon is that a STA can
derive the open access window (OAW) from the Beacon. OAW is the time in a Beacon
interval excluding the RAW, |

[00270] The AP may add some bits in RPS-IE to explicitly indicate RAW operating
mode, and subsequent field definitions may depend on the operating mode. An example
is shown in Table 8. The bits used for RAW operating mode indication may come frofn
reserved bits, The number of bits used for RAW operating mode indication is for
illustration. More operating modes can be supported éxplicitly by using more number of

bits. In general, M bits can be mapped uniquely to 2°M operating modes.

Feature | Value Interpretation
RAW Page ID TBD bits Indicates the page index for hierarchical
group AID (based on hierarchical AID) of the
allocated group
Block TBD bits Assuming 32 blocks per page, these bits
Offset indicate the starting block index of the
allocated group
Block TBD bits Indicates the number of blocks (starting
Range ‘ from the block offset) for the allocated
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group

RAW
operating
mode
indication

RAW
operating
mode

e.g. 2 bits

00: single RAW implicit scheduling based
on RPS-IE

01: single RAW explicit scheduling using
RA frame

10: multi-RAW operation .

11: TBD .

(more bits are needed to support more
operating modes)

(more bits may also be used optionally to
indicate the common RAW operating .
parameters such as the number and format
of subsequent RAWs)

RAW
operating
parameters
for N

RAW 1]
operating
parameters

TBD bits -

RAW 1 operating parameters based on
RAW operating modes.

e.g.

RAW 1 format (optional)

RAW 1 start time

RAW 1 duration

Access restriction for RAW |
Group/RA frame indication for RAW 1
Slot definition for RAW 1

e

RAWN
operating
parameters

TBD bits

RAW N operating parameters based on
RAW operating modes.

e.g.

RAW N format (optional)

RAW N start time

RAW N duration

Access restriction for RAW N
Group/RA frame indication for RAW N
Slot definition for RAW N

Table 8: An example of explicit RAW operating mode indication for up to N RAWs.

The relative location of the fields can be changed. Reserved fields are omitted. When

the RAW operating mode is 00/01 that indicates single RAW operation, only RAW 1

operating pérameter subfield is present.
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[00271] The operating parameters subfield for each RAW may indicate the RAW
starting time and RAW duration (e.g. in unit of Time Unit, 1024 us), the access
restriction for the RAW (i.e. whether the RAW is for paged STA, short frames like poll
and trigger, or general frames), whether STAs need to wake up to receive group
addressed frames or RA frames at the beginning of the RAW, and slot definition (e.g. slot
duration, slot assignment, and whether slot boundary crossing is allowed). When several
formats of RAW operating parameters are supported, additional bits may also be used to
indicate the RAW format (such as the subfield definitions and length of the RAW
operating parameter field).

[00272] In the following, the RAW slot protection with CTS (clear to send)/CTS-to-
Self will be described. |

[00273] The IEEE 802.11ah draft standard defines a channel access mechanism named
Restricted Access Window (RAW).

[00274] FIG. 27 shows an illustration 2700 of the operation of RAW. With RAW, the
AP first broadcast RAW Parameter Set (RPS) in the beacon, the RPS Information
Element (IE) specifies following parameters:

[00275] - RAW Group: AID range of STA allowed to access channel in RAW;
[00276] — RAW Start Time: Medium access start time for group ‘n’;

[00277} — RAW Duration: Duration of medium access;

[00278] - Options;

[00279] - Slot Definition;

[00280] Only STAs ‘in the RAW may be allowed to access the channel during the

RAW.
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[00281) For the STA "allowed to access the channel, the AP may provide Resource
Allocation information at the beginning of the RAW, which may specify the‘beginnipg
and d‘uratién of channel time in slots allocated to each STA and the transmission is for
uplink or downlink. STA may wake up at the slot assigned to it and transmit/receive data
to/from AP. |
[00282]  FIG. 28 shows an illustration 2800 of an example RA frame format, and the
field méy be 'described as féllows: | |
[00283] - RAW Group is identical to the group in RPS IE;
[00284‘ — RAW Duration is revised from RAW Duration in RPS IE based on PS-Polls
and UDIs;
[00285] - Slot assignment (2 octets/MU Group and TBD octets/STA) defines access
slot allocations for STAs:
. Indépendent vof TIM bitmap;
e 1 bit indication for SU-STAs within RAW for UL (bit set to 0) or DL
traffic, bit reserved for MU-MIMO group;
o Multi-user MIMO supported when multiple STAs are assiéned identical
slot within RAW.
[00286] STA Address may be either a partial AID (TBD bits) or a Group ID (6 bits)
for a MU group:
e 1 bit indicator prior to the address for indication of either partial AID (bit
set to 0) or Group ID (bit set to 1).
[00287) Slot Start Offset (1 octet) is start time of STA’s medium access, relative to the

end of the RA frame, in TBD units:
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o Offset determined by AP based on buffered DL data for STAs from whom
PS-Polls were received,;

e Offset from UDIs indicating amount of buffered traffic.
[00288)  Within each slot, one or multiple STAs are allowed to access the channel
explicitly. In this section, we only consider the case {vhere, for each slot, only one STA is
allowed to access the channel.
[00289]) A problem as will be described in the following may arise.
[00290) The channel access mechanism specified by RAW provide a good solution to
alleviate contention among STAs in transmitting data, especially when the number is
large. However, the protection is constraint by the transmission range of AP that sends
the RAW. For downlink, the protection provided by RPSIE or RA of RAW is similar to
the protection provided by RTS. Without CTS, the potential collision at the receiver side
is not complete. For other STAs associated to other AP and outside the coverage the AP,
they may not be able to hear the beacon transmitted by the AP and thus do not know the
media reserved by the AP using RAW. For slots with traffic on downlink, i.e., from AP
to STA, STAs outside the coverage of AP but within the communication range of the
receiving STA may also start transmission on the channel and thus cause collision,
especially when the data packet is large.
[00291] FIG. 29 shows an illustration 2900 of an example of a potential collision
caused by OBSS (Overlapping Basic Service Set) STA in RAW operation.
[00292] One way to protect the downlink is to use the legacy RTS/CTS method.
However, for 802.11ah based network, the data rate is rather low comparing to the legacy

IEEE 802.11 network. For example, when MCS10 in 1MHz is used, the link speed is
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about 150 Kbps. For such a low speed link, to transmit an RTS packet (20 bytes in MAC
+ PHY + SIFS) takes about 1.88 milliseconds. The overﬁéad 1s rather significant and it
waste the protection provided by RA of RAW.

[00293] A solution may be provided and will be described in the following.

[00294] To protect a reserved RAW slot from collision with transmission from other
STAs without using RTS, AP may indicate that STAs shall provide downlink protection,
for some or all STAS addressed by RAW or RA, by setting an DL protection indication |
field either in RPS IE transmitted in the beacon or in the RA transmitted at the beginning
of a RAW,

[00295] The indication can be a few bits in RPSIE for all STA addressed by RAW as
shown in FIG. 30 or a few bits for each RAW group and only the group with downlink
protection turned on provides downlink protection. If the bits are not turned on, it may
not be necessary for STA to send protection scheme at the beginning of the RAW slots.
(00296] FIG. 30 shows an illustration 3000 of an example method for downlink
protection indication within a RAW in RPS IE,

[00297] Ifthe AP wants to set downlink protection fm" slots assigned to different STAs,
it may indicate downlink protection is required in the slot assignment of an RA as FIG 31
shows. The downlink protection indication can be one or a few bits. AP may or may not
specify the period that it wants the STA to protect.

[00298] FIG. 31 shows an illustration 3100 of an example method for downlink
protection indication within a RAW in RA.

[00299]  After receiving the downlink protection indication from AP for downlink

RAW slot protection, the relative STA may transmit a media protection frame such as
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CTS to AP when the slot assigned to 1t starts. The transmission of protection scheme such
as CTS may follow the transmission rule defined by the specification. If the AP has
speciﬁed the duration that the STA shall protect, then STA may include the period yalue
specified by AP in the RA or RPS iE in the CTS. If‘ AP has not specified a period for
protection, STA may specify a period either based on the slot duration or based on the
maximum Protocol Data Unit that may be transferred by AP on the downlink. The '
speciﬁed ‘duration may also includé necessary interframe time and duration for
acknowledgement transmission.

[00300]  After receiving media protection frame such as CTS from STA, the AP can
sfart to *ransmit downlink data to STA. If AP does not receive CTS or other protection
frame, it may not transmit downlink packet to the STA.

[00301] FIG. 32 shows an illustration 3200 of an exémple where AP specifies
déwnlink protection indication in RA Slot assignment for STAI (in other words: an
example downlink protection indication within a RAW in RPS IE).

[00302] In the following, AID assignment and enhancement on implicit RAW slot
assignment will be described.

[00303] It may be specified that “Use the NDP CTS frame with the Address Indicator
field set to O and the RA field set‘ to Panial BSSID for sector training. The NDP CTSs
with the Address Indicator set to O and RA set to Partial BSSID will be transmitted
through the Sectorized Beams (with asceﬁding Sector ID starting with Sector ID=0)
during the sector training, |

[00304] An AP should not assign to -a SIG STA an AID that results in the

PARTIAL_AID value equals to its partial BSSID, if sectorization type 1 is supported.
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[00305) The implicit RAW slot assignment may define a simple slot assignment
procedure for STAs that are allowed to access the medium within'a RAW based on the
RPS element and the TIM element in a Beacén frame.
[00306) “A STA may calculate the number of time slots in the RAW (Nraw) by
dividing the duration of the RAW (TAAW), which is defined in the RAW Duration‘ﬁeld of
the RPS element, with the duratidn (Tsi0r) of a time slot in ‘the RAW, which is defined in
© the Slot Definition field of the RPS element. The time slots in the RAW are indexed from
0 to (INraw - 1) as shown in the féllowing Equation.
[00307] The STA shall determine the index of the time slot, i5j, in Which the STA is
a]lowéd to stvart accessing the medium based on the following mapping function:

Isiot = (x + Nofsser) mod Nraw,
where
if the RAW is restricted to STAS whose AID bits in the TIM element are set to 1, x is the
position index of the AID of the STA when the AIDs are arranged in ascending order and
each AID is ~assigned wi;h a position index, which starts from 0; x is the AID of the STA,
6therwise;
Nofrser Tepresents the offset value in the mapping function, which improves the fairness
among the STAs in the RAW, and the two least significant bytes of the FCS field of the
Beacoﬁ frame shall be uséd for the Nyfrer, and
mod X indicates t.he modulo X operation.
[00308] It may be assumed that the AP doesn’t‘assign to the STA with the void AID,

which is defined as the AID
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[00309] — with the assignment reshlting in the PARTIAL AID value, as ’com'puted
using Equation (9-8a) (defined in IEEE 802.1lac Draft 3.0), being equal‘ to either
(dec(BSSID[39:47]) mod (2°-1))+1 or (dec(ngrlapping BSéiD[39:47]) mod (2°-1))+1,
or

[00310) - being equal to AP’s Partial BSSID i.e. dec(BSSID[39:47)), or

[001‘?11] — Other cases TBD.

[00312] There may be some unassigned valid AIDs in the RAW group as indicated in
Raw Parameter Set IE. The unassigned valid AIDs should not be considered for implicit
slot allocation in order to improve slot usage efficiency and/or the fairness of equal slot
access opp‘ortum'ty for the STAs considered in the RAW. Some STAs may disassociate
with the AP 50 that their AIDs become invalid (unassigned valid AIDs) so that there may
be éome “holes” in the AIDs for the RAW group. Although AID re-assignment is helpful,
the overhead (the frame exchange time) of AID reassignment can’t ensure there are no
unassigned valid AIDs in the range of RAW group as indicated iﬁ the RPS IE. Note that
if the improvement is not adopted, some slots may be shared with more STAs while other
slots may be empty. At the same time, the non-empty slots may be shared by different
number of STAs, which‘;auses the unfairness of slot access opportunity for the STAs in
the RAW group. |

[00313]  The both cases are consiciered as the unassigned AIDs. We need to change the
implicit time slot allocation, taking into account the possibility of the empty slots that
will be wasted if the slots are allocated to the unassi-ghed AID but are not shared with any
assigned valid AID. The following modified allocation is only for the RAW group

including the unassigned AIDs (unassigned void AIDs and unassigned valid AIDs).
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100314)  Since there are unassigned AIDs 1.e. void AIDs that are defined as the AID
that should nbt be assigned to a S1G STA and unassigned valid AIDs in the RAW group,
when RAW is not restricted to STAs whose AID bits are set to 1, if the unassigned AlDs
are not considered for implicit slot allocation, the STA computes its allocated slot using
the modified mapping function.

Isiot = (X =k + Nogrer) mod Nraw,
where x is the AID of the STA, If the RAW is restricted to STAs whose AID bits in the
TIM element are set to 1, k=0; othérwise k is.the number of unassigned AIDs in the
RAW group that is smaller than x.
[00315] FIGi 33 sfxows an illustration 3300 of an implicit RAW slot asSignment with
unassigned AIDs: FIG. 33 illustrates one example of implicit RAW slot assignment with
one unassigned AID (assume either a void AID or an unassigned valid AID is 8 in this
example) for TIM bitmap indicating AID range from 1 to 15 in the beacon. There are two
AIDs that are allocated to share the slot with index equal to 2. When the unassigned AID
is 8, there is no unassigned AID that is smaller than 6 for the STA with AID equal to 6
(applying the implicit slot allocation equation Isior = (X + Nogrser) mod Nraw) and there is an
unassigned -AID th;t is smaller than 15 for the STA with AID equal to 15 (applying the
implicit slot allocation equatioh of iy = (x =1 + Nogrser) mod Nraw) so that two STAs
with AID=6 and AID=135 sharing the same slot with indéx equal to 2.
[00316] AP may signal to STA that the uhassigned AIDs are not considered for
implicit slot allocation during association or through its capability element in the beacon.

The unassigned void AIDs could be fixed if there is no change on overlapping BSSs. AP
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 may indicate ovérlapping BSSID to the non-AP STA explicitly for the non-AP STA to
derive the void AIDs. |

[00317] The unassigned AIDs may be also explicitly indicated in the RAW Parameter
Set IE, or other IE attached to the beacon, or computed and tracked by the STAs, or other |
frame exchange. For example, we may define an unassigned AID IE to include the
unassigned AIDs that are not considered for the implicit slot allocation in the RAW(s) e.g.
by using AID differential encoding method to encode the bitmap of unassigned AIDs or
simply encode the direct AID (13 bits) into the IE. The unassigned AID IE may include a
field (e.g. action indication) to indicate whether the unassigned AIDs in the IE are added
(e.g. void AIDs are hot cénsidered due to new overlapping BSSs and/or un-assignment of
the valid AIDs due to‘disassociation of the STAs), updated (used to replace the old list of
unassigned AIDs) or removed (e.g. void AIDs becomes valid due to removal of
overlapping BSSs, unassigned valid AID 1s used due to AID re-assignment), for example
like will be described in the following.

[00318] The unassigned AID IE indicates the list of unassigned AIDs in the RAW(s)
that are not conéidered for slot allocation. This [E

[00319] a) may include unassigned valid AIDs;

(003201 b) may include unassigned void AlDs;

[00321]) ) may include Action field to indicate the following actions for the STAs to
take: “add”, ‘freplace”, “remove’’:

[00322] i) Add: add the unassigned AIDs in the [E int§ the list of unassignéd AlDs

kept track by the non-AP STA;
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[00323] i) Replace: replace the list of unassigned A;Ds kept track by the non-AP STA
with the unassigngd AlIDs in the IE;

[00324}  iii) Remove: remove the unassigned AIDs in the IE from the list of unassigned
AlDs kept track by the non-AP STA.

{00325]  This unassigned AID IE may include:

[00326] - IE ID, Length, Action, Encode Word Length, Encoded Differential AID
values, Padding; | '

[00327) -IE ID, Length, Action, Bitmap Control, Encoded Block for void AIDs;
[00328] - IE ID, Length, Action, Direct AID values (each with 13 bits), Padding;
[00329] —-IEID, Lenéth, Acfion, Direct AID values (each with 16 bits).

[00330] The STA may kéep track of the unassigned AIDs in the RAW group. If it is in
the same RAW group as the unassigned AID, it should appvly the above modified
allo;ation approach to avoid the empty slot allocation for the’ unassigned AID. |

[00331] In the following, RAW protection will be described.

[00332] Referring back to the previous description, a further introduction to RAW will
be given. Restricted Access Window (RAW) is an important feature for 802.1lah
étandard amendment. It is defined as a period of channel time within which only
specified group of STA is allowed to access the channel. When this feature is supported,
an AP may broadcast an RAW Parameter Set (RPS) IE in a beacon which specifies one
or more RAW period. A Resource Allocation (RA) frame rbay be broadcasted at the
beginning of the RAW to further indicate the assignment of a RAW slot. FIG. 28 shows
the format of RA frame (in other .words: FIG. 28 shows a frame format for resource

allocation frame).
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[00333] A problem like described above may arise.

[00334] A solution like will be described in the following may be provided.

[00335] To protect the downlink transmission within a RAW slot, as descrjbed‘above,
device and methods may be provided to include one bit in the RAW slot to indicate to a
non-AP STA to transmit a CTS at the beginning of the slot. FIG. 31 shows this design
and shows and indicator for RAW protection.

[00336] The protection schemel may be fuﬁher expaﬁded by including more possibie
solutions to the design.

[00337]‘ As described above, one bit may be used to indicate DL protection. However,
the indication may further bé expaﬁded to two bits. The two bits may be used to indicate
that no protection is required for the downlink transmission, protection with SYNC frame
(SYNC frame ‘is CTS frame as defined by 802.11ah 0.1 draft) only, protection with CTS
from STA only, or both SYNC and CTS are required to protect the DL transmission. For
example, when the values of the two bits are “00”, no protection is required. STA just
waits for the data frame from AP. When the values of the two bits are “01”, AP transmits
a SYNC frame at the beginning of the slot. When the values of the two bits are “10”,
| STA transmit a CTS frame at the beginning of the slot before AP can send a downlink
frame to the STA. When the values of the two bits are “11”, AP sends a SYNC frame to
the STA first and then STA send CTS frame to AP. Aftgr receiving the CTS, AP can
transmit the data to STA.‘ FIG. 34 shows the possible example of slot allocation with
protection indication bits. |

(00338] FIG. 34 shows an illustrétion 3400 of an example of RAW Slot protgction

indication (Slot assigned to single STA).
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[00339] When Group Indicator in the slot assignment is set to one, the following slots
“are assigned to a group of stations. MU-MIMO technology may be used by AP to send
multiple packets to the STAs. Similarly, 1 or 2 bits in the RA frame mighf be to indicate
whether protectioﬁ is needed. In case 1 .bit is used, it is used to indicate whether CTS
from STA is required or not to protect the transmission from AP on the downlink using
MU-MIMO technology to the group of STAs specified by the group ID. For example, 0
indicates that STAs in the MU-MIMO group is nc;t required to transmit CTS to protect
the downlink transmission. On the other hand, if the bit is set to one, one of the STA in
the MU-MIMO downlink group specified by the group ID is required to transmit CTS
framé to AP. The STA that transr:nits't}ie CTS frame is predetermined when the group is
setup. If two bits are used in the indication, they can be used to indicate that CTS is not
required, SYNC from AP only, CTS from STA only and both SYNC and CTS from AP
and STA are required. For exampie, 00 indicates that no protection for the slot is required;
01 indicate that SYNC f.rame will be transmitted by AP; 10 means one of the STA shall
transmit a CTS frame to protect the slot and 11 means both SYNC and CTS are required.
AP transmits downlink data directly to the STAs speciﬁea by the group after the required
SYNC/CTS frames are .transmitted/ receivéd. FIG. 35 shows an example of slot
allocation with protection kindication bits when it is used‘when slots are assigned to a
group of STAs.

[00340] FIG. 35 shows an illustration 3500 of an example of RAW Slot protection

indication (Slot assigned to single STA).
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[00341]  In the following, a unified field format for RAW/ AP PM RAW (access point |
power saving mode RAW) /PRAW (periodic RAW)/ Sounding RAW according to
various embodiments will be described.

[00342) In the IEEE 802.11 draft specification, Restricted Access Window (RAW) has
been defined to reduce the contention from large number of STAs. The RAW may be
mainly defined for the stations in Power Saving mode that listens to beacon from time to
time. To facilitate the channel access for those low power STAs who do not listen to the
beacon, or non-TIM STA as defined in the specification, Periodic RAW (PRAW) is‘
defined. To support beamforming, sounding RAW is defined.

[00343) The information for RAW, RAW for AP PM, Periodical RAW, Sounding
RAW may be broadcasted to the network with RAW Parameter Set (RPS) Information
Element beacon message. The format of the RPS message is shown in FIG. 36.

[00344) FIG. 36 shows an illustration 3600 of a format of RPS information element
according to various embodiments, in which an element ID field 3602 of e.g. one octet, a
length field 3604 of e.g. one octet, an a plurality of RAW assignment fields 3606, 3608,
3610, 3612 of variable length may be pro‘vided.

[00345] RAW Assignment fields deﬁned for RAW, AP PM RAW, PRAW and ‘
Sounding RAW may have different formats and a few bits in the RAW Assignment field
may be used to differentiate the different RAW types.

[00346] FIG. 37 shows an illustration 3700 of the subfield defined for Regular RAW
(for example a format of RAW N assignment Field for RAW). It may have S control

fields and 8 data fields. The 5 control fields may be:
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[00347] — PRAW Indication 3702: a 1-bit subfield that indicates whether the RAW is
RAW or PRAW. When PRAW Indication is set 0, the RAW is not a PRAW. When
PRAW Indication is set to 1, the RAW is a PRAW. .

[00348] — AP PM 3704: a 1-bit subfield that indicates whether the RAW is for AP in
Power Saving Mode. When AP PM is set to 0, the RAW is not a AM PM RAW. When
AP PM is set to one, the RAW is an AP PM RAW and AP will be in doze during the time
period specified by this AP PM RAW.

[00349] - Same group indication 3706: a 1-bit subfield that indicates whether a RAW
Group field appears; | |

[00350] - Sounding RAW 3708: a 1~int subﬁeld that indicates whether the RAW is
used for channel sounding; and |

{00351] - Start Time Indication: a 1-bit §ubﬁeld that indicates whether the Start Time
field 3712 (like will be described below) appears.

[00352] The 8 data fields may be:

[00353] - IiAW Group 3710: a 24-bit subfield specifies the nodes that can access the
channel;

{00354] - RAW Start Time 3712 a 16-bit subfield the sltart time of RAW (for example
given in time units (TU));

[00355) — RAW Duration 3714: a 16-bit subfield specifies the duration of RAW;
[00356] - Option filed 3716: a 3-bit subfield defined for regular RAW. It consists of
three subsubfields, Access Restriction, Frame Type and Resource Allocation Frame

Presence Indication.
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[00357) ~ Access Restriction: 1-bit subfield to specify whether non-paged STA can
access the channel during the RAW;

[00358] - Frame type: indiéating whether the frame éan be longer than a slot;

[00359) —~ Resource Allocation Frame Presence Indication: indicating whether the
resource allocation frames appears at the beginﬁing of RAW;

[00360] — RAW Slot Definition 3718: a 16-bit subfield defines the slot; including slot
number, slot duration énd whether cross slot boundary is allowgd. FIG. 38 shows the
definition of RAW Slot definition.

[00361) - Channel Indication 3720: channel bitmap that this RAW applies. The
Channel Indication field contains a bitmap‘ allowing the identification of allowed
operating channels for the STAs indicated fn the RAW., Eacﬁ bit in the bitmap
corresponds to one minimum width ‘channel within the current BSS operating
channels, with the least significant bit cérresponding to the lowest numbered
operating channel of the BSS.

| {00362] FIG. 38 shows an illustration 3800 of the slot definition, wherein a slot
duration field 3802 of e.g. 7 bits, a number of slots field 3804 of e.g. 8 bits, and a cross
slot boundally field 3806 of e.g. 1 bit may be provided.

[00363] FIG. 39 shows an illustration 3900 of a format of RAW N assignment field for
AP PM RAW. FIG. 39 shows the subfields for RAW defined for AP in Power Saving
(PM) mode. It only contains two control fields, PRAW indication 3902 and AP PM 3904
indication. It includes two data fields, RAW Start Time 3906 (for example given in TU)

and RAW Duration 3908 (for example given in TU).
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[00364) FIG. 40 shows an illustration 4000 of the RAW N format for PRAW. It
includes tWo control bits, PRAW indication 4002 and Same Group Indication 4004. It
includes 6 data fields, PRAW Grou}; 4006, PRAW Start Time 4008, PRAW Duration
4010, PRAW Periodicity 4012 (of e.g. 16.bits), PRAW Start Offset 4014 (of e.g. 16 bits) ,
and Channel Indication 4016.

[00365] The formats. for different types of RAW such as RAW/PRAW/AP PM
RAW/Sounding RAW are not well‘ organized. The control bits defined for different RAW
types can be éombined; Some of fields can be shortened, such as RAW Start Time/RAW
" Duration subfields. Some of the subfields (;an be made optional, for example, the channel
indication subfields. It may be better if a unified fl;ame fémat can be defined to put all
four types of RAW in one framework and reduce the potential overhead. The advantageA
may be that\it not only will ease the implementation, but also can reduce the signaling
overhead.

[00366] Resource allocation frame defined in the current draft specification also
contains redundant or incorrect information. It may be further improved.

[00367] In the following, a unified definition for RAW/PRAW/Sounding RAW
according to various embodiments will be described.

[00368] In the following, a unified format defined for regular RAW/ AP PM RAW/
PRAW/ Sounding RAW according to various embgdiments will be described.

[00369] Based on the existing work, there may be four types of RAW definition; they
may be regular RAW, AP PM RAW, PRAW and Sounding RAW There may be some

control fields and some data fields fof different RAWs. Therefore, device and methods
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according to various embodiments may have unified the RAW Assignment field structure
as shown in FIG. 41.

[00370] FIG. 41 shows an illustration 4100 of a unified structure for RAW assignment
field according to various embodiments, including a RAW assignment control field 4102
of e.g. one octet, and a RAW assignment information body field 4104 of e.g. varable size.
[00371] FIG. 42 shows an illustration 4200 of a RAW assignment field format
according to various embodiments. The RAW Assignment field may include RAW
Control 4202, RAW Slot Dcﬁnition., RAW Duration 4204, RAW Start Time 4206 (which
may be conditionally present), RAW Group 4208 (which may be conditionally present),
Channel Indication 4210 (which may be conditionally pr‘esent)‘and others subfields 4212.

[00372] The RAW Assignment Control subfield, which can be one or mbre octets,
may include the control bits for different RAW types such as RAW type, the same group,
PRAW/Sounding RAW, or some option bits etc. RAW Assignment Information Body
contains various information such as RAW Start Time, RAW Duration, Channel
Indication etc.

[00373] When the RAW Assignment is more than one octet, the option field may be
used to indicate the extension of the RAW Assignment.

(00374] In the following, a definition of the RAW control subfields according to
various embodiments will be described.

[00375] FIG. 43 shows an illustration 4300 of a definition of RAW control subfield
according to various embodiments. FIG. 43 shows the possible formats of the RAW
control subfields (for example four possible formats, one format in each line divided by a

dashed line). The RAW control subfield may be 8 bits in length.
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{00376]  The first 2 bits of the RAW Assignment Control subfields may be a 2-bit
“subfield named RAW type 4302. It may be used to differentiate the types of RAW One
embodiment of the RAW types can be, Regular RAW, Sounding RAW, AP PM RAW
and PRAW. Each of them takes a different value from 00, 01, 10 and 11 in binary. For
example, Regular RAW may be represented by 00, Sounding RAW is represented by 01,
AP PM RAW is represented by 10 and PRAW is represented by 11.

[060377})  According to various embodiments, the RAW Type may be 2 bits in length
and may indicate the type of the RAW Assignment. There may be four RAW types:

Regular RAW, Sounding RAW, AP PM/Non-TIM RAW and others as Table9 shows.

RAW Type Description

Bit 0 Bit 1

0 0 The RAW is a Regular RAW.

0 1 The RAW is 2 Sounding RAW.

1 0 The RAW is an AP PM/non-TIM RAW.
| 1 1 éthers

Table 9: RAW Type.
[00378] When the RAW Type is Regular RAW, it may be used to schedule the

channel access for TIM STA.

[00379]  When the RAW Type is Sounding RAW, it may be used for channel sounding.
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[00380) When the RAW Type is AP PM RAW/ non-TIM RAW, the RAW may either
be used for AP Power Management or used for reserving channel time for non-TIM
STAs, depending on the values of RAW Type Options subsubfield.

[00381) When thé RAW is used as the ndn—TIM RAW, the access may be restricted to
non-TIM STAs such as TWT STAs or doze awake cycle rescheduled STAS. The RAW
Assignment subfield for non-TIM RAW conditionally may include the RAW Start Time,
Channel Indication, and Perjodic Operation Parameters subfields.

[00382) When the RAW 1s used as the AP PM RAW, the RAW Assignment subfield
for AP PM RAW may -also conditionally include the RAW Start Time, and Periodic
Operation Parameters sub-subfields. |

[00383]  Another po§sible embodiment for the definition of the RAW type is, 00
represents regular RAW without RA frame at the beginning of RAW; 01 represents
regular RAW without RA frame at the beginning of RAW; 10 represents PRAW and 11
represents sounding RAW.

[00384]  For the rest of the bits in the RAW Control subfields, one way is to leave it as
reserved bits 4304 and let each RAW subtﬁe to l’defme for them own as shown in FIG.
43 Format 1 (first line of FIG. 43). |

[00385] The second possible format for RAW control field definition is to add one
subfield, Start Time Indication 4306 after fhe RAW type. FIG. 43, format 2 shows an
example of this format. This field may be common to all RAW types; If it is set to zero,
Start Time may not appear in the RAW information l;ody_; else, Start Time may appear in

the RAW Assignment Information Body. The rest of the bits may be provided as a

reserved field 4308.
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[00386) The third possible format (e.g: Format 3 in FIG. 43) for RAW control field
definition may be to include three subfields after RAW types 4302 , Start Time Indication
4306, The Same Group 4310, and Cilannel Indication Presence 4312. These subfields
may be common to all four RAW types. The Same Group 4310 may indicate whether the
Group field appears in the RAW information body. The Channel Indication Presence
subfield 4312 may indicate whether the chafmel Indication field appears in the RAW
Information body. If it is set to zero, 1t indicates the Channel Indication subfield does not
appear in the RAW Assignment Information’Body. If it is set to one, it indicates the
Channel Indication subfield appears in the RAW Assignment Information Body. But
some of the RAW types may ignore the meaning of some of the ﬁeldé. For‘example, AP
PM RAW may ignore The Same Group 4310 and Channel Indication Presence 4312
fields. One example of the format for this type is shown in FIG. 43 Format 3. The RAW
Control subfield may be 8 bits in length and may include RAW Types 4302, Start Time
Indication 4306, Channel Indication Presence 4312 and other fields (including a rgserved
field 4314).

[00387] The Start Time Indication 4306 may be of length [ bit and it may indicate
whether the RAW Start Time Subfield in the current RAW Assignment is present or not.
If it is set to zero, the RAW Start Time subfield is not present. If it is set to one, the RAW
Start Time subfield is present.

[00388] The Same Group Indication 4310 may be of length 1 bit and it may indicate
whether the RAW Group defined in the current RAW Assignment is the same RAW
Group as defined in the previous RAW Assignment. Wheﬁ the Same Group Indication bit

is set to 1, the RAW Group defined in the current RAW Assignment may be the same as
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the RAW Group defined in the previous RAW Assignment and the RAW Group subfield
is not present in this RAW assignment. When the Same Group Indication 4310 bit is set
to 0, the RAW Group defined in the current RAW Assignment is different from the RAW
Group defined in the previous RAW Assignment and the RAW Group subfield is present
in this RAW assignment.

[00389] The Channel Indication Presence 4312 may be of length 1 bit and it may
indicate whether the Channel Indication Subfield in the current RAW Assignment is
present or not. If it is set to zero, the Channel Indication subfield is not present. If it is set
to one, the Channel Indication subfield is present.

[00390] The fourth possible format for RAW control field definition (e;g. Format 4 in
FIG. 43) may be to include 6 more subfields after the RAW type subfields. These fields
may be Start Time Indicati'0n 4306, The Same Group 4310, and Channel Indication
Presence 4312, RA Presence 4316, Access Restriction 4318 (e.g. Paged STA), and Frame
Type 4320. Different RAW types may just code/decode control bits that are relevant. For
those irrelevant bits, they are ignored in the encoding and decoding. For example, when
the RAW type is set to AP PM, The Same Group bit is ignored during encoding and
decoding. One example of the format for this type is shown in FIG. 43 Format 4. ”
{00391] For the RAW Control subfield format according to various embodiments, all
the subfields such as for example The Same Group 4310, Channel Indication 4312 etc.
may be present with an order different from those described with reference to FIG. 42.
{00392] In the following, encoding of the RAW information body according to various

embodiments will be described.
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[00393) The RAW Assignment Information Body subfield may include subfields for
different RAW types, the subfields including RAW Start Time,' RAW Duration, Slot
Definition, RAW Group, Channel Indication, PRAW Periodicity, and PRAW Start Offset.
[00394]  Slot Definition may be defined for regular RAW and may be used only when
RA does not appear. From the slot definition, the station may be able to derive the slot |
duration. Therefore, when slot definition is available, the slot duration field may not be
necessary.

[00395] For the RAW Start lTime subfield and RAW duration subfield, in the current
draft specification, each of them uses 16 bits. However, when the beacon interval is short,
it is not necessary to use 16 bits, and 8 bits are good enough since a RAW:is lirﬁited
within a beacon interval. 8 bits can cover up to 255 TU. Therefore, when beacon interval
is shorter than 255 TU, then AP may encode the RAW Start Time and RAW Duration
field with 8 bits. When the beacon interval is longer than 255 TU, then AP may encode
the RAW Start Time and RAW Dﬁration fields with 16 bits. Beacon Interval is usually
put in each beacon, therefore, based on the value of Beacon Interval within a beacon
messége, a STA can derive how many bits, i.e. 8 or 16 bits, are used to code the RAW
Start Time and RAW duration field. |

[00396] With different types of RAWs, there are-totally seven subfields that may
appear in the RAW Assignment Information Body subfield. The seven fields may be
RAW/PRAW Start Time,‘ "RAW/PRAW Duration Field, RAW/PRAW Group, Slot
Definition, Channel Indication, PRAW Periodicity, aﬁd PRAW Start Offset. To facilitate
the decbding of the RAW information body, a pre-determined order may be provided, for

example as shown in FIG. 45.
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[00397) FIG. 45 shows an illustration 4500 of a decoding order of the RAW
information body according to various embodiments. The arrangement of these subfields
in the RAW Assignment Information Body subfields may be as follows (besides a RAW
field 4502 of e.g. 8 bits):
[00398] - Start Time 4504 (for RAW and PRAW): Start Time subfield may be the
only subfields that requires by all four types of RAW. Therefore', it may be put as the first
subfield after the RAW Control. It may appear when Start Time Indication in RAW
Control subfields is set to 1 and do not appear when Start Time Indication subfields is set
to zero. It shall be the first subfield after the RAW Control subfields.
{00399} - Duration 4506 (for RAW/PRAW): duration field may be necessary t;or all'
four RAW types. But when RAW type is set to zero, or the RAW is 1;egular RAW, the
RAW duration can be derived from the slot definition by multiple the value of Slot
Duration subfields with Number of Slots in the Slot Definition Subfields. Therefore,
when RAW type is set to zero, Duration field may not be necessary and thus may not
éppear in the RAW Assignmént Information Body; in all other cases, the Duration field
appears. Similar to the Start Time filed, the number of bits used for RAW Duration can
be either 8 or 16, depending on whether the Beacon Interval is longer than 255 TU. The
RAW Duration indicated by the corresponding RAW Assignment may be calculated as
follows: |

RAW Duration = Slot Duration x 120 us x Number of Slots.
The RAW Duration indicates the duration, unsigned integer in microsecond, of restricted

medium access assigned to a RAW.
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[00400] - Siot Definition 4508: Slot Definition subfield after Start Time 4504/
Duration 4506 subfields when RAW type may be set to zero. Else, it does not appear.
The number of bits for this field may be 16 as defined in the draft. Duration 4506 and
Slot Definition 4508 subfields may be exclusive to each other.

[00401] ~ Group 4510 (RAW/PRAW): this subfield may follow the Duration 4506 or
Slot Definition 4508 subfields and may appear when RAW type is set to 0, 2, and 3 and
The Same Group filed in the RAW Control subfield is set to 0. Else, it does not appear in
the RAW information body. The size of this subfield may be 24 as defined in the draft
specification.

[00402) - Channel Indication 4512: this subfield may appear when RAW Type is set
to 0, 2, and 3, and the Channel Indication Presence subfield in the RAW Control subfield
may iae set to 1. Else it does not appéar. The length of the subfield may be 8 bits. The
Channel! Indication field may include or may be a bitmap allowing the identification of
allowed operating channels for the STAs indicated in the RAW. Each bit in the bitmap
may correspond to one minimum width channel within the current BSS operating
channels, with the least significant bit corresponding to the lowest numbered operating
channel of the BSS.

[00403] - PRAW Periodicity 451A4: this field may appear only when RAW type is set
to 2, or the RAW is a PRAW.

[00404] - PRAW Start Offset4516: this field may appear only when RAW type is set
to 2, or the RAW is a PRAW.

[00405]  FIG. 44 shows an illustration 4400 of periodic operation parameters acéording

to various embodiments. The Periodic Operation Parameters subfield as shown in FIG. 44
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may be of e.g. 24 bits in length and may include the PRAW Pen’odi‘city 4‘402, PRAW
Validity 4404, and PRAW Start Offset 4406 sub-subfields.

[00406]) The PRAW Periodicity sub-subfield 4402 may indicate the period of current
PRAW occurrence in the unit of short beacon interval, and may e.g. be of length 8 bits.
[00407} The PRAW Validity sub-subfield 4404 may indicate the number of periods
that the PRAW reﬁeats, and may be e.g. of "length 8 bits.

[00408] The PRAW Start Offset sub-subfield 4406 may indicate the foset value in TU
from the end of the (Short) Beacon frame that the first window of the PRAW appears
from, and may e.g. be of length 8 bits (Reférence point details may be TBD).

[00409) When encoding various subfields, the encoder may encode the subfields in the
order shown in FIG. 45, If one ﬁeld:appears, the encoder encodes the field with number
of bits required, else, then the encoder skips the field and move to encode the next
subfield until the encoding process ends. |
[00410]) FIG. 46 ‘shows a flow diagram 4600 illustrating an encoding method for a
RAW field according to various embodiments. The method may start in 4602. For
example, in 4604, the encoder first may encode the RAW Control subfields and set
appropriaté.values for RAW Type, Start Time Indicétion etc. After that, it may check in
4606 whether Start Time shall be encoded or not (in other words, whether start time
indication subfield is set of one: if it is set to one, processing may proceed in 4608,
otherwise in 4610). Based on the status of Start Time Indication, if it shall be present,
then the encoder fnay encode the RAW start time value with number of bits required, 8 or
16 bits, in 4608. If it shall not be present, then the encoder move on to encode the

Duration Fields/RAW Slot Definition subfields. The encoder repeats the procedure for
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each subﬁeld as shown in FIG. 46 until all the subfields that shall appear being included.
When all the subfields that shall appear are included, the encoder can stop the encoding
for this RAW field. In 4610, it may be determined whether RAW type is regular RAW
with no RA; if so, processiﬁg may proceed in 4612, otherwise in 4614. In 4612, slot
definition subfield may be encoded. In 4614, duration subfields may be encoded. In 4616,
it may be determined whether RAW type is AP PM,; if so, processing may stop in 4362,
otherwise processing may proceed in 4618. In 4618,' it may be determined whether the
same group is set to 0; if so, processing may proceed in 4620, otherwise processing may
proceed in 4622. In 4620, the group subficld may be encoded. In 4622, it may be
determined whether channel indication subfield is set to 1; if so, processing ﬁay proceed
to 4624, otherwise processing may prqceed to 4626. In 4624, the channel indication may
be encoded. In 4626, it may be determined whether the RAW type is PRAW; if so,
processing may proceed in 4628, otherwise, processing may stop in 4362. In 4628, the
PRW (in other wdrds: PRAW) periodicity may be encoded. In 4630, the PRW start offset
may be encoded. |

[00411) FIG. 47 shows a flow diagram 4700 illustrating a decoding method for a |
- RAW field according to various embodiments. When decoding the RAW field, the
decoder may follow part of or the whole method illustrated in FIG. 47, for example as
follows. The method may start in 4702. In a first step, the decoder may decode the RAW
type and othef control subfields within the RAW Control subfields in 4704. Based on the
RAW type and values for each control subfield, the decoder may determine whether
different subfields appear or not, and their length if they appears. After that, go to next

step. In a second step, the decoder may decode the value of Start Time (4708) if it
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appears (as determined in 4706) and then goes to next step; if the Start Time field does
not appear, then it goes to next step. The length of this subfield may be known from the
value of the Beacon Interval. If beacon interval is less thaﬁ 255 TU, then Start ‘Time may
be encoded with 8 bits; else, it is encoded with 16 bits. In a third step, the decoder may
decode the Duration/Slot Definition (4712, 4714) if either of them appears (as detenﬁined
in 4710), and move to next step. In a fourth step, if AP PM is set to zero (as determined
in 4716), then move to next step in 4718, else, end tﬁe decdding in 4732. In a fifth step,
the decoder may decode the value‘of Group subfield (4720) if it appears (as determined
in 4718) and may then move to next step; else, move to next step. In a sixth step, the
decoder may decode the value of Channel Indication subfield (4724) if it appears (as
determiri‘ed in 4722) and then move to next step 4726; else, move to next step 4726. In a
seventh step, the decoder may decode the value of PRAW Periodicity subfield 4728 if it
appears (as determined in 4726) and then move to next step 4730; else, move to next step
4732. In an‘ eighth step, the decoder may decode the value of PRAW Start Offset subfield
(4730) if it appears (as determined in 4726) and then move to next stép; else stop the
decoding for this RAW field ‘in 4732,

[00412] In the following, an extension of same group indication according to various
embodiments will be described.

[00413] The Same Group Indication may‘be of length 1 bit and it indicates whether the
RAW Group deﬁﬁned in the current RAW Assignment is the same RAW Group as defined
in the previous RAW Assignment. In the case of PRAW, it may indicate whether the
PRAW Group d‘e‘f'med in the cu&ent RAW assignmeﬁt is the same PRAW Group as

defined in the previous RAW Assignment.
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[00414] For RAW, when the Same Groﬁp Indication bit is set to 1 for the first RAW
Assignment, it may indicate that the RAW Group contains ‘the‘ range of AIDs indicated
by all the TIM segments for the current beacon.

{00415} Accdrding to various embodiments, the concept may be extended to PRAW:
When the Same Group Indication bit is set to | in the first RAW Assignment for PRAW,
the PRAW Group ﬁelci may not be present in the cérresponding RAW Assignment field,
and the PRAW Group for the corresponding RAW Assignment may be the set that
contain§ all non-TIM STAs.

[00416] According to various embodiments, a unified framework and encoding
method may be provided to encode various types of RAW introduced in the 802.11ah
dfaft standard. Various devices and methods may be provided to reduce the size of
different typés of RAW field. A unified encoding and decoding procedure may be
provided.

[00417] Whil¢ the invention has been particularly shown and described with reference
to specific embodiments, it should be ﬁhderstood by those skilled in the art that various
changes in form and detail may be made therein without departing from the spirit and
scope of the invention as defined by the appended claims. The scope of the invention is
thus indicated by the appended claims and all changes which come within the meaning

and range of equivalency of the claims are therefore intended to be embraced.
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Claims

What is claimed is:

1. An access point comprising:
a transmitter configured to transmit restrictéd access window parameters;
wherein the restricted access window pafameters comprise at least one parameter
selected from a list of pafameters consisting of: a type parameter indicating which
type of restricted access window parameters‘is represented by the restricted access
window pa;améters; a same group indicator parameter indicating whether a group
field is present; and a channel indication presence parameter indicating whether a

channel indication is present.

2. The access point of claim 1,
wherein the type of restricted access window parameters comprises restricted
access window parameters indicating parameter for a plurality of restricted access

windows.
3. The access point of claim 2,
wherein the restricted access window parameters comprise at least one common

“parameter for the plurality of restricted access windows.

4, The access point of claim 2,
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wherein the type parameter comprises a parameter of a subsequent restricted

access window.

5. The access point of claim 1,
wherein the restricted access window parameters comprise a same group
parameter indicating whether parameters for a restricted access window are valid
for a group of radio communication devices identical to a group of radio
communjcation devices, for wﬁich the previous restricted ‘access ‘window

parameters are provided.

6. The access point of claim 1,
wherein the type parameter comprises a parameter indicating whether the
restricted access window parameters define a pre-determined default operation

mode.

7. The access point of claim 1,
wherein the restricted access window parameters comprises a periodic operation
validity parameter indicating the number of periods the periodic operation of the

restricted access window repeats.
8. The access point of claim 1,

wherein the type parameter indicates whether the restricted access window

parameters are parameters for a regular restricted access window, for a power
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10.

11.
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saving mode restricted access window, for a periodic restricted access window, or

for a sounding restricted access window.

The access point of claim 1,

wherein the type parameter indicates whether the restricted access window
parameters are parameters in which one or more of the following parameters are
provided: start time indication; slot definition; same group indication; channel
indication; periodic restricted access window periodicity; or periodic restricted

access window start offset,

A radio commtmication device comprising:

a receiver configured to receive restricted access window parameters;

wherein the restricted access window parameters comprise at least one parameter
selected from a list of parameters consisting of: a type parameter indicating which
type of restricted access window parameters is represented by the restricted access
window parameters; a same group indicator parameter indicating whether a group
field is present; and a channel indiéation presence parameter indicating whether a

channel indication is present.

The radio communication device of claim 10,
wherein the type of restricted access window parameters comprises restricted
access window parameters indicating parameter for a plurality of restricted access

windows.

102



WO 2014/074071 PCT/SG2013/000481

12.

13.

14.

15.

16.

The radio communication device of claim 11,
wherein the restricted access window parameters comprise at least one common

parameter for the plurality of restricted access windows.

The radio communication device of claim 11,
wherein the type parameter comprises a parameter of a subsequent restricted

access window.

The radio communication device of claim 10,

wherein the restricted accessy window parameters cdmprise a same group
parameter indicating whether parameters for a restricted access window are valid
for a group of radio communication devices identical to a group of radio
communice;tion devices, for which the previous restricted access window

parameters are provided.

The radio communication device of claim 10,

wherein the type parameter comprises a parameter indicating whether the
restricted access window parameters define a pre-determined default operation’

mode.

The radio communication device of claim 10,
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17.

18.

19.

wherein the restricted access window parameters comprises a periodic operation
validity parameter indicating the number of periods the periodic operation of the

restricted access window.

The radio communication device of claim 10,

wherein the type parameter indicates whether the restricted access window
parameters are parameters for a fegular restricted access window, for a power
saving mode restricted access window, for a periodic restricted access window, or

for a sounding restricted access window.

The radio communication device of claim 10,

wherein the type parameter indicates whether the restricted access window
parameters are parameters in which one or more of the following parameters are
provided: start time indication; slot definition; same group indication; channel
indication; periodic restricted access window periodicity; or periodic restricted

access window start offset.

A method for controlling an access point, the method comprising:

transmitting restricted access window parameters;

wherein the restricted access window parameters comprise at least one parameter
selected from a list of parameters consisting of: a type parameter indicating which
type of restricted access window parameters is represented by the restricted access

window parameters; a same group indicator parameter indicating whether a group
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20.

field is present; and a channel indication presence parameter indicating whether a

channel indication is present.

A method for controlling a radio communication device, the method comprising;
receiving restricted access window parameters;

wherein the restricted access window parameters comprise at least one parameter
selected frém a list of parameters consisting of: a type parameter indicating which
type of resfricted access window parameters is represented by the restricted access
window parameters; a same group indicator parameter indicating whether a group
field is present; and a channel indicatio;l presence parameter indicating whether a

channel indication is present.
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