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"ACCESS POINTS, RADIO COMMUNICATION DEVICES, METHODS
FOR CONTROLLING AN ACCESS POINT, AND METHODS FOR

CONTROLLING A RADIO COMMUNICATION DEVICE

Cross—reference to Related Applications

[0001) | The present application élaims the benefit of the Singapore patent application
| No. 201208311-9 filed on 9 November 2012, the Singapore patent application No.
201301863-5 filed on 13 March 2013, the Singapore patent application No. 201303655-3
filed on 10 May 2013, and the Singapore ‘patent application No. 201306776-4 filed on 9
September 2013, the entire contents o.f which are incorporéted herein by reference for all

purposes.

Technical Field

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

communication device.

Background

[0003] An access point may communicate with a mobile station. The access point
may indicate to the mobile station whether it has data for the mobile station. A problem

may arise if an access point communicates with a large number of mobile stations.
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’ Suminary -

[0004] According to various embod‘iments, an access point may be provided. The
‘access point may include: a transmitter conﬁéurc;d to transmit scheduling information for
a page. The. page may include one or more segments of a Traffic Indication Map (TIM).
 Each of the TIM segments may include one or mo‘reibits, eacnbitindicating whether
there» is buffered data at the access point to be transmitted to a respective pre-determined
radio communication terminal associated with the accesn point. The nchednling
information may include at least one of the fbilowing information: an explicit indication
of an interval of one or more recurrences of subsequent transmissions of the scheduling
information for the page; or information indicating scheduling of trannmissinn of
segments of the page including at least: an offset between the transmission of ihe first
segmeni included in the page scheduling and the transmission of the scheduling
information; and the number of blocks in each segment of the page, wherein a block
contains a pre-determined number of bits of‘the TIM.

[0005] According to various embodiments, a radio communication device may be
provided. The radio communication device may include: a recei\ier configured to receikve
scheduling information for a page. The page may include one or more segments of é
Traffic Indication Map (TIM). Each of the TIM segments may include one or more bits.
Each bit may indicate whether there is buffered data at an access point to be transmitted
to a respective pre-determined radio communication terminal associated with the access
point. The scheduling information may include at least one of the following information:

an explicit indication of an interval of one or more recurrences of subsequent
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transmissions of the scheduling information for the page; or information indicating
scheduling of transmission of segments of the .page including at least: an offsét between
the transmission of the first segment included in the page scheduling and the transmission
of the scheduling information; an& the number of blocks in each segment 0f the page,
wherein a block contains a pre-deterniined number of bits of the TIM. |

[0006] According to various embodiments, a method for controlling an access point
: mayv be provided. The method may include: transmitting scheduling information for a
page. The page may inclﬁde one or more segments of a Traftic Indication Map (TIM).
Each of the TIM segments may include one or more bits, each bit indicating whether
there is buffered data at the access point to be transmitted to a respective pre-determined
radio communication terminal associated with the accéss point. The scheduling
information may include at least one of the following information: an explicit vindication
of an interval of one or more recurrences of subsequent transmissions of the scheduling
information for the page; or information indicatiﬁg scheduling of transmission of
segments of the page including at least: an ‘offset betwveen the transmission of the first -
segment ' included in the page scheduling and the transmission of the scheduling
information; and the number of blocks in each segment of the page, wherein a block
contains a pre-determined number of bits of the TIM.

[0007] According to various embodiments, a method for coﬁtrolling a radio
communication device may be rprov/ided. The method may include: receiving scheduling
information for a page. The page may include one or more segments of a Traffic

Indication Map (TIM). Each of the TIM segments may include one or more bits. Each bit

may indicate whether there is buffered data at an access point to be transmitted to a



WO 2014/074070 PCT/SG2013/000480

respective pre-determined radio communication terminal associated with the access point. -
The scheduling information may include at least one of the foll‘owing information: an
explicit inaication of an interval of one or more recurrences of subsequent trénsmissio_ns
of the scheduling information for the page; or information indicating scheduling of
tranémission of segments of the page includiﬁg at least: an offset between the
transmission of the first segment included in the page scheduling and the transmission of
the scheduling information;‘ and the number of blocks in each segment of the page,

wherein a block contai.ns a pre-determined number of bits of the TIM.

Brief Description of the Drawings

[0008])  In the drawings, like feferéﬁce characters generally refer to the same parts
throughout the different views. The dravx;ings are not necessarily to scale, emphasis
instead generally being ‘placed upon illustrating the principles of the invenﬁon. In the
following description, various embodiments are described with reference to the following
drawings, in which:

FIG. 1A shows a mobile radio communication system according to various
embodiments;

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

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

FIG. 'lD shows a flow diagram illustrating a method for controlling an access
point according to various embodiments;

FIG. 1E shows a flow diagram illustrating a method for C(;ntfollihg a radio

communication device according to various embodiments;
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FIG. 2 shows an illustration of an example for scheduling aﬁd synchronization -
- with anchor Beacons according to various embodiments;

FIG. 3 shows an illustration of fast synchronization to an anchor Beacon
according to various embodiments;

FIG. 4 shows an illustration of an access point inforhiing é station about the Page
Scheduling information duration association according to various embodiments;

FIG. 5 shows an illustration in which a station r‘ec‘luests updated Page Scheduling
information upon detection of page scheduling change according to various embodiments;

FIG. 6 shows :cln illustration in which all stations wish to receive DTIM (delivery
traffic indication message) wake up and check AP buffer status regardless of their page
number according to various embodiments;

FIG. 7 shows an illustration of a DTIM Beacon carrying the Page Scheduling
information according to various embodiments; |

FIG.V 8 shows an illustration of a format of the Page Scheduling core information
using page index and offset format according to various embodiments; |

FIG. 9 shows an illustration of a Page Scheduling information format according to
various embodiments;

FIG. 10 shows an illustration of a page scheduling information format according
to various embodiments; |

FIG. 11 shows an illustration of a page scheduling information format according
to various embodiments;

FIG. 12 shows an illustration of the forma'; of a PSC-IE (segment count

information element) according to various embodiments;
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FIG. 13 shows an illustration of a TIM (traffic indication mab) segmentation
scheme according to various embodiments; |

FIG. 14 shows an illustration of a PSC-IE forrﬁat according to lvax_'ious,
embodiments;

FIG. 15 shows an illustration of a TIM segmentation with page period indication
" according to various embodiments; .

FIG. 16 and FIG. 17 show illustrations of operating examples of periodic pages
according té various embodiments;

FIG. 18 shows an illustration of a TIM segmentation scheme according to various
embodiments;

FIG. 19 shows an illustration of a PSC-IE format according to various
embodiments;

FIG. 20 shows an illustration of an example of start of segmeht and total segment
indication according to various embodiments;

FIG. 21 shows an illustration of combining multiple PSC-IEs into a single one
according to various embodiments;

FIG. 22 shows an illustration of a Segment Count IE with Page Period indicatioﬁ;

FIG. 23 shows an illustration of an operating example of TIM segmeﬂtation with
Page Period indication according to various embodiments;

FIG. 24 shows an illustration of an operating example of TIM segmentation with
Page Period indication for two pages according to various embodiments;

FIG. 25 shows an illustration of 'Page Segment Period in Segment Count IE

(information element) according to various embodiments;
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FIG. 26 shows an illustration of an example of mapping between page segment
and TIM segmént for qufset = 3 according to various embodiments;

FIG. 27 shows-an illustration 2700 of segment scﬁeduling according to various
embodiments;

FIG. 28 shows an illustration of a calculation of a number of time units;

~ FIG. 29 shows an illustration of a calculation of a number of time units;

FIG. 30 shows an illustration of an example of extending the lifetime of buffefed
frame beyond listen interval; and "

FIG. 31 shows an illustration of an example of a lifetime of a buffered frame

equal to a listen interval.

Description

[0009] Embodiments described below in context of the de\}ices are analogously valid
for the respective methods, and vice versa. Furthermore, it will be understood that the
embodiments described below may be con;bined, for example, a part of one embodiment
may be cqmbine,d with a part of another embodiment.

[0010] In this context, the access point as described in this description may include a
mémory' which is for _examp1¢ used in the processing ce‘lrrried out in the access point. In
this context, the rédio communication device as described in this description may include
. a memory wh{ch is for example used in the processiﬁg carried out in the radio
con/lmunication device. A memory used in the embodiments may be a volatile memory,
for example a DRAM (Dynamic Random Access Merﬁory) or a non-volatile memory, for

example a PROM (Programmable Read Only Memory), an EPROM‘(Erasable PROM),
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EEPROM (Electrically Erasable PROM), or. a flash memory, e.g., a floating gate memory,
a charge trapping memory, an MRAM (Magnetoresistive Raﬁdom Access Memory) ora -
PCRAM (Phasé Charnge Random Access Memory).

[0011] In an embodiment, a "cifcuit" méy be understood as any kind of a logicv
implementing enﬁty, which may be special purpose circuitry or a processor exécuting
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 programﬁlable logic
circuit such as a progfammable | processor, e.g. a microprocessor (e.g. a Complex
Instruction Set Computer (CISC) processor or a Reduced Instruction Set Corﬁputer
(RISC) processor). A "circuit" may also be a processor executiné software, e.g. any kind
of computer program, é.g. a computer program using a virtual machine code such as e.g.
Java. Any other kind of implementation of the respective functiéns 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 communicate with a mobile station. The access point
may .indicate. to the mobile station whether it has data for the mobile station. A problem
may arise if an access point cémmunicates with a large number o»f‘ mobile stations:

[0013] According to various embodiments, support for TIM (Traffic Indication Map)
segmentation may be provided.

[0014] FIG. 1A shows a mobile radio communication system 100. A radio
communication terminal 102 (for example a mobile stafion, for example referred to by
STA) may communicate with an access point 104, like indicated by arrow 106. The

access point 104 may indicate to the station 102 when it has data for the station 102.
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[0015] 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 or to a pluralify of radio communication devices) scheduling

information for a page (in other words: page ‘scheduling information). The page may
include on.e or more segments -of a Traffic Indication Map (TIM). Each of the TIM

segments may include one or more bits, each bit indicating whether there is buffered data

at the acceés point to be transmitted to a respective pre-determined radio communication

terminal associated with the access point. The scheduling information may include at

least one of the following information: an explicit indication of an interval of one or more

recurrences of subsequent transmissions of the schedilling information for the page; or

information indicating séheduling of transmission of segments of the page including at

least: an offéet betwe'en the transmission of the first segment included in the page

schéduling and the transmission of the scheduling information; and the number of blocks

in each segment of the page, wherein a block contains a pre-determined number of bits of
the. TIM. |

[0016] In other words, the AP may signal explicitly the following information:

[0017] - scheduling information that indicates the subsequent occurrences of the page;
and/ or
[0018] — scheduling information that indicates the transmission schedule of one of

more segments of the page. The transmission schedule information may include an
indication of the offset between the transmission of the first segment included in the page
scheduling and the transmission of the (page) scheduling information, and the number of

blocks in each segment of the page.
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[0019] ) ‘It will be understood that the term "Trafﬁc Indication Map (TIM)" is well- -
known in the field, but not “page” or “TIM/page segment", which may only be defined in _.
802.11ah standard. In 802.11ah, a “s.egment” may be a subset of “page”, which may be a
subset of TiM. TIM (or page) méy include one or more pages (or segmeﬁts). A segment
may include one or more blocks, and each block may inclﬁde a pre-determined number of
TIM bits.

[0020] According to various embodiments, the transrﬁitter 110 may be configured to
transmit the page scheduling information in.every beacon which includes a segment
count information element. |

[0021] Acéording to various embodiments, the page scheduling information may
include or may be an indication of the next target tra.nsmission time of the beacon that
parries a segment count information element for the current page (in other words: for the
associated page). |

[0022] According to various embodiments, the page scheduling information may
include or may be an indication of an offset between the beacon that carries the first
segment of the page and the current beacon that éarriés the page scheduling information
for the associated page.

[0023]  According to various embodiments, the page scheduling information is used
to determine the lifetime of buffered frames for abstati'on. |

[0024] | According to various embodiments, ‘the page scheduling information may
include or may be an indication of a number of traffic indication map blocks being

scheduled for'the page. -

10
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1 [0025] Aclcording to various embodirriients, the page scheduling information may
include or may be an indication of number of beacon intervals between successive
beacons that carry a 'segmént count information element for the associated page.

[0026] According to various embodiments, theipage scheduling information may
include or may be an indication of a number of beacon intervals betweeﬁ successive
beacons .that carry a segment count information elerﬁ¢nt for the page segment.

[0627] According to various embodiments, the page scheduling information may
rinclude o‘r may be an“indication'of a number of beacons before the next beacon that
carries a segment count information element for the associated page.

. [0028]- _Accordiﬁg to’ various embodiments, the page scheduling information may
include or may be an indication of a scheduling of segments within each segmentation
interval. |

[0029] According to various embodiments, the page scheduling information rhay
include or may be an indication of a page segment length in number of blocks ﬁsed for
the traffic indication map segmentation.

[0030] | According to various embodiments,  the page scheduling information may
include or'may be an indication of a pagé segment length.

[0031] According to various embodiments, the access point may be configured
according to IEEE 802.1 lah.

[0032] FIG. 1C shows‘a radio communication device 118 according to various
emBodiments. The radio communication device 118 may include a rece‘ive'r 1 20
configured to receive scheduling information for a page (in other words: page scheduling

information). The page may include one or more segments of a Traffic Indication Map

11
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(TIM). Each of the TIM segments may include one or more bits. Each bit may indicate
whether there is buffered data at aﬁ access point to be transmitted to a respective pre-
determined radio communication terminal associated with fhe access point.. The
‘'scheduling information may include at least one of the following information: an explicit
indication of an intervgl of one or more recurrences of subsequent transmissions of the
scheduling information for the page; or ihfonnation indicating scheduling of transrhission
of segments of the page including at least: an offset b_e_twéen the transmiésion of the first
segment included in the page scheduling and the fransmission of the scheduling
information; and the number of blocks in each segment of the page, wherein A block
contains a pre-determinéd number of bits of the TIM. |

[0033] According to various embodiments, the receiver 126 may be configured to
receive the p;ge scheduling information. in a beacon which includes a ségment count
information element.

[0034] According to various embodiments, the page scheduling infermation may
include or may be an indication of the next target transmission timebof the beacon that
caﬁies a segment count information elg:ment for the cu&ent page (in other words: for the
| associated page).

[0035] According to various embodiments, the page scheduling information may
include or may be an indication of an offset between the beacon that carries the first
- segment of the page and thé éurrent beacon that carries the page scheduling information
| for the associated page. |
[0036] According to various embodiments, the page scheduling information may be

used to determine the lifetime of buffered frames for a station.

12
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. [0037] According to various efnbodiments, the page scheduling information may
include or may be:an indication of a number of traffic indication map blocks being
scheduled for the page.

[0038]  According to variQuS embodiments, the page scheduling information may
include or may be an indication of number of beacon intervals between successive
beacons that carry a éegment count information element for the associated page.

[0039] According to .Various embbdiments, the page scheduling information may
include or may be an indication of a number of beacon intervals between successive
beacons that carry a segment count information element for the page segment.

[0040]  According to Va¥ious embodiments, the page scheduling information may
include or may be an indication of a number of beacons before the next beacon that
carries a segment count information element.

[0041] According to various embodiments, the page séheduling information may
include or may be an indication of a scheduling of segments within each segmentation
. interval.

[0042] According to various embodiments, the page scheduling information may
include or may be an indication qf a page segment length in number of blocks used for
the traffic indication mép éegmentation.

[0043]  According to various embodiments, the page scheduling information may
include or may be an indication of a page segment lenéth.

[0044] According to various embodiments, the radio communication device 122 may

be configured to wake up based on its page scheduling information.

13
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[0045] According to various embodiments, the radio communicationv devicé 122 may
be configured to wake up independent from its page number.
[0046] According to various embodiments, the radio-coMunication device 122 may -
be configured according to IEEE 802.11ah, for example it may be a STA.

[0047]‘ FIG. 1D shows a flow diégram 128 illustrating a method for controlling an
| access point according to‘varivou<s embodiments. In 130, scheduling information for a
page (in other words: page scheduling information) may be transmitted. The page may
include one or more segments of a Traffic Indication Map (TIM). Each of the TIM
segments may include one or more bits, each bit indicating whether there is buffered data
at the access point to Be transmit.ted to a reépective pre-determined radio communication
terminal associated with the accéss point. The scheduling information may include at
least one of the following information: an explicit indication of an interval of one or more
recurrences of sﬁbsequent transmissions of the scheduling information forbthe page; or
information indicating scheduling of transmission of segments of the page including at
least: an offset between the transmission of the first segment included in the page
scheduling and the transmission of the scheduling information; and the number of blocks
in each segment of the page, wherein a block contains a pre-determined number of bits of
the 'TIMT
[0048] According to various embodiments, the page scheduling information may be
transmitted in every beacon which includes a segment count information element.
[0049] | According to various embodiments, the page scheduling information may

include or may be an indication of the next target transmission time of the beacon that

14
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carries a segment count information element for the associated page (in other words: for
" the current page).

[0050] According to various embodiments, the page scheduling information may
~include or may be an indication of an offset between the beacon that éan‘ies the first
segment of the page and the current beacon that carries the page schéduiing information
for the associated page.

[0051] According to various embodiments, the page scheduiing information may be
used to determine the lifetime of buffered frames for a station.

[0052] According to various embodiments, the page schedulingk informaﬁon may
include or may be an indication of .a number..of traffic indication map blocks being
scheduled for the page.

[0053] According to various embodiments, the page scheduling information may
include or may be an indication of number of beacon intervals between successive,
' beacéns that carry a segment count information element for the associated page.

[0054] According to various embodiments, the page scheduling information may
include or may be an indication of a number of Beaéon intervals between successive
beacons that carry a segment count information element for the page segment.

[0055] Accordinvg to various embodiments, the page scheduling information' may
include or may be an indication of a number of beacons before the next beacon that
carries a segment count- information element.

[0056] According to various embodiments,. the pz;ge vscheduling infoﬁnation may
include or may be an indication of a scheduling of segments within each segmentation

interval.

15
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[00571  According to various embodiments, | the page scheduling information may
include or may be an indication of a number of blocks used for the traffic indication map
segmentation.

[0058] According to véri_ous embodiments, the page scheduling information may
include or rhay be an indication of a pagé segment ‘length.

[0059] According ‘to various embodimepts, the access point may be configured
according to IEEE-802.11ah. |

[0060] FIG. 1E shows a flow diagram 132 illustrating a method for controlling a
radio coinmunicétion device according to various embodiments. In 134, scheduling
information for a page (in other words: bage scheduling information) may be received.
The page may include one or more segments of a Traffic Indication Map (TIM). Each of
the TIM segments may include one or more bits. Each bit may indicate whether there is
buffered data at an access point to be transmitted to a respective pre-determined radio
communication terminal associated with the access point. The scheduling information
may include at least one of the following information: an explicit indication of an interval
of one or more recurrences of subsequent trans.mis_sions of the scheduling information for
the page; or information indicating scheduling of transmission of segments of the page
including at least: an offset between the transmission of the first segment included in the
page scheduling and the transmission of the scheduling information; and the number of
blocks in each segment of the page, wherein a block contains a pre-determined number of
bits of the TIl\/‘I.'

[0061] According to various embodiments, the page scheduling information may be

received in a beacon which includes a segment count information element.

16
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[0062] According to various embodiments, the page scheduh;ng‘ information may
include or may be an indication of the next target transmission time of the beacon that
carries a segment count information element for the associated page (in other words: of
the current page). |

[0063] - According to various embodiments, the page scheduling information may
include or may be an indication of an ;)ffset between the beagdn that carries the first
segment of the pége and the current beacon that carries the page scheduling information
for the associated page.

[0064] According to various émbodiments, the page scheduling information may be
used to. determine the lifetime of . buffered frames at the access point for a station
associated with the access point.

[0065] According to various embodiments, the page scheduling information may
include or may be an indication of a number of traffic indication map blocks being
séheduled for the page. |

[0066] According to various embodiments, the page scheduling information may
include or may be an indication of ngmber' of beacon intervals between successive
beacons that carry a segment count information elgment for the associated page.

. [0067] - Accoraing to various embodiménts, the page scheduling i_nformatioh may
include or may be an indication of a number of beacon intervals between successive
beacons that carry a segment count information element for the p.age segment.

[0068] .According to various embodiments, the page scheduling information may
include or may be an indication of a number of beacons before the next beacon that

carries a segment count information element.

17
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[0069] According to ‘various embodiments, the page scheduling information may
include or may be an indication of a scheduling of segments within each segmentation
interval.

- [0070] According to various embodiments, the page scheduling information may
include or may be an indication of a page segment length iﬁ number of blocks used for
the traffic indicatiqn map segmentation.

{0071] According to various embodiments, the page scheduling information may
includ¢ or may be aﬁ indication of a page segment length. |

[0072] According to various embodiments, the radio communication device may
wake up based on its page scheduling information. |

[0073] Aécording to various embodiments, the radio communication device may
wake up independent frorh its page number.

[0074] According to various embodiments, the radio communication device may be
configured accbrding to IEEE 802.11ah, for example the radio communication device
may be a STA.

[0075] . - Each bit in the traffic indication map may correspond to one particular STA.
When the bit is set to 1, it may indicate that there is data buffered in the AP for the
~ corresponding STA. When the bit is 0, it may indicate that there is no data buffered in the
AP for the corresponding STA.

[0076] TIM encoding and segmentation m.ay be provided for IEEE 802.11ah to
support a large number of devices. The encoding may divide the entire TIM bitmap into a
plurality of péges, for example into up to 4 pages. Each page may include a plurality of

blocks, for example may consist of up to 32 blocks, and each block may include a

18
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plurality of AIDs (association identifiers), for exampl'e n;ay contain at most 64 AlDs.
Based on the hierarchical TIM structure, each Beacon may carry a fixed-sized TIM
segment. The segmentation scheduling may be carried in an IE (infbrmation elemen{),l
which may be called the Page Segment Count IE (PSC-IE) or Segment Count IE (éC-IE)
It will be understood that PSC-IE ahd SC-IE are alternative names for the same IE. When
the TIM is divided into multiple pages and segmented into different Beacon intervals, a
STA may desire to listen to one or more Beacons to synchronize to its designated
segment. To synchronize to its segment, a STA may desire to know not onl); its PSC-I_E,
but also the scheduling of pages.

[0077] According to various einbodiments, each Béacon that cam'és the PSC-IE (a
Beacon that carries the PSC-IE may also bé called anchor Beacon) may a1>so.' carry the
Page Scheduling information. In this way, any STA needs to listen to a maximum ofltwo
Beacons to synchronize to its own anchor Beacon that carries PSC-IE for the STA. Each
Beacon may convey the anchor Beacon period and the segment count information so that
a STA can synchronize to the next anchor Beacon (which may not necessarily be its own).
The anchor Beacqn may incluﬂe the Page Scheduling information, based on which a STA
| can lock onto its own anchor Bg:acon.

[0078] According to various embodiments, TIM segmentation enhancement may be
provided.

[0079]_ FIG. 2 shows an illustration 200 of an example for scheduling and
synchroniZation with anchor Beacons according to various embodiments. A plurality of
beacons are shown. For example, a first anchor beacon 202, a sec;ond anchor beacon 206,

a third anchor beacon 210, and a fourth anchor bveacon 214 are shown. Furthermore,
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further beacons 2047 208, and 212 are shownv._The arrows shown in FIG. 2 indicate the -
beacons that the STA needs to wake up and listen to in order to find its TIM segment.
Each anéhor beacon may have page scheduling information and page segment count
information, and may carry a schedule of subseQuent pages. If the number of Beacons
between any pair of adjacent anchor Beacons is équél, the Pagé .Scheduling info carried
in each anchor Beacon may include the sequence of foilowing pages. The sequence may
cover each page at least once so that a STA (station) cén always lock on to its own anchor
Beacon. The AP (access point) mayvindicate the size of the sequence ih the béginning of
the Page Scheduling infqrrﬁation. In case that the page transmissions are ordered
séquentially, the sequence is fixed, and AP only needs to .indicate the total number of
pages in the Page Scheduling information. The number of segment for each page can be
known from the PSC-IE or can be indicated by AP. In FIG.2, P1 may indicate the first
page, P2 the second page, P3 the third page, and P4 the fourth page. S1 méy indicate a
first segment, and S2 may indicate a second segment.
[0080] If .the numbers of Beacons between adjacent pairs of anchor Béacons are
_ different, the Page Scheduling may include the sequence of the following pages and the
sequence may cover every page at least oncé. Besides, the Page Scheduling may also
indicate the total nulﬁber of segments in each of the éorresponding page, or the number of -
Beacons between adjacent anchqr Beacons. Alternatively, the AP may indicate the
corresponding offset between anchor Beacons.
[0081] FIG. 3 shows an il.lustration 300 of fast synchronization to an anchor Beacon _
according to various embodiments. For example, a first anchor beacon 3’02, a second

anchor beacon 306, a third anchor beacon 310, and a fourth anchor beacon 314 are shown.
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Furtherrﬁore, further béécons 304, 308, and 3’12"a_rve. shown The afrowé shown in FIG. 3
indicate the beacons that the STA needs to wake upand listen to in order to find its TIM
segment. |
[0082] Each anchor beacon may include a segment count information element, and
may carry the Page Scheduling information. In this way, any STA needs to listen to a
maximum of one.Beacvon to synchronize to its own PSC-IE.
[0083] Each Beacon may include the PSC-IE period (or the number of Beacons
between adjacent anchpr Beacons) and thé segment count (current segment index)
information so that a STA can calculate the offset T (in nufnber of Béacon ihtervals)
from the current Beacoﬁ to the next Beacon that carries the PSC-IE (anchor Beacon).
Based on TIM, STA knows the current segment index. STA may also know the size of |
the segment from the TIM bitmap, and the STA may calculate the total number of
segments in current page as:

Total number of segments = size of page / size of segment.
[0084] Each Beacon may also contain the Page Scheduling information that indicates
the number bf segments S; in pége i. Each segment may correspond to one Beacon. So S;
~ may have'the same unit as Tg. A STA may calculate the offset T; (in number of Beacon
intervals) from the current Beacon to the j-th Beacon that carries the PSC-IE as:

Ty =Ty + X215,

[6085] When segmentation is relatively static and fixed over a long period of tiﬁle,
the AP may inform the STA ébout the Page Scheduling information - during

(re)association or through management frame exchange. The STA may be able to
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synchrénize to its PSC-IE based on the received Beacon and/or its time synchronization
function. |

[0086] TFIG. 4 shows an illustration 400 of an AP informin;g a STA‘ about the Page
Scheduling information.duration association 402, during which the STA is in active modé,
 like indicated by box 404. Then, the STA m.ay be in doze mode (like indicéted by box
406) at the time when a first beacon 408-and a second beacon 410 are sent, and may wake
up (in other words: may be active, like indicated by box 414) at its beacon 412 based on
the previously received page scheduling. |

~[0087] The STA may also request for updated Page Scheduling information if it
detects there is a change in the Page Scheduling. The scheduling infoﬁhation update may
be immediate (AP sends the updated Page Scheduiing to STA in SIFS after STAfs
request for update) or delayed (AP acknowledges a STA’s request for updated Pége
Scheduling and sends the gpdated Page S;heduliﬁg to the STA later).

{0088} FIG. 5 shows an illustfétion 500 in which a STA requests updated Page
Scheduling information (in 504, for example after receiving a beacon 502) upon detection
of page scheduling change. The AP responds immcdiately to Page Scheduling update
request in this example (in 506). The STA may acknowledge in 508, and may wake up at
the target beacon (in 510) based on updated page scheduling.

[0089] Some of vthe Beacons may also carry DTIM (delivery traffic indication
- message) information to indicate buffered»dowrilink broadcast / multicast data units. The

AP may use one AID (AID 0) to indicate any general downlink broadcast / multicast data.
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[0090] Buffer status indicaﬁon for multicast traffic does not need to follow the page
segment structure. A DTIM méy indicate buffered multicast traffic status for STAs
belonging to any page.

[0091] FIG. 6 shows an illustration 600 in which all STAs wish to receive 'D.TIM
wake up and check AP buffer status regardless of their page number. A plurality of
beacons 602, 604, 606, 608, 610, 616, and 618 are shown. For example, all STAs wishing
to receiye DTIM may wake up and check buffer .state regardless of their page number,
like indicated by blocks 612 and 614. |

[0092]  According to various embodiments, the anchor Beacon may be the DTIM
Beacon, but this may not always be the case. When the DTIM period is .independent of
the page segmentation, the DTIM Beacon may not necessarily carry the PSC-IE.
Similarly, ihe PSC-IE Beacon may not be a DTIM Beacon.

[0093] In addition tc; the use of anchor Beacon, the DTIM Beacon may also carry the
nge Scheduling information, so that a STA may use the DTIM count and DTIM period
: Ato synchronize to a DTIM Beacon and check its Page Scheduling information.

[0094] FIG. 7 shows an illustration 700 of a DTIM Beacon carrying the Page
Scheduling information. A plurality of beacons 702, 704, 706, 708, 710, 712, and 714 are
shown. To support flexible and independent DTIM with segmentation, each Beacon may
point to the next DTIM Beacon (like indicated by the arrows in FIG. 7) using DTIM
period and DTIM count so that STAs wishing to check buffer status for multicast /
“broadcast data can synchronize to the DTIM Beacon. Additionally, the Beacon may also
point to the next Page 'Scheduling information, either explicitly or implicitly, so that a

STA can synchronize to its own Beacon carrying PSC-IE.
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[0095] FIG. 8 shows an illustration 800 of a format of the Page Scheduling core
information using page index +(and) offset format according to various embodiments. In
the Scheduling information format shown in FIG. 8, a sequence size field 802, a page
index field 804, an offset field 806, a page index field 808, a further page index field 808,
a further offset field 810, further fields (like indicated by dots 812), yet a further page
index field 814, and yet a further offset field 816 may be provided. |

[0096] The page index (¢.g. page index =i) may indicate the page number (e.g. i-th
page), and the offset may indiéate the offset in number of Beacon intervals to the anchor
Beacon (or the Beacon that carries the PSC-IE) for page i. i‘he Sequence Size indicates
the total number of pages cdvered in the current Page Scheduling information. |

'[0097] FIG. 9 shows an illustration 900 of a Page Scheduling inforrnation format
according to various embodiments. Various fields shown in FIG. 9 may be identical or
simiiar to fields shown in FIG. 8, so that the same reference signs may be used and
duplicate description may be omitted. Further page indices may be present, like indicated
by a field 902 with dots. When the offsets between adjacent anchor Beacons are equal,
the AP may use the simplified format as shown in FIG. 9, where the page sequence is
indicated‘with a common offset (like indicated in a common offset field 904) between
anchor Beacons for the pages.

[0098] FIG. 10 shows an illustraﬁon 1000 of a page scheduling information format
baccording to various embodiments, in Which.a total number of pages field 1002, and a
plurality of offset fields 1002, 1004, 1006 are provided. When the pages are always
transmitted sequéntially, the page scheduling may‘be further simplified as shown in FIG.

10. The AP first may indicate the total number of pages. Based on the knowledge of
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current page indgx (either explicitly iﬁdicated by A? or conveyed in other field vsuch as
TIM), .the STA may be able to match the offset with its corresponding anchor Beaéon‘.

. [0099] FIG. 11 shows an illustration 1100 of a page scheduling information format
according to various embodiments; in which a total number of pages field 1102 and a
cominpn offset field 1104 are provided. When the offsets betweén adjacent anchor
Beacons are equal and page transmission ié sequential, the Page Scheduling may be
further ‘simpliﬁed as shéwn in FIG. 11, Where the offsets are now equal and‘indicated by
a common offset. |
[00100] Based on the implementation, the AP. may choose one of the above formats
for Page Scheduling information indication. AP may also support multiple enéoding
formats by indicating the format type. Besides the core information conveyed in the
above formats, AP may indicate other information to facilitate a STA to syhchronize to
the anchor Beacon. For example, if the Page Scheduling in_formatioﬁ is carried in every

- Beacon, AP may also indicate the offset from current Beacon to the néxt anchor Beacon.

AP may alsb indicate the current page number if TIM IE is not present.

[00101] According to various émbodiments, TIM and Page Segment fér Non-TIM

STAs 'may be provided.

[00102] A non-TIM STA may not be required to listen to the beacon before

transmitting PS-Poll/Trigger frame:

[00103] - anon-TIM STA may be required to send PS-Poll/Trigger frame at least once

in one listen interval.

[00104] A non-TIM STA may be re-synchronized with next beacon by AP’s response

to its PS-Poll/Trigger frame:
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[00105] - The AP shoufd indicate to non-TIM STA for its downlink buffered daté in
TIM page/segment; |
[00106] — TIM page/segment for non-TIM STA may be unscheduled and may not be
determined by Segment Count IE in DTIM due to Segment Count IE usually considers
only TIM STA. |
[00107] Acéording to various embodiments, the indication may be included in TIM
and page segment for non-TIM STA.
[00108] There may be two cases like will be described in the following.
[0010>9] Iﬁ a first case (which may also be referred to as case 1), both TIM and non-,
TIM STAs may be associated With the same AP: | o
[00110] ‘In case la, AID (re)assignment protocol may be used to move all non-TIM
STAs into separate page/segment: Seément Count IE may only consider the
pages/segmenfs for TIM STAS. |
[00111] In case Ivb, TIM and non-TIM STAs may share the same AID space: Segment
Count IE may include the pages/segments for non-TIM STAs. | |
[00112] In a second case (which may also be referred to as casé 2), all STAs
associated with the same AP may be in non-TIM mode: There may be no Segment Count
-IE in DTIM. Therefore, according to various embodiments, devices and methods may be
; brovided for the following cases:
[00113] In case la, no change may be required for segment count IE but its
coneSpond{ng_TIM page segment may exclude non-TIM STA. It may be desired to
include non-TIM STA in separate page segments; it may be inflexible when the number

of TIM and non-TIM STAs changes dramatically.
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[00114] In case 1b, no change may be required for segment count IE. It may be less
favorable for slot assignment/TIM indication but without overhead of AID reaséignment.
[00115] Case 2 may require to include non-TIM STA in page segments. _Sblot.
assignment based on TIM IE may only consider paged STAs as non-paged STA is not
meaningful in this case.

-[00116] As the AP may respond to the unscheduled (NDP) PS-Poll/tﬁgger frame sent
by ‘the non-TIM STAs with a timer/time indication pointing to the transmission time of
the beacon which carries the information of the bitmaﬁ of traffic indicétion for the STAs
in the multiple pages, according to various embodiments, the AP may include the traffic
indication for all mode-éwitching non-TIM STAs in multiple pages into either one or a
few TIM IEs for the beacon.

[00117]  According to various embodiments, TIM and page segment may include the
traffic indication for non-TIM STA if non-TIM STA is switched‘ to TIM mode
temporaﬁly. |

[00118] To facilitate the operation of TIM and page segmentation, AIDs of non-TIM
STAs and TIM STAs may be always separated into exactly twd non-interleaving ranges
if thei’r AID space in one TIM pége is separated. If éeparated page segnients for TIM or
non-TIM STAs in one page ai‘e interléaved, it ;nay be difficult to support varying length
of page segment in multiple DTIM beacon intervals and use segment count IE to indicate
the segments efficiently.

[00119] Due to TIM IE includes the bitmap for 1° page segment in DTIM element, it

may be redundant to include 1¥ page segment in page bitmap field in Segment Count IE.
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It may be straightforward to knoW the starting block index by decoding 1% AID bit in the
.. TIM bitmap.

[00120] The field of page bitmap in Segment Count IE may exclﬁde the blocks in 1*
page segment in DTIM element, where

[00121] - Page Offset (for example 5 bits, which may be dependent on block size)
field indicating the first block in second assigned page segment iﬁ DTIM elemént; and
[00122] - Page Bitmap (for e‘xarﬂple- 0- 4 octets, which may b¢ dependent on block
sizé) ﬁelci for bl;cks of all page segmehts excluding 1* page segment in DTIM element.
[00123] Page offset and Page segment count fields in the segment count IE rﬁay
indicate irﬁtial block offset and range of TIM element in eéch TIM segment. The
following may only be applicable to TIM segment number > 1:

[00124] Block offset / start = page. offset + ((length of page segment) * (TIM segment
number -1)) + 1; and

[00125] Block Range = page offset + (length of page 4.segment) * (TIM segment
number).

[00126] For 1% TIM ségment, block offset/start may be obtained through TIM IE and
block range can be obtained by the following equation: | |
[00127] page offset + (Iength of page segment) * (TIM segment pumber) - 1.

[00128] In case la, if TIM page segments are applied for TIM STAs only, it may Be
required to include non-TIM STA in separate page segment(s). The page segment for
non-TIM STAs may not be considered as regular page segment. Segment count IE may

or may not include into page bitmap field the bitmap block to which this non-TIM STA
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belongs. Slot assignment based on TIM IE may include non-TIM STA when it
temporarily switches its mode.

[00129] In a case 1b, if TIM pagé segments are applied for both TIM and non-TIM
STAs, Non-TIM §TA ‘may re-synchronize with the transmission time of the Be’acon
carrying its TIM page segment (not necessary next TBTT (Target Beacon Transmission
"Time)). Slot assignment based on TIM IE may not be valid for the case_f-that paged and
unpaged STAs are allowed to access RAW. To avoid thé confusion with non-paged and
non-TIM STAs to infer the iassigned slot, TIM encoding based on AID differential
encoding may be used.

[00130] In an Option 2a of a case.2,, if TIM page segments are applied for non-TIM
. STAs, segment count IE may be used for mode‘-switching non-TIM STAs. The AP may
include a time indication in the response to non-TIM STA’s PS-Poll/Trigger frame and
the indicated time points to DTIM Beacon frame transrhission time. Non-TIM STA may
go to sleep if the TIM segment is not assigned to itself. Non-TIM STA may wake up on
its TIM segm‘ent to check its traffic indication (TIM bit) after receiving the DTIM beacon
frame i_ncluding segment count IE. The STA may have to wake up twice to receive its
segment. AID reaséignment ﬁlay be fequiréd if TIM mode change iskallowed and case la
is applied.

[00131] In an option 2b of case 2, if TIM page segments are not applied for non-TIM
STAs, segment coﬁnt IE may not be used for mode-switching non-TIM STAs. The AP
may inélude a tirr;e indication in the response to non-TIM STA’s PS-Poll/Trigger frame
and the indicated time points to beacon frame/TIM/Resource Allocation Frame

transmission time. A non-TIM STA may‘ wake up to receive the beacon on the indicated
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" time to check its traffic indication (TIM bit) after recéiving the time indication. A non-
TIM STA may wake up to receive the Resource Allocation frame on the indicated time to
check its traffic indication (TIM bit) and/or its assigned time slot after receiving the time
indication.

[00132] | FIG. 12 shows an illustration 1200 of the format of PSC-IE. The element ID l
1202 and length fields 1204 may enable a STA to identify the PSC-IE. The page index
1206 may indicate the page currently assigned to Beacon. The page seément count 1208
may indicate the number of TIM segment for the page. The page offset 12010 may
indicates the index of the first block in assigned TIM segment. A reserved field 1212 may
be provided. The page bitmap 1214 may enable pdwer—saving for STAs whose TIM
segment contains no set bits. The first TIM segment is transmitted in thé same Beacon
that carries the PSC-IE. The Beacon is»n'onnally the DTIM Beacon. A TIM-STA has to
first listen to PSC-IE to find out the TIM segmentation scheme- and segment schedule. It
needs to calculate the number of TIM blocks per segment by:

- Number of TIM blocks = number of bits in page bitmap / bage segment count.
[00133] It may then listen to its corresponding TIM segment to check a\}ailability of
downlink bﬁffereq data at AP.

[00134] * There may be ‘several issues with the designs of TIM segmentation. The
DTIM period may be increased as it has to cater for the‘ maximum number of TIM
segments. As an example, to cater for TIM segmentation, DTIM period may be as long as
32 Beacon intewals. However, this may cause delay in delivery of buffered broadcast
data, which may be indicated by DTIM Beacon. Assuming typical Beacon interval of

100ms, a DTIM period of 32 causes delay more than 3 sec, which may be highly
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undesirable for some épplications. Another issue with the designs may be that some
Beacons may not carry the TIM IE, as DTIM period has to cater.for the maximum
number of TIM segments. This may happen, for example, when page 1 is segmented into
32 segments, whereas page 2 is only segmented to 8 segments. In this case, the remaining
24 Beacons in page 2 are empty. This may cause delay for subsequent TIM segments (for
ex;':lmple of page 2), and may be undesirable. The above issues may arise because DTIM
peﬁod may be determined based'on TIM segmentation. Hence, the above issues may be
mitigated if the DTIM period may be made independent of ‘TIM segmentation.
Furthermore, STAs in different pages may have different QoS requirement. For example,
STAs.in page 1 may be less delay tolerant, whereas STAs in page 2 may be more deléy
' tolerate. In this case, the pages need not be transmitted in sequence, but may cater for the
different QoS requirements. According to various embodimeﬁts, devices and methods
may be provided which address the above issues; for example, new TIM segmentation
schemes may be provided. |

[00135] FIG. 13 sﬁows an illustration 1300 of a TIM segmentation scheme acéording
to various embodiments. In this scheme, .the first segment of a page is always carﬁed in
the DTIM Beacon. The DTIM Beacon that carries the first TIM segment of a page also
carries the PSC-IE for the page.. An example of the TIM segmehtation scheme is shown
in FIG. 13. The DTIM period may be 4. Page 1 may be segmented into 6 TIM segments
(each one labeled as 1302), and page 2 may be segmented into 4 TIM segments (each one
labeled 1304). The first TIM segment is always transmitted in DTIM Beacon, which also

carries the PSC-IE. For other DTIM Beacons that do not carry the first TIM segment,

31



WO 2014/074070 PCT/SG2013/000480

they may not carry the PSC-IE. Page 1 and Page 2 TIM segments may also be transmittéd
on vthe same Beacon. | |

[00136] FIG. 14 shows an illustration 1400 of a PSC-IE foﬁnat according to various
embodiments. Various fields shown in FIG. 14 may be similar or identical to fields
shown in FIG. 12, so that the same reference signs may be used and ;luplicate descriptioﬁ
may be‘omitted. The AP may indicate the next target transmission time of the Beacon
that carries the PSC-IE for current page. The format according to various embodiments is
shown in FIG. 14, where a ‘page period’ field 1402 is added to the PSC-IE. The page
period may indicate the target time at which the next DTIM Beacon that carries the PSC-
IE for current page will be transmitted. The target transmission time may be indicated in
unit of Beacon interval, or in unit of DTIM period.

[00137] | FIG. 15 shows an illustration 1500 6f a TIM segmentation with page period
indication according to’ various embodiments. The STA may c4a1cu1ate the TBTT of the
next Beacon that carries the PSC-IE for its own page, and may wake up. to receive the
Beacon.. The éTA may receive the PSC-IE for page 1 (indicated by 1502) from the
DTIM Beacon. The PSC-IE indicates the schedule of TIM segménts, and also the target
time of the next Beacon that carfies the PSC-IE for page 1, where the STA may later
wake up to receive .(indicated‘by 1504). The STA may then wake up at the corresponding
- Beacon to check TIM segment. It then goes to sleep m;)de and wakes up again at the
DTIM Beacon as indicated by the earlier PSC—IE.

[00138] FIG. 16 and FIG. 17 sthqillustration.s 1600 and 1700 of operaﬁng examples
of periodic pages according to various embodiments, in which page 1 segments are

illustrated by a ﬁ]lred box 1602, and page 2 segments are illustrated by a hatched box
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1604. The advantage of the method according to various embodiments is that is allows
ﬂcxibie TIM segmentation which is not solely,detefminf;d by the DTIM period, as shown
in FIG. 16 and FIG. 17. The only réquirement ofA the method according to various
embodiments is that tﬁe PSC-IE may be transmitted periodically. It may ailov& more
frequent DTIM transmission to reduce broadcast latency, and transmission of TIM
‘segments of a page may span across multiple DTIM periods.

[00139] FIG. 18 shows an illustration 1800 of a TIM segmentation scheme a;:cordirig
to various embodiments. The DTIM period may be 4. Page 1 may be segmented into 6
TIM segments (each one labeled as 1802), and page 2 may be segmented into 4 TIM
segments (each one labeled 1804). In thié scheme, the first TIM segment of a page may
not be transmitted in DTIM Beacon. The PSC-IE may still be carried in DTIM Beacon.
The STA needs to listgn to the Beacon that carries the PSC-IE for its page to find its TIM
segment. As the ﬁfst TIM segment is not always transmitted in rthe Beacon that carries
the PSC-IE, the AP ﬁeeds ‘to iﬁdicate the offset from the Beacon that carries the PSC-IE
to the Beacon that carries the first TIM segment.

[00140]  FIG. 19 shows an illustration 1900 of a PSC-IE format according to vaﬁous
embodiments. Various fields shown in FIG. 19 may be similar or identical to fields
shown in FIG. 12, so that the same reference signs may be used and duplicate description
may be omitted. According to various embodi.m,ents, a segment offset field 1902 may be
added in the PSC-IE to indicate the offset between the Beacon that carries the first
segment of the page‘ and the current Beacon that carries the PSC-IE. This may enable the
AP to delay the transmission of TIM segments, and also may enable a STA to

synchronize to its TIM segment. It will be understood that this embodiment may be
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combined with other embodiments described herein. For example, the Aka may also add
the page period field as described above in the PSC-IE so that a STA can know when to
wake up again o receive the next PSC-IE. |
[00141] According to various embodiments, an offset indication méy be ad'ded in
DTIM beacon to indicate the target transmission time of the Beacon that carries PSC-IE.
This may help the STA to find PSC-IE for its page, and allows decoupled TIM
segmentation ;m'd DTIM operation. | |
[00142] A STA may have to listen to PSC-IE first to find the TIM segmentation
- scheme for its page. The TIM segment of the STA may nof be carried 1n the same Beacon
as the current“ Beacon that carries the PSC-IE. Hence, the STA may need to listeﬁ to
another Beacon that carries its TIM segment, as indicated in PSC-IE. However, for STAs
whose TIM segment is carried by the same Beacon that carﬁes the PSC-IE, they only
need to receive a single Beacon to know their TIM bit status. This may be unfgir_if
certain TIM segment is always transmitted on the same Beacon as the Beacon that carries
the PSC-IE. To initigate the faimess issue, the AP may rotate the TIM segment in turn
such that different segments may have similar chances of being transmitted on the same
Beacén‘ that carries the PSC-IE.
[00143]  According to various embodiments, .a ‘start ofl segment’ and ‘total segment’
indication may be added in the PSC-I_E.‘ The ‘sfart of segment’ may indicate the index of
the first segment, which is transmitted én the same Beacon that carries the PSC-iE. The
‘total segments’ may iﬁdicate the total number of TIM segment for the page.. The value of
‘total segments’ field may be equal to the value of ‘page segrheﬁt count’ ‘ﬁeld in thq PSC-

IE shown in FIG. 12, and the total segment indication field may not necessarily be
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present. Therefore, using the PSC-IE format shown in FIG. 12, only ‘start of segment’

may need to be indicated, and the total segments is equal to page segment count.

[00144] FIG. 20 shows an illustration 2000 of an example of start of segment and totai |

segment indication according to various embodiments, where the TIM‘is divided i‘n‘t'o 6

segments. The PSC-IE indicates the start of segmeﬁt to be 3, which may mean that TIM ‘

segment 3 is transmitted first and on the same Beacon that carries the PSC-IE. After that, |

TIM segment 4, 5, 6, 1, 2 are transmitted.

» [00145]  To reduce the signaling overhead, according to various embodiments, the size
of PSC-IE may be reduced by combining multiple PSC-IEs for multiple pages into a
single IE, as shown in FIG. 21.

[00146] FIG. 21 shows an illustration 2100 of combining multiple-PSC-IEs into a
single one according to \{_e}rious embodiments, so that fields 2102, 2106, 2108, each for
segment parameters of a specific page, may be provided. Vaﬁous fields shown in FIG. 21

‘m‘aj‘/Abe similar or identical to fields shown in FIG. 12, so that the same reference signs
may be used and duﬁlicate description may be omitted. |
[00147]A A ‘page bitmap size’ field 2104 may be added to indicate the size of the
following page bitmap. As all other fields are of ﬁxedr size, a ‘STA can determine the total

size of segmentation parameters for its page. It will be understood that other fields
described herein may also be added.

[00148] When the TIM is divided into multiple pages and segmented into different
Beacon intervals, a STA needs to listen to one or more Beacons to synchronize to its

designated segment. To synchronize to its segment, a STA needs to know not only the

PSC-IE for its own page, but also the scheduling of pages. The STA may request for
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updated Page Scheduling information if it detects there is a chénge 1n the Page
Scheduling. The scheduling information update may be immed{iate (AP sends the updated
Page Schedﬁling to STA in SIFS after STA’s request for update) or delayed (AP
acknowledges a STA’s request for updated Page Scheduling and sends“the updated Page
Scheduling to the STA later). -AP may also choose to broadcast the Page. Scheduling
information in some Beaeons. Upon reception of STA’s reques:t for Page Scheduling
information, AP may defer the STA to listen to the updated Page Scheduling by using a
resbonse frame that contains a timer. AP may also defer the_ STA to its PSC-IE directly
with the response frame that contains a timer or an indication of the exﬁected Beacon
time. A STA can synchronize to DTIM Beacon with the help of DTIM period and DTIM
count information from TIM IE. However, not all DTIM Beac/ons may carry the PSC-IE
if DTIM period is made to be independent of TIM segmentation.

[00149] According to various embodimente, an ‘Page Period’ indication may be added
in the Segment Count IE. /The Page Period may be defined to be .the number of beacon
intervals between successive beacons that carry the Segment Couet IE for the associated
page. |

[00150] - FIG. 22 shows an illustration 2200 of a Segmeht Count IE with Page Period
indication 2202. Various fields shown in FIG. 22 may be similar or identical to fields
shown in FIG. 12, so that the same reference signs may be used and duplicate description
may be omitted.

[00151) The Page Period may be defined in unit of beacon intervals, and it may
indicate the number of beacon intervals between the current beacon that carries the

Segment Count IE and the immediate next beacon that carries the Segment Count IE for

36



WO 2014/074070 PCT/SG2013/000480

[

the associated page indicated by Page Index. The definition 5f Page Period relaxes the
constraint that thé Segment- Count IE must be cérried in every DTIM, and allows the
Segment Count IE to be carried by any beacon as indicated by the Page Perioci. The Page
Peﬁod indication decouples TIM segmentation ‘from DTIM peﬁod, and may allow more
flexible page scheduliﬁg, as shown by the following examples. The page period may
alternatively be defined in unit of DTIM periods.

[00152] FIG. 23 shows an illustration 2300 of an operating example of TIM
segmentation with Page Period indication according to various embodiments. The DTIM
period may be 4 beacon intervals, and the Page Period may‘be 16 beacon intervals. The
TIM may be fragmented into 16 segments. The Segment Count IE may not be carried by
every DTIM beacon. In this example, it is carried by every 4" DTIM beacon. TIM
segmentation ﬁay be scheduled every 16 beacons.

[00153] | FIG. 24 shows an illustration 2400 of an operating example of TIM
segmentation with Page Period indication for two pages according to various
embodiments. The DTIM period may be 4 beacon intervals. The Page Period for Pagé 1
may be 4 beacon intervals, and the Page Period for Page 2 may be 8 beacon intervals. For
Page 1, TIM segmentation may be scheduled in every DTIM (like indicated by boxes
2402 ﬁlled with iight gray), and for Page 2, TIM segmentation is scheduled every two
DTIM:s (like indicated by boxes 2404 filled black).

[00154] It is to be noted that with Page Period indication, the Segmen/t Count IE may
also be carried by normal beacons other than DTIM beacons. Whether to signal the
Segment Count IE in DTIM beacon or normal bea_con is up to AP’s implementation of

Page Period indication.
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[00155] | The Page Period may define the period fpr each page. The concept may be
generalized to page segment. In other words, eéch page segment may have its own period,
and different page segme‘nts may have different periodicity.

[00156] According to various embodiments, a ‘Page Segment Period’ may be‘deﬁned
to be the number of beacon intervals between successive beacons that carry the Segment
Count IE for the page segment. The Page Segment Period is indicated in the Segment
Count IE as shown in FIG. 25. |

[00157] FIG. 25 shows an illustration 2500 of Page Segment Period 2502 (in other
.words: a page segmént period field 2502) in Ségment Count IE. Various fields shown in
FIG. 25 may be similar or identical to fields shown in FIG. 12, so that the same reference
signs may bé used and duplicate description may be omitted.

[00158] The range of page segment may also be indicated in the Segment Count IE
(either based on current method or enhanced signaling). Based on current Segment Count
IE, the range of page segment may be indicated by the Page Offset and Page Bitmap in
Segment Count IE. Altématively, enhanced signaling may be used to indicate the range
- of page segment, such as explicitly indicating tﬂg start and end of block index in the page
segment, or the start block index and length of block range.

[00159] A STA may have to listen to SC-IE first to find the TIM segmentation scheme
for its page. The TIM segment of the STA may not be carried in the same Beacon as the
current Beacon that carries the SC-IE. Hence, the STA may need to listen to another
Béacon that carries its TiM segment, as indicated in SC-IE. Howéver, for STAs whose
TIM segfnent is carried by the same Beacon that carries the SC-IE, they only need to

receive a single Beacon to know their TIM bit status. This will be unfair if certain TIM
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segment is always transmitted on the same Bgacon as the Beacon that carries the SC-IE.
To improve the fairness in STA péwer saving, AP may randomize the mapping between
TIM segment and page segment such that different ségments may héve similar
probability of being transmitted on the same Beacoﬁ that carries the SC-IE.
[00160] According to various embodimenté, the AP may determine the total number of
TIM segmenté NTIM,'Which is equal to the total number of page segments indicated by the
Page Segment Count field. The ordered page segments are indexed sequéntially from 1 to
Ntim , The ordered TIM segments are indexed sequentially from O to (Nt -1), where the
TIM segment with index 0 corresponds to the DTIM that carries the Segment Count
elemeﬁt. The AP may determine the index of fhe TIM segment to assign the pth page
segment based on the following mapping function:

itiv = (P Pofrser-1) ﬁlOd Nt
where ity is the index of the TIM segment that is assigned the‘ p™ page segment, mod X
denotes the modulo X operation. P represents the offset value in the mapping function,
which improves the faimess among the STAs, and the two least éigniﬁcant bytes of the
FCS field of the Beacon frame shzﬂl be used for the Pygeer. An example with ?oﬁset=3 for
Ntiv=8 1s-shown in FIG. 26 to illustrate the mapping between page segment and TIM
segment.
[00161] FIG. 26 shows an illustration 2600 of an example of mapping between page
segment and TIM segment for Poge = 3 accqrding to various embodiments.
[00162] | It may be possible that some STAs may lose synchronization (with their page.

To help these STAs find the beacon that carries their Segment Count IE, the AP may
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include some signaling in the TIM IE to indicate when the next Segment Count IE will be |
transmitted.

[00163] According to various embodiments, in TIM IE the Page Count may be
indicated to help a STA synchronize to itS‘-page. The Page Count may indicate the
number of beacons béfore the next beacpn that carries the. Segment Count IE for fhe
associated page. It may indicate how many beacon frames (including the current frame)
appear before the next beacoh fthat carries the Segment ‘Cour‘lt IE for the associated page.
When the value of the Page Count is 0, it indicates the cuﬁent beacc;n carries thé
Segment Count IE for the associated page.

[00164] " Current TIM segrﬁentation may follow a fixed approach, where the TIM
segment range is determined based on the number of blocks indicated in Page Bitmap,
the total number of segments indicated by the Page Segment Count, and the Page Offset.
Within each TIM segmentation interval (i.e. the ihterval between two consecutive
beacons thét carry the Segment Count IE for the same page),} each TIM segment isv
 transmitted only once following some predeﬁﬁed sequence. However, different TIM
segment may have different QoS requiremerit. To support différent traffic features for
different TIM segments, AP may schedule the segments within each TIM segmentation
interval. |

[060165] According to various embodiments, the scheduling of segments may be
indicated within each segmentation interval. The indication may either be in the Segment
Count IE or in a new IE. When the segment scheduling information is carried in the
Segment Count IE, a bit may be used to indicate whether the segmentation is fixed or

dynamic. In the case of fixed segmentation, a current TIM segmentation scheme applies. -
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In the case of dynamic segmentation, additional schedulingb information may be signaled
in the Segment Cou_nt IE. Such.signaling may indicate the range of TIMb segments and the
expected beacon or beacons that will carry the TIM ségndents.

[00166] FIG. 27 shows an illustration 2700 of segment scheduling according to
various e'mbodiments.kThe segment schéduling information may signaled in the Segment
Count IE. In the example, the page segment 1 is scheduled to be transmitted in every
beacon (like indicated by light gray boxes 2702), and the page segment 2 is scheduled to
be transmitted every 2 beacons (like indicated by black boxes 2704).

[00167] Current TIM ségment range may be calculated based on the number of blocks
indicated in Page Bitmap, the.total. number of segfnents indicated by the Page Segment
Count, and the Page Offset. The Page Bitmap can only be integer number of bytes. In
other words, the number of blocks in Page bitmap used in the calculation may only be 0,
8, 16, 24, and 32 blocks.

[00168] According to Vaﬁous embodiments, a Page Bitmap Length may be indicated
in the Segment Count IE. The Page Bitmap Length may indicate the number of blocks
used for the current TIM 'segmentation. So the range of blocks used for the TIM
segnientat-ion may be [Page Offset, Page Offset + Page Bitmap Length -1]. The actual
Page Bitmap transmitted may be larger than the range of blocks, and the bits in the actual
transmitted Page Bitﬁaap outside. the range of blocks may be undefined / reserved. For
example, they may be considered as padding / trailing bits to make the actual transmitted
Page Bitmap an integer multiple of octets. |

[00169] Page Bitmap Length may imply the number of bytes for the bitmap, which

may allow combining multiple Segment Count IEs into a single IE. The number of bytes
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used for Page Bitmap may be the minimﬁm integer that is greater or equal to Page
Bitmap Length indicated in number of blocks divided by 8. In other words, it may be
calculated as: | |
Page‘Bitmap. size (octets) = ceiling (Page Bitmap Length / 8). _

[00170] In the equation above, ceiling(.) may denote ceiling operation. Fo_r example,
when Page Bitmap Length is 20 (blocks), the Page Bitmap may be 3 octets, with only the
first 20 bité as valid indication of buffered data for the 20 blocks and the last 4 bits as
undefined / reserved.

'[00171]  The Page Bitmap Length indication méy usve reserved bits in current Sﬁ:g’ment
Count IE, or adding new bits in the Segment Count IE..Differe‘nt number of bits indicates
the Page Bitmap Length at different resolutions. The Page Bitmap may‘ possibly contain 0

' .to 32 blocks, and 6 bits may be needed to ind{cate the exact number of valid -blocks in the
Page Bitmap. When the number of bits is limited, the granularity of Page Bitmap Length
indication may be coarse. finer indication granularity may require more bité.

[00172] According to various embodiments, Page Segmeﬁt L;engthvinstead of Page
Segment Count ‘may be indicated in the Segment Count IE, so that the Page Segment
Length in- each TIM segment is explicitly indicated. The constraint that the segment
length for each TIMi segment shall be the same may be further relaxed, and this may
allow different Page Segment Length in different TIM segments. Signaling TIM
segmentation this way may be more flexible, and ;the total number of TIM segrﬁents may
be inferred as:

Total number of TIM segments: N= min(S, P)

where

42



WO 2014/074070 PCT/SG2013/000480

S = ceiling (Page Bitmap Length / Page Segment Length), and

P= number of beacbns intervals betwéen successive beacons that carry the Segment

Count IE. |

[00173] In the above calculation, N may be the total number of TIM segments, and

ceilin.'g(.) may denote the céiling operation. P may be the Page Period if it is implemented,

or the DTIM period baséd on current speciﬁcation. Taking N to be the minimpm value of

S and P accounts for the situation where the granularity of Page Bitmap Length Iindication

is coarse, and the lést few segments may not carry valid page blocks in this case. The

segments that do not carry valid page blocks may be truncated by indication of P.

[0017;1] The length of page segment in the first ‘(N-I) segments may be equél to the

indicated Page Segment Length, and the length of page segment in the last segment is

equal to: Page Bitmap Length - (N-1)*Page Segment Length.

[00175] AP and STA may further égree on some algorithm to further balance the load
between the first (N‘-l) TIM segments and the last TIM segment such that the length of
page segment in eachiTIM. segméﬁt is similar. For example, the page fnay be segmented
such that the length of page ségrﬁent in the first N_1 TIM segments is P_1, and the length
of page segmenf in the last N_2 TIM segments is P_2 subject to the constraints such that
N 1+4N_2 =N, and N_I1*P_1 + N_2*P 2 = Page Bitmap Length, and the difference
between P_1 and P_2 should be nﬁnimi’zed. It is to be noted that the Page Bitmap Length -
may be explicitly indicéted or implied by the Page Bitmap field.

[00176] In the following, AP buffer management will be described.
| [00177] A STA may indicate its listening interval (LI) to AP during association /

reassociation, or later through management frame exchange. When the STA goes into PS
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mode, AP buffers downlink data for the STA for at least LIto ensufe that the STA can
wake up to poll the buffered downlink data as indicated by TIM in Beacon before AP
drops the buffered deta. |

| [00178] When TIM segmentation (e.g. based on TIM Segment Count IE i.e. PSC-IE
included iﬁ DTIM beacon) is implemented, AP shall buffer the downlink data for a STA
in power saving mode for at least T time units .in ‘the worst case when TIM segment
schedﬁle_méy be changed over DTIM beacons. T is calculated as:

T= LI+[2*D-2]*BI (Eci. 1)

[00179] where LI is‘the listening interval of the STA in time. unit, BI is the Beacon
interval in‘time unit, and D is the DTIM period in number of Bls.
[00180] Thisis villustrated in FIG. 28.
[00181] F IG‘.l 28 shows an illustration 2800 of a calculation of T with zero offset
between the first TIM segment and tl‘;e beacon that carries the Segment Count IE of the
page. |
[00182]  After receiving buffered downlink data (t=0), a STA wakes up again to check
its TIM at t=LI (assuine TBTT of the first (most left han;l side) DTIM beacon in the
figure is 0). However, the Beacon at t=LI does not belong to the STA’s TIM segment,
and the STA has to lieten to the D;I'IM to find its TIM segment based on PSC-IE. In the
worst case, the STA receives the first non-DTIM Beacon after Waking up at ‘t‘= LI, and the
STA’s TIM segment is scheduled to be the last Beacon of the DTIM period. This yields
the worst‘ case delay of (2*D*BI - 2*BI).
[00183] The above calculation assumes a STA will receive every DTIM. A STA may

not need to receive every DTIM Beacon, as'in flexible multicast service. In this case, the

44



WO 2014/074070 PCT/SG2013/000480

STA and AP need to sc;tup‘a DTIM delivery interval P in number of DTIM period, where
the STA only wakes up to receive ever}; P® DTIM. In this case, AP has to buffer the
downlink data for T’ time units, where
T’ =LI+[(P+1)*D-2]*BL. | (Eq. 2)
[60184] The calculation of T’ is shown in FIG. 29.
- [00185]  FIG. 29 shows an illustration 2900 of a calculation of T’ Vwith zero offset
between the first TIM segment and the beacon that carries the Segmént Count IE of the
| page. |
[00186] However, if the TIM segment schedule is fixed or AP may be able to change
the buffering tifne for the buffered frame, AP shall buffer the downlink data for a STA in
PS mode er at least T time units, i.e. |
T = [TSeg(i+1)+D-TSeg(i)]*LL, for LI <= D*BI, (Eq. 3)
where TSeg(i) is the DTIM Count‘ value for the TIMVsegment that the STA belongs to. If
the TIM segment is not changed over DTIM beacons,
T=D*LI, for LI <; D*BI. ‘ - (Eq. 4)
[00187] When there is a change for the STA’s TIM segment in (i+1)-'th’ DTIM beacon
interval, T could be either larger than D*BI or smaller than D*BI.
[00188)  When Ll is larger than D*BI,
T= ‘[TSeg(j+cei1(LI/D*BI),i+1)+D*ceil(LI/D*BI)-TSeg(i,i)]*LI, for LI> D*BIL, (Eq.5)
where TSeg(j,1) is the DTIM Count value of j-th DTIM beacon for the TiM segment that
the STA belongs to. |
[00189] The above AP buffer management can be used for TIM STAs. Since the clock

drift may be significant for non-TIM STA, the buffering time at the AP for the buffered
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frame to the non—TIM STA should be more than listéning interval that is used to indicate
to AP how long a STA with has power saving duration to be required to transmit a PS-. ‘
"Poll or trigger frame without listening to a beacon. Current 802.11 (IEEE 802.11-2012)
requires the accuracy of the TSF timer shall be no worse than £0.01%. If the clock drift is
about 10ppm, S5min doze time requirés the long sle'ep STA should wake up 6ms before
the TBTT. Therefore, the calculation of T should factor in this error. Assume thé error is
E in time unit. For a non-TIM STA with listening interval LI, the ‘bufferin'g time is at-
least LI+E. |

[00190] For the ﬁxed virtual TIM segmént assignment, Eq. 6 should change.to the
t;ollowing: |

T = [D*ceil(LI/D*BI)]*LI+E, for LI > D*BI (Eq. 6).

[00191] InEq.1to6 above‘, the first TIM segment is transmitted in the same beacon
that carries the Segment Count IE of the page.

[00192] Inthe fdllowing, a lifetime of buffered frame will be described.

(00 193] The Listen Interval field in Association Request frame is used to indicate to
the AP how often a STA with dotl INonTIMModeAdctivated set to false in power save
- mode wakes to listen to Beaqon management frames or it is used to indicate to AP the
duration during which a STA with dotl INonTIMModeActivated set to true is required to
transfnit at least éne PS-Poll or trigger frame. -

[00194] , Thé value of this parameter is the Listen Interval parameter of the
MLMEASSOCIATE.reques‘t or MLMEREASSOCIATE.request primitive and is

expressed in units of Beacon Interval. The length of the Listen Interval field is 2 octets.
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o [00195] The Listen Interval ﬁeldAin Association Responée frame is used to indicate to
the STA a value of listen interval different from that in Association Request frame based
on AP's buffer management consideration.

[00196] An AP may use the Listen interval information in determining the lifetime Qf
frames that it buffers for a STA.
[00197] In‘ Segment Count IE, the following may be provided:

| [00198] _ Page Period (8 bits): this field indicates the number of beacon‘intervals
between éuccessive beacons tha:[ carry the Segment Count IE for the associated page.
[00199] - Thé draft specification inciude the “TIM offset”b field in Segmeﬁt Count IE
to alfow AP to indicate fhe TIM Beacon offset to the DTIM Beacon which carries the
segment Count IEs of the pages. The TIM for the first page segment of a specific page
can be allqcated at the indicated TIM offset to fhe DTIM. The TIM Segments can be
flexibly scheduled for page segments of different pages over beacon intervals.

[002001 TIM segmentatidn (Segment Count IE) is indicated in DTIM beacon so that
TIM IE for the STA’s page segment may not appear at every beacon.

[00201] The Segment Count element indicates assignment of STAs in Page segments
cérresponding to their assigned TIM éegments. S‘TAs with‘inﬂthe assigned Page segment
wake up at corresponding TIM segment sequentially to receive buffered data from AP

and access medium for uplink traffic. In order to wake up at the appropriate TIM segment,
the STAs may compute the Page segment assignment to the TIM segments using‘the

.‘ length of the Page Bitmap ﬁeld and the value in the Page Segment Count fields of
Segment Count IE. The length of Page segment assigned to each TIM segment is

calculated as: .
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Length of Page segment = the round off or round up value of (Number of blocks in Page
.Bhnmp/PageSegnmntCounO,

where the number of blocks in Page Bitmap is defined from the size of the Page Bitmap
mwmSwmmﬂbmﬂEm@MP@@&gmmamﬁ&HMMmmmS%mmt
Count element. Alternatively, the Length of Page segment may be explicitly indicated by
. the AP. At every TIM segment, the STAs may compute the initial block offset and block
range indicated in the segﬁent. .

[00202] The TIM segment number is obtained from the TIM Segment Number field in
the TIM segment.

[00203] , The number of béacon intefvals between successive beaconé that carry the
Segment Count IE for the associated page is page period (could be different from DTIM
beacon interval). The following éa;es require that STA may listen to the DTIM beacon in
-an interval short than its listen interval:

[00204] - If listen Interval is not equal to Page Period, STA may not be able to receive
its page segment unless it listens to its .Segment Count IE in DTIM beacon;

[00205] - If listen Interval is equal to Page4P.eriod, STA should listen to its Segment.
Count IE in DTIM beacon to receive its page segment if a dynamic TIM offset is set for
its page. |

[00206] TIM IE for the STA’s page segment may not appear at every beacon: -
[00207] — Channel access latency for non-first page segment;

[00208] ~.Extra delay is dependent on the STA;s page segment number;

[00209] — TIM offset may relocate first page segment to the beacon other than DTIM

beacon.
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[00210] Two embodiments may be provided to ensure the AP can deliver the buffered
frame to the STA without discarding them due to the improper usage of listen interval
and lifetime of buffered frame: |

[00211] - Option 1: An AP may use the information of Listen Interval, Segment Count
IE (TIM offset and page period) and DTIM period in determining the lifetime of fraines
that it buffers for a STA;

-[00212] - Option 2: AP sets the lifetime of the buffered frame to Listen Interval but
the STA should ensure it can receive its Segment Count IE and page segment so that I
can receive the buffered frame b¢foré the expiry of its Listen Interval.

[00213] In the following, optién 1 will be described in more detail.
[00214] If TIM segmentation is implemented, AP shall buffer the downlink data for a
STA with dotl lNonTIMModeActivaﬁed (‘the indication for TIM mode STA) set to false

- in power save mode for at least T time units in the worst case when TIM segment |

schedule may be changed over the beacons with Segment Count IE. AP should consider

the lifetime of the buffered frame based on the Segment Count IE (page period and TIM
offset) and DTIM period in addition to listen interval parameter.

[00215] - FIG. 30 shows an illpstration 3000 of an example of extending the lifetime of

buffered frame beyond listen interval. | |

[00216] T can be calculated as: T = LI+ Tog +(M+N)*BI + Tp, where LI is the

listening interval of the STA in TU, Ty is the duration in TU to the TBTT of the ﬁrst.

DTIM beacon carrying the Segment Count IE for the 'STA’S page after the frame has

buffered at AP for a period of LI, BI is the Beacon interval in TU, M is TIM offset, N is

the page segment number for the STA and D is Page Period value, Tp is the buffered
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frame delivery time after the beacon with STA’s page segment. For example, we can set
Tp=BL
[00217] - Since D>M+N, regardless of the dynamics of M and N, we can simplify the
lifetime of buffere;d frame as: T=LI+ Toff +D*BI + Tp. -
[00218] — Since Tog<D*BI, regardless of the dynamics of T, we can simplify the
lifetime of buffered frame as: T = LI+2*D*BI+ Tp.
[00219] - If Tp=BI, T=LI4—(2*D+1)*BI.
[00220] The abové_ setting ‘of T can ensure the buffered frame is able to be delivered to
the STA. This option is applicable to both cases of LI>= STA’s page period*BI and Li <
STA’s page period*Bl. | |
[00221] The example illustrated in Figure 5.1 shows that DTIM period is 4, TIM offset
~ for STA’s page segment is 1 beacon interval (BI), STA’s page segment number is 1,
Listen Interval fo_r the STA is 4 Bls, STA’s page period is 8 Bls, Tosr=1 Bl and Tp=1 BI.
Thus, the lifetime of buffered frame T is 8 Bls.

[00222] When AP supports the operation of non-TIM STA, an S1G AP may use the
| Listeﬁ Interval information and Segment Count element and/or DTIM period in |
determining the lifetime of framés that it buffers for a S1G TIM STA. The information of
Page Period, Page index, Page Segment Length, Page Segment Count, Page Offset and
TIM Offset in Segment Count element can be used fo derive the deferred delivery time
for buffe;ed frame after the end of the transmission of DTIM beacon that includes
Segment Couﬁt IE. | |
[00223] In the following, option 2 will be described in more detail: an alternative

option for AP buffer management with TIM segmentation may be that AP sets the
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lifetime of the buffered frame to Listen Interval but the STA should ensuré it can receive
ifs Segment Count IE and page segment so that it can receive the buffered frame before
the expixfy of its Listen Interval. This option is applic_ab.le‘to the case of LI>= STA’s page
period*BIL.

[00224] The latest time T, that the STA should listen to its near'estr DTIM beacon (i.e.
the DTIM beacon with the Segment Count IE for the STA’s page) before the expiry of its
listen interval, i.e. Ty = To + floor((LL-T,g)/D)*D*BI. If there are page segments, the
TBTT for the STA’s page segment T, = T; + (M+N)*BL. wh;:re LI (counted in TU) is
the listen interval of the STA, D (counted in the unit of BI) is the page period of the page
where the STA is, T is the time of frame Buffered at AP, T is the duration to the TBTT
of the first DTIM beacon carrying the_ Segment Count IE for the STA’s page after LI
upon the frame is buffered at AP, Bl is the beacon interval in TU, M is TIM offset for the
STA’s page, and N is the STA’s page segment number. In fact, the lifetime of buffered
frame could be shorter than LI. |

[00225] FIG. 31 shows an illustration 3100 of an example of a lifetime of a buffered
frame equal to a listen interval. |

[00226] - The example illustrated in FIG. 31 shdws that DTIM period is 4, TIM offset
for STA’s page segment is 1 beacon ”i‘nterval (BI), STA’s page segment number is 1,
Listen Interval for the STA is 4 BIé, STA’s page period is 8 Bls, Tog =1 BI and Tp=1BL
Thus, the lifetime of buffered framé T is 12 Bls. The STA has to listen to the nearest
DTIM beacon at T before the expiry of the listen interval and receive its page segment at
T,. In fact the lifetime of buffered frame for the STA in this example could be shorter, e.g.

8 BIs, if the AP knows the STA will receive its page segment at T. If there is no page
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segmentation change or if Segment Count IE is transmitted in non-DTIM beacons, the
STA may be allowed to receive its page segment every page period e.g. at T, and wi.thout
receiving its Segment Count IE at T,

[00227] While the inventibn has been particularly shown and described with reference
to specific embodiments, it should be undérstood by those skilled in the art that various
changes in form and detail may be made therein without departing from the spirit and
séope of the invention as defined by the apioended 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;

2.

An access péint comprising:

a franémitter configured to transmit scheduling infbﬁnatidn for a page, |

wherein the page comprises one or more segments of a Traffic Indication Map
(TIM); and

wherein each of the TIM segments comprises one or 'moré bits, each bit
indicating whether there is buffered data at the access point to be transmitted to a
respective pre-determined radio communication terminal associated with the-
access point; and

wherein the  scheduling information comprises at least one of the

| following information:

- an explicit indication of an interval of one or more recurrences of
subsequent transmissions of the scheduiing information for the page; or
- . information indicating séheduling of transmission of segments of the page
comprising at least:
o an offset between the transmission of the first segment included in the
page scheduling and the transmission of the scheduling information; and
o the number of blocks in each segment of the page, wherein a block

contains a pre-determined number of bits of the TIM.

The access point of claim 1,
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wherein the transmitter is configured to transmit the scheduling information in

every beacon which comprises a segment count information element.

3. The access point of any claim 1, -
wherein the scheduling information comprises an indication of the next target
transmission time of the beacon that carries a segment count information element

for the associated page.

4. The access point of claim 1,
wherein the scheduling information comprises an indication of an offset between
the beacon that carries the first seginent of the page and the current beacon that

| carries the scheduling information for the associated page.
5. The access point of claim 1,
wherein the scheduling information is used to determine the lifetime of buffered
frames for a station.
6. The access point of claim 1,
wherein the scheduling information comprises an indication of a number of traffic

indication map blocks being scheduled for the page.

T ‘The access point of claim 1,
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10.

11. -

12.

wherein the scheduling information comprises an indication of number of beacon
intervals between successive beacons that carry a segment count information

element for the associated page.

The access point of claim 1,

. wherein the scheduling information comprises an indication of a number of

beacon’ intervals between successive beacons that carry a segment count

information element for the page.

The access point of claim 1,

wherein the scheduling information comprises an indication of a number of

“beacons before the next beacon that carries a segment count information element

for the associated page.

The access point of claim 1,

wherein the scheduling information comprises an indication of a scheduling of
segments within each segmentation interval.
The access point of claim 1,

wherein the scheduling information comprises an indication of a page segment

Jength in number of blocks used for the traffic indication map segmentation.

The access point of claim 1,
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13.

14.

wherein the scheduling information comprises an indication of a page segment

length. -

The access point of claim 1,

wherein the access point is configured according to IEEE 802.11ah.

A radio communication device comprising:

a receiver configured to receive scheduling infonﬂation fof a page,

wherein the page comprises one or more segments of a Traffic Indication Map
(TIM); and |

wherein each of the TIM segments comprises one or more bits, each bit
indicating whéther there is bﬁffered data at an access point to be transmitted to a
respective pre-detefmined radio communication terminal associated with the
access boint; and

wherein the scheduling information comprises at least one of the
following information:

- - an explicit indication of an interval of one or more recurrences of
subsequent transmissions of the scheduling information for the page; or
- information indicating scheduling of transmission of segments of the page
comprising at least: |
o anoffset betWeen the transmission of the first segment included in the
page scheduling and the transmission of the scheduling information; and
o the number of blocks in each segment of the page, wherein a block

contains a pre-determined number of bits of the TIM.
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18.

19

20.
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The radio communication device of claim 14,
wherein the receiver is configured to receive the scheduling information in a

beacon which comprises a segment count information elemerit.

The radio communication device of claim 14,
wherein the scheduling information comprises an indication of the next target
transmission time of the beacon that carries a segment count information element

for the associated page.

The radio communication device of claim 14,
wherein the scheduling information comprises an indication of an offset between
the beacon that carries the first segment of the page and the current beacon that

carries the scheduling information for the associated page.

The radio communication device of claim 14,
wherein the scheduling information is used to determine the lifetime of buffered

frames for a station.

The radio communication device of claim 14,
wherein the scheduling information comprises an indication of a number of traffic

indication map blocks being scheduled for the page.

~ The radio communication device of claim 14,

57



WO 2014/074070 PCT/SG2013/000480

21. -

22.

23.

24,

25.

wherein the scheduling information comprises an indication of number of beacon
intervals between successive beacons that carry a segment count information

element for the associated pagé. '

The radio communication device of claim 14,
wherein the scheduling information comprises an indication of a number of
beacon intervals between successive beacons that carry a segment count

information element for the page segment.

The radio communication device of claim 14,
wherein the scheduling information comprises an indication of a number of

beacons before the next beacon that carries a segment count information element.
The radio communication device of claim 14,

wherein the scheduling information comprises an indication of a scheduling of
segments within each segmentation interval.

The radio communication device of claim 14,

wherein the scheduling information comprises an indication of a page segment

length in number of blocks used for the traffic indication map segmentation.

The radio communication device of claim 14,
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26.

27.

28.

29.

wherein the scheduling information comprises an indication of a page segment

length.

. The radio communication device of claim 14,

wherein the radio communication device is configured to wake up based on its

scheduling information. -

The radio communication device of claim 26,
wherein the radio communication device is configured to wake up independent

from its page number.

The radio communication device of claim 14,

wherein the radio communication device is configured according to IEEE

802.11ah.

A method for controlling an access point, the method comprising:
transmitting scheduling information for a page,

wherein the page comprises one or more segments of a Traffic Indication Map

. (TIM); and

~wherein each of the TIM segments comprisesone or more bits, each bit

indicating whether there is buffered data at the access point to be transmitted to a
respective pre-determined radio communication terminal associated with the

access point; and

59



WO 2014/074070 PCT/SG2013/000480

wherein the scheduling  information comprises at least one of the .
following information:

- an explicit indication of an interval of one or more recurrences of
subsequent transmissiops of the scheduling information for the page; or

- information indicating scheduling of transmission of segments of the page
comprising at least:
o an offset between the transmission of the first segment included in the

page scheduling and the transmission of the scheduling information; and

the number of blocks in each segment of the page, wherein a block contains a pre-

30.

31.

32,

determined number of bits of the TIM.

The method of claim 29,
wherein the scheduling information is transmitted in every beacon which

comprises a segment count information element.

The method of claim 29,
wherein the scheduling information comprises an indication of the next target
transmission time of the beacon that carries a segment count information element

for the current page.

The method of claim 29,
wherein the scheduling information comprises an indication of an offset between
the beacon that carries the first segment of the page and the current beacon that

carries the scheduling information for the associated page.
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36.

37.

38.
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The method of claim 29,
wherein the scheduling information is uéed to determine the lifetime of buffered

frames for a station.

‘The method of claim 29,

wherein the scheduling information comprises an indication of a number of traffic

indication map blocks being scheduled for the page.

The method of claim 29,
wherein the scheduling information comprises an indication of number of beacon
intervals between successive beacons that carry a segment count information

element for the associated page.

The method of claim 29,
wherein the scheduling information comprises an indication of a number of
beacon intervals between successive beacons that carry a segment count

information element for the page segment.

The method of claim 29,
wherein the scheduling information comprises an indication of a number of

beacons before the next beacon that carries a segment count information element.

The method of claim 29,
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wherein the scheduling information comprises an indication of a scheduling of

segments within each segmentation interval.

The method of claim 29,
wherein the scheduling information comprises an indication of a page scginent

length in number of blocks used for the traffic indication map segmentation.

The method of claim 29,
wherein the scheduling information comprises an indication of a page segment

length.

The method of claim 29,

wherein the access point is configured according to IEEE 802.11ah.

A method for controlling a radio communication device, the method comprising:

receiving scheduling information for a page;

-wherein the page comprises one or more segments of a Traffic Indication Map

(TIM); and_

wherein each of the TIM segments comprises one or more bits, each bit
indicating whether there is buffered data at an access point to.be transmitted to a
respective pré-determined radio communication terminal associated with the

access point; and
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wherein the scheduling information comprises at least one of the
following information:

- an explicit indication of an interval of one or more recurrences of
subsequent transmissions of the scheduling informaﬁon for the page; or
- information indicating scheduling of transmission of segments of the page
comprising at least: | |
o an offset between the transmission of the first segment included in the
page scheduling and the transmission of the scheduling information; and
o the number of blocks in each segment of the page, wherein a block

contains a pre-determined number of bits of the TIM.

The method of claim 42, -
wherein the scheduling information is received in a beacon which comprises a

segment count information element.

The method of claim 42,
wherein the scheduling information comprises an indication of the next target
transmission time of the beacon that carries a segment count information element

for the associated page.

' The method of claim 42,

wherein the scheduling information comprises an indication of an offset between
the beacon that carries the first segment of the page and the current beacon that

carries the scheduling information for the associated page.
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49.
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51.
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‘The method of claim 42,

wherein the scheduling information is used to determine the lifetime of buffered

frames at the access point for a station associated with the access point.

The method of claim 42,
wherein the scheduling information comprises an indication of a number of traffic

indication map blocks being scheduled for the page.

The method of claim 42,
wherein the scheduling information comprises an indication of number of beacon
intervals between successive beacons that carry a segment count information

element for the associated page.

The method of claim 42,
wherein the scheduling information comprises an indication of a number of

beacon intervals between successive beacons that carry a segment count

- information element for the page segment.

The method of claim 42,
wherein the scheduling information comprises an indication of a number of

beacons before the next beacon that carries a segment count information element.

The method of claim 42,
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56.
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wherein the scheduling information comprises an indication of a scheduling of

segments within each segmentation interval.

The method of claim 42,
wherein the scheduling information comprises an indication of a page segment

length in number of blocks used for the traffic indication map segmentation.

The method of claim 42,
wherein the scheduling information comprises an indication of a page segment

length.

The method of claim 42,

wherein the radio communication device wakes up based on its scheduling

information.

" The method of claim 42,

wherein the radio communication device wakes up independent from its page

number.

The method of claim 42,.

wherein the radio communication device is configured according to IEEE

802.11ah. .
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