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of aplurality of requests from amobile radio commumcation device to an access point with respect to &t least one of transmission of

buffered data from the access point to the mobile radio communication device or atiming of communication between the access

g point and the mobile radio commumcation device.
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~ COMMUNICATION METHODS AND COMMUNICATION DEVICES

vCross—reference to Related Applications

[0001] - The preﬁeht application claims the benefit of the Singapore patent application
No. 201303655—3 filed on 10 May 2013, the entire contents of which are incorporated
herein by referencé for' all purposes. The present application furthermore claims the
benefit of the Singapore patent application No. 201309710-0 filed on 31 December 2013,

the entire contents of which are incorporated herein by reference for al purposes.

Technical Fided

[0002] Embodiments relate generally to communication methods and communication

devices.
Background
[0003] = In wireless communication, -a mobile station (which may for example be

referred to as a station or STA) may communicate with an access point (AP). A large |

number of STAsmay be provided, so that efficient data communication may be desired.

Summary

[0004] According to various embodiments, ‘a communication method may be
provided. The communication method may include at |east one of sending a data unit or

receiving a data unit. The data unit may include or may be apoll type field indicating one
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- of a plurality of requests from a mobile radio communication de\/ic;e, to an access point
with respect to at .Ieast one of transmission of buffered data from the access point to the
mobile radio communication device or ati.fning of communication between the access
point and the mobile radio communication device.

[0005] - According to various embodiments, a communication device may be
provided. The communication device may include a data processing circuit configured to
least one of send a data unit or receive édata unit. The data unit may include a poll type
field indicating ohé of apIUraIity of requests from a mbbile radio cdmmunication devi.ce
to an access point with respect to at least one of transmission of buffered data ffdm the
access point td the.mobile'radio communication device or atiming of communication

between the access point and the mobile radio communication device.

Brief Description of the Drawings

[0006] In the dréwi ngs, like reference characters generaly refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. 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 a flow diagram illustrating a communication method according to
various embodiments;

FIG. 1C shows a communication device according to various embodiments;
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FIG. 2 shows a frame confrol field according to various embodiments .Aand
accdrdi ng to afirst option; |

FIG. 3 shows a frame control field accorvdingv ‘to various embodiments and
according to a second option; |

: F.IG.F4 shows an illustration of a PS-Poll _frame transmission with Poll Type = 0

according to various embodiments; | |

FIG. 5 shows an illustration of a PS-Poll frame transmission with Poll Type = 1
according fo various embodiments;

FIG. 6 shows an illustration of a PS-Poll frame transmission with Poll Type = 2,
for example for aTWT ST A, accordi ng to various embodi menté;

FIG. 7 shows.an illustration of a PS-Poll frame transmission with Poll Type = 2,
for example for anon-TWT ST A,. according to various‘embodiments; and

FIG. 8, FIG. 9A, and FIG. 9B show illustrations of PS-Poll frame transmissions

with Poll Type = 3 according to various embodiments.

Description

[0007] Embodiments described below in context of the devices are analogoudly valid
for the respective methods, and vice versi Furthermore, it will be underétood that the
embodiments described below may be combined, for example, apart of one embodiment
may be combined with apart of another embodiment.

[0008] In this context, the communication device as described in this description may
include a memory which is for example used in the processing carried out in the

communication device. A memory used in the embodiments may be a volatile memory,
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for eXampIe aDRAM (Dynamic Random Access Memory) or anon-volatile memory, for
example a PROM (Programmable Read Only Memory), an EPROM (Erasable PROM),
EEPROM (Electrically Erasable PROM), or aflash memory, e.g., afloating gate memory,
a charge trapping ménory, an MRAM (Magnetoresistive Random Access‘ Memory) or a
PCRAM (Phase Change Random Access Memory). '

[0009]v In an embodiment, a "circuit" may be understood as any kind of a logic
implementing entity, which may be special purpose circuitry or a processor 'executing
software stored»'in émemory, firmware, or any combination thereof. Thus, in an
embodiment, a "dircuit" may be a hard-wired logic circuit or a programmable logic
c‘ircuit such as a programmable proCr, e.g. a microprocessor (e.g. a Complex
Instruction Set Computer (CISC) |c‘)vrocr‘ or a Reduced Instruction Set Computer
(RISC) processor). A "circuit" may also be aprocessor executing software, e.g. any kind
of computer program, e.g. acovmputer program using avirtua machine code suCh as eg.
Java. Any other kind of implementation of the respective functions which will be
described in more detail below may aso be understood as a “circuit” in accordance with
an alternative embodiment.

[0010] The IEEE Y(Institute of Electrical and Electronics Engineers) 802.1 Iah newv
standard may be used for Smart Grid, sensor network and 3G data offloading. This
amendment may enable the |IEEE 802.1 1 standard to operate on frequency bands below 1
GHz. This may be different from the legacy IEEE 802. 11 standard, which is defined for a
wider channel such as 20 MHz or more. The |EEE 802. 11ah may operate on a narrowér
channel such as 1, 2, 4, 8 and 16 MHz, different from the legacy IEEE 802.1 1 standard.

The data rate may be aslow as 150 kbps.



WO 2014/182252 PCT/SG2014/000209

[0011] The Smart Grid applications, which may be among the various application
supported by the IEEE 802.1 1ah standard, may desire that a single Access Point (AP) is
able to support a large number of stations (STAs) ‘eg. 6000 STAs. The}sensor network
may prefer a more efficient MAC (medium access control) operation and low power
consumption. To solve the issues, various schemes may be provided to enhance the IEEE
802.1 1 technology in channel access ng, TIM Bitmap encoding, header compression and
power saving. According to various embodiments, schemes for Poll Type may be
provided.

[0012] To support alarge number of STAs by asingle APrmay bring new challenges
to the existing |EEE 802. 11 technol ogy; To solve these challehge issues, various schemes
that enhance the IEEE 802.11 technology in channel accessing, TIM Bitmap encoding,
| header compression and power saving etc. may be provided. According to various
embodiments, various methods may be provided that further improve the design of
802.1 1ah communication protocols in various aspects. According to various

embodiments, the following schemes may be provided:

[0013] - Pall type and active polling; and |

[0014] - Listen Interval for TWT (target wakeup time).

[0015] According to various asbects of this disclosure, NDP (null data packet)
Modified ACK (acknowledgement), Modified NDP ACK, and Modified Short ACK may
be the same.

[0016] To assist stations with power saving, Access Points (APS) may be designed to
buffer frames for a station when that station is in power save mode and to transmit them

later to the station when the AP knows the station will listen. When a station is in power
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save mode,_ it can turn off its transmitter and receiver to preserve en}ergy.‘ It tak.es less
power for a station to turn its receiver on to listen to frames than to turn it ifs transmitter
on to transmit frames. |

[0017] AP may indicate the buffered frame status in the TIM element of the
broadcast message e.g. beacon frame. Once the STA wakes up, if it receives the
broadcast meséage e.g. beacon frame, it can send Power Save PoII (PS-Pall) to its AP so
that the AP can deliver the buffered frame to the polling STA. If the STA is alowed to
poll the AP without Iiétening to the broadcast message e.g. beacon frame, the‘ST A may
save more power. In some cases, a‘Iong sleep STA may not synchronize with the AP. It
may choose to poll its AP after wake up for the timing information so that it can
resynchronize with the AP, without keéping listening to thev channel. Alternatively, if
there could be some critical change e.g. modification of the EDCA parameters at the AP,
the long sleep STA may poll its AP to acquire the change sequence so that it can detect
whether such change occurs.

[0018] = According to various embodiments, communication protocol designs forb
802. 1lah may be provided. |

[0019] FIG. 1A shows a mobile radio communication system 100 according to
various embodiments. A mobile radio communication termina - 102 (for exarﬁple a
mobilé station, for example referred to herein by STA) may communicate with an access
point 104, like indicated by arrow 106. The access point 104 (which may be referred to
herein as AP) may indicate to the mobile station 102 when it has data for the station 102.
[0020] FIG. IB shows a flow diagram 108 illustrating a communication method

according to various embodiments. In 110, a data unit may be sent or received. The data
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unit may include apoll type field indicating one of a plurality ofvrequesté from a mobile
radio communication device to an access point with respect to at least One of transmission
of buffered data from the access point to the mobile radio communication device or a
timing of communication between the access point and the mobile radio communication
device. | |

[0621] | In othér words, data that indicates which request selected from a plurality of
candidate requests amobile radip communicafion device sends to an access point.

[0022] The request could be with respect to acquiring a duration to TBTT i.e
synchronization with AP (Poll Type = 2), acquiring next Target Wake Time (Poll Type
=2), acquiring the information of beacon change sequence (active polling, Poll Type= 1).
It isto be noted that the polling with Poll Type = 1& 2 may not result in the transmission
of buffered data (e.q. the STA may just wake up to recei ve the beacon only).

[0023] The Change Sequence is 1 octet in Iength and is defined as an unsigned
integer initialized to 0, that incrahents when a critical update occurs to any of elements
inside Beacon frame. o |
[0024] The S1G AP may increase the value (modulh 256) of the Change Sequence
field in the nexf transmitted S1G Beacon frame(s) when a critical update occurs to any of
the elements inside the S1G Beacon frame. The following events shall classify as a
critical update:

[0025]  a) Inclusi on.of an Extended Channel Switch Announcement;
- [0026] b) Modification of the EDCA parameters;

[0027] c) Modification of the S1G Operation € ement.
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[0028] An SIG AP can classify other changes in the S1G Beacon frame as critical
updates.

[0029] = According to various embodiments, the data unit may .incl ude or may be or
may beincluded in apower save poll.

[0030] According to/various embodirhents, the plurality of retque;ts may include a
request for a buffered frame without rescheduling of an awake/ dozé cyclé (for example
areguest for abuffered frame without arequest to reschedule of an awake/doze cyCI e, for
example like will be described with reference to Table 1 below). If Will be understood
that an awake/ doze cycle may be a pattern or a timing or a series of points in time
according to which or at which the mobile radio communication device changes or
defines its operation state, for example between or to an awake state or a deep state.
[0031] According to various embodiments, the plurality of requests may include a
request for a change of a sequence, for example a beacon change sequence, and/ or and a
timestamp information. The requested info may be a e.g. 2-byte beacon sequence number
which changes monotonically before irollover. ‘

[0032] According to various embodiments, the plurality of requests may incl ude a
request for atiming i“nformati on.

[0033] According to various embodiments, the timing information may include or
| may be at least one of adurationto a TBTT or next TWT.

[0034] According to various embodiments, the plurality of requests may include a
request for a deferred service period or a duration to a service period to reschedule -
awake/doze cycle (for example with Poll Type bits set to 11 in accordance with Table 1,

like will be described below).
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[0035] According to various embodiments, the plurality of requests may include a

fequest to reschedule an awake/ doze cycle for édownlink transmission.

[0036] According tb various embodiments, the plurality of requests may include a

request to reﬁchedule an awake/ doze cycle for an uplink transmission.

[0037] In a case of Poll Type =2 for réquest for a duration for a TBTT (Target

Beacon Trénsmission ‘Time), the request is to request to schedule neither UPLINK

transmission nor DOWNLINK transmission. Instead, the AP may send a duration to a

Target Beacon Transmission Time so that the requesting STA can wake up after the

indicated duration (starting from the end of the r%ponse'frame to the gliciting message
with the Poll Type =2) expires. It isto be noted that the beacon usually is not rescheduled.

[0038] According to various embodiments, the plurality of requests may include a

request according to Table 1, which will be d@cribed below.

[0039] According to various embodiments, the sending or receiving of the data unit

may be sending the data unit from a mobile radio communication devicé to an access

point.

[0040] According to various embodiments, the mobile radio communication device

may sleep or awakes in accordance with the data unit the mobile radio communication

device sends.

[0041] According to various embodiments, the mobile radio communication device

may sleep or awaké in accordance with the received response to the data unit the mobile

radio communication device sends.
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[0042] According to vérious embodiments, the sending or receivi ng of the data unit
may be_ receiving the data unit in an access point from a mobile radib communication
~device.

[0043] According to various embodiments, the access point may transmit buffered
data to the mobile radio communication device in accordance with the data unit received
by the access point.

[0044] FIG. 1C shows a communication device 112 accordi ng to various
embodiments. The‘communication device 112 may include a data processing circuit 114
configured to least one of send a data unit or receive a data unit. The data unit may
include a poll type field indicating one of a‘plurality of requests from a mobile radio
communication device to an access point with respect to at least one of transmission of
buffered data from the access point to the mobile radio communication device or atiming
of cbmmunicati on between the access point and the mobile radio communication device.
[0045] According to various embodiments, the data unit may include or may be or
may beincluded in apower save poll.

[0046] Accbrding to various erhbodiments, the plurality of requests may include a
request for a buffered frame without rescheduling of an awake/ doze cycle (for example a
request for abuffered frame without arequest to reschedule of an awake/doze cycle).
[0047] According to various embodiments, the plurality of requests may include a
regquest for a change of a sequence and/ or atimestamp infoimation.

[0048] According to various embodiments, the plurality of requests may include a

reguest for atiming information.

10
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- [0049] According to various embodiments, the timing informamion may include or
may be at least one of adurationto aTBTT or next TWT. |

[0050] According to variousvembodiments, the plurality of reqU&sts méy include a
request for a deferred service period or a duration to a service period to reschedule
awake/doze cycle (for example with Poll Type bits setto 11in abcordance with Table 1,
like will be described below).

[0051] According to various embodiments, the plurality of requests may include a
request to reschedule an awake/ doze cycle for adownlihk transmission.

[0052] According to various embodiments, the plurality of requests may include a
request to reschedule an awake/ doze cycle for an uplink transmission.

[0053] Accordi ng to various embodiments, the plurality of requests may include a
request according to Table 1, which will be described below.

[0054]  According to various embodiments, the communication devi ce may include or
may be or may be included in amobile radio communication device. The data processing
circuit of the radio communication device may include or may be or may bé included in é
transmitter configured to send the data unit to an access point.

[0055] Acbordi ng to various embodiments, the mobile radio communication device
may be configured to sleeﬁ or awake in accordance with the data unit the mobile radio
communication device sends. | |

[0056] According to vaﬁous embodiments, the mobile radio communication device
may be configured to sleep or awakein accordance with the received response to the data

unit the mobile radio communication device sends.

11
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[0057] According to various embodiments, the communication device may include or
may be or may be included in an access point. The data processing circuit ofvthe access
point may incl ude or may be or may be included in areceiver configured to receivé the
data unit in an access point from amobile radio communication device.

[0058] . -According to Various vembodiments, the access point may be configured to
tranérnit buffered data to the mobile radio Communicétion device in accordance with the
data unit received by the access point.

t0059] [In the following, poll type and active pblling will be described.

[0060] In the following, two op_tions for apoll type embodiment according to various
embodiments will be described. A STA may use Poll Type bits to indicate its request on.
the information that it solicits from its AP. TWT may be the Target Wake Time. The
polling message may be either the baseline PS-Poll (power save poll) or a new control

frame defined as follows.

[0061]  FIG. 2 shows a frame control (FC) field 200 according to various

embodiments and according to a first option (which may be referréd to as "Option 1"),

When the value df a Type subfield 204 (for example having a size of 2 hits) is equal to 1
and the value of a Subtype subfield 206 (for example having a size of 4 bitsis equa to 10

(for example assuming the PS-Poll in the 802. 11 standard allows a change) or areserved

value, and the remaining subfields within the Frame Control field 200 of S1G control

frames may be the following: Bandwidth Indication 208, Dynamic Indication 210, Power

Management 212, More Data 214, and Poll Type 216. A protocol version subfield 202

may also be provided. In FIG. 2, the number of bits in each subfield, and the names of the

bits are described. For example, the type subfield 204 may include 2 bits (B2 and B3).

12
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[0062]
[0063]
[0064]
[0065]
[0066]
[0067]
[0068]
[0069]
10070]
['007i]
[0072]
[0073]
[0074]
[0075]
[0076]
[0077]

[0078]

[0079]

[0080]
[0081]
[0082]

[0083]

SIG (or SIG) may mean SIGNAL field of PPDU (physical protocol data unit).
SIG PPDU (i.e. the PPDU f.ormat for 11ah) may include:

- STF Short Training field;

- LTF Long Training field;

- SIG SIGNAL fidd:

- SIG-A Signal A fidld;

- D-STF Short Training field for data;

-D-LTF Long Trainingv field for data;

- SIG-B Signal B field; and

- Data

The Data field may carry the PSDU(s) (Physical layer Ser\(ice Data Unit).
The null data packet (NDP) may include:

- STF Short Training field;

-LTF Long Training field; and

- SIG SIGNAL field.

The null data packet (NDP) frame has no Data field.

One of PPDU formats that includes PSDU could be:

' - STF Short Training field; -

-LTFLong Training field;
- SIG SIGNAL field: and
- Data.

The Data field may carry the PSDU(s). -

13
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[0084]  The Poll Type (sub)field 216 may be 2 bits in length. The Poll Typé bit 0 may
be bit 14 and thé Poll Type bit 1 may be bit 15. The following indication may only be
valid when Power Management (sub)field 212 is set to 1. Otherwise, when Power}
Management (sub)field 212 is set to 0}, the Poll Type bits may be reserved. Table 1

illustrates the Poll Type description for an embodiment.

Poll Type
value Description
b14 bl15

Requesting a buffered frame without rescheduling awake/doze cycle (or
00 ‘

without a request to reschedule awake/ doze cycle)
01 Requesting Change Sequence/Timestamp

Requesting for a duration to a TBTT or Next TWT to reschedule
10

awake/doze cycle

Requesting for a duration to a service period to reschedule awake/doze
11

cycle

S

Table 1: Poll Type.

[0085] According to various embodiments, the low power -STA may choose to
indicate its request for the resynchronization With the beacon transmission time. After
waking up from the doze state, the low power STA may send its polling message

immediately without listening for abeacon by setting Poll Type bits to 10 for awake/doze

14
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cycle rescheduling. Alternatively, if the. STA does not want fo gd to sleep, it may set Poll
Type bit to 00, waiting for receiving the acknowledgement (e.g. ACK/NDP ACK/TACK
(TWT acknowledgement)/ STACK (short TWT acknowledgement)) or downlink
buffered frame from its AP. The STA may choose to set Poll Type bits to 11 for a
deferred service period after receiving the response frame from its AP.
[0086] According to various embodiments, Poll Type bits may be set as shown in
Table 2. Acchdi ng to various embodiments, the low -power STA may choose to indicate
its request for the downlink transmission time (eithe_r abeacon or abuffered frame). After
wakAing up from the.bdoze state, the low power STA may send i‘ts polling message
immediately without listening for abeacon by setting Poll Type bitsto 10 for awake/doze
cycle rescheduling. Upon wakeup from the rescheduling, the STA may wait for receiving
abeacon or downlink buffered frame from its AP. The STA may choose to set Poll Type
bits to 11 for' a deferred service period after receiving the response frame from its AP.
Once the deferred service period is due, the STA is alowed to transmit the frame to its
AP. ‘It will be understood that deferring (or deferred) service period may mean a service
period that will be deferred later by a specific length of time. Hence the term "duration”

in Table 1 may refer to this "length of time".

Poll Type

value Description

b14 b15

00 Requesting a buffered frame without rescheduling awake/doze cycle

15
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01 Requesting Change Sequence/Timestamp
Requesting for a duration to a TBTT or Next TWT to reschedule
10 »
awake/doze cycle for Downlink transmission
Requesting for a duration to a service period to reschedule awake/doze
u _ _ o : ‘
L cycle for uplink transmission -

Table 2: Poll Type.

[0087] FIG. 3 shows a | fvrame control_ (FC)- field 300 according to various
embodiments and accord ng to a second option (which may be referred to as "Option 2").
Various subfields shown in FIG. 3 may be identical orAsimiIar to subfields shown in FIG.
2, so that the same reference signs may be used and duplicate description may be omitted.
When the value of the Type subfield 204 is equal to 1 and the value of the Subtype
subfield 206 is equal to 10 (assuming that the PS-Poll in the 802.1 1 standard alows a
change) or a reserved value, the remaining subfields within the Frame Control field of
'S1G control frames may be the following: Bandwidth Indication 208, Dynamic
Indication 210, Power Management 212, More Data 214, Protected’Frame (or Reserved)
302, and Poll Type 304. In FIG. 3, the number of bits in each subfield, and the names of
the bits are described. yFor example, the type subfield 204 may include 2 bits (B2 and B3).
[0088] The Poll Type (sub)field 304 may be 1bit in length. The Poll Type (sub)field.
may be bit 15. The Poll Type indication may only be valid when the Power Management

(sub)field 212 is set to 1. Otherwise, when the Power Management (sub)field 212 is set to

16
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0, the Poll Type bit 304 may be reserved. Table 3 iilustrates the Poll Typé description

according to various embodiments.

Poll Type value
'Description
b15
0 ' Requesting next TWT
1 Requesting Change Sequence/Timestamp

Table 3: Poll Type.

[0089] In this option, the blow power STA may choose to indicate its request for next
TWT. After waking up from the doze state, the low power STA may send its polling
message immediately without listening for a beacon by setting Poll Type bits to O for
awake/doze cycle rescheduling.

[0090] In .thé following, the active polling procedure for a STA that can s’olicjt
information from AP upon waking up will be described.

[0091] Upon waking up and withouf Iistenihg for ébeacon, an active bolliﬁg STA
may solicit BSS (Basic Service Set) change sequence and/or current timestamp
information from an AP by sending a polling message (e.g. PS-Poll or a new defined
control message in this section). In this polling message, it may indicate whether the STA
solicits the information of BSS change sequence aﬁd/or current timestamp byvsetti ng Poll

Type hit(s) to 01 for Option 1 or 1 for Option 2, or whether the STA solicits the

17
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information of Next TWT or Duration to a TBTT by setting Poll Type bits to 10 for
Option 1or O for Option 2. |
[0092] In response to the received polling message sent by an acfive polling STA, an
AP may send a responding frame such as TACK with the solicited information to the
STA immediately. An AP may aso send the STA either a NDP-ACK that includes a
wakeup timer or TACK in which Next TWT field is set to the value of a TBTT, which
the AP uses to direct the STA to check the beacon. STA may . listen _to the beacon when
thé timer with the value as indicated by Duration field of NDP ACK expires or Next
TWT of TACK isdue.
[0093] Referring back to Table 1, Poll type value 00 may also be referred to as Poll
- TypeO, Poll type value oi may also bereferred to as Poll Type 1, Pall type \)al ue 10 may
also be referred to as Poll Type 2, and Poll type value 11 may also bereferred to as Poll
Type 3. The values of Poll Type subfield in the Frame Control field of PS-Poll may be as
shown in the above Table 1.
[0094] In the procedure for Poll type set to O the active polling STA may solicit the
buffered frame (status). If there is no buffered frame, the STA may go to sleep. Otherwise,
it will awaketill it receives the buffered frame from the AP.
[0095] A PS-Poll frame with Poll type set to 1by an active polling STA may solicit a
TACK frame inciuding the ihformation of Change Sequence, (partial) timestamp and
buffered frame status .
[0096] A PS-Poll frame with Poll type set to 2 by an active polling STA that is a
~TWT STA may solicit aTACK frame including the information of Change Sequence,

(partial) timestamp, buffered frame status and Next TWT.
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[0097] A PS-Poll frame with Poll type set td 2 by an acti‘v.e polling STA that isnot a
TWT STA may solicit aNDP ACK frame that may contain the information of buffered
frame status and wakeup timer (sleep duration). .

' [0098] A PS-Poll frame with Poll type set to 3 by an active polling STA may solicit a
NDP ACK frame that may contain the information o‘f buffered frame status and wakeup
timer (sleep duration).

[0099] FIG. 4 shows an illustration 400 of a PS-Poll f_rame transmission with Poll
Type = 0 according to various embodiments. Processing of an AP 402 and processing of
a STA 404 are shbwn. Time is assumed to enhance from left to right. The AP may send a
beacon signal 406. |

[00100] A non-traffic indication map (non-TIM) mode may be defined as follows: The
power save mode for Sub 1 GHz (SIG) non-access point (non-AP) stations (STAs)
Whereby a SIG non-AP STA need not listen for traffic indication rhap (TIM) Beacon
frame. | |

[00101] AA non-traffic indication map (non-TIM) station (ST A)r may be defined as
follows: The Sub 1 GHz (SIG) non-access point (non-AP) Station (STA) that entered the
non-TIM mode. | | |

[00102] A TIM STA may bethe STA that should listen to traffic indication map (TIM)
Be‘acon.fr’ame.v

[00103] A target wake time may be defined as follows: A specific time or set of times
for individual STAsto wake to exchange frames with other STAs.

[00104] A target wake time service period (TWT SP) may be defined as follows: A

period of time during which aTWT STA is awake to transmit and/or receive frames.
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[00105] A target wake time seryice period start time (TWT SP.siart timej may be
defined as follows: The value of the TSF at the beginning of aTWf SP.
[00106]' » A.ta‘rget wake time ST A (TWT STA) may be defined as follows: A STA that
has had arequected TWT agreement acceptéd by another STA and that receives TWT
SP .sxart times frdm that STA.
[00107] S1G may refer to sub 1GHz.‘
[00108] A non-TIM S1G ST A may send é(NDP) PS-Poll/trigger frame 412 any time
to its associated AP upon waking up without listening to the beacon.
[00109] If anon-TIM STA (or aTIM STA) sends a PS-Poll frame 412 with the Poll
Type subfield set to 0, it may request a buffered data frame and the AP may send either a
data frame 410 or an (NDP) ACK frame 408 as the response. The non-TIM STA (or a
TIM STA) may be in the awake state 414 until the response frame from the AP indicates
there is no more buffered datafor the STA. The STA may send aNDP ACK frame 416;
and may then go to sleep state 418.
| [00110] FIG. 5 shows an iIIustr,ationSOO»ofb a PS-Poll frame transmission with Poll
Type = 1according to various embodiments. Processing of an AP 502 and processing of
a STA 504 are shown. Time is assumed. to enhénce from Ieft to righf. The AP may send a
beacon signal 506.
[00111] If anOn-TIM STA (or aTIM STA) sends a PS-Poll frame 512 with the Poll
Type subfield set to 1, it requests the information of Change Sequence and Timestamp
~and the AP may respond with a TACK frame 508 without the Next TWT field. Whether
or not the STA will stay awake may depend on the More Data field in the response

TACK frame 508. If the More Data field in the TACK frame is set to 1, the STA may
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stay awake till the buffered frame is delivered from the APfo itself. Othdwise, the STA
may go to sleep. | |
[00112] After obtaini ng the inforrhation of beacon change sequence (which may
indicate a change) and partial timestamp, the STA may figure out the next TBTT and go
to deep (Iiké shown in 514 of FIG. 5). After wakeup (like shown in 516 of FIG. 5), it
may listens to the beacon 510 and updatés some of its information from the beacon due to
the system information change. |
[00113] - HG. 6-shoWs an illustration 600 of a PS-Poll frame transmission with Poll
Type = 2, for example for aTWT ST A, according to various embodiménts Processing of
an AP 602 and processing of a STA 604 are showh. Time ié assumed to enhance from |eft
toright. The AP may send abeacon signal 606.
[00114] After some proc'ng (indicated by dots 620) after a TWT 618, and‘ while in
an awake state 624, if aTWT STA éends aPS-Poll frame 622 with the Poll Type subfield
st to 2, it requests the Next TWT information and the AP may respond with a TACK
frame 608 with aNext TWT field. Whether or not the ST A will stay awake may depend
on the More Data field in the response TACK frame 608. If the More Data field in the
"TACK frame 608 is set to 1, the STA may stay awake till the buffered frame is delivered
from the AP to itself. Otherwise, the STA may go to sleep.
[00115] During its service period after TWT 618, the STA may sends the PS-Pall
frame 622 with Poll Type = 2 and may receive from the AP the response TACK frame
608 including the information of buffered frame status, next TWT and beacon change
sequence and partial timestamp. The STA may go to sleep (like indicated by 626 in FIG.

6) and may wake up (like indicated by awake period 636) at its next TWT time 628. After
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wakeup, it may transmit aPS-Poll frame 630 with Poll Type = 0 (or Poll Type may bé set
to 2), the AP sends the buffered frame to the STA (for exémple_ data 614, which may be
acknowledged by the STA with a NDP ACK frame 632). There may aso be an uplink
buffered frame- transmission 634, which may be responded by the AP with a TACK
| frame 616 to indicate to the ST A the next TWT again. Upon there is no more buffered
frahe fof both the AP and the STA, the servi Ce period ends. It will be understood that as
TACK frame 608 indicated the next TWT to be atime period of 612 away, a beacon 610
sent before the TWT 628 may be not received by the STA.

[00116] FIG. 7 shows an illustration 700 of a PS-Poll frame transmission with Poll
Type = 2, for example‘ for a non—TWT STA, according to various embodiments.
Processing of an AP 702 and processing of a STA 704 are shown. Time is assmjmed to
enhance from left to right. The AP may send abeacon signal 706.

[00117] _If anon-TIM STA (or aTIM STA) that isnot a TWT STA sends a PS-Pall
frame 716 with the Poll Type subfield set to 2, it requests a Duration to a TBTT and the |
AP may respond with either a buffered frame or an NDP ACK frame 708 that may
include the information of the duration to a TBTT, e.g. by setfi ng the Duration Indication
field to 1and the Duration field to a value of the duration to a TBTT.

[00118]  After wakeup from sleep state, the STA may send a PS-Poll frame 716 with
Poll Type = 2 and may receive from the AP the response NDP ACK frame 708 including
the information of buffered frame status and wakeup ‘timer (like indicated by arrow 710).
The STA may go to sleep (like indicated by sleep state 718). and may wake up (718 (like

indicated by awake state 720) to receive the beacon frame 712. During the slot allocated
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to the ST A '(béforé which it may sleep in 722 and be awake in 724),'the.AP may transmit
the buffered frame 714 to the STA, which may acknowledge by an NDP ACK frame 726.
[00119] If anon-TIM STA (or aTIM STA) sends a PS-Poll frame with the Poll Type
subfield set to 3, it requests a deferred service period for the f‘rame transmission and the
AP may reépond with either abuffered frame or aNDP ACK frame thai may '.'i'ncIUde the
information of the duration to a deferred service period, eg. by setting the Duration
Iﬁdication field to 1and the Duration field to avalue of the deferred service period.
[00120] FIG. 8 shows an illustration 800 of a PS-Poll frame transrhission with Poll
Type = 3 (for example for a STA) according to various embodiments. Processing of an-A
| AP 802 and processing of a STA 804 are shown. Time is assumed to enhance from Ibeft to
right. The AP may send a beacon signal 806. After wakeup (like illustrated by awake
period 816), the STA may send a PS-Poll frame 814 with Poll Type = 3 and may receive
from the AP the response NDP ACK frame 808 including the information of buffered
frame status and wakeup timer (like indicated by arrow 810). The STA may goto sleep
(like indicated by sleep period 818) and may wake up at time 820 (after the wakeup timer
expires), like indicated by awake period 824, to receive the bufféred frame (for example
daté 812) fqrm théAP in the deferred service period. The STA may acknowledge the data
frame 812 with an NP ACK frame 822.

[00121] FIG. 9A shows an illustration 900 of a PS-Poll frame transmission with Poll
Type = 3 according to various embodiments. Processing of an AP 902 and processing of
aSTA 904 are shown. Time is assumed to enhance from left to right. The AP may send a
beacon signal 906. A STA that has requested time slot protecti on for a TXOP

(transmission opportunity) duration after the expiration of a wakeup timer (like indicated
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by awake period 918) may transmit to the UL (Uplink)-Synch capable AP a PS'PoII 916
with the Poll Type subfield in the Frame Control field set to 3. An UL-&/nch'capable AP
may respond with an NDP ACK 908 frame to a PS-Poll with Poll Type szfieId set to 3.
The NDP ACK frame may include a wakeup timer (like indicated by arrow 910) in the
.Duration field by setting the Duration Indication value to 1. The UL-Synch bapable AP
may protect the TXOP duration following the expi ration of fhe V\fakeup timer. The STA
may go to sleep (like indicated by sleep period 920) upon receiving the NDP ACK 908
frame and may wake up (like indicated by awake period 924) after the wakeup time
expires. The STA may receive the Synch frame 912 from the AP and may start a data
frame transmission (for example the STA may transmit a data frame 922, which may be
acknowledged by AP with an NDP ACK frame 914);

[00122] FIG. QB shows an illustration 926 of a PS-Poll frame transmission with Poll
Type = 3 according to various embodiments. Various portions of FIG. 9B are similar or
identical to what is shown in FIG. 9A, so that the same reference signs may be used and
duplicate description may be omitted. If the AP indicates, in its response to the PS-Poll
frame 916, that there is more data (for example by sending an NDP ACK frame 928 with
the More Data subfield is set to 1), after the sync frame 912, the AP may send a data
frame 930 to the STA, which may be acknowledged by the STA with an NDP ACK
frame 932. It is to be noted that in the NDP ACK frame 908 as shown in FIG. 9A, the
More Data subfield is set to 0.

[00123] If anon-TIM STA (or a TIM STA) sends a NDP PS-Poll frame, the AP

responds with either a buffered data f‘rame or an NDP Modified ACK frame.
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t00124] If a noh-TIM STA (or a TIM ST A) sends a‘trigger frame, the AP responds
with either a buffered data frame br an (NDP) ACK frame.

[00125] The SIG AP méty set More Data field to iin the responding control frame if
| there is BU (Buffered Unit)buffered for the non-TIM SIG STA. If the non-TIM SIG‘
STA receives the responding control frame in which the Duration Indication field is equal
to 1and the Duration field is anonzero value, therbe ié no frame transmission for the STA
in the indicated duration in which the SIG STA may 'go to dleep. After the amount of
time that is equal to the value in the Duration field, it may be in the awake state.

[00126] An SIG AP may set the wakeup timer (Duration field) as the duration to a
TBTT in the responding control frame (either NDP ACK or NDP Modified ACK frame)
and treat the non-TIM STA as aTIM STA starting from the TBTT. After the amount of
time that is equal to the Duration field value in the responding control frame from the
SIG AP, the non-TIM SIG STA may wake up to receive the beacon. Upon receiving the
beacon, the STA may infer from the TIM element that it is treated as a TIM STA énd
operates as a TIM STA from then on. The S1G STA may return to the non-TIM STA |
operation mode if the SIG AP indicates that there is no more data buffered for the SIG
STA and the SIG STA indicates to the SIG AP that there is no more data to transmit.
The SIG AP treatsthe SIG STA as anon-TIM STA if the STA ihdicat% that there is“no
more data to transmit and the SIG AP indicates that there is no more data buffered for the
STA. |

[00127] An active polling STA is a STA that does not check the beacon for TIM

information but it sends a PS-Poll frame to solicit the information from the AP.
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[00128] A PS-Pal I’ frame with Poll type set to 0 by an active polling STA solicits the
buffered fréme (status). A PS-Pall frame with Poll type set to 1by an active polling STA
solvi cits a TACK frame including the information of Change Sequence, (partial) ‘
timestamp and buffered frame status. A PS-Poll frame with Poll type set to 2 by an activev
polling STA that is a TWT STA solicits a TACK frame including thé information of
Change Sequence, (partial) timestamp, buffered frame status and Next TWT as described
herein. A PS-Poll frame with Poll type set to 2 by an active polling STA that is not a
TWT STA may solicit aNDP ACK frame that may contain the information‘ of buffered
frame status and wakeup timer (sleep duration). A PS-Poll frame with Poll type set to 3
by anh active polling STA solicitsaNDP ACK frame that may contain the information of
buffered frame status and wakeup timer (sleep duration). 7
[00129]  Upon waking up and without listening for a beacon, an active polling STA
may solicit BSS change séquence and the current timestamp information from an AP by
sending a polling message (PS-Poll). In this polling message, it may indicate whether the
STA solicits the information of BSS change sequence and the current timestamp by
setting the Poll Type subfield to 1. It can indicate whether the STA solicits the
information of Next TWT or Duration to a TBTT by setting the Poll Type subfield td 2.
In addition, a STA that has requested time slot protection for a TXOP duration after the
| expiration of awékeup timer may transmit to the UL-Synch capable AP a PS-Poll frame
‘with the Poll Type subfield in the Frame Control field set to 3. |
[00130] In response to a PS-Poll frame with the Poll Type subfield set to 1 sent by an
active polling STA, an AP may send aTACK frame in which the Next TWT Present field

is set to 0 with the solicited information of BSS beacon sequence and partial timestamp
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to the STA immediately. In response to a PS-Poll frame with the Pol_l Type subfield set to
2, an A'P- may send to the STA that isnot a TWT STA an NDP ACK frame that includes
a Duration field which is a wakeup timer and set to the durétio'n to a TBTT, which the
STA uses to derive the transmission time of a beacon. In response to a PS-Poll frame
with the Poll Type subfield set to 2, an AP may send to the STA that isa TWT STA a
TACK frame in which the Next TWT field is set the neXt TWTIOf the TWT STA The
STA may listen to the beach when the tifner with the value as indicated by the Duration
field of the NDP ACK frame expires or wake up the time equal to Next TWT of TACK is
due. An‘ UL-S}/ngh capable AP may respond with an NDP ACK frameto a PSiDoII frame
with the Poll Type subfield set td 3. The NDP ACK frame may include awakeup timer in
the Duration field by setting the Duration Indication value to 1. The UL-Synch. éapable
AP may protect the TXOP duration following the expiration of the wakeup timer.

-[00131] Inthefollowing, Listen Interval for TWT and non-TIM STA will be described.
[00132] The Listen Interval field is used to indicate to the AP how often a STA with
dotl INonTIMModeActivated set to false (which means the STA operates in TIM mode)
in power save mode wakes to listen fo Beacon management frames or it is used to
indicate to AP the duration during which a STA with dotl INonTIM ModeActivated set Ato
true (which means the ST A‘ operates in non-TIM mode) is required to transmit at least
one PS-Poll or trigger frame. |
[00133] Thé value of this parameter is the Listen Interval parameter and is expressed

in units of Beacon Interval.
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[00134) It may bedesired to setup arule that an AP may use the Listen Interval, DTIM
interval and beacon interval information in determining the Iifetime.:- of frann% that it
buffers for aTIM STA if TIM éégmentatidn is applied. |

[60135] The Flow Type field may indicaté the type of interaction between the TWT
requesting STA and the TWT responding STA ataTWT..

.‘ [00136] A_'value_ of 0 in the Flow Type field may indicate an Announced TWT in
which the TWT requ&sting STA WiIII send a PS-Poll or atrigger fiame tg signal its awake
étate to thé TWT responding STA before a frame is sent from the TWT responding STA
to thé TWT requesting STA. |

- [00137] ~ A value. of.'l in the F|OW Type field may inoiicate an Unannounced TWT in
which- the TWT responding STA will send a frame to the TWT requ&sting STA at TWT
without Waiting toreceive a iDSPoII or trigger frame from the TWT reqli&sting STA.
[00138] “As Flow Type 1 rnay alow TWT_STA not to send PS-Poll/trigger frame at
TWT but non-TIM STA is required to send PS-Poll/trigger frame once within Listen
Intérval . We need to resolve the confliction.

[00139] Listen Interval may be redefined as follows: Tne Listen Interval field may be

‘used to indicate to AP | the duration during which a STA with
dot 1INonTIMModeActivated set to true is required to transmit at least one PS-Poll or‘
trigger frame, or the TWT responding AP STA may receive succ&ssiully a least once an
écknowledgement (e.g. ACK) by the corresponding TWT requesting non-AP STA with
Flow Type 1in response to its frames transmitted to the TWT requesting non-AP STA, or
if the TWT requesting non-AP STA with Flow Type 1 does not receive the frame, it may

send aframe to the TWT responding AP STA. |
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[00140]  If the TWT réquesting nori-AP STA with Flow Type 1 does not receive the
frame or TWT responding AP STA does not havevframe transmitted ,tQ the correspohding
TWT requesting non-AP STA, the TWT non-AP STA may send a frame to receive an -
acknowledgement from the TWT requésting AP ST A in the listen interval.
.[00141]  Alternatively, ‘a rule méy be’setupAthat aTWT reqUesting ST A wifh Flow
Type 1 may at least trar'lsm'it a PS-Poll/trigger frame to the correspondihg’ TWT
responding STA in Li‘sten, Interval - | | | |
[00142] - either through .explicit ind‘ication in the frame addressed tb TWT requesting
" non-AP ST A from the corresponding TWT responding AP STA; | |
[00143] - or implicit rule eg. every some TWT intervals (<listen interval) or the last
TWT closest to the end of 6urrent listen interval that TWT requesting non-AP STA may
transmit PS-Poll/trigger frame before TWT responding AP STA transmitting any frame
toitself. | |
[00144] The Listen Iﬁterval concept for non-TIM STA may be extended to the ST A
| other than TWT STA. | |
[00145] The Listen Interval field may be uséd to indicate to AP the_ duration during
which a STA with dotl INonTIMModeActivated set to tme isrequired to transmit at least
one PS-Poll ‘or trigger frame, or the AP STA may receive successfully at least once an
acknowledgement by the non-AP STA as the response to its frames transmitted to the
- non-AP STA, or if the non-AP ST A doesn't receive the frame, it may send aframeto the
. AP STA. | |
[00146] The TWT responding NDP Paging STA may not be required, to send PS-

Poll/trigger frame, but it may schedule an NDP Paging frame as the first frame for
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tfansmission at the TWTs ihdicated by the NDP Pagingj Response, if any ef _fhe following

conditions is satisfied: | | |

[00147] - There are BUs for the Requesting STA; -

[00148] - No NDP Paging frame was sent in the N consecutive preceding. TWT(s),
| where N is equal to the vafue of the Max NDP Paging Period field in the NDP Paging
| Response.

[00149]  Flow Type 1alows TWT STA not to send PS-Poll/trigger frame in TWT SPs.
For ba duration equal to listen interval, there could be that only AP sends data frame to the
TWT STA (expecting either No ACK or ACK) and it is not necessary that TWT STA
shall send PS-Poll/trigger frame (e.g. no uplink freme). If ACK Policy of the transmitted
frame is not No ACK, ackhowledgernent frame could be regarded as equivalent to PS-
- Poll/trigger frame. If ACK PoIilcy of the transmitted frame is No ACK, TWT STA shall |
send a frame (PS-Poll/trigger frame/a frame soliciting next‘ TWT) if no frame has been |
sent during listen interval.
[00150] The general idea may be that an acknowledgement by the noﬁ-TIM STA in
the listen interval may be regarded as a frame equivalent to PS-Poll/trigger frame. Other
frame than PSPoII/trigger frame transmitted by non-TIM STA in the listen i‘nter\)al can
be also regarded as a frame equivalent to PS-Poll/trigger frame. Usually such frame
should be non NDP frame as NDP frame does‘not carry complete MAC address
information.
[00151] The definition of Listen Interval can be redefined as fellows: The Listen
Interval field is used to indicate to AP the duratioﬁ during which a STA with

dotl INonTIMModeActivated set to true is required to transmit at least one frame that is
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'individually addressed to the associated AP (PS—PO” frame, trigger frame, a frame sent
_ by the TWT requ&ting non-AP STA (e.g. acknowl edgment (response control frame) or a
frame to solicit next TWT to the TWT responding AP STA, NDP Paging frame). The
basic idea is to allow the frame transmitted by Non-TIM STA regarded as the same as
PS-Poll/trigger frame.

[00152]  While the invention has been particularly shown énd described with reference
to specific embodiments, it should be understood by those skilled in the art that various
changes in form and detail may be made therein without departing from the spirit and
scope of the invention as defined\by the appended claims. The scope of the invention is
thus indicated by the appended claims and all changes which come within the meaning

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

What is claimed is:

1. A communication method comprising:
at least one of sending a data unit or receiving adata unit;
whefein the data unit comprises a poll type field indicating one of a pl urality of
requests from a mobile radio communicati‘oh device to an acceﬁv point with
respect to at least one of atransmission of buffered data from the access point to
the mobile radio corhmunication device or atiming of comrﬁunication between

the access point and the mobile radio communication device.

2. The communication method of claim 1,

wherein the data unit comprises a power save poll.

3. The communication method of claim 1,
wherein the plurality of r‘equests comprises arequest for a buffered frame without

rescheduling of an awake/ doze cycle.
4. The communication method of claim 1,

wherein the plurality of requests comprises arequest for a buffered frame without

arequest to reschedule an awake/ doze cycle.
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10.

The communication method of claim 1,
wherein the plurality of requests comprises a réquest for a change of a sequence

and/or atimestamp information.

The communication method of clam 1,

wherein the plurality of requests comprises arequest for atiming information.

The communication method of claim 6,
wherein the timing information comprises at least one of a duration to aTBTT or

next TWT.

The communication method of clam 1,
wherein the plurality of requests comprises a request for a deferred service period

to reschedule awake/doze cycle.

The communication method of claim 1,
wherein at least one of sending the data unit or receiving the data unit is sending

the data unit from amobile radio communication- device to an access point.
The communication method of claim 9,

wherein the mobile radio communication device sleeps or awakes in accordance

with the data unit the mobile radio communication device sends.
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11.

12.

13,

14.

“The communication method of claim 9,

wherein the mobile radio communication device sleeps or awakes in accordance
with the received response to the data unit the mobile radio communication device

sends.

The communication method of claim 1,

wherein at least One of sending the data unit or receiving the data unit is receivi ng

the data unit in an access point from amobile radio communication device.

The communication method of claim 12,

. wherein the access point transmits buffered data }to the mobile radio

" communication device in accordance with the data unit received'by the access

point.

A communication device comprising:
a data processing circuit configured to least one of send a data unit or receive a

data unit;

 wherein the data unit comprises a poll type field indicating one of a plurality of

requests from a mobile radio communication device to an access point with
respect to a least one of atransmission of buffered data from the access point to
the mobile radio communication device or a timing of communication between

the access point and the mobile radio communication device.
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15.

16.

17.

18.

19.

20.

21.

The communication device of claim 14,

~ wherein the data unit comprises apower save poll.

The communication device of clam 14,
wherein the plurality of requests comprises arequest for abuffered frame without

rescheduling of an awake/ doze cycle.

The communication device of claim 14,
wherein the plurality of requests comprises arequest for a buffered frame without

arequest to reschedule an awake/ doze cycle.
The communication device of claim 14,
wherein the plurality of requests comprises a request for a change of a sequence

and/ or atimestamp information.

The communication device of claim 14,

wherein the plurality of requests comprises arequest for atiming information.
The communication device of claim 19,
wherein the timing information Comprises a least one of adurationto aTBTT or

next TWT.

The communication device of claim 14,
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22.

23.

24,

25.

- wherein the plurality of requests comprises arequest for a def’érred service period

to r%chédul e awake/doze cycle.

The communication device of claim 14,

wherein the communication device comprises. a mobile radio communication

device and

wherein the data processing circuit of the radio communication device comprises

atransmitter configured to send the data unit to an access point.

The communication device of claim 22,
wherein the mobile radio communication device is configured to sleep or awake

in accordance with the data unit the mobile radio communication device sends.

The communication device of clam 22,
wherein the mobile radio communication device is configured to sleep or awake
in accordance with the received response to the data unit the mobile radio

communi cation device sends.

The communication device of clam 14,

‘wherein the communication device comprises an access point; and

wherein the data processing circuit. of the access point comprises a receiver
configured to receive the data unit in an access point from a mobile radio

communication device.
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26. -

The communication device of claim 25,

'wheréin the access point is configured to transmit buffered data to the mobile

radio communication device in accordance with the data unit received by the

- accesspoint. .
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