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COMMUNICATION METHODS AND COMMUNICATION DEVICES

Cross-reference to Related Appl‘ications

[0001] The present application claims the benefit of the Singapore Patent Application
ﬁo. 201206797-1 filed ‘on 12 September 2012, the Singapore Patent Application No.
201207676-6 filed on 15 ‘Oct(;ber 2012, the Singai)ore Patent Application 201208310-1
filed on 9 November 2012, the .Singap()re Patent Application 201301863-5 filed on 13
March 2013, and theA Singapore Patent Applicatioxi:201306776i4 filed on 9 September

2013, the entire contents of which are incorporated herein by reference for all purposes.

Technical Field'

[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). In this
communication, data may be lost, so there may be a need for an acknowledgement of

received data.

Summary

[0004]  According to various embodiments, a communication method may be

provided. The communication method may include: at least one of sending a first data
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unit inclﬁding é‘physical layer (PHY) headér or receiving a first data unit including a
PHY header. The PHY header may include at least a field to indicate whether a response
dafa unit is intended to follow the first data unft, and to indicate the type of the response
data unit, when a respc;nse data unit is intended to follow the first data unit. The type of

the response data unit may be used to estimate the duration of the response data unit.

Brief Description of the Drawings

[0005] In the dra;wings, like reference characté;'s generall)‘i‘ refer to the same parts
throughout the different vieWs. The drawings are not necessarily to scale, emphasis
instead generally be\ing placed upon illustrating the principles of the invention. In the
folloWing description, various emboidiments are described with reference to the following
drawings, in which: |

FIG. 1A shows a flow diagram illustrating a communication method in
accordance with an embodiment;

FIG. 1B shows a communication device in accordance with an embodiment;

| FIG_.~ 1C h shows a flow diagram illustrating a communication method in

accordance with an embodiment;

FIG._ 2 shows an illustration of a false Short Ack for NDP PS-Poll;

FIG. 3 shows an illustration of a false Short Ack for NDP PS-Poll with two APs;

FIG. 4 shows an illustration of an example of Bit-rotating and CRC Mask;

FIG. 5 shows an illustration of how false Short Ack may be avoided éccording to

various embodiments;
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.fIG. 6 shows an illustratiqn of the example of false short CTS as medium
-synchronization frame; |

FIG. 7 shows an illust.ration of the example of false short CTS for medium
synchronization frame and RTS/CTS;

FIG. 8 shows an il}ustration ofa NAV setting in the current 802.11 standard;

FIG. 9 shows an illustration fdr Ack Indication in SIG;

FIG. 10 shows an illustration of an example of speed frame exchange using
normal ACK; |

FIG. 11 shows an illusﬁation of speed frame exchange using short Ack according
to vario;Js embbdiments;

FIG. 12 shows an illustration of the Downlink TXOP sharing for two-hop Relay
with Explicit ACK; - | o

FIG. 13 shows an illustration of uplink TXOP shaﬁﬁg for two-hop relay using
NDP ACK; |

- FIG. 14 shows an illustration of an example of the relay ﬂov.v control indication

according to various emboditﬁents;

FIG. 15 shows an illustration of an example of an altemati;/e option for relay flow
control indication;

FIG. 16 shows an illustration of the Downlink TXOP sharing for two-hop Relay
with Explicit ACK; | |

FIG; 17 shows an illu'stration.of uplink TXOP sharing for two-hop Relay using

NDP ACK according to various embodiments;
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FIG. 18 shbws an illustration of an example of speed frame exchange using NDP
PS-Poll and NDP Modified ACK; |

FIG. 19 shows an illustration of an example of spee;d fraine gxchange using
noﬁnal frames; and

FIG. 20 shows an illustration of a SIG-2 structure.

Description

[0006] Embodiments described below in context of the devices are analogously valid
for the respective methods, and vice versa. Furthermore, it will be understood that the
embodiments descﬁbeq below may be combined, for e'xafnple, a part of one embodiment
may be combined with a part of another embodiment.
[0007] In this context, the communication device as described in this description may
include a memory whi.ph is for exéqiple used in the processing carried out in the
communication device. A inemory used in the eml';odiments may be a volatile rr;emory,
' for example a DRAM (Dynamic Random Access Memory) or a non-volatile memory, for
. example a PROM (Programmable Read Only Memory), an EPROM (Erasable PROM),
- EEPROM (Electrically 'Erasable PROM), or a flash memory, e.g., a floating gate memory,
a chargé trapping memory, an MRAM (Magnetoresistive Rénddm Access Me_mory) ora
PCRAM (Phase Change Random Access Memory). |
[0008] In an embodiment, a "circuit" may be understood as any kind of a logic
. implementing entity, which may be §pecial purpose circuitry or é procegsor executing
software stored in a memory, -ﬁrmware, or ahy combination thereof. Thus, in an

embodiment, a "circuit” may be a hard-wired logic circuit or a programmable logic
y | gramma
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circuit such. as a programmable processor, e.g. a micropfocessor (e.g. a Complex
Instructjén Set Cbﬁputer (CISC) processor or -a Reduced Instruction Set Computer
(RISC) processor). A “'circuit“ may also be a processor executling software, e.g. any kind
of computer program, e.g. a computer prégrarh using a virtual machine code such-as e.g.
Java. Any otﬁer kind of implementation of the .respective fun_ctions Iwhich will be
described in more detail below may also be understood as a "ciécuii" in accordance with
an alternative embodiment. |

[6009] FIG.' 1A shows a flow diagram 100 iﬁustrating a'communication method
according to va;’ious embodiments. In 102, data including a SIG field may be sent or data
includiﬂé a-SIG field may be rgc‘;eived. The .SIG field may include’ at least one of an
indication of an acknowledgement. |

[0010] Acc.ording to various embbdiments, the SIG field may include an indication ;)f
a short acknowledgement for a null data packet fype PS poll.

[0011) According to various embodiments, the SIG field maiy include an indication of
at least one of a normal acknowledgement or a short acknowledgement.

[0012] According to various embodirgents, the SIG field may inclu&e an indication of
an z.icknowledgemenf for speed frame exchange. ,.

{0013] | According to various embodiments, the SIG field may include an indicatioﬁ of
a duration for a network allocation vector.

[0014]  According to various embodiments, the SIG field may include an indication of
atype of a nullvdata packet, wherein the indication may include an indication of 3 bits, if

a channel bandwidth of 1 MHz is used for communication.
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[0015] According to various embodiments, the SIG field may include an indication of
a type of a null data packet, w.herein the indication may include an indication of 4 bits, if
a channellbandwidth of more than 2 MHz is used for communication.

[0016] According to various embodimen.ts, the. SIG field may include a rélay bit
indicating that ready to send indication is required to be relayed.

_[0017] According to various embo‘diments,.the SIG field may include an indication of
whether frarpe forwarding time required by a relay is included in the ready to send~
duration. \

[0018] According to various embodiments, the SIG field may include an indication of

whether a null data packet frame or a normal frame is provided.

[0019] FIG. 1B shov;/s a communication device 104 according to various

embodiments. The communication device 104 may include a transmitter 106 configured

to send data including a SIG field and/ or a receiver 106 configured to receive data

including a SIG field. The SIG field may include at least one of an indication of an
~ acknowledgement of at least 3 bits or an indication of a type of a null data packet.

[0020] According to various embodiments, the SIG field may include an indication of

a short acknowledgement for a null data packet type PS pol}.

(0021} According to various embodiments, the SIG ﬁeld may inclﬁde an indication of

at least one of a normal acknoWledgement or a short acknowledgement.

[0022] According to various embodiments, the SIG field may include an indication of

an acknowledgement for speed frame exchange.

[0023] According to various embodiments, the SIG field may include an indication of

an acknowledgement for TXOP sharing. TXOP sharing may be performed across the
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Relay (3 parties are involved: non-AP STA, Relay and AP). Relay may include two
entities: Relay STA and Relay AP.

[0024] According to various embAodiments, fhe SIG field @ay include an indi;:ation of
a duration for a network allocation vector or an inactivity period, where inactivity period
‘may refer to a duration time that there is.no transmissi~ons between the STAs or a sleep
duration for the STA to reschedule its doze/awake cycle or a flow suspend duration for
flow control. Short ACK may include a Dﬁration Indication field and Duration field. It
will be understood that Short ACK is equivalent to I;;DP ACK, -

[0025) According to vari(;us embodiments, the SIG field may include an indication of
-a type of a null data packet, wherein the indication may include an indication of 3 bits, if
a channel bandwidth of 1 MHz is ﬁsed for communication.

[0026] According to various embodiments, the SIG field may include an indication of
a type of a null data packet, wherein the indication may include an indication of 4 bits, if
a channel bapdwidth of more than 2 MHz is .u~sed fpr communication.

[0027] FIG. iC shows a flow diagram 108 illustrating a communication méthod
according to various embodiments. In 108, a first data unit including a physical layer
-(PHY) header may be sent and/ or a first data unit comprising a PHY header may Be
received. The PHY header may include one or more fields to indicate whether a response
data unit is intended to follow the first data unit', and to indicate the type of the response
data unit, when a responsé data unit is intended to follow the first data unit. The type of
the response data unit can be used to estimate the duration of the response data unit.
[0028] According to various émbodiments, an exceptional case may occur as follows:

A 'null data packet of ACK is the response frame to a null data packet type of PS-Poll.
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Various embodiments may make use of NDP Type indication and other fields in SIG to

" infer that the following frame for NDP PS-Poll shall be NDP Modified ACK.
[0029] Accordiﬁg to various embodiments, the first data unit may be a null data
packet type PS-Poll and at least one of the fields in the PHY header indicates that the
following response data unit ié a null data packet type ACK aﬁd the null data packet type

. ACK is different from other null data packet type ACK (and for example used only for
the null data p’ackef type PS;Poll).
[0030] According to various embodiments, af lefast a field fhay indicate whether the
response data unit is at ieast one of a normal respénse data type or a null data packet t);pe.
[0031]' According to‘ various embodiments, the normal response data unit may be or
may include at least one of normal ACK, normal Block ACK or a polling response frame
[0032] According to various embodiments, the field may include at least 2 bits and
only one value of the field is used to indicate all the short data response units including at
least one of the f;ollowing: é null data packet format of ACK, a null data packet format of
short response frame to null data type PS-Poll, a nuil dafa packet format of CTS, and a
null data packet format of Block Ack frame.
[0033] According fo various embodiments, the indication may include at least three
bits. A,ccofding to various embodiments, a first value of the field may indicate that no
response data unit is intended to follow the first data unit. According to various
embodiments, a second value of the field may indicate the intended response data is a
null data packet type. Accqrding to various embodiments, avthird \'/alue of the. field may
indicate the intended response data having the size equal to or smaller than normal ACK.

According to various embodiments, a fourth value of the field may indicate the intended
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resﬁonse data having the size equal to or smaller than normal Block Acknowlecigement
but la;ger than normal ACK. According to various embodiments, a fifth valué of the ﬁéld
indicates the intgnded response data unit having the size other than the four values listed
above.

[0034] According to various embodiments, th;e field may include two bi(s (i.e. 4
values). According to various embodiments, a first vahile of the field may indicate that no
response data unit is intepded to follow the first .déta unit. According to various
embodiments, a second value of the field may indiéate thg inténded response data is a
null data packet type.. According to various embodiments, a third value of the field may
indicate the .intended response data having the sizé equal to or shorter than a pre-
determined value but larger thain the sizé indicated in the second value. According té)
various embodiments, a fourth value of the field may indicate the intended response data
unit having the size larger than the size indicated by the third value.

[0035:] According to vario;xs embodimeﬁtﬁ, the PHY header may inciude an
indication of a response data. unit for at least one of speed frame exchange or TXOP -
sharing.

[0036] According to various embodiments, the type of the response data unit may be
a normal response data type for at least one of speed frame exchange or TXOP sharing.
[0037] According to various embodiments, the response data unit may be a nonngl
ACK and its Duration field for NAV setting mgy protect the following transmission in
one TXOP. ‘

[0038] | According to various embodixﬁents, the type of the response data unit may be N

a null data packet type for at least one of speed frame exchange or TXOP sharing.
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[0039] According to various embodiments, the response data unit may be a null data
packet ACK or a null data packet forxﬁat of short response frame to null data type PS-Poll
and its Dul;ation field for NAV setting méy protect the following transmission in one
TXOP. |

[0040] ' 'According to v.arious embodiments, the first data unit itself may be a null data
packet type PS-Poll and the i'esponse data unit is a null data packet response frame to null
data type PS-Poll.

[0041] According to various embodiments, the t;;rst data unit may be at leasf one of a
null data packet type ACK or a null data packet type response frame responding to a null
data type PS-Poll, and two or more bits in at least two fields of the first data unit may
indicate that there is no response data unit intended to follow the first data unit. |
[0042] ~ According to various embodiments, the Duration Indication field set tc; 0 and
the Duration field set to 0 may indicate that there is no response data unit intended to
follow the first data unit.

[0043] According to various ‘embodiments, the first data unit may be a null data
packét type ACK or a null data packet type response frame responding to a null data type
PS-PoH, and two or more bits in at least t§vo fields of the first data unit rhay indicate that
the response daté unit is a type with the size larger than that of a normal data unit. A
nonnai data unit is a data unit that fs not a null data packet. A null data packet is a PPDU
.without Data field. |

[0044] Accérdihg to various embodiments, the Dﬁration Indication field set to 1 and
the Duration field set to 0 may indicate‘that the response data unit is a type with the size

| larger than that of a normal data unit.

10
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[0045] According to variops embodiments, the PHY header may include an
indication of a duration for a network ailocation vector.

[0:,046] Acco%ding to various embodiments, the nonzero valid duration of ﬁr;t data
unit may be set to protect at least the transmission of the response data unit, indicating the
duration of at least one response data unit.

{0047] According to various erﬁbodiments, the intended receiver may défer at least
one of its transmission or channel access fof at least a duration based on the indication for
‘the type of the response da.ta unit.

[0048] According to Yarious embodiments, the type of the response data unit may be
a null data packet frame.

[0049] According to various embodiments, the type of the response data unit may be
a normal frame with the size equal to or short than‘that of a normal ACK.

[0050] According to various emboaiments, the type of the response data unit may be
a normal frame _wit'h_the size equal to or smaller than that of a normal Block ACK but
larger than that of a normal ACK.

[0051] in the following, short frames, for example for IEEE 802.11-based Networks,
will be described. Exarﬁples of short frame are Short Ack (acknowledgement), Short CTS
(clear to send), Short Block Ack, NDP (null data packet) type PS-Poll (power save poll),
NDP probe request, NDP sounding, short beamforming report Poll frame and Short MAC.
(medium access control) header. | |

[0052] Active STAs (stations) with TIM (traffic indication map) bit on may be
allowed to poll the AP a‘fter receiving the beacon With TIM. A low power/Non-TIM STA

may be allowed to transmit PS-Poll to its associated AP (access point) after wakeup

11
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without listening to the beacon. Due to the fact that PS-Poll may be widely used for
power saving and low power operation, short frame format of ACK and} PS-Poll may
improve transmiésion efficiency and reduces power consumption.
[0053]  In the following, NDP Tybe Indication will bé described.
[0054] According to varioys cmbodimenfs, methods to indicate the types of NDP
frame in SIG may be provided. More than 8 NDP frames may be provided. Furthermore,
a method to indicate the type of NDP frames may be provided.
[0055] SIG may mean SIGNAL field of PPDU (;:hysical prdiocol data unit).
[0056] = S1G PPDU (i.e. the PPDU format for IEEE 802.11ah) may include:
[0057] | - STF Short Training field;
[0058] - LTF Long Training field;
[0059] - - SIG SIGNAL field;
[0060] - SIG-A Signal A field;
[0061] - D-STF Short Trainipg field for data;
[0062] - D-LTF Long Training field for data;
[0063] - SIG-B Signal B field; and
[0064) - Data.
[0065]  The Data field may carry the PSDU(s) (Physical layer Service Data Unit).
[0066] - The null data packet (NDP) may ipélude:
- [0067] - STF Short Training field;
_ [0068] - LTF Long Training ﬁeid; a‘nd
[0069] - SIG SIGNAL ﬁeld;

[0070]  The null data packet (NDP) frame has no Data field.

12
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[0071]
[0072)
[0073]
[0074]
[0075]
1[0076]

[0077]

One of PPDU formats that includes PSDU could be:
- STF Short Training field;
- LTF Long Training field; and

- SIG SIGNAL field; and

- Data.

The Data field may carry the PSDU(s).

For example, for 8 types of NDP frames, a 3-bit NDP-T (NDP Type) field

within the SIG bits may be provided. When the AP/STA reé‘eives a NDP frame the

‘ AP/STA may prdcged to obtain the NDP-T field to know the type of NDP frame. If there

‘ are more than 8 types (for example assuming less than 16 (in other words: < 16)) of NDP

frames, a 4-bit NDP-T field within SIG bits may be provided. However, some NDP type

frames may have used up all the bits in the SIG and may not support 4-bit NDP-T field,

e.g. NDP type PS-Poll uses up all the bits as shown in the following example (for

example like illustrated in Table 1).

Field ‘ Bit width : Comments

NDP Type Indication 4

TA (trans}nitter address) | 9

(partial) AID  (association

identifier)

RA (receiver address) 9

(partial) BSSID (Basic Service

Set Identification)

13
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Preferred ' MCS
(Modulation and Coding | 4

Scheme)

TBD (to be determined, for
Tail bits 6 example depending on group’s

decision on tail bit support)

CRC (cyclic redundancy

check)

' . B 2MHz case, there are 12
TOTAL 36 )
reserved bits

Table 1 Example of NDP Type PS-Poll SIG Design

‘ i0078] Accbrding to various _embodiments, fhe following options fc;r NDP-T
indication may be provided:

[0079] In Option 1, a re-design of the ﬁglds in NbP type frames may be provided so
that 4-bit NDP-T field may be supported in all NDP type frames. |

 [0080] In Option 2, j-bit NDP-T plus one extended reserved. bit that can be
accommodated -in some NDP tyi)es may be used to differentiate more than 8 types of
NDP frame, like will be descdged in more detail beldw. |

[0081]  In Option 3, some NDP types thgy not be supported for 1 MHz case, and may
be defined 3-bit NDP-T for channel bandwidth equal to 1 MHz and 4-bit NDP-T for

cﬁannel bandwidth greater or equal to 2 MHz, like will be described in more detail below.

14
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[0082] According to various embodiments, for Option 2, 3-bii NDP-T and one
extended bit may be used to indicate NDP types. For example, assuming short ACK/CTS
has at least one rese;'{'ed bit and one 3;bit~value (e.g. Ob111) may bé reserved to identify
both short ACK and CTS. By extending one reserved bit (with the same pq_sition) in both
short ACK and CTS as the extended type identification, it may be possible to deteimine
whether it is a short ACK or short CTS.

[0083] According to various embodiments, the protocol to handle NDP-T Field in
Option 2 may be as follows: If the AP/STA recei\;ies the NDP"frames after identifying
this NDP frame, the AP/STA may proceed to identify the.NDP—T fields so that it can
know which NDP type the receivéd frame is. When AP/STA identifies that the NDP-T
field value is the defined casé for exfe‘nded iﬂdication, it may check the reserved bit (used
as extended type identification bit) to further determine which NDP type the frame is.
[0084] vaccording to various embodiments, for Option 3, 3-bit NDP-T may be used
for 1 MHz channel bandwidth and 4-bit NDP-T' may be used for 2MHz channel
bandwidth. |
_ [0085] In the 1 MHz case, e.g. NDP souﬁding may not be applicable. Then 3-bit
NDP-T may not be required to cover NDP sounding case, which may mean the NDP-T
field value for NDP sounding is not in the range of [0,7]. Assuming that there are 6 NDP
types for 1 MHz case, the value 0-5 (0b000-0b101) may be used for 3-bit NDP-T.

[0086] In the 2 MHz case, NDP ‘sounding and other NDP type frames that are not
| supported in 1 MHz rhay be differentiated with a 4-bit NDP-T value (e.g. large than 7).
For example, if there are 2 NDP types (short beamforming report»Poll frame and NDP

soundiﬁg) only defined for 2 MHz case. The value 0-5 (ObOOO'-ObIOI) may be used for 4-

15 .
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bit NDP-T to indicate 6 NDP types that is supported in 1 MHz case, and the value of
(0b1000-0b1001) for 4-bit NDP-T to indicate 2 NDP types that are defined only for

2MHz case.

-[0087] According to various embodiments, the protocol to handle NDP-T Field in

Option 3 may be as follows: If the AP/STA receives the NDP frames after identifying

that if is a NDP frame, the AP/STA may defermine that it is for 1 MHz or >=2 MHz
channel and proceed to identify the NDP-T fields so that it can know which NDf’ type the
received frame is. For 1 MHz channel, it may only be needed to ‘éhecllc 3-bit NDP-T field.
For channel bandwidth >=2 MHz, it may be needed to check 4-bit NDP-T field.

[0088] In the following, Short Ack for NDP Type PS-Poll 'ac’:cording to various
embodiments will be described. According to .various embodiments, a design of short
Ack for NDP type PS-Poll frame may be provided. Short Ack and NDP type PS-Poll may
have been accepted into IEEE specification framework tIEEE 802.11-1137—10—'00ah-
specification-framework-for-tgah, Mingyong Park, “IEEE 802.11ah Specification
Framewor ). In Section R.4.4.2.1-.A thereof, it is specified that the draft specification
shall support the following short ACK format with SIG fields that are the same as those
in normal SIG: CRC (4 bits) and Tail (6bits - TBD), and the short ACK SIG shéll include
an ACK ID field (bits TBD) which use partial FCS and the ini‘onnation‘ froﬁi the
scrambling see_d' in the SERVICE field of the frame being acknowledged for the
computation of the ACK ID for short ACK frames.

[0089] However, upon. receiving NDP type PS;Poll frame from the STA, the AP may
send a response fral'ne to STA as follows:

[0090] (1) Normal DATA/ACK, which requires no change for the protocol;

16
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[0b91] (2) Short ACK, which requires some modification since there is a very short
checksum of the recéived frame (CRC 4 bits for SIG) and no scrambling seed can be used
to compute ACK ID ﬁeld; ‘
[0092] 3) Shoﬁ Response Frame, which requires that a new rule/protocol shall be
def_med\! |
[0093] Hence, according to various embodiments, the following options may be
provided:
| [0094] - In Option 1, fhe AP may respond to NDI;type PS-Poll with normal ACK.
[0095]  In Option 2, the AP may respond to NDP type PS-Poll with short ACK but
with modification. ACK ID may be computed differentl.y. It will be described in more
detail below how to compute ACK ID according to various embodiments. :
| [0096] In Option 3, the AP may respond to NDP type PS-Poll with a new Short
.Response Frame. '
[009'74] More details on option 2 will be given in the following, where short Ack v'v.ith
modification will be described. | | |
[009Sj In the following, Short Ack SIG Design according to various-embodiments
will be described.
[0099] For example, an event that there are two concurrent fransmissions of NDP
type PS-Poll: A->AP (which for ékample may mean a transmission from STA A to AP)
and B->AP (which for éxample may mean a transmission from STA B to AP) will be
descﬁbed. Both A and B may expect short Ack from AP. Suppose that AP can only

receive a strong signél from A and respond to A’s NDP PS-Poll with short Ack that can

reach B. B receives AP’s short Ack, which should carry identification of STA e.g.' partial

17
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v

AID information in short response frame SIG so that the possibility of this false éhoft
Ack case should be zero. The example of such false short Ack occurs at one AP is sho%
in FIG. 2.

- [00100] FIG. 2 shows an illustration 200 of a false Short Ack for NDP PS-Poll with
one AP 206 and a first statioﬁ 202 (STA A) and a second station 204 (STA B). FIG. 2
illustrates two concurrent transmissions of NDP type PS-Poll: A->AP1 208 (from the
first station 202 to a first AP (which may also be referred to as AP1), for example the AP
206) and B->AP2 210 (from the second station 202 to a second AP which may also be
referred to as AP2 and which is not shown in FIG. 2). A 202 may expeét a short Ack
from AP1 and B expects a short Ack from AP2. Suppose that AP1 206 responds to A’s.
202 NDP PS-'Poll with short Ack that can reach B 204, but AP2 can’t receive B’s 204‘ .
NDP PS-Poll. B 204 receives AP1’s 206 short Ack. If B 204 has a shorter transmission
range when it sendg NDP PS-Poll that may reach AP1 206, and APll 206 may have a
longer transmission range when it sends NDP short Ack 212 that can réach B 204, a false
short Ack may occur if scrambled PBSSID (partial BSSID) and PAID (partial AID) bits
in NDP PS-Poll frame are the same for A 202 and B 204. The possibility of this false
short Ack case could be very low because it carries both AP and STA’S identification and
duplicate probability of same NDP PS-Poll’s TA (e.g. scrambled PBSSID) bits may be
low due to that B’s transmission will likely corrupt A’s transmission at AP1, or B’s
transmission range is long, or B may be able to ‘detect if it can hear AP1’ s beacon frame.
The example of sucﬁ falée short Ack occurs at two APs is shown in FIG. 3.

[00101] FIG. 3 shows an illustration 300 of a false Short Ack for NDP ?S‘-Poll with

two APs, for example the first access point AP1 206 and the second access point AP2

18
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- 302. Various devices and signals shown .in FIG. 3 are simivlar or identical to devices and
signals shown in FIG.2, for Which the same reference signs may be used and duplicate
description may Be omitted. |

[00102) The above examples show that including vtransmitter and receiver
address/identification (for example to an ACK ID (identiﬁer)) according to various
. embodiments may be helpful to avoid the false short Ack.

[00103] Following the same structure of short Ack for non-NDP type frames in Table
2, short Ack for NDP type PS-Poll m;:\y have the.:ﬁeld ACK'ID as the identifier for

pairing frame exchange i.e. short Ack for NDP type PS-Poll frame.

Field ~ Bit width Comments
Message type ' 4f ' Unused MCS field in
indicator . ' normal data packet
>=149 - Based on Partial FCS and
ACKID 12 ) Scramble Seed of received
frame
DURATION 6-8 May be re.qulred or may
: not be required
More Dafa 1
TBD TBD
o ‘ TBD  (Depending on
Tail bits 6 group’s decision on tail bit
- - ~ support)
CRC : 4
TOTAL 36 2MHz case, there are 12
reserved bits

Table 2 Example of NDP Type Short Ack SIG Design
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[00104] However, the design of ACK ID may be different (for example different from
the example as showr in Table 2), as will be described in more detail in the following.

' [00105] When the AP us‘es short Ack as the response frame for the received NDP type
PS-Poll, the following information (wherein some information may be included in NDP
type PS-Poll) méy be used to compute the identifier for the pairing frame exchange i.e.
short Ack for NDP typé PS-Poll:

[00106] - int."ormation‘ of STA, e.g. MAC address, AID;

[00107] - SIG bits of received NDP type PS-Poll Erame to be écknowledged;

[00108] '- information of AP, e.g. MAC address, timestamp; SQN or @anial) FCS of
the beacon, partial SSID; and

[00109] - hash function of the above information.

[00110] According to various embodiments, four options for the short Ack SIG format

may be provided, like will be described with reference to Table 3 to Table 6.

Field Bit width Comments

Message type 4 | Unused MCS field in

indicator 4 normal data packet

TA .9 ' (partial) AID

RA o 9 (partial) BSSID

Preferred MCS 4

- . TBD .(Depending on

Tail bits .6 group’s decision on tail
) bit support)

CRC _ 4

2MHz case, there are 12

TOTAL : 36 reserved bits
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Table 3 Option 1: Short Ack SIG for NDP Type PS-Poll

[00111] ‘According to various embodiments, in Option 1 (compare Table 3 for SIG

fields), the fields of RA (receiver address) and TA (transmitter address) may be defined,

RA and TA bits may be used as the identifier. for pairing frame exchange i.e. short Ack

for NDP type PS-Poll.

[00112] The probability of exact same RA and TA of short Ack for NDP type PS-Poll

may B,e low due to the design of RA, which may be based on (partial) AID of the STA

that sends NDP type PS-Poll and/or CRC bits of NDP typé“PS'—Poll to identify the

receiver of Short Ack, and the design of TA, which may be based on partial FCS and

Scramble Seed of received beacon frame or RA bits (and possibly CRC bits) of NDP type

PS-Poll to identify the transmitter of Short Ack.

Field

Bit width

. Comments

Identification

Type ID for Short Ack
for NDP type PS-Poll.

ACKID

TBD

Based on Partial FCS
and Scramble Seed of
received beacon frame,
or '
RA bits (e.g. PBSSID)
and/or CRC bits of NDP
type PS-Poll, as well as
TA bits (e.g. PAID) of
NDP type PS-Poll.

- Suggest to use all unused

bits

More Data

Tail bits

TBD (Depending on |
group’s decision on tail
bit support)

CRC

21 -




WO 2014/042595 PCT/SG2013/000399

2MHz case, there are 12

TOTAL 36 reserved bits

Table 4 Option 2: Short Ack SIG for NDP Type PS-Poll

[00113] Accordiﬁg to various embodiments, in Option 2 (combare Table 4 for SIG
fields), ACK ID' may be defined and used as the identifier for pairing frame exchange i.e.
short Ack for NDP type PS-Poll. One combined field i.e. ACK ID in SIG to replace RA
and TA fields may be desighed, but»may have differeﬁt length. It is to be noted that while
computation of ACK ID in short Ack for the received frame othér than NDP type is based
on partial FCS (frame check sequence) and scrambling seed of received frame,
computation of ACK ID in sﬁoﬁ Ack for NDP PS-Poll may be bésed .on the methods
shown in the following for ACK iD computation.

[00114] The design according to vario'us> embodiinents may ensure a low duplication
probability of RA and TA bits or ACK ID for NDP type and ACK ID for non-NDP type
frame, due to the difference between thé two computation methods. The identification in

SIG bits may be used to differentiate two types of short Ack.

Field  Bit width Comments

Identification 4 PS-Poll.

Type ID for Short Ack for NDP type

ACKID

12-14

(Same as defined
in Short Ack for
non-NDP frame)

Based on Partial FCS and Scramble
Seed of received beacon frame, or RA
bits (e.g. PBSSID) and/or CRC bits of
NDP type PS-Poll, as well as TA bits
(e.g. PAID) of NDP type PS-Poll.
Suggest to use all unused bits

22




WO 2014/042595 PCT/SG2013/000399

Duration/ACK 6-8 # of bits is same as defined in Short’

ID Ext. Ack for non-NDP frame '

More Data _ 1

Tail bits 6 TBD. (Depending on group’s decision
on tail bit support)

CRC 4

TOTAL 36 " aMHz case, there are 12 reserved bits

Table 5 Option 3: Short Ack for NDP Type PS-Poll

[00115]. According fo various embodiments, in Option 3, the same structure as the
short Ack for non-NDP type may be used but may have .a re-defined DURATION field
(if it is defined) or use some reserved bits in current short Ack design (if DURATION
ﬁefd is not déﬁned). The newly defined/redefined field may be ACK ID Ext. |
[00116] ACK ID and ACK ID Ext fields may be used as the identifier for the pairing
frame exchange, where ACK ID may be the resulting bits based on partial FCS and
scramble seed of received beacon frame'or RA bits of NDP frafne being acknowledged, -
and some TA bits of ‘ND'P frame being acknowledged. E.g. 9 RA bits and 3 MSB (most
" signiﬁcant bits) of TA field for 12 ACK ID bits, and ACK ID Ext is some (remaining)
TA bits of NDP frame being acknowledge;l. E.g. 6 LSB (least significant bits) of TA
field for 6 DURATION/ACK ID Ext bits. If more bits can be used for ACK ID Ext, CRC
bits of the received NDP type frame can be used that is being acknowledge&. According
to various embodiments, other bit arrangement may be provided, dependent on wﬁether

to place the above bits into the fields of ACK ID /ACK ID Ext.
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. 100117]  According to various embodiments, ACK ID may be used to refer to the

combination of ACK ID and ACK ID Ext bits/fields without causing any ambiguity.

Field Bit width ’ ' Comments

Identification 4 . Type ID for Short Ack for NDP type
' PS-Poll. :

Based on Partial FCS and Scramble
: | Seed of received beacon frame, or RA
ACKID - 12-14 bits (e.g. PBSSID) and/or CRC bits of

. NDP type PS-Poll, as well as TA bits
(e.g. PAID) of NDP type PS-Poll.

Duration : | 6-8

| More Data 1
e | 1o i ' s
CRC 4

TOTAL | 36 2MHz case, there are 12 reserved bits

Table 6 Option 4: Short Ack for NDP Type PS-Poli
[00118] Aécéfding to various embodimer;ts, Option 4 may follow the same field
structure as the short Ack for non-NDP type. ACK ID may be the identifier for the paring
frame exchange, 12-14 bits. ACK ID may be a function of RA and TA bits of NDP type
- frame. ACK ID may be a function of RA bits of NDP type frame and resulting bits based

on partial FCS and scramble seed of received beacon frame. CRC bits of NDP frame may
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be used as the input for the function to compute ACK ID as well if there is enough bit

space.

[00119] In the following, ACK ID Computation according to various embodiments

will be described.

[00120]  According to various embodiments, ACK ID may be computed for short Ack

as the response to NDP type PS-Poll, for example using STA’s information:

[00121] _~MAC address, which only partiél MAC address is feasible;

[00122] - AID,

Which may be used as receiver addreés for short Ack
From which full/partial AID/other equivalent AID-based value can be

used to identify AID of the STA

.Of which (partial) AID exists in SIG bits

Which may be combined with the information of AP that is used as
transmitter address for short Ack, as the identifier for pairing frame

exchange i.e. short Ack for NDP type PS-Poll frame

[00123] According to various embodiments, ACK ID may be computed for short Ack

as the response to NDP type PS-Poll, using SIG bits of NDP type PS-Poll, based the

example in Table 1:

[00124] - MCS, which may not be helpful. 4

[00125] - RA, e.g. (Scrambled) Partial BSSID, which may be common to all STAs

associated with the same AP and can be used to identify different BSSID (APs) with low

error probability. It is to be noted that (partial) BSSID can be used as transmitter address
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PCT/SG2013/000399



WO 2014/042595 PCT/SG2013/000399

for Short Ack. RA field of NDP Ps-Poll may bel _computed by the STA, based on partial

FCS and scrambling seed of received beacon from AP.

[00126] - TA, e.g.(Partial) AID, which is dependent on the number of ACK ID bits in

SIG and can be. used as receiver address for Short Ack.

[00127] - CRC bits (4 bits), which may be not sufﬁcien} to differentiate the PS-Polls
from multiple STAs 'to avoid_the; duplicaté ACK ID problem,_ and may be used together
| with RA bits e.g. Partial BSSID (9 bits in the example in Table 1) to construct an ACK
ID with 13 bits. N
.[00128] - Tail bi'Fs, which may also not be helpful.

[00129] - Preferred MCS, which may also not be hglpful.

[00130] ACK ID may be cofnputed for short Ack as the response to NDP type PS-Poll,
using the beacon information: | '

[00131] - Scramble secd of Service field; and
[00132] - Partial FCS.

[00133] If the RA field of NDP type PS-Poll is based on the qbove beacon information,
due to limited bit space (e.g. 9 bits) for RA field in SIG, RA bits may be expanded into
more bits using the beacon info or combined with ‘CRC bits in SIG of the received frame
to form an ACK ID. For example, if the number of ACK ID bits 1s larger than the number
of CRC bits and RA bits of NDP type PS-Poll that are used to construct ACK ID field,
ACK ID based on CRC bits may be obtained and expanded RA bits (é.g. >(scrambled)
partial BSSID or the computation results that is based on partial FCS and scrambling seed

of the received beacon frame).
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[00134] When partial BSSID is used for RA field of NDP fype PS-Poll frame,
expandcd RA bits may be computed using some more extra bits of BSSID other than
partial BSSID used in NDP PS-Poll. For example if partial BSSID uses 9 bits, then
expanded RA bits (assuming 12 bits) may be obtained by addmg three more BSSID bit
into partial BSSID. The method may be applicable to scrambled PBSSID as well, as long
ae scrambling bits are elso expanded and known to both AP and STA.

[00135] The method méy also be dpplied to the computation results that are based on
partial FCS and scrambling seed of the received beae:on frame.

[060136] For the ACK ID computatibn for Option 2 according to various embodiments,
the field structufe may be shown as in Table 4. If RA field of NDP type PS-Poll is not
based on partial FCS and Scrambling Seed of the received beacon frame, which are used
for ACK ID computation, AP and STA may have to store the info of partial FCS and
Scrambling. Seed of the beaceg frame or the resulting bits (ACK ID) based on the
information. The complexity or the cost of this scheme may be higher than Option 1.
[00137] The AP may use some or all the following bits in SIG of NDP type PS-Poll
(SIG field structure is assumed as iﬁ Teble 1) tp compute ACK ID inv short Ack as the
response to the received NDP type. PS-Poll sent by STA:

[00138] - RA bits (and possibly CRC bits) of NDP type PS-Poll or Pal;tial FCS aed
scrambling seed of the received beacon frame; and

[06139] - STA’s (partial) AID or CRvaits of the received NDP type PS-Poll.

[00140] For example, ACK ID may include or may consist of some of RA bits and all

TA bits of NDP type frame. For example, 14 bits for ACK ID may be considered. For
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examja]e, tiie NDP PS-Poll frame structure as in Table 1 with RA=9-bit PBSSID and
TA=9-bit PAID may be assu?n'ed: |
[00141] - ACK IDuse8of9 PBSSID bits. E.g. 8 LSB PBSSID bits;

[00142] - Divicie 9-bit PAID into two parts: PAID-MSB and PAID-LSB. E.g. 3-bit.
PAID-MSB and 6-bit PAID-MSB;

- [00143] - 8 PBSSID bits may Be rotated (right or left-shifted) and the rotation counter
follows the value of 3-bit PAID-MSB. E.g. if the value of 3 MSB PAID bits is 7, then 8
PBSSID will rotate (righ#shift or left-shift) 7 times \;nd the resui‘ting rotated bits are used
as MSB of ACK ID; and

[00144] - the remaining LSB of ACK ID is 6-bitPAID-LSB.

{00145]  According to various embodiments, the bit-rotating approach of PBSSID bits
based on AID value may be used for ACK ID based on scrambled PBSSID bits of NDP
" type frame. According to various embodiments, thé bit-rotating apprqach_bf PBSSID bits
based oﬂ AID value can be used for ACK ID based on TA bits of NDP type frame and
resulting bits based on partial FCS. and scramble seed of recéived beacon frame.
According to various embodiments, the bit'—rotatir‘1g approach of PBSSID may be
generalized as the indexing method where the index is based on some of known AID bits
(all these bit positions should be known to both engaging AP and STA) and there may be
an array of NDP PS-Poll RA (PBSSID) bits that are permutated by some bit
arrangements that are also known to both AP and STA. In tixe example shown above, the
indexing may use 3-bit PﬁSSID-LSB and the bit-rotation method may be used so that the
complexity is low due to that both AP and STA don’t need to remember the array of

permutated PBSSID.
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['0'()146] In the following, identif.ying ACK ID that is based on bit-rotation will be
described. According to variéus embodiments, to decode ACK ID, the STA |

[00147] (1) Set test counter as zero;

[00148]  (2) Test whether 8-bit ACK ID-MSB matches the RA (8-bit PBSSID-LSB)
. bits in NDP PS-Poll previously sent and waits for acknowledgement;

[00149] (?;) _If matched, test counter is 3-bit AID-MSB and then go to (7). If not
' matched, decide whether test counter is 7. |

[00150] (4) If the test counter is 7, declare ACK ID as invalid and end the decoding.
[00151] (5) Otherwise, increase the test counter and go to (6).

[00152] (6) Rotate (e.g. right-shift) the 8-bit ACK ID-MSB and go to (2) to continue
the test. | |

[00153] - (7) Obtain 6-bit PAID-LSB from 6-bit ACK ID-LSB and recover 9-bit PAID
from 3-bit PAID-MSB and 6-bit PAID-LSB.

[00154] . (B) Test whether PAID value is valid. If PAID bits are valid, ACK ID is valid.
Otherwise, declare ACK ID as invalid.

[00155] CRC bits may be masked (bitwise XOR) with some bits of the identifier for
pairing frame exchange (e.g. RA/TA/ACK ID bits), i.e. short response frame. that
ackpowledges NDP type PS-Poll. Sbmé of the identifier may be embedded inside CRC
mésk bits. CRC bits may be computed same as for Sﬁon Ack in but mask with some
extra bits that are not in the short response frame SIG. | |

[00156] The indexing method (for example including bit-fotation) may be masked and
a CRC mask may be used to genérate ACK ID with a shorter lenéth. For example, 14-bit

ACK ID (opﬁon 4) may be considered and it may be assumed that PAID (partial AID) is
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used as TA for NDP PS-Poll. 9-bit PBSSID and 5-bit PAID-MSB may be used to |
construct ACK ID for short response frame SIG, and 4-bit PAID-LSB may be used to
mask 4-bif CRC. When STA receives ﬁ:sponse frame SIG for its NDP PS-Poll, it may
unmask CRC with its 4-bit PAID-LSB and compare the result with expected CRC bits
that can .be computed by the STA according to its NDP 'PS-POII SIG being acknowledged.
If matched, the short frame may be possible for itself and for further processing.

[00157}]  According to various embodiments, the CRC mask and indexing method may
be combined to further relax the requirerﬁent on thé_:\;lur.nber of ACK. ID bits. 12-bit ACK
ID (option 4) may be considered and it may be assumed 1that .PAID is used as TA for
NDP PS-Poll. 10-bit PBSSID may be used lthat is expanded‘by the AP aﬁd may also be
known by the STA, and 5-bit PAID;MSB may be used to construct ACK ID for short
response frame SIG, and 4-bit PAID-LSB may be uéed to mask 4-bit CRC. For example:
[00158] - When using 5-bit PAID-MSB, the first two bifs may be used in ACK IIj in
addition to 10-bit PBSSID and the remaining 3 bits of PAID-MSB may be used as the
index by AP to obtain the PBSSID.

[00159]' ~ An array of permutated 10-bit PBSSID may be determined/known by both
AP and STA and the indexing method is used.

[00i601 - When STA regeives short Ack, it first may unmésk CRC bits in SIG with its
own 4-bit PAI]?-LSB and calculate CRC for the remaining bits in SIG before checking
the calculated CRC against the unmask CRC. If they are matched, STA may verify
whether the received 10-bit PBSSID is correct by -comparing it against its resulting 10-

PBSSID that are obtained by using the value of its 3™-5" PAID-MSB as the index to the.

30



WO 2014/042595 PCT/SG2013/000399

array of péfmutated 10-bit PBSSID. Thus, STA may obtain 3“'--5th bit of PAID and 2-bit

‘ PAID-LSB from ACK ID in SIG, and verify with its own PAID bits. _

[00161] - The rotating method described .above may be used to free AP and STA of
storiﬁg the array.

'[00162] In the following, an example will be described in. which Ié-bit ACK ID is
acquired fhrough CRC mask and bit-rotation that inu;:ludes the information of partial AID
(PAID). Firstly the AP may construct SIG with the following bits to compute >CRC'before
CRC mask: ..

[00163] - 4-bit Type Indication;

[06164] - ACK ID tﬁat is concatenated by rotated scfambled partial BSSID and 2-bit
PAID-MSB; and | |

[00165] - 6thér SIG bits.

[00166] FIG. 4 shows an illustration 400 of an example of Bit—rotéting and CRC Mask.
As shown in FIG. 4, 10-bit rotated scrambled PBSSID is obtained by AP expanding 9-bit
scrambled PBSSID into ‘'10-bit (which is agreed between AP and the STA) of which the
first 2-bit scrambled PBSSID remains unchanged A\;vhile the last 8-bit scramble PBSSID is
bit-rotated (e.g. right-shifted) with the times that is determined by the value of 3.-bit
PAID-MSB i.e. 375" bits. After CRC is cémputed for these ‘SIG bits, the 4-bit PAID-
LSB is used to mask CRC results i.e. 4-bit PAID-LSB Bitwise XOR operation with 4-bit
CRC results.

[00167] '.To decode the SIG bits, firstly the STA may check £ype indication and then
may unmask 4-bit CRC mask with its own 4-bit PAID-LSB. After unmasking, the STA

may compute whether unmask CRC is correct for the SIG bits. If the CRC result is
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correct, the 'STA may procééd to decode ACK ID for scrambled PBSSID which is the
first 10-bit of ACK ID. It may determine whether the rotated scrambled PBSSID is
matched with its ov;'n ~pvre-co'mputctd scrambled PBSSID after fotating these rotated
scrambled PBSSID with the times that is the value of 3%-5™ bits of its own PAID-MSB.
For example, if the value of 3™-5™ bits of its own PAID-MSB is-5, then scrambled
PBSSID bits may. be right-shifted 5- times by'STA (while AP should left-shift 5 times
scrambled PBSSID bits). If the above fnatches, the STA may obtain 11%-12® bits of ACK
ID and may verify against its ownl®-2" bits of P;;ID-MSB. If the above matches, the
ACK ID may be correct and the STA cpnsider it has been acknowledged positlively.
[00168] In .the following, Diffefentiating Shoﬁ Acks for NDP Type and Non—NDP
Type frames according to various embodiments will be described. According to various
embodiments, short Acks for NDP type and non-NDP type may be differentiated through.
the identification bit(s) in SIG.

[00169] FIG. 5 shows an illustration 500 of how fal.se Short Ack may be avoided
according to various embodiments. For example a first station 502 may send an NDP PS-
Poll to a ‘ﬁrst AP 504, and this NDP PS-Poll may arrive at the first AP 504. Furthermore,
a second station 506 may send Aanother NDP PS-Poll to a further station 508 (for example
a second AP), which may not arrive at the further station 508. Then, by differentiating
short ACKs according to various embodiments, a short Ack from the first AP 504 to the
ﬁrst. station 502 (like indicated by flow 510) may not lf;ad to a false short Ack at the

second station 506 (like indicated by flow 5 12).
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[00170] ACK 'ID based on the scheme according to various embodiments may be used
to identify short Ack frame to reducé the proBability of a false short Ack th;at may be
accépted by a transmitter B 506 if

[00171] - The intended receiver C 508 does not receive the NDP type PS-Poll or
DATA correctly, and does not send short Ack. -

[00172] - Another STA A 502 is transmitting to API 504 with transmission endedlat
exaétl_y the same time when B ends its transmission. -

[00173] - Transmission from B 506 is not able ¥0 interfere the transmiésioﬁ from A
502 to AP1 504, so that AP1 504 may send a short Aqk to A 502; while short Ack can
arrive at B 506 correctly.

[00174] - Since B 506 is expecting short. Ack from C 508, B 506 may accept the short
Ack from AP1 504 by mistake. |

[00175] Even if B 506 has a much shorter transmission range than AP 504 and .there
is no protectién for NDP PS-Poll, the probability of exact same ACK ID for NDP type
PS-Poll is very low due to thé good design of ACK ID.

[00176] But the duplication probability of ACK IDs for NDP type and non-NDP type
frame may be nbf low due ;co the computation methoas for these two kinds of ACK ID are
different: | |
[00177] (1) Computation of ACK ID in short Ack for the received frame other than
NDP type may be based on partial FCS and scrambling seed of' received frame.

[00178] (2) Computation of ACK ID in short Ack for NDP PS-Poll may be based on
partial FCS and scrambling seed of receiveﬂ beacon or RA bits and/or CRC bits of

received NDP type PS-Poll frame, as described above.
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[00179] | Further, short Ack for NDP t&pe (PS-Poll) frame may be differentiated from
short Ack for non-NDP type— frame ﬁsing some identification bits in S‘IG s0 that- the
probability of Qonfuéing other data transmission may be low.

[00180] L Upoﬁ receiving NDP type PS-Poll, AP may set .the identification ‘bits in
shoﬁ Ack to indicate that the frame is for NDP_type PS-Poll, as the response to the PS-
Polling STA.

[00181] II.A Upon receiving ;hOn Ack, PS-Polling STA may identify the idenﬁﬁcation
bits that'signal the response frame is a short Ack f;r_ NDP typé‘ frame. It is to be noted
that it is assumed tﬁe probability 'of duplicate identifier e.g. ACK ID for NDP type
i'esponse to NDP type frame. is fairly low due to the method for ACK ID ‘conllputation
according to various embodiments.. |

.[00182]' IiI. Once AP/STA receives short Ack, in addition to CRC checking, it may
proceed with the related protocol as follows:

[00183] a. If AP/STA that is involved in the pro;:ess using NDP type PS-Poll and short
Ack receives other AP’s short.Ack for non-NDP type PS-Poll, it may identify §vhether it
is a short Ack for NDP type fr"amg.

[00184] i Ifitisa short Ack for non-NDP type frame, AP/STA may discard.

[00185] | ii. If it is a short Ack for NDP type frame, AP/STA may identify whether it is
addressed to itself by using the identifier e.g. ACK ID field and/or other fields to

determine whether the short Ack is addressed to it. If it is not addressed to itself, it may

discard.
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- [00186] b. If AP/STA that is involved in the process using non-NDP type frame and
shoﬁ Ack receives other AP’s short Ack for NDP type PS-Poll, AP/STA may identify |
whether it is a short Ack for non-NDP type frame.

[00187] i. Ifit is a short Ack for NDP type frame, AP/ STA may discard.

[00188] ii. If it is a sihort Ack for nQn-NDP type frame, AP/STA may identify whether
it is addressed to itself b); using the identifier e.g. ACK ID ﬁeld and/or other fields to
determine whether the short Ack is addressed to ‘it. If it is not addressed to itself, it may
discard.l »

[00189] The method to differentiate short frame (e.g. short Ack) for NDP type and
non-NDP type using some SIG bits according to various embodirﬁents rhay be applied to
other short frame similarly, if the design approaches of some of the fields are different.
[00190] In the following, Short CTS SIG Design will be described. In a.Short CTS, the
SIG field may include:

[00191] - MCS -4 bits (use a dviﬂ'ereh‘t reserved‘ value from short Ack);

[00192] - Bandwidth (BW) — 3 bits; |

[00193} - Duration - TBD bits;

[00194] - - CRC -4 bits;

[00195] - Tail - 6 bits (TBD);

[00196] - CTS ID — <=9 bits (IMHz) ; <=21 bits (2MHz).

A[00197] Sﬁon CTS may also be used as AP assisted mediuﬂ) synchronization frame;
and short CTS frame reserves a ﬁme interval for a STA that is scheduled to wake up at
the ‘slot boundary (or TWT, i.e. Target Wake Time), with the SIG inclﬁding RA field i.e.

the address of the STA that is scheduled to wake up at the slot boundary.
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[00198] Short CTS may consider CTS ID to address the receiver. For the case of
~ RTS/CTS, CTS ID may be determined based on f’aﬂial FCS and scramble seed
informatioﬁ from RTS. For the case of CTS-to-Self, CTS ID may be obtained from
partial TA of the transmitter to address both TA and RA. It may be assumed that Short
CTS uses RA field to address the receiver. This may create a problem whether we should
differentiate thg above 3 kinds of short CTS since the duplicate probability of CTS ID
' may be high. ' |
[00199] FIG. 6 shows an illustration 600 ofl the e;ample of false short CTS as medium
synchronization frame. Both AP1 and AP2 send short CTS as medium synchronization
frame and AP1 is A’s asso;:iated AP. If short CTS from AP1 and AP2 have the same CTS
ID or RA field, false case occurs. STA A can’t tell ;vhich short CTS is thg: real medium
synchronizaﬁon frame that it should follow. In FIG. 6, STA A may regard .AP2’s short
CTS addressed to STA B as medium synchronization frame that is addressed to itself
from AP1. |

[00200] FIG. 7 shows an illustration 700 of the e;(ample of falée short CTS for
medium.synchronization frame and RTS/CTS. STA A sends RTS to AP1 and expects a
short CTS from AP1 as the response to its RTS and STA B expects a short CTS from
AP2 as the medium synchronization frame. Suppose that AP1 didﬁ’t receive RTS or
receive a corrul_)fed RTS that AP2 also can’t receive or receive a corrupted version, but
AP2 transmits Short CTS to B as the medium synchronization frame. The possibility of
this false short CTS case could be high if CTS ID/RA ﬁeid for RTS/CTS and medium

synchronization frame short CTS is identical.
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[00201] If CTS ID and RA are unified for the 'al.)ove two cases, then only PAID or
banial STA’sklMAC address is possible, since there may be no precedingframe before AP
sends medium synchronizétion frame. When PAID or partial STA’s MAC address is uséd,
the duplicate probability is high due to they afe not unique among different APs ard there
are many STAs that may have the same CTS ID or RA field. Another duplicate case is
that CTS ID for CTS-to-self may confuse 3" party 'STAs doing RTS/CTS handshaking
based on short CTS, when partial TA bi-ts are used as CTS ID that is same as that in short
CTS for RTS/CTS handshaking. "

[00202] Type indication may be provided, wherein one bit (TBD) or some reserved
case for a field (e.g. BW (bandwidth)) in SIG is used to differentiate two types of short
CTS: short CTS as the medium synchronization frame and short CTS for RTS/CTS
handshaking and CTS-to-self.‘ For example, notice that BW = 1, 2, 4, 8, 16 MHz, only 3
bits are required. 3 unused cases may occur for 3-bit BW and can use one such unused
case to indicate that shoﬁ CTS is used as the mediuﬁ synchronizétion frame. Further,
unused case may be used for shoﬁ CTS used as CTS-td-self. There may be a need to
define one field to in;:iicate whether shortv CTS is from AP. Ther?: may be one bit defined
‘to differentiate whethér short .CTS is from its AP. If the frame is a broadcast .
synchronization frame (not addresséd to a particular STA), we can set DURATION field
value as 0.

[00203] Two design options for short CTS SIG may be provided as follows.

[00204] Option 1 may be as follows: Short CTS is designéd only for >=2MHz. Define
the following fields in SIG: RA and TA, in addition to the fields that may include Type

Indication, BW, DURATION, CRC, Tail. E.g. RA is 9 bits, TA is 9 bits. We can define
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one ﬁéld to indicate whether short CTS is from AP. For AP, wheh AP responds. to the
STA’s RTS, use PAID as RA and use Partial BSSID or the computation resulting bits
based 6n Partial FCS and scramble seed information from RTS as TA; when AP sends
CTS-to-itself, use a reserved PAID (e.g. 0) as RA and use Partial BSSID as TA; when AP
responds to the STA with medium synchronization frame, use PAID as RA and use
Partial BSSID as TA; when AP broadcasts medium synchronizafion frame, use reserved
PAID e.g. 0 as RA and use Partial BSSID as TA. For STA, when STA rCSpoﬁds to AP’s
RTS, use PAID as TA and use Partial BSSID or the computatid"n resulting bits basqd on
Partial FCS and scramble seed information from RTS as RA; when STA sends CTS-to-

itself, use its PAID as TA and use Partial BSSID as RA. The handling of short CTS

~should include the step to identify whether the frame is from AP and decide whether it is

addressed to itself. There may be one bit defined to differentiate whether short CTS is
from AP

[00205] Option 2 may be as follows: Short CTS is designed such that is same for
1MHz and >=2MH§ case, by embedding the PAID information int_o CRC bits and CTS
ID. If BW field is not used for medium synchronization frame, re-define 3-bit BW for 3-
bit PAID-MSB (1% — 3™ bit of PAID). Use bit-shifted PBSSiD as CTS ID. Note that bit-
shifted PBSSID is the value of PBSSID right or left-shifted X times, where X is the value
of 2-bit PAID-MSB (4 and 5™ bit of PAID). Mask (bitWise XOR) CRC with 4-bit
PAID-LSB (6™ — 9™ bit of PAID). The above methods of CRC mask and bit-rotation
operation have beén described above. The handling protocol for CTS ID is similar to that

for ACK ID that is based on CRC mask and bit-rotation as described above.
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[00206] a) Whgn the frame is a broadcast synchronization frame (not addressed to a
particular STA),-we can set DURATION ﬁeld value as 0 and set PAID as 0 to compute
C.TS ID. The Aapproach can Be aéplied to the case of short CTS for CTS-to-self, where the
S’_l‘_A/AP will set its partial MAC address as CTS ID and the STA use its PAID to do
CRC mask and bit-rotation while the AP use 0 as PAID to do CRC mask and bit-rotation.
Note that in these cases, the STA with the» same partial MAC address may be required to
send non-NDP CTS frame rather than short CTS. This can be done when the STA
pexfform authentication/association or through othei’ frame exéhange between AP and
STA. | ‘.

[00207] . b) A‘When the frame is a synchronization frame addressed to a specified STA,
the DURATION field value may be set as the estimated time interval reserved for that
STA and use the STA’s PAID to compute CTS ID. The approach can be appiied to the
cas; of short CTS for RTS/CTS handshaking. |

{00208] c) The problem with this design is that direct RTS/CTS héndshaking between
two STAs may not be supported, as PBSSID may mix up with the PAID, if it is unable to
tell the difference between two CTS IDs from the STA and the AP_respectively. In this
case, we can avoid this dupliéate case by réserving the PAID value that is same as
PBSSID. This reserved PAID valﬁé is not assigned to any STA. Alternatively, if AP
allocatqs the PAID value that is identical to PBSSID to a STA, AP should request the
STA to send normal CTS rather tﬁan NDP short CTS.

[00209] In the following, Ack Indication according to various embodiments will i)e

described.
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.[00210]' ~ In the following, without causing ambiguity, normal frame may refer to the
frame format in the current IEEE 802.11 standard (IEEE 802.11-201.2). For example,
normal ACK/BA refers to the ACK/BA in the current 802.11 standard.
[0021.1l] IEEE  802.11-1 137-1 1-00ah-specification-framework-for-tgah, Mingyong
Park, “IEEE 802.11ah Specification Framework’; specifies that the SIG shall iﬁclude 2-
bit Ack Indication (00: Ack; 01: BA; 10: No Ack;-l 1: a fram-e that is not ACK, BA or
CTS) in SIG and the deﬁnition of value (b11) for response frame type is used to indicate
the presence of a frame that is not ACK, CTS 0;: BA 'immediately following current
transmission.
[00212] One of the key issues for 2-Bit Ack Indication (assume Ack Indication is the
field(s) that are‘used to indicate the response frame) is that some frame that is currently
transmitted may have different response typeé following it. One example is that PS-Poll
may allow a few options such as short Ack, normal ACK with timer indication and active
polling response (assume that active poIling response is sent immediately aftér SIFS
(Short Interframe Spacing)). Theréfqre, this kind( of frame may incur the difficulties in
dete’nﬁining the responée type for the Ack Indication at the unintended STAs due to the
ambiguity of using the accepted 2-bit Ack Indication. If the STA decides 2-bit Ack
Indication for its PS-Poll 4that is being transmitted, the peer STA (for example the AP in -
this case) may follow the indication to give the right response type. This may mean that.
the AP méy not have the freedom to decide which type of response frame it can send as -
the reﬁly. It is to be noted that polling response has to be of fixed size in order to make
' the unintended STA set thé NAV(network allocation vector) 6r défefred channel access

time correctly without ambiguity.
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[00213] Thf: process of determining the response type when there are multiple options
could. be either that the AP broadcasts its capability of handling the response types if
there are multiple options.. in the beacon frame or negotiates with the STAs through some
management frames e.g. authentiﬁation/association frames. After that, the STA may
follow the decision ma-de earlier to send the frame with the indicated respoﬁse type. Upon
receiving the frame with the responsé type indication, the AP may respond according to
the type without ambiguity.

[00214] The key issue may be that the (iraft s;;:eciﬁcation ‘doeslnot include enough
options to support all these different responsé tybes. As only short' Ack, normal BA, no
‘Ack and long response other than ACK, BA and CTS are supported in 2-bit Ack
Indication, when both short Ack/short BA and normal ACK/normal BA are used in‘the
netwbrk or differenf networks, an issue may be encountered on how to set a proper
network allocation vector (NAV) or def(_:rred channel access time for the unintended STA,
namely 3" party STA.

[00215] NAV may be an indicator, maintgined by each STA, of time periods when
transmission onto the wireless medium (WM) is not initiated by the STA regardless of
whether the STA’s clear channel assessment (CCA) function senses that the WM is busy.
The current 802.11 standard may set up some protection mechanism whiqh attempts to
update the NAYV of all receiving STAs prior to the transmission of a frame tilat might or
might not be detected as valid network activity by the PHY (physical, for example
physical layer) entities at those receiving STAs.

[00216] In the current IEEE 802.11 standard, a STA that receives at léast one valid

frame within a received PSDU may update its NAV with the information from any valid
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Duration ﬁelci within that PSDU for all frames where the new NAV value is greater than
the current one, except for thosé where the RA is equal to the MAC address of the STA.
[00217]- FIG. 8 shows an illustratioﬁ 800 of a NAV setting in the current 802.11
standard.

[00218] ..As shown in FIG. 8, if an unintended STA decodes the duration ﬁéld 806 in
the MAC header 804 corfectly, it sets NAV accofding to the duration field 806 value.
OtherWise, it shall defer EIFS 810 or EIFS-DIFS+AIFS[AC] before tralnsmission, where
AC is the Access Catégory of thé STA. In order to‘:save power; an unintended STA can
choose to check SIG field 802 and/or MAC header 804 (e.g. RA field) only, and skip the
remaining fields 808 of the frame. However, the STA cannot verify the correctness of the
duration field and Ack policy field in MAC header, without checking CRC. In some
cases, an unintended STA may be able to decode SIG field 802 correctly, but cannot
decode MAC header and Data field. For these cases, the STA has to apply EIFS 810 to
set NAV. However, it might be unfair or insufficient to use EIFS because an
MPDU/MMPDU may not have an ACK, EIFS (Extended IFS) accounts for the worse‘
case ACK 812 duration, which can be significant longer than the actual ACK duraiion,
EIFS protection may .not be sufficient to protect a BA (block acknowledgement; 32
bytes), which is much longer than an ACK (14 bytes). Therefore, IEEE 802.11-1137-11- "
00ah-specification-framework-for-tgah adds two-bit Ack indication in SIG field to
indica_te whether an immediate response is requesfed right- after the PPDU, and also the
type of the response.

[00219] An unintended i‘STA that detects the SIG correctly shall defer transmission

until after the expected response (if present). As the data rate of the response frame is
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usually the same as that of the frame. that elicited the response, if »tl;e frame size of
response frame is known, the 3™ party STA is able to defer its channel access according »
to the Ack Indication field of the received frame. For the case of the response frame that
is short frarﬁe such as short Ack and short BA, the duration for deferred channel access at
the 3™ party STA is fixed and the same for the same channel bandwidth. For the case of
the responseAfr‘ame that is normgl frame such as nénnal ACK and normal ABA, the
duration for deferred channel access can be calculated based on the ACK(14 bytes)/BA
length (32 bytés) and expected transmission rate (eq‘\iivalent. to the data transmission rate),
" which is usually the same as the frame that elicited the réspoﬁse; The expected data rate
is dependent on the preamble type (IM Hz ér >=?2M Hz) and MCS (Modulation and
Coding Scheme) of the received frame etc. For the case o_f Ack Indication set to No
Response, the deferred channel access time is zero (the STA may start the transmission
SIFS time afte;' the response frame with a necessary backoff).
[00220] The general protocol/procedure for handling Ack Indication can be
summarized as follows:
[00221] - The transmitting STA (transmitter) may set Ack Indication and may set the
response type accordingly.
[00222] - Upon receiving the SIG with IFFI or 2-Bit Ack indication or 3-bit Ack
| indication or other indication that can be used to infer the response type and whether it is
short frame or normal frame, the receiver (the intended STA’) shall follow the instruction
as indicated to transmit the cbnesponding response type and 3™ party STA shall set its
' NAV or deferred channel access time according to the response type and whether if is

short frame or normal frame:
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[00223] o) If a short framejsI used, its duration is fixed.

[00224] o) If a normal fraﬁle_is used, the duration can be calculated‘based on the

length (e.g. the length of BA is 32 bytes) and expected transmission rate (equivalent to

the daté transmission rate). -

[00225] o) If thé response type is not ACK, BA or CTS, the duration can be regarded

as (aPPDUMaxTime + 2*aSIFSTime + aPHY-.RX-START-Delay), as shown in the case

of speed frame exchange. | |

[00226] Including 2-bit Ack Indicat‘ion (00: shori Ack/short BA; 01 normal BA; 10:

No Ack; 11: a frame that is not ACK, BA or CTS) in SIG may not be sufficient to

support different options for the response type to PS-Poll. If the response to PS-Poll is

short Ack or poliing response, we can set 2-bit Ack Indicaiion in the SIG of PS-Poll as
~ the value b00 and b11 respectively.

[00227] If normal ACK has the same length aé polling response, we can define 2-bit
Ack Indication (00: short Ack/short BA; 01: poiling ﬁsponse/normal ACK; 10: No Ack;
11: a frame that is not ACK, BA, CTS and polling response). Normal BA is used only in
TXOP, where the value bl1 can be used to indicate. |
[00228] The sqution to solve the problem of insufficient bits for Ack Indication or
ambiguity caused by 2-bit Ack Indication can combine the techniqﬁes or the steps in
various embodiments. |
[00229]. " FIG. 9 shows an illustration 900 for Ack Indication in SIG (wherein MH may
stand for MAC Header 906). For example, an Ack indication 904 may be provided ina
SIG field 902.l Funhey data 908 may‘be provided after the SIG field 902 and the MH 906.

 The indicated Ack 910 is also shown in FIG. 9.
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[00230] There may be several -advantages for the design according to various
embodiments. The Ack indication according to various embodiments may provide
sufficient protection against hidden tgﬁninals (to the intended receiving STA) -and
prevents unintended STAs from waiting for EIFS when no Ack is required. SIG may be
more reliable than MAC header. The Ack indication may be quickly verified by SIG
CRC (itis ﬁot requiréd to decode the whole MPDU (MAC protocol data unit)).
[00231] When only four choices (including short Ack and normal BA (block
acknowledgement)) are considered, the 2-bit Ack Ii)dication m"aiy achieve the goal. But
since short BA may also-be accepted, it may be likely that both short BA and normal BA
will be used. It may also be noted that the 4introducing of short ACK cannot exclude the
use of normal ACK in some cases such as speed frame exchange, for example as
| described in IEEE 802.11-1137-11-00ah-specification-framework-for-tgah. The draft
speciﬁéation may include the concept of speed frame exchange based on the use of More
-Data field and 2-bit Ack Indication (b11) that indicates the presence of the frame
immediately following current transmission (The meaning of “immediately following
current transmission” may be that thé following frame transmission occurs immediately
after SIFS, which is the allowed shortest inter-frame space, rather than DIFS). This méy
mean that normal ACK may be used for speed frame exchange, as short Ack doesn’t have
2-bit Ack Indication.
[00232]  FIG. 10 shows an illustration 1000. of an example of speed frame exchange
using normal ACK. Data brécessing 1002 of an access point (AP) and data processing
1004 of a station STA are shown. The station (non-AP STA or simply STA) may have

only uplink data to transmit to AP. Firstly, STA sends its uplink (UL) data with More
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Data field in MAC header set to 1 and 2-bit Ack Indication in SIG set to b00 to indicate
the presence of normal ACK immediately after the current transmission. Therefore the
data ffame after normal ACK can be sent after aSIFSTime without backoff, as it is’
assumed that UL data with More Data field = 1 in MAC header indicates that there will-
be one more data frame following normal ACK. In fact, this protocol doesn’t differentiate
the short Ack from normal ACK. Upon receiving the current transmitted frame, the STA
can determine the duration for current frame transmission either through the fields of
Length/ Duration in SIG and MAC header for data f“i’ame or shott frame (i.e. NDP frame,
e.g. 'including STF, LTF1 and SIG 6n1y. For instance, shért Ackisa kind of short frame).
[b0233] The unintended STA that caﬁ decode SIG and MAC header correctly can set
its NAV or deferred channel acceés time. to (aPPDUMaxTime + 2*aSIFSTime + aPHY-
RX-START-Delay) if a data frame is used as the response frame immediately after the
previoué da;ta frame which carries the 2-bit Ack Indication value as bl1. However, for the
unintgnded STA that can deﬁode SIG correctly buf decode MAC header wrongly, it is not
able to identify whether ‘there will be a frame of either normal ACK or short ACK
immediatelyv following current transmission. Upori receipt, the unintended STA can set its
NAV or deferred chamiél access time to a duration correspondiné to a short Ack or
normal ACK if a frame is used as the response frame immediately after the previous data
frafne which carries the 2-bit Ack Indication value as b00. For the case of short ACK,
NAYV or deferred channel access time can be set as (sh;)rt ACK duration + 2*aSIFSTime
+ aPHY-RX-START-Delay). For the case of norrﬁal ACK, NAV or deferred channel -
access time can be set as. (normal ACK duraitipn + 2*aSIFSTime + aPHY-RX—START-

Delay). In the above both cases, the unintended STA cannot identify whether there will
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be a normal ACK or short Ack immediately following current transmission based on 2-
bit Ack Indication, which is used to represent both short Ack aﬂd normal ACK. It is to be
noted that short frame/normal frame duration (e.g. short Ack/normal ACK duratioAn)
refers to transmissioﬁ time of short framé/normal frame.

[00234] Due to that normal ACK and short BA may be used as well, an uﬁintended
STA, after receiving and decoding SIG correctly, may not be able to calculate the
accurate responsé duration by the response | type and/or the expected response
transmission rate. This issue may be solved.

[00235] As normal ACK and normal CTS hav.evthe same size, »the value of 2-bit Ack
Indicaiion used to indicate for normal ACK can be also used for normal CTS. This can be
ap'plied‘to poll response if it has the same size as that of normal ACK.

[00236] When short frame (STF+LTF 1+SIG_on1y, without MAC header, namely NDP
frame, é.g. short Ack) is used, if the type of the frame immediately following short frame
is indicated in short frame, 2-bit Ack Indication pfotocol may be applied to the Access
Point (AP) and STA.

[00237]  According to various embodiments, Ack Indicatipn may be provided to
remove the ambiguity, like will be described in more detail below.

[00238] According to various embodiments, processing as will be described in the
following may be provided. Currgntly, there may be 4 reserved bits in SIG. One reserved
bit (deﬁnéd as Immediate Following Frame Indication, i.e. IFFI) may be used to instruct |
the intended SfI‘A that a short frame (e.g. short Ack/short BA) shall be used immédiately '
following current transmission, where IFFI = .0 indicates a short f;'ame (e.g. short

Ack/short BA) immediately following current transmission and IFFI = 1 indicates a
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normal frame (e.g. normal Ack/nc;rmal BA) immediately following current transmission.
We can include 2-bit Ack Indication for four options e.g. 06: Ack; 01: BA; 10: No Ack;
11: a frame that is not ACK, BA or CTS.

[06239] Accord.ing to various embodiments, processing as will be described' in the
following may be provided. According to Avarious embodiments, it may not'b,é required to .
change current draft specification for the deﬁnifion of 2-bit Ack Indicatién but a rule may“
be set on how to set the NAV or deferred channel access time for 3™ party STA i.e. the
unintended STA: upon decoding 2-bit Ack Indicatf;n correctly; 3™ pﬁrty STA shall set
NAV or deferred channel access time to the dpration corresponding to that for normal
fréme (e.g. honnai ACK, which has a frame size larger than NDP ACK) although
channel access time is wasted in this case. 3rd party STA can set its NAV or déferred
channel ‘access time based on the length of normal frame (e.g. the-length of ACK is 14
bytes) ‘and expected transmission rate (equivalent to t_he data transmission rate). However,
Ack Indication becomes not very usefu] as the NAV or deferred channel access time is
set as (ACKTxTime + 2*aSIF STimel + aPHY-RX-START-Delay) upon receiving current
transmission, which is a bit better than that via EIFS ‘protection rule, Where EIFS =
aSIFSTime + DIFS + ACKTxTime. It is to be noted that those unintended STAs that
want the more efficient channél access have to continue to receive the immediate frame
following current transmission and it is obvious tl;at they cannot benefit from the NAV or
deferred channel access time setting rule.

[00240] According to various embodiments, processing as will be described in the
following may be provided. According to various embodiments, it may not be required to

change the current draft specification for the definition of 2-bit Ack Indication but a rule
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may be set on how to set the NAV Qr deferred channel access time for 3 party STA.
Upon decoding 2-bit Ack Indicatiqn correctly, 3 party STA shall set NAV or deferred
_channel access time to the duration corresponding to short frame (e.g. short ACK
duration + 2*SIFSTime + aPHY-RX-START-Delay) and should continue to receive the
next framgimmediately following the current transmission (in this case STA consumes
more power but channel access time is improved, early Ack indication becdmes not
effective). Thi§ s.u.gges‘ts that 3™ party STA may have to receive the SIG of the
immediately following frame; otherwise, when nomfal ACK is Li"s.ed, the qnintended STA
that starts to sense the channel after the duration equal to the value of NAV or deferred
channel access time is not able to decode normal ACK so that they may have to apply
~ EIFS to set NAV. Once the SIG of the frame (e.g. either normal ACK or short Ack)
immediately following current transmission is received, 3™ party STA can set its NAV or
deferred channel access time correctly by checking whether the frame is normal fréme,
and if the frame is short frame, it'can set the NAV or deferred channel access time by
- looking into Length / Duration and MCS in SIG; otheerise it is straightforward to know
the fixed duration of NDP frame. | | "
[00241] A According to various embodiments, processing as will be described in the
following may be provided. According to various embodimenté, 2-bit Ack Indication
may be re-designed, i.e. 3-bit Ack Indication may be used instead. Various embodiments
'may_.include 3-bit Ack Indication (e.g. 000: short frame e.g. short Ack/BA/CTS; 001
normal Ack/CTS; 010: normal BA; 011: No Ack; 100: Polling response; 101: a frame

that is not ACK, BA, CTS and Polling response; 110-111 Reserved) in SIG so that the
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presencAe o,‘f response frame type (e.g. normal frame or short frame) immediately
following éurrent transmission can be easily identified without ambiguity.

[00242)  Alternatively if a uhiﬁed frame format for normal ACK and polling response,
which have the same length, may be provided, 3-bit Ack Indication (e.g. 000: short frame
e.g. short Ack/BA/CTS; 001: normal Ack/CTS/Polling Response; OiO: normal BA; 011;
No Ack; 100: a frame that is not ACK, BA, CTS and Polling response; 101-111 Reserved)
may be included. ’

[00243] According to various embodiments, prc;:ccssing as will be described iﬁ the
following may be provided. According to various exﬁbodiments, 2-bit Ack Indication
may be r¢-designed, i.e. include 2-bit Ack Indication (00: short frame e.g. short Ack/short
BA/short CTS; 01: normal Ack; 10: No Ack; 11: a frame that is not ACK, BA or CTS) in
SIG, by combining the indication for short Ack/shoft BA and excluding the h,se of normal
BA (but we can allow to use normal BA in TXOP (Transmit_ dpportunity) where the
preceding frame immediately followed with normal BA shéu]d set Ack Indication to bl1,
for example wheﬁ normal BA is not with a fixed length or is transmitted with a rate
different from the réceiVed frame that elici'ted the response).

[00244] In the following, a method fér fast frame forwarding according to various
embodiments will be descri‘t;ed. |

[00245]  In the current IEEE 802.11 standard, when the Qata packets are long, the
RTS/CTS messages may be used to ré_s’erve.the media for transmission. However, it is
performed within one hop. -

[00246] When relay is introduced, if the current design is used, two RTS/ éTS

transactions may be required. The overhead could be heavy and it may also lower down
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the media transmission efﬁciency'. According td various embodiments, various RTS/CTS
message exchangé methods are provided to protect fwo-hop “transmissions that involves
relay.
[60247] For example, and without loss of generality, it may be assumed that the'STA
is two hops away from the AP. |
[00248] According to various eﬁxbodiments, processing as will be described in the
following may be provided. One of ‘the relaying scenarios considered in the 802.11ah
standard is that both AP and staﬁon can hear each otﬁer. Howevéi', to save transmission
power of . STA, a; relay station may be used by STA for uplink data forwarding. In such
scéﬁario, the STA may send RTS to AP directly but the reserve media duration includes
_both transmission durations required by STA and relay. After receiving the CTS from AP,
waiting for a short duration such SIFS, STA started to transmit data} packet to relay, with
relay indication in the data frame, either in the MAC frame control header or in the SIG.
Relay may forward the packet to AP using the reserved channel time by STA using the
RTS/CTS.
[00249] When the relay station receives RTS from STA, it .may check the TA and RA
field of the RTS and know whether the STA is served by the relay at the moment.’
[00250] The STA may use some bits in the SIG/FC to indicate whetﬁer frame |
forwarding timé_: required by relay is included in the RTS duration. If time is included, the
relay station of thé STA which sends the RTS shall update its NAV and also aware that it
~ is required to use the reserved media to forward data frame from STA to AP if CTS is.

sent out by the AP to confirm the media reservation. It may not be allowed to use the
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reserved time to transmit frames other than the frame from STA that shall be forwarded
to the AP later.

[00251] - The relay station may verify whether the CTS received is the one replied to |
the RTS send by its subordinate STA. If CTS is a full CTS, the relay can derive the CTS
is for the RTS Isent by its subordinate STA earlier. If CTS is a short CTS, the station shall
verify the CTS ID in shért CTS to deterinine whether it is the one reply to the RTS from
its STA. |

[00252] Accofding to vérious embodiments, proc;ssing as will be described in the
following may be provided. The STA .sends RTS to the relay and the relay further send
an RTS to AP. For ex,ample,» éfter receiving RTS from relay; AP reply with CTS to relay
and relay further send CTS to STA. Most of the fields such as source and destination
aadress, or CTS ID (when short CTS is used) can be reused. Ong: bit in the RTS from
STA to relay may indicate that a relaying of RTS may happen. The destination address in
the RTS can be either the MAC address of relay or the MAC address bf the AP. The
source address in the RTS from relay fo AP may be the MAC address of relay or the
MAC address of STA. When short CTS is used, for tﬁe CTS from AP to STA, a relay bit
may be set so that relay station will send the CTS to STA. |

[00253] | According to various embodiments, processing as will be described in the
following may be provided. In case STA can hear from AP directly, RTS/CTS procedure
defined as described in the following may be used. The STA ray send RTS to relay first
and relay may send a second RTS to AP. After receiving RTS fr@m relay stations, the AP
may send CTS to media. After receiving the CTS, the STA may send data over the

reserved media.
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[00254] According to various embodiments, processing as will be described in the
following may be provided. In case STA can hear from AP directly, the RTS/CTS
procedure defined as described in the folléwing may also be used. STA may send RTS to
relay first and relay may send CTS with relay bit to AP. After receiving CTS from Rélay
stati;)ns,'AP Iﬁay send CTS message to media. The CTS sent by the AP can be the same
one as received from relay. Aft& receiving the CTS, the STA can send data over the .
réserved media. e
[00255] To realize the above described émbbdiméilts, it m'éy be necessary to define
one Relay bit or indication in RTS SIG/Frame Control field in MAC header to indicate
that this RTS. is required to be relayed to AP or being replied by Relay e.g. with
(short)CTS.
[b6256] The CTS sent can be a short CTS or other format with transmitted address and
receiver address. Ack Indication in RTé (from STA to Relay) SIG may be setto a
- specified value e.g. b00 (indicating a short CTS frame is the immediéte fesponse).
[60257] - For short CTS from Relay fo AP, one IRFI (Immediéte Response Frame »
Indication; the function may be simiiar to ACK Indication or IFFI) field may be defined
to indicate where there will be a short frame following Short CTS. IRFI = 0 may indicate
there will be a short frame (e.g. short CTS) following Short CTS. IRFI = 1 indicates there
will be a Data frame (non-NDP) follqwing Short CTS. For CTS from rélay to AP, IRFI is
set to 0. Duration is set to the Duration field value in RTS — SIFS — Short CTS duration. |
CTS ID may be based on the sc’rainbling seed and FCS of received RTS and/or STA’s

AID and/or Partial BSSID or AID of Relay as well as AP’s BSSID. For example, bitwise

XOR operation on the computation results of the scrambling seed and FCS of received
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RTS, partial BSSID of Relay and partial BSSID-of AP can create CTS ID carrying threé
parties’ information. | ‘

[00258] Once STA receives Short CTS (sent by Relay),lif IRFI = 0, STA may defer
channel access after SIFS + Short CTS Duration. Once AP receives Short CTS (sent by
Relay) and if IRFI = 0 and CTS ID is matched, AP will send short CTS.

[00259] Fdr Short CTS from AP to Relay/STA, IRFI may be set to 1 andt Duration
may be extended acéording to its knowledge on the data rate between AP and Relay.
[00260] Inthe fovllowing, response frame indicati;n in SIG and speed .frame exchange
using short Ack according to various embodiments will be described.

[00261] The draft speciﬁcation‘ IEEE 802.11-1137-11-00ah-specification-framework-
for-tgah, Mingyong Park, “IEEE 802.11ah Specification Framework” includes 2-bit Ack
Indication (00: Ack; 01: BA; 10: No Ack; 11: a frame that is not ACK,. BA or CTS) in
SIG. The definition of value (b11) response frame type may indicate the presence ofa
frame that is not ACK,>CTS or BA following current transmission.

[00262] Accord’ing to various embodiments, modiﬁcétion for the above may be
provided. For example, Ack Indication fo; Short Ack ;:an be used for other NDP frames
as they have the same size fof same Bandwidth, and' Ack Indication for ACK can be used
for CTS (CTS has the same size as ACK). However, an »issue may be encountered on how
to set a proper Ack iﬁdicatién and NAV (defer channel access) when both short Ack/BA
and normal ACK/BA are poésible to be used in the networks. When only short Ack and
BA are used, the use of 2-bit Ack Indication in the draft speciﬁcaﬁon can achieve the
goal. The draft épeciﬁcation considers only nonnallBA. Since short BA is accepfed in the

draft specification, it is likely that both short BA and normal BA will be used: The design
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of short ACK cah’t exclude the usé of normal ACK in some cases such as speed frame

~ exchange. Due to that normal ACK and BA may be used as well, an unintended STA
when receiving and décoding SIG ¢onéctly may not be able to calculate the accurate
response duration by the response type and/or the expected response transmission rate.
[00263] According td ;/:;rious emﬁodiments, various options may be provided, like will
be described in more detail below.

[00264]  According to various embodiments, an option which may be referred to as
Option A may be provided as follows: 2-bit Ack Ind;cation may‘Be included in SIG to

" indicate the following frame type/size: -

[00265] - 00: NDP frame:

[00266] -01: ACK (ér a MAC framé with the ‘same size as ACK, e.g. CTS),

[00267] - 10:No Ack;

[00268] - 11: a frame that is not NDP frame, ACK or CTS.

[00269] - The indication of 00 may coﬁbinc the indication for short Ack/short

’ BA/shoﬁ CTS;

[00270] - ACK may be different from short Ack;

[00271] - Use 11 for normal BA;

[00272] - If the length of nprmal BA is not ﬁx,ed,.it is suitable to use 11 to iﬁdicaté the
following frame is normal BA. |

[00273] According to varioﬁs embodiments, an option which may be referred to as
Option B may be pfovided as follows: Include 2-bit Ack Indication in SIG to indicate the
following frame type/size:

" [00274] - 00: NDP frame;
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[00275] - 01: a frame with the MAC frame size <=X ;

[00276] - 10: No Ack;

[00277] - 11: a frame with tﬁe MAC fran:xe size > X;

[00278] - X s decided by the size of the frame that is used frequently. e.g.

[00279] - if normal ACK is used, X can be set as the size of normal ACK (Option Ais
the same as Option B);

[00280] - if normal BA is used, X can be set as the size éf normal BA (if it is fixed);
[00281] - 3rd party STA may set it NAV or defer;ed channel dccess time
éorresponding to the frame with the size X (i.e. aSIFSTime+ frame duration for size X)
for channel access if Aqk Indication = 01.

[00282] According to various embodiments, an option which may be referred to as
. Option C may be provided as follow: Use 3-bit Ack Indication:

[00283] - 000: NDP frame; |

[00284] -001: normgl Ack/CTS (and other frame with the same MAC frame size);
[00285] - 010: No Ack; | | |

[00286) - O11: normal BA; (use 011 for BA if fixed length. Othe&ise, use 100 for
i;onnal BA); _

[00287] - 100: a frame that is not NDP frame, ACK, BA or CTS;

[00288] - 1_0_1¥1 11 Reserved (May use 111 to indicate that the frame is to be relayed or
_being relayed). . i

[00289] - According to various embodiments, an option which may be referred t;) as
Option D niay be provided as follows. Various embodiments do not require to change

current draft specification for the definition of 2-bit Ack Indication but we need to set a

56



WO 2014/042595 PCT/SG2013/000399

rule on how to set the NAV or deferred channel access time for 3™ barty STA i.e. the

- unintended STA: upon decoding 2-bit Ack Indication for normal frarﬁe such as ACK
correctly, 31 party STA shall set NAV or deferred channel access time to the duration

~ corresponding to that for normal frame (e.g. ﬁormal ACK, which has a frame size larger

" than NDP ACK) althéugh channel access time is wasted in this case. 3™ party STA can'
set its NAV or deferred channel access time based on the length pfvnormal frame (e.g. the
léngth of ACK is 14 bytes) and expected transmission rate (equivalen.t to the data
transmission rate). However, Ack Indication becomeé not very useful as the NAV or
deferred channel access time is set as (ACK duration ,+AaSIFSTime) ﬁpon receiving
current transmission, which is a bit bet_ter than that via EIFS protection rule, where EIFS
= aSIFSTime + DIFS + ACK duraﬁon. It is to be r{oted that those unintended STAs that
want the mbre efficient chann_el acceés have to continue to receive the immediate frame
following current transmission and it is obvious that they cannot benefit from the NAV or
deferreci channel access time setting rule. |

[00290] According to various embodiments, an option which may be referred to as
Option E may be provided as follows. Various embodiments do not require to change the
current draft specification for the definition of 2-bit Agk Indication but we 'n;ced to set a
rule on how to set the NAV or deferred channel access time for 3 pai'ty STA. Upon

~ decoding 2-bit Ack Indication for normal frame such as normal .ACK correctly, 31 party
STA shall set NAV or deferred channel access time to the dufation corresponding to short
frame (e.g. short ACK duration + SIFSTime) and should continue to receive the next
frame immediately following the current transmission (in this case STA consumes more

power but channel access time is improved, early Ack indication becomes not effective).
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This suggests that 3" party STA may have to receive the SIG of the immediately
foilowing frame; othefwise, when normal ACK is used, the unintended STA that starte to
sense the channel after the duration equal to the value of NAV or deferred channel access
time is not able to decode normal ACK so that they may have to apply EIFS to set NAV.
Once the SIG of the frame (e.g. either normal ACK or shert Ack) immediafely following
current transmission is received, 3™ party STA cae set its NAV or deferred channel
access time correctly by checking whether the frame is normal fi’ame, and if the frafne is
short frame, it cen set the NAV or deferred channel efccess time by looking into Length /
buration and MCS in SIG; otherwise it is straightforward to know the fixed lduratioh of
NDP frame. |
[00291] In t}}e following, handling Ack indication according to various embodiments
will be described: |
[00292] - Upon.receiving the SIG with Ack indication that can be used to infer the
fesponse fype and whether it is NDP frame or normal frame,
100293] - the intended STA shall follow the instruction as indicated to transmit the
cemasponding response type.
[00294] - 3rd party STA may set its NAV or deferred channel access time according to
the response type and whether it is NDP frame or noﬁnal frame

- If a NDP frame is used, its duration is fixed

— If a normal frame is used, the duration can be calculated based on the length

and expected transmission rate (equivafent to the data transmission rate)
'—. If unknown frame is used, the duration can be set as e.g. (aPPDUMa);Time +

aSIFSTime)
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[00295]  3rd party STA may set its NAV (defer channel access) upon receiving Ack
Indication in SIG: |

:[00296] - If Ack Indication = 00; it can start to contend the channel after the duration
(aSIFSTime + NDP frame duration) follo.wing current transmission; |

[00257] - If Ack Indication = 01 , it can start to contend the channel after the duration
(aSIFSTime + ACK duration (Option A) or the duration for frame size X (Option B))
following current transmissiqh; -

[00298] - If Ack Indication = 10, it can start to cogtend the channel when current
transmission ends;

[00299] ° - If Ack Indication = 11, 3rd party STA may receive the next immediate frame
following current transmission if it wants fo set NAV or deferred channel access time
accﬁrateiy (but it can set to e.g. (aPPDUMaxTime + aSIFSTime) in Speed Frame
Exchange.) |

[00300] In the following, spee.d' frame exchange using short Ack accc;rding to various
embodiments will be described. According to variqus embodiments, an approach based |
on NDP frames for speed frame exchange may be provided. The current problem for
speed frame exchange may be that NDP frames such as short Ack reloads 2-bit Ack
Indication. |

[00301] FIG. 11 shows an illustratiqn 1100 of speed frame exchange using short Ack
according to various embodiments. Data processing 1102 of an accesslpoint (AP) and

data processing 1104 of a station STA are shown.
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[00302] According to various embodiments, as a first option, the duration field in
Short Ack SIG may be set to indicate whether there will be data frame following current
A' tlransmission: | |

[00303]) - Duration = 0 indicates there will no data frameufollowing current

~ transmission;

[00304] - Duration =x > 0, e.g. aSIFSTime or (aPPDUMalemc + aSIFSTime) (other _
value is also p0551ble as long as it makes clear that there will be some data frame
following this Short Ack) indicates there will data fra;me followiﬁg current transmission.
[00305] According to various embodiments, as a second option, if a duration field in
Short Ack SIG (for NDP PS-Poll) is not defined or allowed to be used, one available b1t
(Immediate Response Frame Indlcanon, IRFI) may be defined to indicate whether there
will be data frame following current transmission.

[00306] According to various embodiments, a§ a third optfon, if both duration and
IRFI fields are availa;ble, the‘ féllowing may be applied: |

[00307) - IRFI=1 indicates there will be a folloWing frame, Duration field = 0 if the
fx_fame duration is unknown or Duration = the frame duratién + aSIFSTime if the frame
being acknowledged co‘ntains NAV information or deferred channel access time or the
duration of the frame following Short Ack is known; |

[00308] - IRFI=0 and Duration>0 indicates that short Ack is a ti?ner/time indication;

- [00309] - IRFI=0 and Dﬁration=0 in&icates that short Ack is not a timer/time
indication. |

[00310] According to various embodiments, as a fourth option, 2-bit Ack Indication

may Be defined (or may not be reloaded).
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[00311] Uplink data indication or MoreData bit may be used indicate uplink buffered
data and can be ﬁsed as the first frame;for speed frame change. According to various
embodiments, uplink data indication o-r MoreData bit may be uséd to indicate whether
there is uplink data in PS-Poll which can be ﬁséd as the first frame for speed frame’
chan;ge.

[00312] According to various embodiments, setting NAV or deferred channel access
time to defer channel access may be provided as will be described in the following.
[00313] According to various embodiments,: in thia first optioﬁ, if IRFI is not déﬁned:
[00314] - 3rd party STA receiving short Ack with DURATION = x > 0. 3rd party STA
should defer channel access after at least a period of x béfore transmitting;

[00315] -Ifx= aSIf“STime, early indication design principle is not applied;

[00316] -Ifx= aPPDUMaxTime + aSIFSTime, early indication design principle is
applied. The approach may be the same as using Ack Indication bits Ob11;

[00317] - The STAs involved in speed frame change will access the channel .

[00318] According to various embodiments, in the second option, if IRFI is defined,
the duration field may not be used and the folllowing may apply:

[00319] -IRFI=1 indicates.there is an immediate following frame, same as 0b11;
[00320] - IRFI = 0 indicates there is n6 immediate following frame, same as No Ack
(b10). | |

[00321] According to various embodiments, in the third option, the following may
apply: ‘

[00322] - IRFI= 1 and Duration ﬁgld = 0 indicates there is an immediate following

frame, same as using Ack Indication bits 0b11;
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[00323] - Ii{FI = 1 and Duration field = X > 0 indicates there Will be a following frame
with duration X-aSiFSTime; | -
- [00324] - IRFI= 0 indicates thefe is no immediate following frame, sar.ne as No Ack
(b10).
[00325] According to various embodiments, in the fourth option, the duration field
may not be required.
| [00326] According to various embodiments, channel access upon receipt of short Ack
may be provided as described in the follpwing. 3
[00327] According to various émbodiments, in the first optibn, a 3rd party STA may
- defer channel access after the period of time = (equal to) DURATION field value in
Short Ack SIG upon receiving Short Ack. |
- [00328] According to various embodiments, in the second option, the 3rd party STA
may defer cﬁannel access after aPPDUMaxTime + aSIFSTime upon recei\'/ing Short Ack
with IRFI=1, or start channel access immediately for the case of IRFI=0.
[00329]  According to various embodiments, in the third optiori, the 3rd party STA may
defer channel ac;cess after the period of time = (egual to) DURATION ﬁeld'value in
Short Ack SIG upon receiving Short Ack with IRFI=1, or start channel access
immediately for the case of IRFI=0. -
[0033-0] Accérding td various embodimenté, in the fourth option, the same as that in
speed frame exchange using normal ACK may be applied.
[00331] According to ;/arious embodiments, other NDP frame as the response frame
may includé the fields of More Data and IRFI. The procedure using this kind of Ni)P :

CTS may be similar to that for using short Ack.
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[00332] In the following, enhanccrﬁent to TXOP sharing for two-hop relay according
to various embodiments will Be described.

[00333] FIG. 12 SilOWS an illustratioﬁ 1200'of the Downlink TXOP sharing for two-
hop Relay with Explicit ACK, where after AP transmits DATA to the RELAY and -
receipt of ACK from the RELAY, AP removes frame from buffer and defers some time
X before next ev‘ent. .Processing 1202 of thelAP, processing 1204 of the relay, and
processing 1206 of the STA are illustrated. If X is set to MAX_PPDU+ACK+2*SIFS, the.
deferred time settiné is not accurate as RELAY can ;alculate the correct duration to be
'included in ACK, even for DATA withoﬁt‘ Dﬁration field (e.g. DATA with a short MAC
headér), for exainple based on fhe information in SIG field of DATA frame such as
LENGTH/DURATION (which is the number of symbols when aggregation is 1, is in
nﬁmber of bytes when aggregation is 0, Mandate AMPDU for. packet sizes > 511 bytes
and for MU). The Duration setting and/or deferred time to next eveﬁt is subj_eét,ic; TXOP

" constraint (they can’t go beyond TXOP limit). |

[00334] When there is an upper limit of TXOP time, if the duration that is larger than
this upper limit can be used as reserved cases as well. For the duration that is smaller than
the smallest possible value (e.g. SIFS or SIFS+NDP ACK) can be used as reserved cases.
Thus, the reserved cases of Duration field that are used for equivalenti ACK Indication are
indicated by the most or least significant bits of Duration field.

[00335) In another ‘embodiment for equivalent ACK Indication, we can make use of
the following reserved values to indicate equivalent ACK Indication for No Response and
Long Response with unknown duration for early ACK indication. For example, Duration

Indication = 0 and Duration = 0 indicates the equivalent ACK Indication of No Response
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and Dﬁration Indication = 1 and Duration = 0 indicates the equivalent ACK Indication of
Long Response with unknown duration.
[00336] In this case, the least significant bit of Duration is reserved for equival.ent
ACK Indicétion.
[00337) The reserved values that are smaller than or equ.al‘to ﬂoor(SIFS/TU) (wheré
floor(x) is the floor function, indicating the largest integer not greater than x)) can be
used to indicate other cases e.g. the following response frame is CTS (éTS-to-Selﬂ. The
reserved case may be extended to the duration that i;: smaller than (SIFS+NDP ACK)/TU,
as the shortest frame length is NDP frame and SIFS is the shortest inter-frame space. For
example of IMHz, if NDP frame is 6 OFDM symbols and each OFDM symbol is
40microsecond, the shortest frame du-ration is 560 microsecoﬁd (taking into account the
preamble which is 320 microsecond). Thus, if TU is 160microseconds, we have four
reserved cases 0, 1, 2 and 3. If (SIFS+NDP ACK)/TU is round up, we can have one more
reserved value which is 4. In this case, the 2 least significant bit of Duration is reserved

- for equivalent ACK Indicétion wheﬁ Duration Indication is set to 1.
[00338] In addition to the above embodiment for eqﬁivalent ACK Indication, we can
also reverse the values of Duration field that are smaller than a miﬁimum wakeup timer
value and use them to indicate the equivalent ACK Indication. For example, if minimum
wakeup timer is at least 2 with a time unit TU e.g. 1 mi]liseéond, we cén rese&e the case
of Duratioﬁ = 1 and Duration = 1 as well to indicate e.g. the following immediate
response frame is CF-Eﬁd; Iﬁ ~this case, the least significant bit of Duration is reserved for

equivalent ACK Indication when Duration Indication is set to 1.
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[00339].  According to various emt)odiments, methods and devices may be provided
wherein after AP transmits DATA to the RELAY and receipt of ACK (Duration field is

| set to‘X) from the RELAY, the AP removes frame from buffer and defers before next
event a time of (X*TU — ACK ~ SIFS) where TU is time unit for Duration field of ACK
and ACK indicates ACK frame duration time before next event. If NDP ACK/Modified
ACK is used, the deferred tirrxe is the .I.)urationvﬁeld value of the transmitted DATA -
NDP ACK SIFS. If DATA is a baseline (802.1 1-2012) frame format with Duration/ID
field, the Duration field setting in AP for DATA frame is based on the data rate between

~ AP and RELAY as well as RELAY and STA. X may also be set according to DATA

. transmission time between RELAY and STA for the rela;red DATA frame + ACK +

2*SIFS. The similar approach may be applied to NDP ACK/Modified ACK. This change

may improve the accuracy of NAV setting or deferred channel ac;,cess time for the STA.

The unintended STA is able to set an accurate NAV or deferred channel access time so

that it may be able to save the power furthér. The above method is also valid for uplink

- TXOP sharmg for two-hop relay

[00340] If DATA is without Duration field (e.g. DATA is with a short MAC header)
but with LENGTH/DURATION in PHY SIG field, the LENGTH/DURATION in SIG
field and déta rate between RELAY and the intendeti receiver t:an be used to determine
the Duration field valtte of ACK sent by RELAY. In downlink TXOP sharing for two-
hop relay, after AP transmits DATA to the RELAY and receipt of ACK (Duration field is
set to X) from the RELAY, AP removes frame from buffer and defers before next event
for a time of (X*TU — ACK - SIFS) where TU is time unit for Duration field of ACK‘

and ACK indicates ACK frame duration time. If NDP ACK/Modified ACK is used, the
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deferred time is the Duration field value of tﬁc transmitted DATA — NDP ACK - SIFS.
The Dﬁration field setting in RELAY for ACK is based on the data rate between RELAY
and STA and the information on LENGTH/DUATION in PHY SIG fields. X should be
set according to DATA transmission time between RELAY and STA for the relayed
LDATA frarﬁe + ACK + 2*SIFS. The similar approach applies to NDP ACK/Modified
ACK. |
[00341} FIG. 13 shows an illustration 1300 of uplink TXOP sharing for two-hop relay |
using NDP ACK. Processing 1302 of the AP, proces;ing 1304 of the relay, and
procéssiﬁg 1306 of the STA are illustrated. According to various embodiments, NDP
ACK/Modified-ACK may be used in the TXOP sharing for two-hop relay procedure to
further improve the efﬁciency. FIG. 13 illustrates an example of uplink TXOP sharing for
two-hop relay with Explicit ACK using NDP ACK. The usage of Duration Indication and
Duration fields for NDP ACK/modified ACK can be seen in Table 7. The NDP
(Modified) ACK frame with the reserved value for the Duration field that is smaller than
SIFS/TU can be used to indicate other NDP frames te. g. when Duration Indication is set
to 0). When SIFS is 160 millisecond and TU is 40 millisecond, the;e are 3 reserved
values (1,2,3) thgt can be used to indicate other NDP frames. ANDP (Modified) ACK
wiih the Duration Indication ﬁeld set to 0 and the Duration field set to 1 can be used to
indicate a null data packet of CF-End that is. used to truncate the TXOP. In this case,
ACK ID of this NDP frame can be computed as if the transmitter Qere the intended
recipient. Alternatively, ACK ID of this NDP frame can be computed based on tlhe partial’
| AID (PAID) of the transmitter STA or the partial BSSID of the AP with which the

tfan_smitter STA is associated. The intended receiver should regard this special NDP
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frame as the truncation of the current TXOP. 3™ party STA should regard this special

NDP frame as a CF-End frame.

Duration ‘ Duration : Description
Indication :
0 0 . | Ack Indication=10 (No

response), which means |
there will no. response

frame.
0 SIFS/TU ' Ack Indication =11(long
= response, unknown

length/duration) , which
means there will be a
data frame with unknown
duration as the long

: , response.
0 >SIFS/TU (SIFS/TU may be | Ack Indication =11(long
round up/off. Other suitable value | response, known |

| is also possible, as long as it is | length/duration) , which
smaller than SIFS/TU and larger | means there will be a

than 0) ‘ data frame with known
' duration as the long
response.
1 |0 No sleep time
1 Nonzero .. | Wakeup timer
Table 7: Usage of Duration Indication and Duration fields in NDP ACK/Modified

ACK

[00342] In the following expressions for the duration, without causing ambiguity, we
can denote the duratioh for the transmission of | maximum éize of PPDU i.e:
aPPDUMaxTime by MAX PPDU, the duration for the transmission éf ACK frame by
ACK and aSIFSTime by SIFS.

[00343] For speed framie exchange based on NDP ACK as described herein, since

Duration field is available for NDP ACK/Modified ACK, we can (1) set Duration
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Indication field to 0 which means the Duration field is used for the duration for frame
transmission and Duration field is used to indicate the channel access reservation time for
tﬁe transmission followin;g current NDP ACK/modified ACK, e. g to indicate there will
be an immediate frame following NDP ACK. If the frame duration is known from
immediate previous frame, Duration field for NDP ACK is set to (the corresponding
duration indicated in the immediate previous frame — NDP ACK - SIFs)/TU (TU is the
time unit for Duration field when Dura’tion Indication = 0). If the frame duration is
unknown, Du.ration field is set to SIFS/TU (i;e. an géuivalent value based on Time Unit
for Duration ﬁeld) in NDP ACK/modified ACK. A Duration field value corresponding to
the duration of SIFS (or a nén-zero value smaller than 'SIFS) has a special meaning here.
It is indicated that th_ere will be an immediate following frame (SIFS aftér cpirrent NDP

| ACK/Modified ACK). To know the exact tfénsmission, the unintended STA haé to listen
to the immediate next frame or defer channel access for NDP ACK + 2*SIFS after
receiving the frame that elicited the NDP ACK frame. A Duration field value of 0 means
 there is no immediate following frame. (2) Duration Iﬁdication field is set to 1 which
means a wakeup timer and there is no immcdiate frame following current NDP
ACK/Modiﬁed ACK, and Duration field is set to the sleep duration for the: STA being |
acknowledged. |
[00344] 3™ party STA upon receiving Short Ack/modified short Ack:

[00345] . defers before next event for. a duration = Duration field value in short
Ack/modified short Ack * TU if Duration In—dication = 0 and Duration > SIFS/TU;
[00346] - defers befqre next event for a duration = aPPDUMaxTime + aSiFSTime if

Duration Indication = 0 and O<Duration <= SIFS/TU; and
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[00347] - defers SIFS .before next event if Duration Indication = 0 and Duration = 0 or
Duration Indication = 1.

[00348] If Duration field (or Duration bits that can be unmasked from other fields in
NDP ACK/Modified ACK) is available for short Ack/modified short Ack, we can let
[00349] - Duration Indic‘aﬁo’n =0 indiéz;tgs there could bé an immediate frame
following short Ack/modified short Ack | |

[00350] o) Duration = 0 is equivalent to No Response (equivalent to Ack Indication
bits = 10); B o

[00351] o) Duration = SIFS/TU is equivalent to Long Reépqnse with unknown
length/duration (equivalént to Ack Indication bits = 11), suitable for DATA without
Duration field; Long Response means the respoﬂsé data unit is a data frame;

4 [00352] o) Duration > SIFS/TU is equivalent to .long Response with known
length/duration (Ack Indication bits = 11) indicates channel access reservation time for
the transmissions following current short Ack/modified sh;)rt Ack, suitable for DATA
with Duration field;

[00353]) " - Duration Indication = 1 indicates that Duratioﬁ field is a wakeup timer and
there is no immediate frame following current short Ack/modified short Ack ’

[00354] o) Duration =0 is equivalent to No sieep time;

[00355] o) Duration > 0 indicates a wakeup timer.

[00356] The reason why we can set Duration Indication to 0 and Duration to a Valuq
~ <=SIFS/TU to indicate the equivalent indication of Ack indication' bits set to 11 (long
rc;spOnse with unknown duration) is that the STA is only allowed to access the channel -

after SIFS upon receiving the frame such as NDP ACK or ACK. Thus, any value smaller
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or equal to S'I’FS/TU is not 'meaningfu:l to the receiving STA or not allowed in the
baseline (IEEE 802.11-2012). We can reserve all these values to represent the special
indication. For example, jf SIFS = 4*TU, any:value of 1,2,3 and 4 éan be used to indicate
thé equivalent indication of Ack Indication bits set to 11.

[00357) Table 7 shows the usage of Duration Indication and Duration fields for NDP
~ ACK/Modified ACK, illustrating the equivalent indication of ACK Indication bits based
on the Duration Indication and Duration fields of NDP ACK. The NDP (Modified) ACK
~ frame with the reserved value for the Duration ﬁeldfthat is smaller than SIFS/TU can be
used to indicate other NDP frames (e.g. when Duration Indication is set to 0). When SIFS
' is 160 millisecond and TU is 40 millisecond, there are at least 3 reserved values (1,2,3)
that can be used to indicate other NDP ﬁamés. For example, a NDP (Modiﬁéd) ACK
with the Duration Indication field set to 0 and the Duration field set t<’) 1 can be used to
indicate a null data packet of CF-End that ié used to truncate the TXOP. In this case,
ACK ID of this NDP frame can be cqmputed as if the tranémitter were the intended
recipient. Alternatively, ACK ID of this NDP frame can be computed based on the partial
AID (PAID) of the transmitter STA or the pértial BSSIb of the AP with which the
transmitter STA is associated. The intended receiver should regard this special NDP
frame as the truncation of the current TXOP. 3™ party STA should regard this special
NDP frame as a CF-End frame. |

[00358] In the exémple shown in FIG. 13, the STA may send DATA with ACK
Indications to 00 or the value, for NDP ACK ﬁrs‘tly to RELAY and receives from RELAY
an NDP ACK where Duration Indication ﬁéld is s:et to 0 (i.e. indicating Duration field is

for. the Duration for the frame transmission time), Duration field is set to X, i.e. the
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duration valué corresponding to either the DATA dufation time betweén RELAY aﬁd AP
+ 2*SIF‘S + NDP ACK or the duration value corresponding to the Duration/ID field of
received DATA — NDP ACK - SIFS. Upon recéipt of NDP ACK, after SIFS the STA
removes frame from buffelj and defers X*TU-NDP ACK-SIFS before next event.
Immediately after NDP ACK, RELAY sends DATA to a different MCS and ACK
Indication bitsv to 00 or the value for NDP ACK. Relay buffers frame until successful
delivery or reaching of retry limit. Upon repeiving the DATA from RELAY, AP sends
NDP ACK with Duration Indication field set to 0 (ife. itldicatiné‘ Duration field is for the
-'Duration. for the frame transmission time), Duration field set to O (i.e. indicating no
irﬁmediate folloWiné frame after NDP ACK, equivalent to ACK Indication bits set to 10
(no response)).
[00359] " In the above uplink TXOP sharing for two-hop relay with Explicit ACK,
RELAY majhave th:s' buffered frame to transmit or retranémit before STA sends DATA
fof it to relay to AP. Based on buffered frame status, RELAY may decide to respond to
DATA by ACK with ACK Indication bits set to 10 (no response) or NDP ACK ‘with
Duration Indication set to 0 and Duration set toVO, which means no TXOP sharing for
two-hop relay. Upon receipt of the above ACK or NDP ACK, AP may select qther STAs
in the earlier Relay discovery brocedure as the RELAY candidates for ﬁe STA and send
thé unsolicited relay selection fequest to the STA. Once the STA picks the RELAY, the
procedure could be similar to the path setup request fo.r the current RELAY. In this
situatibn, RELAY- may send its frame other than DATA that was just received from STA.
If RELAY wants to relay the DATA to AP immediately, it can follow the

abovementioned steps in the previous paragraph and store its backoff state for its
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' buffered frames before relaying the DATA from the STA. The approach is also valid for

- uplink TXOP sharing for two-hop relay with Implicit ACK and downlink TXOP sharing
| .for two-hop relay with ExpliciUImplicit ACK.

[00360] - In the following; a relay protocql according to \;arious en;bodiments will be
: ;iéscribed. |

[00361] In the following, relay ﬂc;w control according to various embodiments will be .
described.
.[00362] To suspeﬁd frame transmissions to Rei;xy, a Relaéf“ may send a unicast or
b’rbgdcast Relay Flow Suspend action frame, and Suspend Dur;ation >0

[00363] - STAs may not transmit data frames t(l)'the STA addressed in the TA for the
amount of time indicated in Suspend Durétion field. | |
[00364] . - STAs may resume normal procedure for data ‘frame, transmission when the
Suspend Duration time has expired.

[00365] To restart frame transmissions .to Relay, a Relay may sel'ad' a unicast or
broadcast Relay Flow Resume action frame.

[00366] - STAs may cancel the flow suspend time, and resume normal procedure for
| data frame transmissions to the STA addressed in the TA.

[00367].. - The sending of Relay Flow Resume action frame by the Relay is oi)tional,
and may .be' used bylthe Relay to c.ancel an existing Suspend Duration. | ‘
» [60368] In R.4.5.C of IEEE 802.11-1 l37-15-OOahfspéciﬁcation-framework-for‘-tgah,
Mingyong Park, “IEEE 802.11ah Specification Framework” (which may be réferred to as

the “draft specification” herein), the draft specification may define a flow control

mechanism at the relay.
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[00369] -' To suspend frame transmissions to Relay, a Relay may send a unicast or
broadcast Relay Flow Suspend action frame, and Suspend Duration > 0:
o — STAs may not trapsmit data frames to the STA addfessed in the TA for the
amount of time indicafed in Suspend Duration field;
— STAs may resume normal procedure for data frame transmission when the
Suspend Duration time has expired.
[00370] - To restart frame transmissions té ARelay, a Relay may send a unicast or
broadcast Relay Flow Resume _actioﬁ frame: } ’
— STAs may cancel the flow sﬁspend time, and resume normal procedure for
. data frame transmissions to the STA addressed in the TA;
- »The sending lof Relay Flow Resume action frame by the Relay is optional,
and may be used by the Relay to cancel an existing Suspend Duration.
[00371] - The draft sp(;,ciﬁcation may define a 1-bit field in FC in one of the S1G
control response frame which includes a time field for Relay flow control signaling.
[00372] When a Relay receivés a valid framé, the Relay may respbnd with:
[00373] - An Implicit ACK in next:hop transmission after SIFS, if Rela.y has received
Relayed Frame bit set to 1; .
| [00374] - An ACK after SIFS with Relayed Frame bit set to 1, and continue with next-
hop DATA transmission after SIFS;
[00375] An ACK after SIFS with Relayed Frame bit set to 0, and does not continue to
use the remaining ATXOP. | |

[00376] A relay may set Relayed Frame bit to 1 only if it has received a More Data bit

setto 0.
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[00377] The above may be provided for relay flow control and.TXOP sharing for two-
hop Relay.

[00378] According to various embodiments, the Duration Indication and Duration field
of NDP ACK issued by the Relay upon receiving the frame to be relayed may be
redéﬁned, i.e. Duration Indication = (equal to) 1 may indicate the Duration subfield value
equal to a Suspend Duraﬁon in the response NDP ACK frame issued i)y the Relay. This
definition implies that Duration for NAV éetting is 0 or deferred channel access for the
STA recei\}ing thé NDP ACK frame with a Suspendfi)uration inaication.‘

[00379] To suspend frame transmissions to Relay, a Relay may send a unicast or
broadcast NDP ACK, by setting Duration Iﬁdication to 1 to indicate a valid non-zero
Suspend Duration that is indicated by the .Duration field of NDP ACK, STAs shall not
transmit data frames to the STA with the matching ACK ID for the amount of time
.indicated in Duration ﬁeld of NDP ACK. STAs may resume normal procedure for data
frame transmission when the amount of time as indicated in Duraﬁon field of NDP ACK
has expired.

[00380] FIG. 14 shows an illustration 1‘400 of an example of the relay flow control
indication according to various embodiments. Processing of a relay 1402, processing of a
first statién 1404 (STA1), and processing of a second station 1406 (STA2) are shown. As
shown in FIG. 14, the STA1 Vwith the data frames may stop the' fuxfther transmission for a
duration (as indicated in Dufation field of NDP ACK) after receiving the response frame
NDP ACK with Relayed Frame field set to 1 and Duration Indication set to 1, from the

RELAY. The STAl may resume the suspénded transmission to the RELAY after the
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flow suspend duration expires and/dr it received the FLOW RESUME frame from the
RELAY.

[00381] To festart frame transmissions to Relay, a Relayv may send a unicast or
broadcast NDP ACK, by setting Duration Indication = 0 to indicate a Resume Normal
Procedure Action caﬁ be done, STAs may start to transmit data frames to the STA with
the matching ACK ID.

[00382] ~ According to various émbodirnents, an equivalent broadcas.t address for NDP
ACK may be defined, for example ACK ID =all 1’; or all 0’s or a reserved case defined
. as broadcast address. ACK ID could be set to the value of partial BSSID for the broadcast,
with other fields or an ipdication to indicate the NDP ACK is a broadcast frame.

[00383] If the ACK ID computation results are identical to the broadcast address for
NDP ACK, there is an ambiguity on whether the responding NDP ACK frame is for the
. frame to be relayed.

[00384] The Relayed Frame field of NDP ACK may be set to 1 to differentiate the
following two ca'ses_(Alternatively, the Relay may determine whether it is the recipient
STA of the received frame by checking the infonnation te.g. Address 1 and/or Address 2)
in the MAC header):

[00385] - If the frame is sent tb the Relay but not for relaying,‘Relayed Frame field of
NDP ACK is set to 0. In this case, Duration Indication = 1 and Duration = a valid
A noﬁzero value indicates a wakeup timer for the STA.

[00386] - If the frame is sent to the Relay for relaying, Relayed Frame field of NDP
ACK is set to 1. In this case, Duration Indication = (is equal to) 1 and Duration = (is

equal to) a valid nonzero value indicates a Suspend Duration for the STA.
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[00387] NDP ACK includes Duration Indication and Duration field. The usage of the
Duration Indication and Duration fields of NDP ACK may be defined for the Relay flow
control when Relayed Frame field of NDP ACK is set to 1: Duration Indication = 1
indicates a Suspend Duration in the response NDP ACK frame by the Relay. To suspend
frame transmissions té Relay, a Relay may send a NDP ACK, by setting both Relayed
frame and Duration Indication fields to 1 té indicate a valid n.on-zero Suspend Duration
that is indicated by the Duration field of NDP ACK, the STA may not transmit data
frames to the Relay or the amount of time indicatecfin Duration'field of NDP ACK. The
STA‘may resume normal procedure for data frame transmission when the amount of time

as indicated in Duration field of NDP ACK has expired.

[00388] - A Relay AP may set both the Relayed Frame and Duration Indication fields

to 1 and Duration field to a nonzero value equal to Flow Siispend duration in the response

" NDP ACK frame to request the STA that elicited the response to stop transmitting any

data frames to the Relay Ai’. The Duration field of NDP ACK frame indicates the
duration of time STAs é\re not permitted to transmit data frames to the Relay AP.

[00389] - A STA that elicited the response receives an NDP ACK frame that has a
matching ACK ID field and both the Relayed Frame and Duration Indication fields set to -
1 shall not transmit any data frames to the AP for the aniount'of time indicated in the
Duration field that is a nonzero value.

[00390] - A STA may resume fegular channei access procedure to transmit data frames
addressed to the Relay AP after the expiration of the time indicated in the Duration field

of NDP ACK frame.
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[00391] Flow Control may be extended to a general case of data frame transmission
between two ASTAs. Flow Control field may be included in NDP ACK frame. Upon
receiving the data frame, the responding STA may set the both Flow Control and
Duration Indication fields to 1 and the Duration subfield to a nonzero value equal to Flow
Suspend‘ duration in the response frame NDP ACK to indicate the Flow Suspend duration
such that Athe STA that elicited the response frame is not allowed to ‘tranvsmit to the
responding STA. If Relayed Frame field is set to 1, the fespondi'ng STA is a Relay;
otherwise the responding STA is a non-Relay STA. ) . |

[00392] - An AP rﬁay set the Flow Control field to 1, the Duration Indication field to 1
and Duration field to a nonzero value equal to Flow Suspend duration in the response
NDP ACK frame to request the STA that elicited the response to stop transmitting any
data frames to the AP. The Duratioh field of NDP ACK frame indicates the duratibn of
time STAs are not permitted to transmit data frames to the AP.

[00393] - A STA that elicited the response receives an NDP ACK frame that has a
matching ACK ID field and both the Flow Control and Dﬁration Indicatio'ﬁ fields set to 1
shall ndt transrﬁit' any data frames to the AP for the amount of time indicated in the
Duration field that is a noﬁzero value.

| [00394] - A STA may resume regular channel access procedure to transmit data frames
addfeSsed to the AP after the expiratidq of the time indicated in the Duration field of
NDP ACK frame.

[00395] The altemétive option to imple;nent the flow control may be as fbllows:
[00396] Upon'receiving the data frame, the respondiné‘ STA may set the Dufation

Indication field to 1 and the Duration field to a reserved value for the indication of the
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response fréﬁe of Being FLOW SUSPEND in thé responée frame NDP ACK to indicate
the inactivity duration during which the STA that elicited the response frame is not
allowed to transmit to responding STA. The FL’OWASUSPEND frame is transmitted SIFS
after receiving NDP ACK by the STA which elicited the response frame. An advantage
of this embodiment is that the responding STA will send out the FLOW SUSPEND frame
SIFS after it transmits NDP ACK. In this casé, thé responding STA is not required to
contend the channel access DIFS and if necessary, some back-off time after transmitting
the response frame, which reduces the waiting ti;ne of lthe 'STA which elicited the
response frame. It is to be noted that the STA eliciting the'response frame may go to
sleep without receiving the flow control signaling if the responding STA does not
iﬁdicaté in the preceding frame exchange. | |
[00397] FIG. 15 Sho§vs an illustration 1500 of an example of an altemative option for
felayA flow control indication. Processing of a relay 1502, processing of a first station
1504 (STAL1), and processing of a second station 1506 (STA2) are showri5 In the example -
shown in FIG. | 15, the STAI1 eliciting the response frame ni_ay stop the further
transmission for a duration equal to Suspend Dufation (as indicated in FLOW SUSPEND
frarﬁe) after receiving the FLOW SUSPEND frame from the RELAY. The FLOW
SUSPEND frame may‘ be transmitted by the RELAY SIFS (Short Interframe Spacing)
afte? the reéept_ion of NDP ACi{ with equivalent ACK Iﬁdication equal to the FLQW
SUSPEND framé (for example assuming that there are some reserved values that can be
u_sed for such equivalent ACK Indication. For example, we may use Duration Inciication

= 0 and Duration = 1 to indication the following response frame is FLOW SUSPEND
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frame). The STA1 may r'esume' the suspended'transmivssion to the RELAY after the flow
suSpénd duration expires and it received the FLOW RESUME frame from the RELAY.
[00398] In the following, TXOP sharing for two-hop relay according to various
- embodiments will be described. o

[00399] . FIG.. 16 shows an illﬁstratioﬁ 16»00 of the Downlink TXOP sharing for two-
hop Relay with Explicit ACK, wherein processing of an AP 1602, a RELAY' 1604, and a
STA 1606 are shown, and where after AP 1602 transmits DATA to the RELAY 1604 and
receives ACK from the RELAY 1604, AP 1602 re;nOVes frameé from buffer and defers
some time X before next event or until a valid PHY-RXSTART.indication, vs}hichever
comes first. If X is set to MAX_PPDU+ACK4—2*SIFS, the deferred time setting is not
accurate as RELAY can calculate the correct duration to be included in ACK, even for
DATA without Dufation field (e.g. DATA with a short MAC header), simply based on
the information in SIG field of DATA frame such as LENGTH/DURATION (which is
the number of symbols when aggregation is 1, is in number of bytes when aggregation is
0, Mandate AMPDU for packet sizes > 511 bytes and for MU). The Duration setting
and/or deferred time to next event is subject to TXOP constraint (they can’t go beyond
TXOP limit).

'[00400]  According to .varioAus embodiments, devices and methods may be provided
wherein after AP transmits DATA to the RELAY and receives ACK (Duration field is set
“to X) from the RELAY, AP removes frame from buffer and defers before next event a
time of (X*TU — ACK - SIFS) where TU is time ﬁnit for Duration field of ACK and
ACK indicates ACK frame dﬁration time before next event, or until a valia I;HY-

RXSTART.indication, whichever comes first. If NDP ACK/NDP Modified ACK is used, -
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the deferred time is the du‘rétion value equal to X*TU — NDP ACK — SIFS. If DATA is a
baseline (802.1 1-2012) frame format with Duration/ID field, the Duration field sefting in
AP for DATA frame is based on the data rate between AP and RELAY as well as
- RELAY and STA. X can also be set accordi'ng to DATA transmission time l?‘etween
RELAY and STA for the relayed DATA frame + ACK + 2*SIFS for the case of using
ACK. The similar approach appliés to the case of using NDP ACK/NDP Modiﬁed ACK.
This change may improve the accuracy of I:IAV setting or deferred channel access .time
for th’é STA. The unintended STA is able fo set a;; accurate NAV‘or deferred channel
access time so that it may be able to save the power fﬁrther. Thé above method is also
valid for uplink TXOP sharing for two-hop relay.

[00401] If DATA is without Duration field (e.g.' D.ATA is with a shorf MAC header)
but with LENGTH/DURATION in PHY SIG‘ﬁeld, the LENGTH/DURATION in SIG
field and data rate between RELAY and the intended receiver can be used to determine
the Duration field value of ACK sent by RELAY. In downlink TXOP sharing for two-
hop relay, after AP transmits DATA to the RELAY and receives ACK (Duration field is
set to X) from the RELAY, AP removes frame from buffer and defers before;‘ next event
for a time of (X*TU — ACK — SIFS) where TU is time unit for Duration field of ACK
and ACK indicates ACK frame duration timé, or until a valid PHY I-RXSTART.indication,
whichever comes first. If NDP ACK/NDP Modified ACK is used, the deferred time is the
Duration field value of the transmitted DATA — NDP ACK - SIFS. The Duration field

setting in RELAY for ACK is based on the data rate between RELAY and STA and the

information on LENGTH/DUATION in PHY SIG fields. X should be set according to
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. DATA transmission time between RELAY and STA for the relayed DATA frame + ACK
+ 2*SIFS. The similar approach applies t§ NDP ACK/NDP Modified ACK.

[00402] FIG. 17 shows an illustration 1700 of uplink TXOP sharing for two-hop Relay
using NDP ACK according to various embodiments. Processing of an AP 1702, a
RELAY 1794, and a STA 1706 are shown.

[00403] According tc; various embodiments, devices and methods may be provided
which use NDK ACK/NDP Modified ACK in the TXOP sharing for two-hop relay
procedure to further improve the efficiency. FIG.~‘:I7 illustratés an example of uplink
TXOP sharing for two-hop relay with Explicit ACK using NDP ACK. The usage of

Duration Indication and Duration fields for NDP. ACK/NDP Modified ACK can be seen

in Table 8.

Duratidn Indication Duration Description

0 o ACK Indication =No

' » Response, which means there

will be no response frame.

1 0 ACK Indication =Long
Response, which means there
will be a data frame as the
long response.

Table 8: Duration Indication and Duration fields for Equivalent ACK Indication

[60464] In tﬁe example shown in FIG. 17, the STA 1702 may send DATA with ACK
Indication field value set to ND? Response firstly to RELAY and receives from RELAY
an NDP ACK where Duration Indication field is set to 0 '(i.e. indicating Duration field is
for the Duration for the fram¢ transmission time), Duration field is set to X, i.e. the

duration value.corresponding to either the DATA duration time between RELAY and AP
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+ 2*SIFS + NDP ACK or the ‘duratiqn value correspohding to the Duration/ID field of
réceived DATA — NDP ACK - SIFS. It is to be noted that the duration ;f NDP ACK
_should consider the rouinding effect as the Duration field of NDP ACK may have a larger
time unit than data frame or other frame with Duration for NAV setting. Upon receipt of
NDP ACK, after SIFS the STA 1706 may remove frame from buffer and defers X*TU-
NDP ACK-SIF‘S before next event; or until a valid PHY-RXSTART.indication,‘
whichgver comes ﬁrsf. Immediately after NDP ACK, RELAY sends DATA with a
different MCS and ACK Indication field set to NDI; Responée. ‘Relay buffers frame until
successful delivery or reaching of retry limit. Upon receiving Fhe DATA from RELAY,
AP sends NDP ACK 'with Duration Indication field set to 0 (i.e. indicating Duration field
is for the Duration for the frame transmission time), Duratiofx field set to O (i.e. indicating
no immediate following frame after NDP ACK, equivalent to ACK Indication set to No
Response). Table 8 shows the Duration Indication and Duration fields for Equivalent
ACK Indication in NDP ACK/NDP Modified ACK.
[00405] In the example shown in FIG. 17, the STA 1702 may send DATA with ACK
Indication field v_alpe set to NDP Response and Relayed Frame field set to 1 firstly to
RELAY and receives from RELAY an NDP ACK where Duration Indication ﬁeld is set
to 1 and Duration field is set to O to indicate Long Response. Immediately after NDP
ACK, RELAY sends to AP the.DATA with ACK Indication field set to NDP Response.
[004.06] In the example shown in FIG. 17; when the STA 1702 may senci DATA with
ACK Indication field value set ;o Long Response and Relayed Frame field set to 1 firstly

to RELAY. SIFS after receiving DATA, RELAY may not respond with an NDP ACK
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and may forward to AP the received DATA frame with ACK Indication field set to NDP
Response. o |

[00407] In the above procedure of TXOP shaﬁng for two-hop Relay, the STA that
transmitted the data frame for relaying elicited the response from the Relay may set its
NAYV or deferred channel access time and/or RID value properly.

[00408] For the case of frame transmission with Duration, the STA may set a correct
* RID value when ACK_INDICATION of the receivéd frame is 3. For example shown in
FIG. 16, when the AP receives the ACK from the\tRelay and also the SIG field of the
relayed frame, it may derive the accurate NAV or deférred channelv access time and/or
RID value based on LENGTH and MCS subfield of SIG ﬁeld of the received frame.
Therefore, instead of usiﬂg MAX_PPDU+ACK+2*SIFS for deferred time setting upon
receipt of ACK with ACK Indication field eqﬁal to Long Réspohse from the RELAY, AP
may set the NAV based on the Duration field of ACK that is set to DATA transmission
time between RELAY and STA for the relayed DATA frame + ACK +. 2*SIFS and reset
the RID value to zero. o

[ﬁ0409] For example showﬁ in FIG. 17, when the STA receives the NDP ACK from
the Relay, it may derive the accurate NAV and/or RID value based on Duration subfield
of the recéived NDP 'ACK frame. ’fherefore, in;tead of using MAX PPDU+NDP
ACK+2*SIFS for deferred time setting upon receipt of NDP ACK w-it»h ‘ACK Indication
eqﬁal to Long Respons¢ from the RELAY, STA may set the NAV based on .the‘ Duration
subfield of NDP ACK that is set to DATA transmissi.oﬁtime between RELAY and AP

for the relayed DATA frame + NDP ACK + 2*SIFS and reset the RID value to zero..
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[00410] .Therefore, the Duration for NAV setting and NAV and RID _upd'ate rule in
TXOP sharing for two-hop relay is as follows: | .

{00411] In response to the relayed frame, the relay §TA may séf Duratio.n to the
transmission time between the relay and the next hop STA for the relayed frame that
elicited the response. |

[00412]) The STA that elicited the response frofn the relay may sét the NAV based ;)n
the Duration field of the response frame + the response (NDP ACK or ACK) + 2*SIFS
and reset the RID value to zero.

[00413]  Whether to proceed with TXOP sharing for two-hop relaying, we may setup
the following rule:

[00414] When AP is busy in transmission or other operation (NAV counter is nonzero),
the Relay is not able to forward to the AP the frame received frbm the non-AP STA if the
Relay has' its nonzero NAV counter. Similarly, when‘ a non-AP STA is busy in
transmission or other operation (NAV cbunter is nonzero), the Relay is not able to
forward to the non-AP STA the franhe received from the AP if the Relay has its nonzero .
NAV counter. In this situatién, the Relay may respond with (NDP) ACK with equivalent
ACK INDICATION value or ACK__INDICATION set:to No Response to stop TXOP
sharing for two-hop relaying. The Relay shall not update its NAV counter when it
receives the frame for ;l“XOP sharing for fwo-hop relaying.

[00415] Another embodiment may be as follows:

[00416] A noanP STA starts a frame exchange by sending a Short Data frame
addressed to the relay STA with TXVECTOR paraxﬁeter ACK_INDICATION (assume

that the TXVECTOR parameter ACK_INDICATION is the defined parameter that is '
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used to indicate the response frame) set to NDP Response. Tﬁe relay STA may set the
Duration Indication field to 1 ‘an.d Duration field to 0 in the NbP ACK frame that is
transmitted to the non-AP STA to ind-icate Long Response. In addition it shall set the
Relayed Fran.le field of the NDP ACK frame to 1.

[00417]) When the direction of the frazhe fs from the AP to the non-AP STA, the AP
starts a frame e;(change by sending a Short Data frame addressed to the relay STA with
the TXVECTOR parameter ACK_IND_ICATION set to NDP Response. The relay STA
shall set the Duration Indication field to 1 and the ié)ufaﬁon ﬁél‘d to 0 in the NDP ACK
frame that is transmitted to the AP to indicate Long Response. In addition it may set tﬁe
Relayed Frame field of the NDP ACK frame to 1.

[00418] In the following, ACK indication and NAV setting for speed frame exchange
and TXOP will be described. |

[00419] After a successful reception of a frame requiring acknowledgment,
transmission of the (NDP) ACK frame shall commence after a SIFS, without regard to
the busy/idle state of the medium. However, whefher or not té continue the speed frame
exchange lﬁay be based on the NAV setting in the STA.

[00420] For whether to proceed with ‘speed frame exchange, we may setup the
following rule:

'[00421] If the responding STA reqeives a frame (e.g. short da/ta frame without
Duration field in MAC header) from its -peer STA in speed frame exchange with ACK_
INDICATION set to 3 (i.e. Long Response) in RXVECTOR parameter, if NAV counter
ié nonzero due to the other reception that it has recé_ived at the earlier time, the

responding STA shall not transmit a data frame as the response frame (i.e. Long
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Response). Instead, the responding STA may transmit an NDP ACK with an (equivalent)

\ ACK INDICATION value equal to 0 (No Response) or transmit an. ACK with

. ACK_INDICATION field set to 0 (No Response) to stop further frame exchange. The
responding STA may not update its NAV counter upon receiving the frame fo'rlspeed
frame exchange.

[00422] In the following, NAV and equivalent ACK Indication setting for Speed frame
éxchange (SF) will be described.

[00423]) IfNDP ACK is used as the immediate reéponse frame by the responding STA
for the preceding frame' that elicited the response in SF, |

[00424] - when fhe preceding frame has More Data set to 0 and ACK Indication set to

‘NDP response;. if NDP ACK has More Data set to 1 (i.e. the responding STA has

: bﬁffered frame to the STA that elicited the response), the résponding STA shall set
equivaleﬁt ACK Indication to Long Response in the immediate response NDP ACK
frame;

[00425] - when tile preceding frame has More Data set to 0 and ACK Indication set to
NDP response, if NDP ACK has More Data set to 0 (i.e. the responding STA has no
~buffered frame to the STA thét elicitéd the. response), the responding STA shall set
equivalent ACK Indicafion to No Response in the immediate response NDP ACK frame.
[00426) In the following, SF (speed frame) using NDP frames (IMHz) will be

described. |
[00427] _ When 1MHz NDI; PS-Poll is used, as' there is no Duration field in IMHz NDP

PS-Poll, there may be the question what ACK Indication field value shall the response
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frame set. It rﬁay be. dépendent on whether the response frame is DATA or NDP
Modified ACK. |

[00428]' If UDI is set to 0 or 1 in NDP PS-Poll, when the response frame is DATA,
ACK Indication field value may be set to any value. If UDI = 0, ACK Indication = 1
(NDP ACK) or 2 (ACK). If Ui)I =1, ACK Indipation is set to 3 (Long Response). -
Duration field of DATA can be set to SIFS + NDP ACK (1MHz). The duration of NDP
ACK should consider the rounding effect.

[00429]  For SF,

[00430] 1. If UDI is set to 1 in NDP PS-Poll, when the response frame is NDP
Modiﬁed ACK, a reserved value equivalent to ACK Indication = Long Response shall be
set. If the duration for UL transmission can be predicted, AP may set the Duration field
for NAV setting.

- [00431] 2. If UDIis set to O in NDP PS-Poll, when the response frame is NDP
Modified ACK, a value equivalent to ACK Indication = No Response shall be set if there
is no buffered frame delivery to the STA from an AP. (More Data is set to 0 in NDP
" Modified ACK).

[00432] 3. If UDI is set to 0 in NDP PS-Poll, when the‘response frame is NDP
Modified ACK, a reserved value equivalent to ACK Indication = Long Response (e.g.
Duration Indication = 1 and Duration =0) shall be set if there is buffered frame delivery
to the STA from an ‘AP'(More Data is set to 1 in NDP Modified ACK). However, a better
metho;i for NDP ACK frame is that Duration Indication shall be set to 0 and Duration
 shall be set to the value for NAV setting that covers the transmiséion c;f buffered frame

delivery to the STA, i.e. buffered frame duration‘ + SIFS.
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[00433] However, if there is no speed frame exéhange,

[00434] 1. If UDI is set to 1 in NDP PS-Poll, when the response frame is NDP
Modified ACK, a reserved value equivalent to ACK Indication = No RéSpOHS? shall be
set if there is no buffered frame delivery to the STA from an AP (More Data is set to 0 in
NDP Modified ACK). For RAW operation, thé frame Qf NDP PS-Poll and NDP -
Modified ACK is finished -within a small slot duration that does not allow the
transmission of ﬁplink data from STA to its AP. The uplink frame is scheduled in a
different RAW that allows a larger slot duration. ’

[00435] 2. If UDI _is set to 0 in. NDP PS-Poll, when the response frame is NDP
Modified ACK, a reserved value equivalent to ACK Indication = No 'liesponse (e.g.
Duration Indicétion = 0 and Duration =0) shall be set.if there is bufféred frame delivery
to‘ the STA from an AP (More Data is set to 1 in NDP Modified ACK). The STA either
shall keep awake if the buffered frame from AP will be delivercd soon or can go to éleep
if the buffered frame from AP will be delivered at a different schedule time that is known
to the STA (e. g.vthe STA is aware of the RAW operation indicated in RPS IE and can
identify its downlink data delivery). |

[00436] In the following, SF using NDP frames (>=2MHz) will be described.

[00437] When $=2MHZ NDP PS-Poll is used, as there is UDI with Duration value in
NDP fS-Poll, ‘what ACK fndicétion field value shall the response frame set? It is
dependent on whether the response frame is DATA or NDP Modified ACK.

[00438] Whén UDI is a nonzero positive value, if the response frame is DATA, ACK
Indication field value shall be set to 3 (Long Response) though the uplink data is known.

If More Data field in DATA frame is set to 0, Duration field of DATA can be set to either
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UDI value (converted to the corresponding time unit) + SIFS or 0. If More Data field in
DATA frame is set to 1, Duration field of DATA can be set to UDI value (converted to
the corresponding time unit) + SIFS or Downlink data duration for next frarﬁe + UDI
value (convefted to the corresponding time unit) + 2*SIFS.

[00439] If the response frame is NDP Modified ACK, a reserved value eﬁuivalent to
ACK Indica_tion = Long Response with known duration shall be set, e.g. Duration
Indication = 0 and Duration = UDI value (é.:onverted to the corresponding time unit) +
SIFS or Downlink data duration + UDI valué (con\;:enéd to the""correspon(_iing time unit)
+2*SIFS, since the uplink data duration is given by UDI field value of NDP PS-P?)ll. v
[00440] For SF,

[00441] 1. If UDI is set to a nonzero positive value in NDP PS—Pbll, when the response
frame is NDP Modified ACK; if UDI is a Duration value for NAV setting, Duratiqh
Indication is set to 0 and Duration is set to UDI value (converted to the corresponding
time ﬁm‘t) + SIFS if there is no buffered frame delivgry to the STA from an AP (More
Data is set to 0 iﬁ NDP Médiﬁed ACK), or Downlink data duration + UDI value (the
corresponding, time unit) +2*SIFS if there is.buffered frame delivery to the STA from an
AP (More Data is set to 1 in NDP Modified ACK). cherwise, if UDI is not a Duration
value for NAV setting, Duration Indication is set to 1 and Duration is set to 0 (equivalent
“ACK Indication = Long Response) regardless of whether there is buffered frame delivery
to the STA from an AP. If the duration for UL transmission can be predicted, AP may set
the Duration field for NAV setting. ,
[00442] 2. If UDI is set to 0 in NDP PS-Poll, when the response 'flrame is NDP

Modified ACK, a value equivalent to ACK Indication = No Response shall be set if there
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is no buffered frame delivery to the STA from an AP (More Data is set to 0 in NDP
Modified ACK).

[00443] 3. If UDI is set to 0 in NDP PS-Poll, when the response frame Ais NDP
Modified ACK, Duration Indication is se% to 0 and Duration is set to Downlink data
l. duration + SIFS if there is buffered frame delivery to the STA from an AP (More Data is
set to 1 in NDP Modified ACK). |

[00444] However, if thére is no speed frame exchange,

[00445) 1. If UDI is set to a nonzero positivé vah;; in NDP PS—Poll, when the response
frame is NDP Modified ACK, a reserved value equivalent to ACK I?dication = No

Response shall be set if there is no buffered framé delivery'. to the STA from an AP (More

Data is set to 0 iﬁ NDP Modified ACK). For RAW operation, the frame of NDP PS-Poll
and NDP Modified ACK is finished within a small slot duration that does not allow the

| transmission of uplink data from STA to its AP. The uplink frame is scheduled in a

different RAW that allows a larger slot duration.

[00446] 2. If UDI is set to O m NDP PS-Poll, when the resp;)nse frame is NDP

Modified ACK, a reserved value equivalent to ACK Indication = No Response (e.g.

Duration Indication = 0 and Duration = 0) shall be set if there is buffered frame delivery

to the STA from an AP (More Daté is sét to 1 in NDP Modified ACK). The STA either
shall kéep awalée if the buffered frame from AP will be delivered soon or can go to sleep

if the buffered frame from AP will be delivered a-t a different schedule time tﬁat is known

to the STA (e.g. the STA is aware of the RAW operation indicated in RPS IE and can

identify its downlink data delivery).
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[00447] FIG. 18 shows an illustration 1800 of an example of speed frame exchange
using NDP frames (i.e. NDP PS-Poll, NDP ACK and/or NDP Modified ACK) based on
Table 8. Data processing 1802 of én access point (AP) and data processi‘ﬁg 1804 of a
station STA are shown. The station (non-AP STA or siniply STA) may have uplink data
to transmit to AP. Firstly, STA sends its NDP PS-Poll with UDI field in SIG set to 1 to
indiéate that it has bufféred frame for the AP. Thereforé the NDP Modified ACK frame is
sent by the AP SIFS time after the reception of NDP PS-Poll, with the Duration
Indication field set to 1 and the Duration field set t; 0 to indicate Long Response. Upon
receiving the NDP Modified ‘ACK franie, the STA can transmit the bﬁffcred frame to the
" AP. After some frame exchange, when the AP sends Data frame with
ACK_INDICATION (which is a TXVECTOR parameter or a field in the SIG field to
indicate the response frame) set to 11 (indicating a data frame as the long response) and
- - More Data set to 0, the STA shall send Data frame with ACK_INDICATION set to 01
(indicating a NDP ACK frame as the response) and More Data set to 1 as it still has a
buffered frame for the AP. When there is no more buffered frame for the STA at the AP,
"~ AP transmits an NDP' ACK frame with the Duration‘In‘dicatiop field set to 1 énd the
Duration field set to 0 to indicate Long Response. Once the STA sends its last Data frame '
with ACK_INDICATION set to 01 and Mofe Data set to 0, the AP shall respond with an
NDP ACK frame with the Duration Indication field set to 1 and the Durétion field setto 0
to indicate No Respoﬁse.

[00448]  Speed frame (SF) exchange allows an AP and non-AP STA to exchange a
sequence of pplink and downlink PPDUs separated by SIFS. This operation combines

both uplink and downlink channel access into a continuous frame exchange sequence
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» bg:tweeﬁ a pair of STAs. The objective of this operation is to minimize the number of
contention-based channel accesses, improve channel efficiency by reducing the number
of frame exchanges, and redtice STA power consumption by shortening Awake times.
[00449]  One of the various embodiments for the rule of speed frame exchange will be
described in the following. .
[00450] ~An AP may send any frame as fhe initial frame of a SF exchange. An AP may
set the ACK Iﬁdication field of the PLCP Signal field to Normal Response or NDP
Response for the initial frame of a SF exchange.

[00451]) A non-AP STA may send a trigger frame or a (NDP) PS-Poll frame as the

' initial frame of a SF exchange. A non-AP STA shall set the ACK Indication field of ihe
PLCP Signal field to Long Response in a frame that initiates an SF exchange if the initial
frame is not a NDP PS-Poll frame. |
[00452] A STA sending an immediate response that is not an NDP frame to a frame
that had the More Data field set to 1 shall set the ACK Indication field to Long Response.
A STA sending an immediate response NDP (Modified) ACK frame to a frame that had
the More Data ﬁeld set to 1 shall set the Duration Indication field to 1 and Dﬁration field
to 0 to indicate Long Response or set the Duration field for NAV setting for a S-F

“exchange. |
[00453] A non-AP STA sending an immediate response that is an ACK frame or a
BlockAék frame aftef receiving a frame that had the More Data field set to 0 shail s;et the
ACK Indication field to No Response. A non-AP STA sending an immediate response
NDP ACK frame after recei\}ing a frame that had the More Data field sét to 0 shall set the

Duration Indication and Duration fields to 0 to-indicate No Response.
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[00454]  An AP sending an immediate respc;nse that is an ACK frame or a BlockAck
frame after receiving a frame that had the More Data field set to 0 shall set the ACK
Indication field to Long Response if it will send a data frame SIFS ti;ne after the end of
-the immediate response transmission or No Response if it will not send a data frame SIFS
time after the end of immediate response transmission. An AP sending an immediate
response that is either an NDP ACK after receiving a frame that had t'he More Data field
setto 0 of an NDP Modified ACK after receiving an NDP PS-Poll that had UDI field se
to 0 shall set the Duration Indication and Duration ﬁ;lds to 0 to indicate No Response if
it will not send a data frame SIFS time after the et;d of the NDP (Modiﬁed) -ACK frame
transmission, or the Duration Indication field to 1 and Duratibn field to O to indicate Long
Response if it will send a data frame SiFS time after the end‘of the NDP (Modified) ACK
frarhe transmission (1IMHz).

[00455] A STA that receives a frame with a unicast MAC address in the Address 1
field that matches its MAC address, or a uniéast AID in the Address 1 field matching to
its AID and a unicast MAC address in Address 2 field matching its AP’s BSSID, or a
NDP (Modified) ACK frame with a matching ACK ID within SIFS after the transmission
of a frame accepts the reception as an acknowledgement for the its immediately previous
transmission. |

[00456] A STA sending an immediate response that is not an NDP (Modified) ACK
and has the More Data field set to 1 apd the ACK Indic.ation field set to Long Response
shall transmit a frame to the STA that elicifed the response, SIFS after the tranémission of

' the response frame if the More Data field was set to 0 in the frame most recently received
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from thle STA, and set the Duration field to an estimated time to protect the rerﬁaining

transmissions if there is a Duration field in the Iresponse frame.

[00457] A STA sending an immediate response that is an NDP ACK frame and had

* the More Data field set to 1 shall transmit a frame to the STA that elicited the response,
SIFS after the transmission of the response .frame in which the Duration indication field
shall be set to 0 and the Duratioh field shail be set to an estimafed time to protect the
rlemaining transmissions if the More Data freld was set to 0 in the frame most recently
received from the STA in a SF exchénge‘ |
[00458] - An AP sending an immediate response that is an NDP Modified ACK frame
and has the Moré Data field set to 1 shall transmit a frame to the STA that elicited the
response, SIFS after the transmission of the response frame in which the Duration
Indication field shall be set to 0 and the Duration ﬁeld shall be set to an estimated time to
protect the remaining transmissions if the UDI field was set to 0 in the ND? PS-Poll

. frame (>=2MHz) most recently received from the non-AP STA in a SF exchange.
[00459] A STA sending an immediate response that is not an NDP (Modified) ACK
and had the Moré Data field set to 1 and the ACK Indication field set Long Response
shall nof transmit a frame to the STA that elicited the response, SIFS after the
transmission of the response frame in which the Duration field shall be set to a value
equal to the time that is set by the Duration field in the fram¢ that elicited the response,

| minus aSFISTime and a duration for the response frame tr;;insmission ifthereis a
Duration field in both the response frame and the frame that elicited the response, or if |

there is a Duration field in the response frame and there is a NAV setting in the beginning
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of TXOP, if the More Data field was set to 1 in the data frame most recently received
from the STA in a SF exchange.

[00460] A STA sending an immediate response that is an NDP ACK frame shall not
transmit a frame to the STA that elicited the response, SIFS after the transmission of the
response frame in which the Duration Indication field shall be set to 0 and the Duration
field shall be set to a value equal to the time that is set by the Duration field in the frame
that elicited the ‘respon‘se, n;inus aSFISTime and a duration for the response NDP ACK
frame transmission if there is a Duration field iﬁ the ~%rarne: that ei"@cited the response or if
there is NAV setting in the 'beginning of TXOP, if the More Data field was set to 1 in the
data framé most recently receivea from the STA in a SF exchange. |

[00461] An AP sending an immediate response NDP Modified ACK frame shall not
transmit a frame to the STA that elicited the response, SIFS after the transmission of the
response frame in which the Duration_Indication field shall be set to 1 and the Duration
field shall be set to 0 to indicated Long Response, if the UDI field was set to a nonzero
value in the NDP PS-Poll frame most recently received from the non-AP STA in a SF
exchange. | ‘

[00462) Without the setup of Block Ack, a STA shall noi usé (NDP) BA for a SF

" exchange. With the set up of Block Ack, in response to the received frame with the More
Data field set to O from the other STA that elicitéd the response in a SF exchange, a STA
sending an immediate response that is not an NDP (Modified) ACK and had the More
Data field set to 1 and the ACK Indication field set to Long Reéponse shall continue to
transmit its ffames, until the last frame with the Moré Data field set to 0 and the ACK

Indication field set to either Normal Response to request a (NDP) BA frame or NDP
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Response to NDP Response to request a NDP ACK frame, SIFS time after each
transmission of the resiaonse frame in which the Duration field shall be set to a value
equal to the time that is set by the Duration field in the frame ‘that elicited the response,

: minﬁs aSFISTime and a duration for the response frame transmission if thgre isa -’
Duration field in both the response frame and the frame that elicited the réSponse, orif
there is a Duration field in the résponse frame and there is a NAV setting in the beginning
of TXOP.

[00463] A STA sending. an immediate response w1th the More Data field set to 1 and
the TXVECTOR parameter ACK_INDICATION set to No Responseé shall transmit a
frame to the STA that elicited the response within the current TXOP, but not SIFS after
the transmission of the respon;e frame.

[00464] A STA either sending an immediate response that sets the More Data field 0
and the TXVECTOR parameter ACK_INDICATION sét to No Response shall not

‘transmit a frame within the current TXOP to the STA that elicited the response.

[00465] A non-AP STA shall remain in the Awake state until the end of the current
TXOP if it receives a frame with the More Data field set to 1 from either the AP
addressed to itself or a NDP ACK (Modified) frame with a matching ACK ID.

[00466] . A non-AP STA may transition to the Doze state if it receives a frame with the

More Data field set to O either from the AP addressed to itself or in a NDP (Modified)
ACK frame with a matching ACK ID.

[00467] In a TXOP, in order to disallow the peer STA (e.g. B) sending data frame as -
the long response, a STA (e.g. A) may send its data frame with ACK_INDICATION set

to NDP frame (or Normal Response) to solicit a NDP ACK (Normal ACK) as the

96



WO 2014/042595 PCT/SG2013/000399

response frame for its transmitted data frame. Even if STA B responds with a NDP ACK
frame with the More Data field set to 1 to indicate that it has buffered frame for STA A,
STA A may send its data frame with ACK__INDICATION set to NDP frame (or Normal
Response) to continue to solicit a NDP ACK (or Normal ACK) frame inste;cld of a data
frame as the long response from STA B. This means the More Data field in the response
frame transmitted by STA B is'ignored by the TXOP holder/initiator (STA A). In this
* case, STA A continues to transmit its data frames without allowing the transmission of
'data f.'r.arAne frorﬁ STA B as the response frame in the’:speed frame exchange.
[00468) When there are multiple frame transmiséions for speed frame exchange in a
TXOP that is limited by a Qalue, the speed frame ‘exchange; may be stopped in order to
limit the transmission within the TXOP limit. For example, when a data frame is
requested as the long response ﬁame, the responding STA may ignore the ACK
v _NﬁICATION setting in the received frame that elicited the response, and transmit a
shorter response such as NDP ACK. In this NDP' ACK frame, Duration Indication field is
set to 0 and Duration field is set to 0, indicating there will no more frame transmission
within this TXOP. |
 [00469]  FIG. 19 shows an illustration 1900 of an example of speed frame exchange
using normal frames (i.e. ACK, BA and Data). Data processing 1902 of an access point
(AP) and data processing 1904 of a sfatiori STA are shown. The station (non-AP STA or
simply STA) may have uplink data to transmit to AP. Firsﬁy, STA sends its PS-Poll with
the ACK_INDICATION field in SIG set to 11 and the More Data field in Frame Control
field set to 1 to indicate that it has buffered frame for the AP. AP responds with Data

frame with the ACK_INDICATION field in SIG set to 11 and the More Data field in
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Frame Control field set to 1 to indicate that it has buffered frame for the STA. After some
frame exchange, the STA has no more data buffered for the AP and sends a Data frame
with the. ACK_INDICATION field in SIG set to 11 and the More Data field in Frame
Control field set to 0. From then on, AP responds with the Data frame with the
ACK_INDICATION field in SIG-set- to 11, which tells the STA that the AP will continue
the frame transmissions without any acknowledgement from the STA. Onc;e there is no
more buffered frame for the STA, the AP sends the Data frame with the
ACK_INDICATION field in SIG set to 10, which teils the STA fo send an immediate BA
frame. -

[00470]  In the following, duration and NAV setting for TXOP will be descﬁbed.
[00_471] Duration/NAV setting for the normal frame in current 802.11 with Duration
field still can follow the convention. | | |
[00472) When RTS/CTS or other protection mechanism for channel access protects a
TXOP, even if TXOP holder transmits the frame with a short MAC header that has no
Duration field for NAV setting, the TXOP responder can still set the Duration field in the -
response frame (e.g. NDP ACﬁ) after receiving the frame because the MCS and
' LENGTH (number of the OFDM symbols or number of bytes, dep.endent on Aggregation
bit in SIG field) in the SIG field of the frame can be used to detemﬁne the value of
Duration field in the response frame. o

[00473] If the remaining NAV before the transmission of the frame is X and the
duration for fhe frame is Y, thq Duration field should be set as ceil((X-SIFS-Y)/TU),
where TU is the time unit for Duration field when Duration Indication is 0 and ceil(x) is

the ceiling function of x that is used to round up for the setting of Duration field and
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NAV. X', SIFS and Y are assumed with the same time unit. O‘;herwise,. they should be
con\./ened before the Duration field is set. |
[00474] Y may be obtained by divi&ing the length of the frame by the data rate
corresponding to the MCS value in the SIG field of the frame and round up the time unit
~ used fof Duration setting. |

[00475] The above method can be used for TXOP with multiple frame transmissions.
[00476]  According to various embodiments, a SIG Field Design aﬁd associated
Protocol or procedures (for example ACK (Ai:knowledgéﬁlent) indication, ACK
indication for Sbeed frame exchange, NDP (Null Data Packet) type indication) may be
provided.

[00477] A‘ccordiné to 'vari;)us embodiments, the following SIG field designs may be
provided: | .
[00478) . For 1 MHz, the following fields may be j)rovided: MCS, Aggregation bit,
Length, Ack Indication, NDP Indication, CRC, and Tail.

| [(00479] For >= 2MHz, the following fields may be provided: Length / Duration, MCS,
‘BW, PAID, Ack Indication, NDP Indication, CRC, and Tail.

[00480] The ﬁellds may be defined as follows:

[00481] - LENGTH/DURATION: in number of symbols when aggregation is 1, is in
numbef of bytes when aggrégation is 0, Mandate AMPDU for packet sizes > 511 bytes
and for MU, _ '

[00482] - MCS: for SU (single user), 4 bit MCS index; for MU (m\ﬂti user), reuse 3
bits for BCC/LDPC indicator for users 2~4;

[00483] - Aggregétion: Mainly applicable for SU, reserved for MU;
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[00484) - Ack Indication: 2 bits - 00: No Response; 01: NDP Réspoﬁse; 10: Normal
Response; 11: Long Response. This field may indicate the presence and type of frame a
SIFS time after the current frame transmission. Set to 0 for ACK; Set to 1 for Block ACK;;
Set fo 2 for No ACK; Set to 3 for a frame not ACK, BA or CTS;

[00485]) - NDi’ Indication: Used to indicate that frame isb a Control NDP frame. If set
to 1, then the SIG field contents follow the description in 8.3.4a (NDP MAC frames).

, [004.86] FIG. 18 shows an illustration 1800 of a SIG-2 structure.

[00487}] According to various embodiments, TXOP _truncéﬁon/ termination, flow
coﬁtrol, NAV setting and RID update, speed frame exchange, and/ or TXOP sharing for'
two-hop relaying may be prpvided, for example using a SIG field design.

[ﬁ0488] While the invention has been particularl)./ shown and 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 indiééted by the appended claims and all changes which come within the meaning

and range of eqﬁivalency 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 a communication device sending a first data ’unit comprising a
physical layer (PHY) header or a communication device receiving a first data unit
comprising a PHY header;
wherein the PHY header comprises one or more fields to indicate whether a
response data unit is intended to follow the first data unit, and to indicate the type
of the response data unit, when a response data unit is intended to follow the first
data unit;
wherein the type of the response data unit can be used to estimate the duration of
the response data unit;
wherein

the one or more fields comprise at least three bits,

a first value of the one or more fields indicates that no response data unit
is intended to follow the first data unit,

a second value of the one or more fields indicates the intended response
data unit is a null data packet type,

a third value of the one or more fields indicates the intended response data

unit having the size equal to or smaller than that of normal ACK,
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a fourth value of the one or more fields indicates the intended response
data unit having the size equal to or smaller than that of normal Block
Acknowledgement but larger than that of normal ACK, and

a fifth value of the one or more fields indicates the intended response data
unit having the size larger than the size indicated by the fourth value listed above,
or wherein

the one or more fields comprise two bits,

a first value of the one or more fields indicates that no response data unit
is intended to follow the first data unit,

a second value of the one or more fields indicates the intended response
data unit is a null data packet type,

a third value of the one or more fields indicates the intended response data
unit having the size equal to or shorter than a pre-determined value but larger than
the size indicated in the second value, and

a fourth value of the one or more fields indicates the intended response

data unit having the size larger than the size indicated by the third value.

The communication method of claim 1,

wherein the first data unit is a null data packet type PS-Poll and at least one of the
fields in the PHY header indicates that the following response data unit is a null
data packet type ACK and the null data packet type ACK is different from other

null data packet type ACK and used only for the null data packet type PS-Poll.
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The communication method of claim 1,
wherein at least a field indicates whether the response data unit is at least one of a

normal response data type or a null data packet type.

The communication method of claim 3,
wherein the normal response data unit is at least one of normal ACK, normal

Block ACK or a polling response frame.

The communication method of claim 3,

wherein the field comprises at least 2 bits and only one value of the field is used
to indicate all the short data response units including at least one of the following:
a null data packet format of ACK, a null data packet format of short response
frame to null data type PS-Poll, a null data packet format of CTS, and a null data

packet format of Block Ack frame.

The communication method of claim 1,
wherein the PHY header comprises an indication of a response data unit for at

least one of speed frame exchange or TXOP sharing.

The communication method of claim 6,

wherein the type of the response data unit is a normal response data type for at

least one of speed frame exchange or TXOP sharing.
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10.

11.

12.

13.

The communication method of claim 7,
wherein the response data unit is a normal ACK and its Duration field for NAV

setting protects the following transmission in one TXOP.

The communication method of claim 6,
wherein the type of the response data unit is a null data packet type for at least

one of speed frame exchange or TXOP sharing.

The communication method of claim 9,
wherein the first data unit itself is a null data packet type PS-Poll and the response

data unit is a null data packet response frame to null data type PS-Poll.

The communication method of claim 1,

whereiﬁ the first data unit is at least one of a null data packet type ACK or a null
data packet type response frame responding to a null data type PS-Poll, and two
or more bits in at least two fields of the first data unit indicate that there is no

response data unit intended to follow the first data unit.
The communication method of claim 11,
wherein the Duration Indication field set to 0 and the Duration field set to 0

indicates that there is no response data unit intended to follow the first data unit.

The communication method of claim 1,
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14.

15.

16.

17.

18.

wherein the first data unit is a null data packet type ACK or a null data packet
type response frame responding to a null data type PS-Poll, and two or more bits
in at least two fields of the first data unit indicate that the response data unit is a

type with the size larger than that of a normal data unit.

The communication method of claim 13,
wherein the Duration Indication field set to 1 and the Duration field set to 0
indicate that the response data unit is a type with the size larger than that of a

normal data unit.

The communication method of claim 1,
wherein the intended receiver defers at least one of its transmission or channel
access for at least a duration based on the indication for the type of the response

data unit.

The communication method of claim 15,

wherein the type of the response data unit is a null data packet frame.

The communication method of claim 15,

wherein the type of the response data unit is a normal frame with the size equal to

or short than that of a normal ACK.

The communication method of claim 15,
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wherein the type of the response data unit is a normal frame with the size equal to

or smaller than that of a normal Block ACK but larger than that of a normal ACK.
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