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COMMUNICATION METHODS AND COMMUNICATION DEVICES 

Cross-reference to Related Applications 

[0001] The present application claims the benefit of the Singapore Patent Application 

No. 201206797-1 filed on 12 September 2012, the Singapore Patent Application No. 

201207676-6 filed on 15 October 2012, the Singapore Patent Application 201208310-1 

filed on 9 November 2012, the Singapore Patent Application 201301863-5 filed on 13 

March 2013, and the Singapore Patent Application 201306776-4 filed on 9 September 

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

Technical Field 

Embodiments relate generally to communication methods and communication 

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 including a physical layer (PHY) header or receiving a first data unit including a 

PHY header. The PHY header may include at least a field 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. 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 drawings, like reference characters generally refer to the same parts 

throughout the different views. The drawings are not necessarily to scale, emphasis 

instead generally being placed upon illustrating the principles of the invention. In the 

following description, various embodiments are described with reference to the following 

drawings, in which: 

FIG. 1A shows a flow diagram illustrating a communication method in 

accordance with an embodiment; 

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

FIG. 1C 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 according to 

various embodiments; 
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FIG. 6 shows an illustration of the example of false short CTS as medium 

synchronization frame; 

FIG. 7 shows an illustration of the example of false short CTS for medium 

synchronization frame and RTS/CTS; 

FIG. 8 shows an illustration of a NAV setting in the current 802.11 standard; 

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

FIG. 10 shows an illustration of an example of speed frame exchange using 

normal ACK; 

FIG. 11 shows an illustration of speed frame exchange using short Ack according 

to various embodiments; 

FIG. 12 shows an illustration of the Downlink TXOP sharing for two-hop Relay 

with Explicit ACK; 

FIG. 13 shows an illustration of uplink TXOP sharing for two-hop relay using 

NDP ACK; 

FIG. 14 shows an illustration of an example of the relay flow control indication 

according to various embodiments; 

FIG. 15 shows an illustration of an example of an alternative 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 illustration of uplink TXOP sharing for two-hop Relay using 

NDP ACK according to various embodiments; 

3 



WO 2014/042595 PCT/SG2013/000399 

FIG. 18 shows ari 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 speed frame exchange using 

normal 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 described below may be combined, for example, 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 which is for example used in the processing carried out in the 

communication device. A memory used in the embodiments may be a volatile memory, 

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 charge trapping memory, an MRAM (Magnetoresistive Random Access Memory) or a 

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 special purpose circuitry or a processor executing 

software stored in a memory, firmware, or any combination thereof. Thus, in an 

embodiment, a "circuit" may be a hard-wired logic circuit or a programmable logic 
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circuit such as a programmable processor, e.g. a microprocessor (e.g. a Complex 

Instruction Set Computer (CISC) processor or a Reduced Instruction Set Computer 

(RISC) processor). A "circuit" may also be a processor executing software, e.g. any kind 

of computer program, e.g. a computer program using a virtual machine code such as e.g. 

Java. Any other kind of implementation of the respective functions which will be 

described in more detail below may also be understood as a "circuit" in accordance with 

an alternative embodiment. 

[0009] FIG. 1A shows a flow diagram 100 illustrating a communication method 

according to various embodiments. In 102, data including a SIG field may be sent or data 

including a SIG field may be received. The SIG field may include at least one of an 

indication of an acknowledgement. 

[0010] According to various embodiments, the SIG field may include an indication of 

a short acknowledgement for a null data packet type PS poll. 

[0011] According to various embodiments, the SIG field may include an indication of 

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

[0012] According to various embodiments, the SIG field may include an indication of 

an acknowledgement for speed frame exchange, 

[0013] According to various embodiments, the SIG field may include an indication of 

a duration for a network allocation vector. 

[0014] 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 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, wherein the indication may include an indication of 4 bits, if 

a channel bandwidth of more than 2 MHz is used for communication. 

[0016] According to various embodiments, the SIG field may include a relay bit 

indicating that ready to send indication is required to be relayed. 

[0017] According to various embodiments, the SIG field may include an indication of 

whether frame 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. IB shows 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 poll. 

[0021] According to various embodiments, the SIG field may include 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 embodiments, the SIG field may include an indication 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 transmissions 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 Duration Indication field and Duration field. It 

will be understood that Short ACK is equivalent to NDP ACK, 

[0025] 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 3 bits, if 

a channel bandwidth of 1 MHz is used 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 bandwidth of more than 2 MHz is used for communication. 

[0027] FIG. 1C shows a flow diagram 108 illustrating a communication method 

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 response 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 embodiments, 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. 

7 



WO 2014/042595 PCT/SG2013/000399 

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] According 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 is a null data packet type ACK and the null data packet type 

ACK is different from other null data packet type ACK (and for example used only for 

the null data packet type PS-Poll). 

[0030] According to various embodiments, at least a field riiay indicate whether the 

response data unit is at least one of a normal response data type or a null data packet type. 

[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 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. 

[0033] According to various embodiments, the indication may include at least three 

bits. According 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. According to various embodiments, a third value 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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response data having the size equal to or smaller than normal Block Acknowledgement 

but larger than normal ACK. According to various embodiments, a fifth value of the field 

indicates the intended response data unit having the size other than the four values listed 

above. 

[0034] According to various embodiments, the field may include two bits (i.e. 4 

values). According 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. According to various embodiments, a third value of the field may 

indicate the intended response data having the size equal to or shorter than a pre­

determined value but larger than the size indicated in the second value. According to 

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 various embodiments, the PHY header may include 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 normal 

ACK and its Duration field for NAV setting may protect the following transmission in 

one TXOP. 

[0038] According to various embodiments, the type of the response data unit may be 

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 format of short response frame to null data type PS-Poll 

and its Duration field for NAV setting may protect the following transmission in one 

TXOP. 

[0040] According to various embodiments, the first data unit itself may be 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. 

[0041] According to various embodiments, the first data unit may be 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 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 to 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 

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 

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

normal data unit is a data unit that is not a null data packet. A null data packet is a PPDU 

without Data field. 

[0044] According to various embodiments, the Duration 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. 
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[0045] According to various embodiments, the PHY header may include an 

indication of a duration for a network allocation vector. 

[0046] According to various embodiments, the nonzero valid duration of first 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 embodiments, the intended receiver may defer 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. 

[0048] According to various 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 embodiments, the type of the response data unit may be 

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. 

[0051] In the following, short frames, for example for IEEE 802.11-based Networks, 

will be described. Examples 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. 

10052] Active STAs (stations) with TIM (traffic indication map) bit on may be 

allowed to poll the AP after 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 
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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 fonnat of ACK and PS-Poll may 

improve transmission efficiency and reduces power consumption. 

[0053] In the following, NDP Type Indication will be described. 

[0054] According to various embodiments, 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 (physical protocol data unit). 

[0056] SIG PPDU (i.e. the PPDU format for IEEE 802.1 lah) 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 Training 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 include: 

[0067] - STF Short Training field; 

[0068] - LTF Long Training field; and 

[0069] - SIG SIGNAL field. 

[0070] The null data packet (NDP) frame has no Data field. 
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[0071] One.of PPDU formats that includes PSDU could be: 

[0072] - STF Short Training field; 

[0073] - LTF Long Training field; and 

[0074] - SIG SIGNAL field; and 

[0075] -Data. 

[0076] The Data field may carry the PSDU(s). 

[0077] 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 receives a NDP frame the 

AP/STA may proceed 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 (transmitter address) 9 
(partial) AID (association 

identifier) 

RA (receiver address) 9 
(partial) BSSID (Basic Service 

Set Identification) 
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Preferred MCS 

(Modulation and Coding 

Scheme) 

4 

Tail bits 6 

TBD (to be determined, for 

example depending on group's 

decision on tail bit support) 

CRC (cyclic redundancy 

check) 
4 

TOTAL 36 
2MHz case, there are 12 

reserved bits 

Table 1 Example of NDP Type PS-Poll SIG Design 

[0078] According to various embodiments, the following options for NDP-T 

indication may be provided: 

[0079] In Option 1, a re-design of the fields in NDP type frames may be provided so 

that 4-bit NDP-T field may be supported in all NDP type frames. 

[0080] In Option 2, 3-bit NDP-T plus one extended reserved bit that can be 

accommodated-in some NDP types may be used to differentiate more than 8 types of 

NDP frame, like will be described in more detail below. 

[0081] In Option 3, some NDP types may 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 

channel bandwidth greater or equal to 2 MHz, like will be described in more detail below. 
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[0082] According to various embodiments, for Option 2, 3-bit NDP-T and one 

extended bit may be used to indicate NDP types. For example, assuming short ACK/CTS 

has at least one reserved bit and one 3-bit value (e.g. Obi 11) may be reserved to identify 

both short ACK and CTS. By extending one reserved bit (with the same position) in both 

short ACK and CTS as the extended type identification, it may be possible to determine 

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 receives 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 received frame is. When AP/STA identifies that the NDP-T 

field value is the defined case for extended indication, it may check the reserved bit (used 

as extended type identification bit) to further determine which NDP type the frame is. 

[0084] According 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 sounding 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 (ObOOO-OblOl) 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 may 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 

sounding) only defined for 2 MHz case. The value 0-5 (ObOOO-OblOl) may be used for 4-
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bit NDP-T to indicate 6 NDP types that is supported in 1 MHz case, and the value of 

(OblOOO-OblOOl) 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 it is a NDP frame, the AP/STA may determine that it is for 1 MHz or >=2 MHz 

channel and proceed to identify the NDP-T fields so that it can know which NDP type the 

received frame is. For 1 MHz channel, it may only be needed to check 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 according 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 (IEEE 802.11-1137-lO-OOah-

specification-framework-for-tgah, Mingyong Park, "IEEE 802.11 ah Specification 

Framework"). 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 shall include 

an ACK ID field (bits TBD) which use partial FCS and the information from the 

scrambling seed 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 frame to STA as follows: 

[0090] (1) Normal DATA/ACK, which requires no change for the protocol; 
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[0091] (2) Short ACK, which requires some modification since there is a very short 

checksum of the received frame (CRC 4 bits for SIG) and no scrambling seed can be used 

to compute ACK ID field; 

[0092] (3) Short Response Frame, which requires that a new rule/protocol shall be 

defined. 

[0093] Hence, according to various embodiments, the following options may be 

provided: 

[0094] In Option 1, the AP may respond to NDP 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 differently. 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. 

[0097] More details on option 2 will be given in the following, where short Ack with 

modification will be described. 

[0098] In the following, Short Ack SIG Design according to various embodiments 

will be described. 

[0099] For example, an event that there are two concurrent transmissions of NDP 

type PS-Poll: A->AP (which for example may mean a transmission from STA A to AP) 

and B->AP (which for example may mean a transmission from STA B to AP) will be 

described. Both A and B may expect short Ack from AP. Suppose that AP can only 

receive a strong signal 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 
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AID information in short response frame SIG so that the possibility of this false short 

Ack case should be zero. The example of such false short Ack occurs at one AP is shown 

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 station 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 API), for example the AP 

206) and B->AP2 210 (from the second station 204 to a second AP which may also be 

referred to as AP2 and which is not shown in FIG. 2). A 202 may expect a short Ack 

from API and B expects a short Ack from AP2. Suppose that API 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 API's 206 short Ack. If B 204 has a shorter transmission 

range when it sends NDP PS-Poll that may reach API 206, and API 206 may have a 

longer transmission range when it sends NDP short Ack 212 that can reach 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 API, or B's 

transmission range is long, or B may be able to detect if it can hear API's beacon frame. 

The example of such false 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 PS-Poll with 

two APs, for example the first access point API 206 and the second access point AP2 
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302. Various devices and signals shown in FIG. 3 are similar 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. 

100102] The above examples show that including transmitter 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 may havte 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 
indicator 4 Unused MCS field in 

normal data packet 

ACK ID 
>=14? -
12 

Based on Partial FCS and 
Scramble Seed of received 
frame 

DURATION 6-8 May be required or may 
not be required 

More Data 1 

TBD TBD 

Tail bits 6 
TBD (Depending on 
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 shown in Table 2), as will be described in more detail in the following. 

[00105] When the AP uses 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) may be used to compute the identifier for the pairing frame exchange i.e. 

short Ack for NDP type PS-Poll: 

[00106] - information of STA, e.g. MAC address, AID; 

[00107] - SIG bits of received NDP type PS-Poll frame to be acknowledged; 

[00108] - information of AP, e.g. MAC address, timestamp, SQN or (partial) 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 
indicator 4 Unused MCS field in 

normal data packet 

TA 9 (partial) AID 

RA 9 (partial) BSSID 

Preferred MCS 4 • 

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

CRC 4 

TOTAL 36 2MHz case, there are 12 
reserved bits 
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Table 3 Option 1: Short Ack SIG for NDP Type PS-Poll 

[00111J 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 be 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 type 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 4 Type ID for Short Ack 
for NDP type PS-Poll. 

ACK ID 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 1 

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

CRC 4 
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TOTAL 36 2MHz case, there are 12 
reserved bits 

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

[00113) According to various embodiments, in Option 2 (compare 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 designed, but may have different length. It is to be noted that while 

computation of ACK ID in short Ack for the received frame other than NDP type is based 

on partial FCS (frame check sequence) and scrambling seed of received frame, 

computation of ACK ID in short Ack for NDP PS-Poll may be based on the methods 

shown in the following for ACK ID computation. 

[00114] The design according to various embodiments 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 the two computation methods. The identification in 

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

Field Bit width Comments 

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

ACK ID 

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 
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Duration/ACK 
ID Ext. 6-8 # of bits is same as defined in Short 

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 2MHz case, there are 12 reserved bits 

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

[00115] According to 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 

field is not defined). 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 frame being acknowledged, 

and some TA bits of NDP 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 acknowledged. 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 acknowledged. According 

to various embodiments, other bit arrangement may be provided, dependent on whether 

to place the above bits into the fields of ACK ID /ACK ID Ext. 
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[00117] 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. 

ACK ID 12-14 

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. 

Duration 6-8 

More Data 1 

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

CRC 4 

TOTAL 36 2MHz case, there are 12 reserved bits 

Table 6 Option 4: Short Ack for NDP Type PS-Poll 

[00118] According to various embodiments, 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 partial MAC address is feasible; 

[00122] - AID, 

- Which may be used as receiver address 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. 

[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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for Short Ack. RA field of NDP PS-Poll may be 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 sufficient to differentiate the PS-Polls 

from multiple STAs to avoid the duplicate 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. 

[00128] - Tail bits, which may also not be helpful. 

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

[00130] ACK ID may be computed for short Ack as the response to NDP type PS-Poll, 

using the beacon information: 

[00131] - Scramble seed of Service field; and 

[00132] - Partial FCS. 

[00133] If the RA field of NDP type PS-Poll is based on the above 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 is 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 ort CRC bits may be obtained and expanded RA bits (e.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 type PS-Poll frame, 

expanded 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 adding three more BSSID bit 

into partial BSSID. The method may be applicable to scrambled PBSSID as well, as long 

as scrambling bits are also expanded and known to both AP and STA. 

[00135] The method may also be applied to the computation results that are based on 

partial FCS and scrambling seed of the received beacon frame. 

[00136] For the ACK ID computation for Option 2 according to various embodiments, 

the field structure 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 beacon 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 in Table 1) to compute ACK ID in 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 Partial FCS and 

scrambling seed of the received beacon frame; and 

[00139] - STA's (partial) AID or CRC bits of the received NDP type PS-Poll. 

[00140J F°r 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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example, the NDP PS-Poll frame structure as in Table 1 with RA=9-bit PBSSID and 

TA=9-bit PAID may be assumed: 

[00141] - ACK ID use 8 of 9 PBSSID bits. E.g. 8 LSB PBSSID bits; 

[00142] - Divide 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 (right-shift or left-shift) 7 times and the resulting 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, the bit-rotating approach of PBSSID bits 

based on 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 received beacon frame. 

According to various embodiments, the bit-rotating 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 the example shown above, the 

indexing may use 3-bit PBSSID-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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[00146] In the following, identifying ACK ID that is based on bit-rotation will be 

described. According to various 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] (3) 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] (8) 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 

acknowledges NDP type PS-Poll. Some of the identifier may be embedded inside CRC 

mask bits. CRC bits may be computed same as for Short 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-rotation) may be masked and 

a CRC mask may be used to generate ACK ID with a shorter length. For example, 14-bit 

ACK ID (option 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-bit CRC. When STA receives response 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-Poll 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 requirement on the number of ACK ID bits. 12-bit ACK 

ID (option 4) may be considered and it may be assumed that PAID is used as TA for 

NDP PS-Poll. 10-bit PBSSID may be used that is expanded by the AP and 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 used to mask 4-bit CRC. For example: 

[00158] - When using 5-bit PAID-MSB, the first two bits may be used in ACK ID 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. 

[00160] - When STA receives short Ack, it first may unmask CRC bits in SIG with its 

own 4-bit PAID-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 3rd-5lb PAID-MSB as the index to the 
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array of permutated 10-bit PBSSID. Thus, STA may obtain 3rd-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 

storing the array. 

[00162] In the following, an example will be described in. which 12-bit ACK ID is 

acquired through CRC mask and bit-rotation that includes 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; 

[00164] - ACK ID that is concatenated by rotated scrambled partial BSSID and 2-bit 

PAID-MSB; and 

[00165] - other SIG bits. 

[00166] FIG. 4 shows an illustration 400 of an example of Bit-rotating 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 while 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. 3^-5^ bits. After CRC is computed 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 type indication and then 

may unmask 4-bit CRC mask with its own 4-bit PAED-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 proceed 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 own pre-computed scrambled PBSSID after rotating these rotated 

scrambled PBSSID with the times that is the value of 3rd-5th bits of its own PAID-MSB. 

For example, if the value of 3rd-5th 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 matches, the STA may obtain 11th-12th bits of ACK 

ID and may verify against its ownlst-2nd bits of PAID-MSB. If the above matches, the 

ACK ID may be correct and the STA consider it has been acknowledged positively. 

[00168] In the following, Differentiating Short 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 false 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 another 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 lead to a false short Ack at the 

second station 506 (like indicated by flow 512). 
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[00170] ACK ID based on the scheme according to various embodiments may be used 

to identify short Ack frame to reduce the probability of a false short Ack that may be 

accepted 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 ended at 

exactly the same time when B ends its transmission. 

[00173] - Transmission from B 506 is not able to interfere the transmission from A 

502 to API 504, so that API 504 may send a short Ack 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 API 504 by mistake. 

[00175] Even if B 506 has a much shorter transmission range than API 504 and there 

is no protection for NDP PS-Poll, the probability of exact same ACK ID for NDP type 

PS-Poll is very low due to the good design of ACK ID. 

[00176] But the duplication probability of ACK IDs for NDP type and non-NDP type 

frame may be not low due to the computation methods 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 received 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 type (PS-Poll) frame may be differentiated from 

short Ack for non-NDP type frame using some identification bits in SIG so that the 

probability of confusing other data transmission may be low. 

[00180] I. Upon receiving NDP type PS-Poll, AP may set the identification bits in 

short Ack to indicate that the frame is for NDP type PS-Poll, as the response to the PS-

Polling STA. 

[00181] II. Upon receiving short Ack, PS-Polling STA may identify the identification 

bits that signal the response frame is a short Ack for NDP type frame. It is to be noted 

that it is assumed the probability of duplicate identifier e.g. ACK ID for NDP type 

response to NDP type frame is fairly low due to the method for ACK ID computation 

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 process using NDP type PS-Poll and short 

Ack receives other AP's short Ack for non-NDP type PS-Poll, it may identify whether it 

is a short Ack for NDP type frame. 

[00184] i. If it is a 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 

short 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. If it is a short Ack for NDP type frame, AP/STA may discard. 

[00188] ii. If it is a short Ack for non-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. 

[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 embodiments may 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 different reserved value from short Ack); 

[00192] - Bandwidth (BW) - 3 bits; 

[00193] - Duration - TBD bits; 

[00194] -CRC-4 bits; 

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

[00196] - CTS ID - <=9 bits (1MHz); <=21 bits (2MHz). 

[00197] Short CTS may also be used as AP assisted medium synchronization frame, 

and short CTS frame reserves a time interval for a STA that is scheduled to wake up at 

the slot boundary (or TWT, i.e. Target Wake Time), with the SIG including RA field i.e. 

the address of the STA that is scheduled to wake up at the slot boundary. 

35 



WO 2014/042595 PCT/SG2013/000399 

[00198] Short CTS may consider CTS ID to address the receiver. For the case of 

RTS/CTS, CTS ID may be determined based on Partial FCS and scramble seed 

information 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 the above 3 kinds of short CTS since the duplicate probability of CTS ID 

may be high. 

[00199] FIG, 6 shows an illustration 600 of the example of false short CTS as medium 

synchronization frame. Both API and AP2 send short CTS as medium synchronization 

frame and API is A's associated AP. If short CTS from API and AP2 have the same CTS 

ID or RA field, false case occurs. STA A can't tell which short CTS is the real medium 

synchronization 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 API. 

[00200] FIG. 7 shows an illustration 700 of the example of false short CTS for 

medium synchronization frame and RTS/CTS. STA A sends RTS to API and expects a 

short CTS from API as the response to its RTS and STA B expects a short CTS from 

AP2 as the medium synchronization frame. Suppose that API didn't receive RTS or 

receive a corrupted 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 field 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 above two cases, then only PAID or 

partial STA's MAC address is possible, since there may be no preceding frame before AP 

sends medium synchronization frame. When PAID or partial STA's MAC address is used, 

the duplicate probability is high due to they are not unique among different APs and 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 3rcl party STAs doing RTS/CTS handshaking 

based on short CTS, when partial TA bits 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 short CTS is used as the medium synchronization frame. Further, 

unused case may be used for short CTS used as CTS-to-self. There may be a need to 

define one field to indicate whether short CTS is from AP. There may be one bit defined 

to differentiate whether short CTS is from its AP. If the frame is a broadcast 

synchronization frame (not addressed 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 designed 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 field to indicate whether short CTS is from AP. For AP, when AP responds to the 

STA's RTS, use PAID as RA and use Partial BSSID or the computation resulting bits 

based on 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 synchronization frame, use reserved 

PAID e.g. 0 as RA and use Partial BSSID as TA. For STA, when STA responds to AP's 

RTS, use PAID as TA and use Partial BSSID or the computation resulting bits based 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 >^2MHz case, by embedding the PAID information into 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 (1st - 3rd 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 (4th and 5th bit of PAID). Mask (bitwise XOR) CRC with 4-bit 

PAID-LSB (6rd - 9th bit of PAID). The above methods of CRC mask and bit-rotation 

operation have been 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) When 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 

CTS ID. The approach can be applied to the case of short CTS for CTS-to-self, where the 

STA/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 

perform authentication/association or through other frame exchange between AP and 

STA. 

[00207] b) 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 applied to the 
f-

case of short CTS for RTS/CTS handshaking. 

[00208] c) The problem with this design is that direct RTS/CTS handshaking 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 duplicate case by reserving the PAID value that is same as 

PBSSID. This reserved PAID value is not assigned to any STA. Alternatively, if AP 

allocates the PAID value that is identical to PBSSID to a STA, AP should request the 

STA to send normal CTS rather than NDP short CTS. 

[00209] In the following, Ack Indication according to various embodiments will be 

described. 

39 



WO 2014/042595 PCT/SG2013/000399 

[00210] In the following, without causing ambiguity, normal frame may refer to the 

frame format in the current IEEE 802.11 standard (IEEE 802.11-2012). For example, 

normal ACK/BA refers to the ACK/BA in the current 802.11 standard. 

[00211] IEEE 802.11-1137-1 l-OOah-specification-framework-for-tgah, Mingyong 

Park, "IEEE 802.11 ah Specification Framework" specifies that the SIG shall include 2-

bit Ack Indication (00: Ack; 01: BA; 10: No Ack; 11: a frame that is not ACK, BA or 

CTS) in SIG and the definition of value (bl 1) for response frame type is used to indicate 

the presence of a frame that is not ACK, CTS or 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 types 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 polling response is sent immediately after SIFS 

(Short Interframe Spacing)). Therefore, this kind of frame may incur the difficulties in 

determining the response 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 that 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 may not have the freedom to decide which type of response frame it can send as 

the reply. It is to be noted that polling response has to be of fixed size in order to make 

the unintended STA set the NAV(network allocation vector) or deferred channel access 

time correctly without ambiguity. 
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[00213J The 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. authentication/association frames. After that, the STA may 

follow the decision made earlier to send the frame with the indicated response type. Upon 

receiving the frame with the response type indication, the AP may respond according to 

the type without ambiguity. 

[00214] The key issue may be that the draft specification does not include enough 

options to support all these different response types. 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 

network or different networks, an issue may be encountered on how to set a proper 

network allocation vector (NAV) or deferred channel access time for the unintended STA, 

namely 3 rd party STA. 

[00215] NAV may be an indicator, maintained 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 which attempts to 

update the NAV of all receiving STAs prior to the transmission of a frame that 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 least one valid 

frame within a received PSDU may update its NAV with the information from any valid 
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Duration field within that PSDU for all frames where the new NAV value is greater than 

the current one, except for those where the RA is equal to the MAC address of the STA. 

[00217] FIG. 8 shows an illustration 800 of a NAV setting in the current 802.11 

standard. 

[00218] As shown in FIG. 8, if an unintended STA decodes the duration field 806 in 

the MAC header 804 correctly, it sets NAV according to the duration field 806 value. 

Otherwise, it shall defer EIFS 810 or EIFS-DIFS+AIFS[AC] before transmission, where 

AC is the Access Category of the 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 duration, 

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-

OOah-specification-framework-for-tgah adds two-bit Ack indication in SIG field to 

indicate whether an immediate response is requested right after the PPDU, and also the 

type of the response. 

[00219] An unintended 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 the frame size of 

response frame is known, the 3rd 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 frame such as short Ack and short BA, the duration for deferred channel access at 

the 3rd party STA is fixed and the same for the same channel bandwidth. For the case of 

the response frame that is normal frame such as normal ACK and normal BA, the 

duration for deferred channel access can be calculated based on the ACK(14 bytes)/BA 

length (32 bytes) and expected transmission rate (equivalent to the data transmission rate), 

which is usually the same as the frame that elicited the response. The expected data rate 

is dependent on the preamble type (1M Hz or >=2M Hz) and MCS (Modulation and 

Coding Scheme) of the received frame etc. For the case of Ack Indication set to No 

Response, the deferred channel access time is zero (the STA may start the transmission 

SIFS time after 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 corresponding response type and 3rd party STA shall set its 

NAV or deferred channel access time according to the response type and whether it is 

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

[00224] o) If a normal frame 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 data transmission rate). 

[00225] o) If the 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 Indication (00: short 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 polling response, we can set 2-bit Ack Indication in the SIG of PS-Poll as 

the value bOO and b 11 respectively. 

[00227] If normal ACK has the same length as polling response, we can define 2-bit 

Ack Indication (00: short Ack/short BA; 01: polling response/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 bl 1 can be used to indicate. 

[00228] The solution to solve the problem of insufficient bits for Ack Indication or 

ambiguity caused by 2-bit Ack Indication can combine the techniques 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 in a 

SIG field 902. Further 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 terminals (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. This Ack indication may be quickly verified by SIG 

CRC (it is not required 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 Indication may 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 introducing of short ACK cannot exclude the 

use of normal ACK in some cases such as speed frame exchange, for example as 

described in IEEE 802.11-1137-1 l-00ah-specification-framework-for-tgah. The draft 

specification may include the concept of speed frame exchange based on the use of More 

Data field and 2-bit Ack Indication (b 11) that indicates the presence of the frame 

immediately following current transmission (The meaning of "immediately following 

current transmission" may be that the following frame transmission occurs immediately 

after SIFS, which is the allowed shortest inter-frame space, rather than DIFS). This may 

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 processing 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 MAG header set to 1 and 2-bit Ack Indication in SIG set to bOO to indicate 

the presence of normal ACK immediately after the current transmission. Therefore the 

data frame 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 frame or short frame (i.e. NDP frame, 

e.g. including STF, LTF1 and SIG only. For instance, short Ack is a kind of short frame). 

[00233] The unintended STA that can decode SIG and MAC header correctly can set 

its NAV or deferred channel access time to (aPPDUMaxTime + 2*aSIFSTime + aPHY-

RX-START-Delay) if a data frame is used as the response frame immediately after the 

previous data frame which carries the 2-bit Ack Indication value as bl l. However, for the 

unintended STA that can decode SIG correctly but decode MAC. header wrongly, it is not 

able to identify whether there will be a frame of either normal ACK or short ACK 

immediately following current transmission. Upon receipt, the unintended STA can set its 

NAV or deferred channel access time to a duration corresponding to a short Ack or 

normal ACK if a frame is used as the response frame immediately after the previous data 

frame which carries the 2-bit Ack Indication value as bOO. For the case of short ACK, 

NAV or deferred channel access time can be set as (short ACK duration + 2*aSIFSTime 

+ aPHY-RX-START-Delay). For the case of normal ACK, NAV or deferred channel 

access time can be set as (normal ACK duration + 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 and normal ACK. It is to be 

noted that short frame/normal frame duration (e.g. short Ack/normal ACK duration) 

refers to transmission time of short frame/normal frame. 

[00234] Due to that normal ACK and short BA may be used as well, an unintended 

STA, after receiving and decoding SIG correctly, may not be able to calculate the 

accurate response duration by the response type and/or the expected response 

transmission rate. This issue may be solved. 

[00235] As normal ACK and normal CTS have the same size, the value of 2-bit Ack 

Indication used to indicate for normal ACK can be also used for normal CTS. This can be 

applied to poll response if it has the same size as that of normal ACK. 

[00236] When short frame (STF+LTF1+SIG only, without MAC header, namely NDP 

frame, e.g. short Ack) is used, if the type of the frame immediately following short frame 

is indicated in short frame, 2-bit Ack Indication protocol may be applied to the Access 

Point (AP) and STA. 

[00237] According to various embodiments, Ack Indication 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. Currently, there may be 4 reserved bits in SIG. One reserved 

bit (defined as Immediate Following Frame Indication, i.e. IFFI) may be used to instruct 

the intended STA that a short frame (e.g. short Ack/short BA) shall be used immediately 

following current transmission, where IFFI = 0 indicates a short frame (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/normal BA) immediately following current transmission. 

We can include 2-bit Ack Indication for four options e.g. 00: Ack; 01: BA; 10: No Ack; 

11: a frame that is not ACK, BA or CTS. 

[00239] 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 current draft specification for the definition of 2-bit Ack Indication but a rule may 

be set on how to set the NAV or deferred channel access time for 3rd party STA i.e. the 

unintended STA: upon decoding 2-bit Ack Indication correctly, 3rd party STA shall set 

NAV or deferred channel access time to the duration corresponding to that for normal 

frame (e.g. normal ACK, which has a frame size larger than NDP ACK) although 

channel access time is wasted in this case. 3 rd party STA can set its NAV or deferred 

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 the data transmission rate). However, 

Ack Indication becomes not very useful as the NAV or deferred channel access time is 

set as (ACKTxTime + 2*aSIFSTime + 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 channel access have to continue to receive the immediate frame 

following current transmission and it is obvious that 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 or deferred channel access time for 3rd party STA. 

Upon decoding 2-bit Ack Indication correctly, 3rd 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 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). This suggests that 3rd party STA may have to receive the SIG of the 

immediately following frame; otherwise, when normal ACK is used, the unintended 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, 3rd party STA can set its NAV or 

deferred channel access time correctly by checking whether the frame is normal frame, 

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; otherwise it is straightforward to know 

the fixed duration of NDP frame. 

[00241] According to various embodiments, processing as will be described in the 

following may be provided. According to various embodiments, 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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presence of response frame type (e.g. normal frame or short frame) immediately 

following current transmission can be easily identified without ambiguity. 

[00242] Alternatively if a unified 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; 010: 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, processing as Will be described in the 

following may be provided. According to various embodiments, 2-bit Ack Indication 

may be re-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/short BA and excluding the use of normal 

BA (but we can allow to use normal BA in TXOP (Transmit Opportunity) where the 

preceding frame immediately followed with normal BA should set Ack Indication to bl 1, 

for example when normal BA is not with a fixed length or is transmitted with a rate 

different from the received frame that elicited the response). 

[00244] In the following, a method for fast frame forwarding according to various 

embodiments will be described. 

[00245] In the current IEEE 802.11 standard, when the data packets are long, the 

RTS/CTS messages may be used to reserve the media for transmission. However, it is 

performed within one hop. 

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

transactions may be required. The overhead could be heavy and it may also lower down 
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the media transmission efficiency. According to various embodiments, various RTS/CTS 

message exchange methods are provided to protect two-hop transmissions that involves 

relay. 

[00247] 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 embodiments, processing as will be described in the 

following may be provided. One of the relaying scenarios considered in the 802.1 lah 

standard is that both AP and station can hear each other. However, to save transmission 

power of STA, a relay station may be used by STA for uplink data forwarding. In such 

scenario, 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 whether frame 

forwarding time required by relay is included in the RTS duration. If time is included, the 

relay station of the 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 sent by its subordinate STA earlier. If CTS is a short CTS, the station shall 

verify the CTS ID in short CTS to determine whether it is the one reply to the RTS from 

its STA. 

[00252] According to various embodiments, processing 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 example, after 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 

address, or CTS ID (when short CTS is used) can be reused. One 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 of the AP. The 

source address in the RTS from relay to AP may be the MAC address of relay or the 

MAC address of STA. When short CTS is used, for the 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 may send RTS to relay first 

and relay may send a second RTS to AP. After receiving RTS from 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 following 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 Relay 

stations, AP may send CTS message to media. The CTS. sent by the AP can be the same 

one as received from relay. After receiving the CTS, the STA can send data over the 

reserved media. 

[00255] To realize the above described embodiments, it may 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. 

[00256] The CTS sent can be a short CTS or other format with transmitted address and 

receiver address. Ack Indication in RTS (from STA to Relay) SIG may be set to a 

specified value e.g. bOO (indicating a short CTS frame is the immediate response). 

[00257] For short CTS from Relay to AP, one IRFI (Immediate Response Frame 

Indication; the function may be similar 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) following Short CTS. For CTS from relay 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 scrambling 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 three 

parties' information. 

[00258] Once STA receives Short CTS (sent by Relay), if 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] For Short CTS from AP to Relay/STA, IRFI may be set to 1 and Duration 

may be extended according to its knowledge on the data rate between AP and Relay. 

[00260] In the following, response frame indication in SIG and speed frame exchange 

using short Ack according to various embodiments will be described. 

[00261] The draft specification IEEE 802.11-1137-1 l-00ah-specification-framework-

for-tgah, Mingyong Park, "IEEE 802.11 ah 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 (bl 1) response frame type may indicate the presence of a 

frame that is not ACK, CTS or BA following current transmission. 

[00262] According to various embodiments, modification for the above may be 

provided. For example, Ack Indication for Short Ack can be used for other NDP frames 

as they have the same size for 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 indication and NAV (defer channel access) when both short Ack/BA 

and normal ACK/BA are possible to be used in the networks. When only short Ack and 

B A are used, the use of 2-bit Ack Indication in the draft specification can achieve the 

goal. The draft specification considers only normal B A. Since short BA is accepted 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 can't exclude the use 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 decoding SIG correctly may not be able to calculate the accurate 

response duration by the response type and/or the expected response transmission rate. 

[00263] According to various embodiments, 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 Indication may be included in SIG to 

indicate the following frame type/size: 

[00265] - 00: NDP frame; 

[00266] - 01: ACK (or a MAC frame 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 combine the indication for short Ack/short 

BA/short CTS; 

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

[00271] - Use 11 for normal BA; 

[00272] - If the length of normal BA is not fixed, it is suitable to use 11 to indicate the 

following frame is normal BA. 

[00273] According to various embodiments, an option which may be referred to as 

Option B may be provided 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 the MAC frame size > X; 

[00278] - X is 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 A is 

the same as Option B); 

[00280] - if normal BA is used, X can be set as the size of normal BA (if it is fixed); 

[00281] - 3rd party STA may set it NAV or deferred channel access time 

corresponding to the frame with the size X (i.e. aSIFSTime+ frame duration for size X) 

for channel access if Ack 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: normal Ack/CTS (and other frame with the same MAC frame size); 

[00285] -010: No Ack; 

[00286] -011: normal BA; (use 011 for BA if fixed length. Otherwise, use 100 for 

normal BA); 

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

[00288] - 101-111 Reserved (May use 111 to indicate that the frame is to be relayed or 

being relayed). 

[00289] According to various embodiments, an option which may be referred to as 

Option D may 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 
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rule on how to set the NAV or deferred channel access time for 3rd party STA i.e. the 

unintended STA: upon decoding 2-bit Ack Indication for normal frame such as ACK 

correctly, 3rd party STA shall set NAV or deferred channel access time to the duration 

corresponding to that for normal frame (e.g. normal 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 deferred 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 the data 

transmission rate). However, Ack Indication becomes not very useful as the NAV or 

deferred channel access time is set as (ACK duration aSIFSTime) upon receiving 

current transmission, which is a bit better than that via EIFS protection rule, where EIFS 

= aSIFSTime + DIFS + ACK duration. It is to be noted that those unintended STAs that 

want the more efficient channel access have to continue to receive the immediate frame 

following current transmission and it is obvious that they cannot benefit from the NAV or 

deferred 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 Ack Indication but we need to set a 

rule on how to set the NAV or deferred channel access time for 3rd party STA. Upon 

decoding 2-bit Ack Indication for normal frame such as normal ACK correctly, 3rd party 

STA shall set NAV or deferred channel access time to the duration 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 3rd party STA may have to receive the SIG of the immediately 

following frame; otherwise, when normal ACK is used, the unintended 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, 3rd party STA can set its NAV or deferred channel 

access time correctly by checking whether the frame is normal frame, 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; otherwise it is straightforward to know the fixed duration of 

NDP frame. 

[00291] In the 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 

response type and whether it is NDP frame or normal frame, 

[00293] - the intended STA shall follow the instruction as indicated to transmit the 

corresponding 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 normal 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 (equivalent to the data transmission rate) 

If unknown frame is used, the duration can be set as e.g. (aPPDUMaxTime + 

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) following current transmission; 

[00297] - 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 transmission; 

[00298] - If Ack Indication = 10, it can start to contend 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 to set NAV or deferred channel access time 

accurately (but it can set to e.g. (aPPDUMaxTime + aSIFSTime) in Speed Frame 

Exchange.) 

[00300] In the following, speed frame exchange using short Ack according to various 

embodiments will be described. According to various 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 illustration 1100 of speed frame exchange using short Ack 

according to various embodiments. Data processing 1102 of an access point (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 

transmission: 

[00303] - Duration = 0 indicates there will no data frame following current 

transmission; 

[00304] - Duration = x > 0, e.g. aSIFSTime or (aPPDUMaxTime + aSIFSTime) (other 

value is also possible, as long as it makes clear that there will be some data frame 

following this Short Ack) indicates there will data frame following 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 bit 

(Immediate Response Frame Indication, IRFI) may be defined to indicate whether there 

will be data frame following current transmission. 

[00306] According to various embodiments, as a third option, if both duration and 

IRFI fields are available, the following may be applied: 

[00307] - IRFI=1 indicates there will be a following frame, Duration field = 0 if the 

frame duration is unknown or Duration = the frame duration + aSIFSTime if the frame 

being acknowledged contains 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 timer/time indication; 

[00309] - IRFI=0 and Duration=0 indicates 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 used as the first frame for speed frame change. According to various 

embodiments, uplink data indication or MoreData bit may be used to indicate whether 

there is uplink data in PS-Poll which can be used as the first frame for speed frame 

change. 

[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 the first option, if IRFI is not defined: 

[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 before transmitting; 

[00315] - If x = aSIFSTime, early indication design principle is not applied; 

[00316] - If x = aPPDUMaxTime + aSIFSTime, early indication design principle is 

applied. The approach may be the same as using Ack Indication bits 0b 11; 

[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 following may apply: 

[00319] - IRFI = 1 indicates there is an immediate following frame, same as Obi 1; 

[00320] - IRFI = 0 indicates there is no immediate following frame, same as No Ack 

(blO). 

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

apply: 

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

frame, same as using Ack Indication bits 0b 11; 
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[00323] - IRFI = 1 and Duration field = X > 0 indicates there will be a following frame 

with duration X-aSIFSTime; 

[00324] - IRFI = 0 indicates there is no immediate following frame, same as No Ack 

(blO). 

[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 following. 

[00327] According to various embodiments, in the first option, 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 channel access after aPPDUMaxTime + aSIFSTime upon receiving Short Ack 

with IRFI=1, or start channel access immediately for the case of IRFI=0. 

[00329] According to various embodiments, in the third option, the 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 with IRFI=1, or start channel access 

immediately for the case of IRFI=0. 

[00330] According to various embodiments, in the fourth option, the same as that in 

speed frame exchange using normal ACK may be applied. 

[00331] According to various embodiments, other NDP frame as the response frame 

may include the fields of More Data and IRFI. The procedure using this kind of NDP 

CTS may be similar to that for using short Ack. 
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[00332] In the following, enhancement to TXOP sharing for two-hop relay according 

to various embodiments will be described. 

[00333] FIG. 12 shows an illustration 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 event. Processing 1202 of the AP, 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 setting is not accurate as RELAY can calculate the correct duration to be 

included in ACK, even for DATA without Duration field (e.g. DATA with a short MAC 

header), for example 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). 

[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 equivalent 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 Duration 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 equivalent 

ACK Indication. 

[00337] The reserved values that are smaller than or equal to floor(SIFS/TU) (where 

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 (CTS-to-self). The 

reserved case may be extended to the duration that is 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 1 MHz, if NDP frame is 6 OFDM symbols and each OFDM symbol is 

40microsecond, the shortest frame duration is 560 microsecond (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 Indication when Duration Indication is set to 1. 

[00338] In addition to the above embodiment for equivalent ACK Indication, we can 

also reverse the values of Duration field that are smaller than a minimum 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 millisecond, we can reserve the case 

of Duration = 1 and Duration = 1 as well to indicate e.g. the following immediate 

response frame is CF-End. In 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 embodiments, 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 time is the Duration field value of the transmitted DATA -

NDP ACK - SIFS. If DATA is a baseline (802.11-2012) 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 relayed 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 access 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 further. The above method is also valid for uplink 

TXOP sharing 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 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 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 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 DATA transmission time between RELAY and STA for the relayed 

DATA frame + ACK + 2*SIFS. The similar approach applies to NDP ACK/Modified 

ACK. 

[00341J FIG. 13 shows an illustration 1300 of uplink TXOP sharing for two-hop relay 

using NDP ACK. Processing 1302 of the AP, processing 1304 of the relay, and 

processing 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 (e.g. when Duration Indication is set 

to 0). When SIFS is 160 millisecond and TU is 40 millisecond, there are 3 reserved 

values (1,2,3) that can be used to indicate other NDP frames. A NDP (Modified) ACK 

with 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 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 partial BSSID of the AP with which the 

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

NDP frame as a CF-End frame. 

Duration 
Indication 

Duration Description 

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 
round up/off. Other suitable value 
is also possible, as long as it is 
smaller than SIFS/TU and larger 
than 0) 

Ack Indication =11 (long 
response, known 
length/duration) , which 
means there will be a 
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 duration for the transmission of maximum size of PPDU i.e. 

aPPDUMaxTime by MAXPPDU, the duration for the transmission of ACK frame by 

ACK and aSIFSTime by SIFS. 

[00343] For speed frame 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 

the transmission following current NDP ACK/modified ACK, e.g. to indicate there will 

be an immediate frame following NDP ACK. If the frame duration is knowii 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 Duration Indication = 0). If the frame duration is 

unknown, Duration field is set to SIFS/TU (i.e. an equivalent 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 non-zero value smaller than SIFS) has a special meaning here. 

It is indicated that there will be an immediate following frame (SIFS after current NDP 

ACK/Modified ACK). To know the exact transmission, the unintended STA has 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 Indication field is set to 1 which 

means a wakeup timer and there is no immediate frame following current NDP 

ACK/Modified ACK, and Duration field is set to the sleep duration for the STA being 

acknowledged. 

[00344] 3rd 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 Indication = 0 and Duration > SIFS/TU; 

[00346] - defers before next event for a duration = aPPDUMaxTime + aSIFSTime if 

Duration Indication = 0 and 0<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 Indication = 0 indicates there could be an immediate frame 

following short Ack/modified short Ack 

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

bits =10); 

[00351] o) Duration = SIFS/TU is equivalent to Long Response with unknown 

length/duration (equivalent to Ack Indication bits = 11), suitable for DATA without 

Duration field; Long Response means the response data unit is a data frame; 

[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 short Ack, suitable for DATA 

with Duration field; 

[00353] - Duration Indication = 1 indicates that Duration 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 sleep time; 

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

[00356] The reason why we can set Duration Indication to 0 and Duration to a value 

<=SIFS/TU to indicate the equivalent indication of Ack Indication bits set to 11 (long 

response 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 SIFS/TU is not meaningful 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, if SIFS = 4*TU, any value of 1,2,3 and 4 can be used to indicate 

the 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 field that 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 frames. For example, a NDP (Modified) ACK 

with 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 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 partial BSSID 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. 3rd party STA should regard this special 

NDP frame as a CF-End frame. 

[00358] In the example shown in FIG. 13, the STA may send DATA with ACK 

Indications to 00 or the value for NDP ACK 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 frame transmission time), Duration field is set to X, i.e. the 

70 



WO 2014/042595 PCT/SG2013/000399 

duration value corresponding to either the DATA duration time between RELAY and AP 

+ 2*SIFS + NDP ACK or the duration value corresponding to the Duration/ID field of 

received DATA - NDP ACK - SIFS. Upon receipt of NDP ACK, after SIFS the STA 

removes frame from buffer and defers X*TU-NDP ACK-SIFS before next event. 

Immediately after NDP ACK, RELAY sends DATA to a different MCS and ACK 

Indication bits to 00 or the value for NDP ACK. Relay buffers frame until successful 

delivery or reaching of retry limit. Upon receiving the 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), Duration field set to 0 (i.e. indicating no 

immediate following frame after NDP ACK, equivalent to ACK Indication bits set to 10 

(no response)). 

[003591 In the above uplink TXOP sharing for two-hop relay with Explicit ACK, 

RELAY may have the buffered frame to transmit or retransmit before STA sends DATA 

for 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 to 0, which means no TXOP sharing for 

two-hop relay. Upon receipt of the above ACK or NDP ACK, AP may select other STAs 

in the earlier Relay discovery procedure as the RELAY candidates for the STA and send 

the unsolicited relay selection request to the STA. Once the STA picks the RELAY, the 

procedure could be similar to the path, setup request for the current RELAY. In this 

situation, 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 Explicit/Implicit ACK. 

[00360] In the following, a relay protocol according to various embodiments will be 

described. 

[00361] In the following, relay flow control according to various embodiments will be 

described. 

[00362] To suspend frame transmissions to Relay, a Relay may send a unicast or 

broadcast Relay Flow Suspend action frame, and Suspend Duration > 0. 

[00363] - STAs may not transmit data frames to the STA addressed in the TA for the 

amount of time indicated in Suspend Duration 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 send 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 optional, 

and may be used by the Relay to cancel an existing Suspend Duration. 

[00368] In R.4.5.C of IEEE 802.11-1137-15-00ah-specification-framework-for-tgah, 

Mingyong Park, "IEEE 802.11 ah Specification Framework" (which may be referred 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: 

- STAs may not transmit data frames to the STA addressed in the TA for the 

amount of time indicated 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 to Relay, a Relay may send a unicast or 

broadcast Relay Flow Resume action frame: 

- STAs may cancel the flow suspend time, and resume normal procedure for 

data frame transmissions to the STA addressed in the TA; 

- The sending of 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 specification may define a 1-bit field in FC in one of the SIG 

control response frame which includes a time field for Relay flow control signaling. 

[00372] When a Relay receives a valid frame, the Relay may respond with: 

[00373] - An Implicit ACK in next:hop transmission after SIFS, if Relay 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 TXOP. 

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

set to 0. 
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[00377] The above may be provided for relay flow control and TXQP 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 

redefined, i.e. Duration Indication = (equal to) 1 may indicate the Duration subfield value 

equal to a Suspend Duration in the response NDP ACK frame issued by the Relay. This 

definition implies that Duration for NAV setting is 0 or deferred channel access for the 

STA receiving the NDP ACK frame with a Suspend Duration indication. 

[00379] To suspend frame transmissions to Relay, a Relay may send a unicast or 

broadcast NDP ACK, by setting Duration Indication 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 Duration field of NDP ACK 

has expired. 

[00380] FIG. 14 shows an illustration 1400 of an example of the relay flow control 

indication according to various embodiments. Processing of a relay 1402, processing of a 

first station 1404 (STA1), and processing of a second station 1406 (STA2) are shown. As 

shown in FIG. 14, the STA1 with the data frames may stop the further transmission for a 

duration (as indicated in Duration 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 STA1 may resume the suspended transmission to the RELAY after the 
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flow suspend duration expires and/or it received the FLOW RESUME frame from the 

RELAY. 

[00381] To restart frame transmissions to Relay, a Relay may send a unicast or 

broadcast NDP ACK, by setting Duration Indication = 0 to indicate a Resume Normal 

Procedure Action can be done, STAs may start to transmit data frames to the STA with 

the matching ACK ID. 

[00382] According to various embodiments, an equivalent broadcast address for NDP 

ACK may be defined, for example ACK ID = all l's 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 indication 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 cases (Alternatively, the Relay may determine whether it is the recipient 

STA of the received frame by checking the information (e.g. Address 1 and/or Address 2) 

in the MAC header): 

[00385] - If the frame is sent to 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 

nonzero 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 to Relay, a Relay may send a NDP ACK, by setting both Relayed 

frame and Duration Indication fields to 1 to indicate a valid non-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 indicated in 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 Suspend duration in the response 

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

data frames to the Relay AP. The Duration field of NDP ACK frame indicates the 

duration of time STAs are 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 amount of time indicated in the 

Duration field that is a nonzero value. 

[00390] - A STA may resume regular channel 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 STAs. 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 the STA that elicited the response frame is not allowed to transmit to the 

responding STA. If Relayed Frame field is set to 1, the responding STA is a Relay; 

otherwise the responding STA is a non-Relay STA. 

[00392] - An AP may 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 Duration field of NDP ACK frame indicates the duration 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 Duration Indication fields set to 1 

shall not transmit any data frames to the AP for the amount of time indicated in the 

Duration field that is a nonzero value. 

[00394] - A STA may resume regular channel access procedure to transmit data frames 

addressed to the AP after the expiration of the time indicated in the Duration field of 

NDP ACK frame. 

[00395] The alternative option to implement the flow control may be as follows: 

[00396] Upon receiving the data frame, the responding STA may set the Duration 

Indication field to 1 and the Duration field to a reserved value for the indication of the 
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response frame of being FLOW SUSPEND in the response 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 FLOW SUSPEND 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 case, the 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 time of the 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 

indicate in the preceding frame exchange. , 

[00397] FIG. 15 shows an illustration 1500 of an example of an alternative option for 

relay flow control indication. Processing of a relay 1502, processing of a first station 

1504 (STA1), and processing of a second station 1506 (STA2) are shown. In the example 

shown in FIG. 15, the STA1 eliciting the response frame may stop the further 

transmission for a duration equal to Suspend Duration (as indicated in FLOW SUSPEND 

frame) after receiving the FLOW SUSPEND frame from the RELAY. The FLOW 

SUSPEND frame may be transmitted by the RELAY SIFS (Short Interframe Spacing) 

after the reception of NDP ACK with equivalent ACK Indication equal to the FLOW 

SUSPEND frame (for example assuming that there are some reserved values that can be 

used for such equivalent ACK Indication. For example, we may use Duration Indication 

= 0 and Duration = 1 to indication the following response frame is FLOW SUSPEND 
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frame). The STA1 may resume the suspended transmission to the RELAY after the flow 

suspend duration expires and it received the FLOW RESUME frame from the RELAY. 

[00398J In the following, TXOP sharing for two-hop relay according to various 

embodiments will be described. 

[00399] FIG. 16 shows an illustration 1600 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 removes frame from buffer and defers 

some time X before next event or until a valid PHY-RXSTART.indication, whichever 

comes first. If X is set to MAX_PPDU+ACK+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 Duration 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 various 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 unit for Duration field of ACK and 

ACK indicates ACK frame duration time before next event, or until a valid PHY-

RXSTART.indication, whichever comes first. If NDP ACK/NDP Modified ACK is used, 
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the deferred time is the duration value equal to X*TU - NDP ACK - SIFS. If DATA is a 

baseline (802.11-2012) 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 can also be set according to DATA transmission time between 

RELAY and STA for the relayed DATA frame + ACK + 2*SIFS for the case of using 

ACK. The similar approach applies to the case of using NDP ACK/NDP Modified ACK. 

This change may improve the accuracy of NAV setting or deferred channel access 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 further. The above method is also 

valid for uplink TXOP sharing for two-hop relay. 

[00401] 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 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 time, or until a valid PHY-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 to 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 1704, and a STA 1706 are shown. 

[00403] According to 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. 17 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/NDP Modified ACK can be seen 

in Table 8. 

Duration Indication Duration Description 

0 0 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 

[00404] In the example shown in FIG. 17, the STA 1702 may send DATA with ACK 

Indication field value set to NDP 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 frame 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 duration value corresponding to the Duration/ID field of 

received DATA - NDP ACK - SIFS. It is to be noted that the duration of NDP ACK 

should consider the rounding 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-SIFS before next event, or until a valid PHY-RXSTART.indication, 

whichever comes first. Immediately after NDP ACK, RELAY sends DATA with a 

different MCS and ACK Indication field set to NDP Response. Relay buffers frame until 

successful delivery or reaching of retry limit. Upon receiving the 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), Duration field set to 0 (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 value 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 0 to indicate Long Response. Immediately after NDP 

ACK, RELAY sends to AP the DATA with ACK Indication field set to NDP Response. 

[00406] In the example shown in FIG. 17, when the STA 1702 may send DATA with 

ACK Indication field value set to 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. 

[00407] In the above procedure of TXOP sharing for two-hop Relay, the STA that 

transmitted the data frame for relaying elicited the response from the Relay may set its 

NAV 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 received frame is 3. For example shown in 

FIG. 16, when the AP receives the ACK from the Relay and also the SIG field of the 

relayed frame, it may derive the accurate NAV or deferred channel access time and/or 

RID value based on LENGTH and MCS subfield of SIG field of the received frame. 

Therefore, instead of using MAX_PPDU+ACK+2*SIFS for deferred time setting upon 

receipt of ACK with ACK Indication field equal to Long Response 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. 

[00409] For example shown 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 received NDP ACK frame. Therefore, instead of using MAX_PPDU+NDP 

ACK+2*SIFS for deferred time setting upon receipt of NDP ACK with ACK Indication 

equal to Long Response from the RELAY, STA may set the NAV based on the Duration 

subfield of NDP ACK that is set to DATA transmission time 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 update rule in 

TXOP sharing for two-hop relay is as follows: 

[00411] In response to the relayed frame, the relay STA may set Duration 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 from the relay may set the NAV based on 

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 from 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 counter is nonzero), the Relay is not able to 

forward to the non-AP STA the frame received from the AP if the Relay has its nonzero 

NAV counter. In this situation, the Relay may respond with (NDP) ACK with equivalent 

ACK INDICATION value or ACKINDICATION 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 TXOP sharing for two-hop relaying. 

[00415] Another embodiment may be as follows: 

[00416] A non-AP STA starts a frame exchange by sending a Short Data frame 

addressed to the relay STA with TXVECTOR parameter 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. The relay STA may set the 

Duration Indication field to 1 and Duration field to 0 in the NDP ACK frame that is 

transmitted to the non-AP STA to indicate Long Response. In addition it shall set the 

Relayed Frame field of the NDP ACK frame to 1. 

[00417] When the direction of the frame is from the AP to the non-AP STA, the AP 

starts a frame exchange by sending a Short Data frame addressed to the relay STA with 

the TXVECTOR parameter ACK INDICATION set to NDP Response. The relay STA 

shall set the Duration Indication field to 1 and the Duration field to 0 in the NDP ACK 

frame that is transmitted to the AP to indicate Long Response. In addition it may set the 

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, whether or not to continue the speed frame 

exchange may 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 receives a frame (e.g. short data 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 

is nonzero due to the other reception that it has received 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 for speed 

frame exchange. 

[00422] In the following, NAV and equivalent ACK Indication setting for Speed frame 

exchange (SF) will be described. 

[00423] If NDP ACK is used as the immediate response frame by the responding STA 

for the preceding frame that elicited the response in SF, 

[00424] - when the 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 

buffered frame to the STA that elicited the response), the responding STA shall set 

equivalent ACK Indication to Long Response in the immediate response NDP ACK 

frame; 

[00425] - when the 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 that elicited the response), the responding STA shall set 

equivalent ACK Indication to No Response in the immediate response NDP ACK frame. 

[00426] In the following, SF (speed frame) using NDP frames (1MHz) will be 

described. 

[00427] When 1MHz NDP PS-Poll is used, as there is no Duration field in 1MHz NDP 

PS-Poll, there may be the question what ACK Indication field value shall the response 
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frame set. It may be dependent 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 UDI = 1, ACK Indication 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 UDI is set to 0 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 

method 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 transmission of buffered frame 

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

[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 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). 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. 

[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 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 Data is set to 1 in NDP Modified ACK). The STA either 

shall keep awake if the buffered frame from AP will be delivered soon or can go to sleep 

if the buffered frame from AP will be delivered at a different schedule time that 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). 

[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 PS-Poll, what ACK Indication field value shall the response frame set? It is 

dependent on whether the response frame is DATA or NDP Modified ACK. 

[00438] When 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 frame + UDI 

value (converted to the corresponding time unit) + 2*SIFS. 

[00439] If the response frame is NDP Modified ACK, a reserved value equivalent to 

ACK Indication = Long Response with known duration shall be set, e.g. Duration 

Indication = 0 and Duration = UDI value (converted to the corresponding time unit) + 

SIFS or Downlink data duration + UDI value (converted to the corresponding time unit) 

+2*SIFS, since the uplink data duration is given by UDI field value of NDP PS-Poll. 

[00440] For SF, 

[00441] 1. If UDI is set to a nonzero positive value in NDP PS-Poll, when the response 

frame is NDP Modified ACK, if UDI is a Duration value for NAV setting, Duration 

Indication is set to 0 and Duration is set to UDI value (converted to the corresponding 

time unit) + SIFS if there is no buffered frame delivery to the STA from an AP (More 

Data is set to 0 in NDP Modified 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). Otherwise, 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 frame 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 is NDP 

Modified ACK, Duration Indication is set to 0 and Duration is set to Downlink data 

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 there is no speed frame exchange, 

[00445] 1. If UDI is set to a nonzero positive value in NDP PS-Poll, when the response 

frame is NDP Modified ACK, a reserved 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). 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 0 in NDP PS-Poll, when the response 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 Data is set to 1 in NDP Modified ACK). The STA either 

shall keep awake if the buffered frame from AP will be delivered soon or can go to sleep 

if the buffered frame from AP will be delivered at a different schedule time that 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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[00447J 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 an access point (AP) and data processing 1804 of a 

station STA are shown. The station (non-AP STA or simply 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 

indicate that it has buffered frame for the AP. Therefore 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 to 0 to indicate Long Response. Upon 

receiving the NDP Modified ACK frame, the STA can transmit the buffered 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 Indication field set to 1 and 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 More Data set to 0, the AP shall respond with an 

NDP ACK frame with the Duration Indication field set to 1 and the Duration field set to 0 

to indicate No Response. 

[00448] Speed frame (SF) exchange allows an AP and non-AP STA to exchange a 

sequence of uplink 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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between 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 reduce 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 the initial frame of a SF exchange. An AP may 

set the ACK Indication 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 the 

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 Duration field 

to 0 to indicate Long Response or set the Duration field for NAV setting for a SF 

exchange. 

[00453] A non-AP STA sending an immediate response that is an ACK framie or a 

BlockAck frame after receiving a frame that had the More Data field set to 0 shall set the 

ACK Indication field to No Response. A non-AP STA sending an immediate response 

NDP ACK frame after receiving a frame that had the More Data field set 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 response 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 time 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 the More Data field 

set to 0 or an NDP Modified ACK after receiving an NDP PS-Poll that had UDI field se 

to 0 shall set the Duration Indication and Duration fields to 0 to indicate No Response if 

it will not send a data frame SIFS time after the end of the NDP (Modified) ACK frame 

transmission, or the Duration Indication field to 1 and Duration field to 0 to indicate Long 

Response if it will send a data frame SIFS time after the end of the NDP (Modified) ACK 

frame transmission (1MHz). 

[00455] A STA that receives a frame with a unicast MAC address in the Address 1 

field that matches its MAC address, or a unicast 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 and the ACK Indication field set to Long Response 

shall transmit a frame to the STA that elicited the response, SIFS after the transmission of 

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

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

[00457J 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 Duration field shall be set to an estimated time to protect the 

remaining transmissions if the More Data field was set to 0 in the frame most recently 

received from the STA in a SF exchange. 

[00458J An AP sending an immediate response that is an NDP Modified ACK frame 

and has 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 Duration field shall be set to an estimated time to 

protect the remaining transmissions if the UDI field was set to 0 in the NDP PS-Poll 

frame (>=2MHz) most recently received from the non-AP STA in a SF exchange. 

[004591 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 Long Response 

shall not 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 frame that elicited the response, 

minus aSFISTime and a duration for the response frame transmission if there is 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 response, minus aSFISTime and a duration for the response NDP ACK 

frame transmission if there is a Duration field in the frame that elicited 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 frame most recently received 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 not use (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 0 from the other STA that elicited 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 Response shall continue to 

transmit its frames, until the last frame with the More Data field set to 0 and the ACK 

Indication field set to either Normal Response to request a (NDP) B A frame or NDP 
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Response to NDP Response to request a NDP ACK frame, SIFS time after each 

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 frame that elicited the response, 

minus aSFISTime and a duration for the response frame transmission if there is 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 

of TXOP. 

100463] A STA sending an immediate response with the More Data field set to 1 and 

the TXVECTOR parameter ACK INDICATION set to No Response shall transmit a 

frame to the STA that elicited the response within the current TXOP, but not SIFS after 

the transmission of the response frame. 

[00464] A STA either sending an immediate response that sets the More Data field 0 

and the TXVECTOR parameter ACK INDICATION set 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 0 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 
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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 instead 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 frame from STA B as the response frame in the speed frame" exchange. 

[00468] When there are multiple frame transmissions for speed frame exchange in a 

TXOP that is limited by a value, 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 frame, the responding STA may ignore the ACK 

INDICATION 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 station STA are shown. The station (non-AP STA or 

simply STA) may have uplink data to transmit to AP. Firstly, 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. Once 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 tells the STA to send an immediate BA 

frame. 

[00470] In the following, duration and NAV setting for TXOP will be described. 

[00471] 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 ACK) after receiving the frame because the MCS and 

LENGTH (number of the OFDM symbols or number of bytes, dependent on Aggregation 

bit in SIG field) in the SIG field of the frame can be used to determine the value of 

Duration field in the response frame. 

[00473] If the remaining NAV before the transmission of the frame is X and the 

duration for the frame is Y, the 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. Otherwise, they should be 

converted before the Duration field is set. 

[00474] Y may be obtained by dividing 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 for Duration setting. 

100475] The above method can be used for TXOP with multiple frame transmissions. 

[00476] According to various embodiments, a SIG Field Design and associated 

Protocol or procedures (for example ACK (Acknowledgement) indication, ACK 

indication for Speed frame exchange, NDP (Null Data Packet) type indication) may be 

provided. 

[00477] According to various embodiments, the following SIG field designs may be 

provided: 

[00478] For 1 MHz, the following fields may be provided: 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 fields may be defined as follows: 

[00481] - LENGTH/DURATION: in 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; 

[00482] - MCS: for SU (single user), 4 bit MCS index; for MU (multi user), reuse 3 

bits for BCC/LDPC indicator for users 2~4; 

[00483] - Aggregation: Mainly applicable for SU, reserved for MU; 
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[00484] - Ack Indication: 2 bits - 00: No Response; 01: NDP Response; 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 to 2 for No ACK; Set to 3 for a frame not ACK, BA or CTS; 

[00485] - NDP Indication: Used to indicate that frame is a Control NDP frame. If set 

to 1, then the SIG field contents follow the description in 8.3.4a (NDP MAC frames). 

[00486] FIG. 18 shows an illustration 1800 of a SIG-2 structure. 

[00487J According to various embodiments, TXOP truncation/ termination, flow 

control, NAV setting and RID update, speed frame exchange, and/ or TXOP sharing for 

two-hop relaying may be provided, for example using a SIG field design. 

[00488] While the invention has been particularly 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 indicated by the appended claims and all changes which come within the meaning 

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

is claimed is: 

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, 



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. 

2. 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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3. 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. 

4. 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. 

5. 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. 

6. 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. 

7. 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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8. 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. 

9. 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. 

10. 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. 

11. The communication method of claim 1, 

wherein 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. 

12. 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. 

13. The communication method of claim 1, 
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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. 

14. 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. 

15. 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. 

16. The communication method of claim 15, 

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

17. 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. 

18. 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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