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Abstract
This document provides proposed changes to 802.11REVme D3.0 to address the ongoing discussions related to the use of the term MC-OOK in the specification.  

r1 – Update based on email inputs, from the reflector and private email – in line with changes proposed in the 802.11 WG reflector posting (https://grouper.ieee.org/groups/802/11/email/stds-802-11/msg07255.html) on this topic.



There have been significant discussions in TGme regarding how to clarify the WUR clauses so that the following are true:

1) WUR PPDUs consist of a “standard” 802.11 PPDU header, followed by an OOK modulated WUR-Sync and WUR-Data fields.
2) The WUR OOK modulated fields can be generated using the MC-OOK modulation technique.  
3) [bookmark: RTF33323734303a2048312c3173]There is no requirement that MC-OOK must be used to generate the WUR OOK signal, any technique may be used as long as the generated signal meets the requirements specified in clause 30 Wake-Up Radio (WUR) PHY specification.
4) MC-OOK is a preferred method for generating WUR OOK signals, as it is easily implemented using OFDM transmitter hardware.  
5) The MC-OOK parameters provided in Clause 30 and Appendix AC provide insight as to how MC-OOK may generate the WUR OOK signals.

Attached to this contribution are red-lined versions of Clause 29, Clause 30, and Appendix AC that contain changes to address these issues.

The proposed changes:

1) Refer to the modulation used in the WUR-Sync and WUR-Data fields as WUR OOK modulation.  Previously this was referred to an MC-OOK modulation.
2) Specified requirements for WUR OOK modulation are shall requirements.    
3) The specification states that the WUR OOK modulation may be generated by using the MC-OOK modulation technique.
4) The specification states that when using the MC-OOK modulation technique the parameters and configuration provided in the specification for MC-OOK should be used.

Summary of changes:
1) No changes were necessary in clause 4.3.17
2) In clause 29, changes are only made to the 3rd paragraph in clause 29.6.1, renaming MC-OOK to be WUR OOK. 
3) In clause 30 changes are made in clauses: 30.1, 30.3.4.1, 30.3.4.2, 30.3.4.3, 30.3.5.7, 30.3.5.9, 30.3.6, 30.3.7, 30.3.8, 30.3.9.3.2, 30.3.9.3.3, 30.3.9.3.4, 30.3.10.1, 30.3.10.2, 30.3.11, 30.3.12.5, 30.3.15, 30.4.1, and 30.4.2.
4) There are changes made in In Annex AC.
5) No changes were made to any of the Figures.

r1 – updates:
There have been requests that a definition should be added to clause 3.2 to define WUR OOK, below please find a possible definition:

wake up receiver (WUR) on off keying (OOK): [WUR OOK] A Clause 30 (Wake-Up Radio (WUR) PHY specification) modulation used to transmit the WUR-Sync field and the WUR-Data field of a WUR PPDU.

Changes were made to the redlined version of Clause 30 and AC (attached):
No changes were made to Clause 30.3.4.1 or 30.2.4.2
WRU corrected to WUR
Clauses 30.3.9.3.2 and 30.3.10.1 have been updated.
The table titles in clause AC have been updated (AC-2, AC-3, AC-4).
 

Please see the attached, red-lined clauses and appendix for the detailed changes.  



[bookmark: _MON_1744813680][bookmark: _MON_1744813757]      
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· [bookmark: RTF33323734303a2048312c3173]Wake-Up Radio (WUR) PHY specification(11ba)

· Introduction

Clause 30 (Wake-Up Radio (WUR) PHY specification(11ba)) specifies the PHY entity for (#3066)(#3067)wake-up radio (WUR) systems. In addition to the requirements in Clause 30 (Wake-Up Radio (WUR) PHY specification(11ba)), a WUR STA that supports WUR PHY specification shall support(#546) transmitting and receiving PPDUs that are compliant with the mandatory requirements of the following PHY specifications:

· Clause 17 (Orthogonal frequency division multiplexing (OFDM) PHY specification) if a WUR STA is a non-HT STA

· Clause 19 (High Throughput (HT) PHY specification(#2297)) if a WUR STA is an HT STA

· Clause 21 (Very high throughput (VHT) PHY specification) if a WUR STA is a VHT STA

· Clause 27 (High-efficiency (HE) PHY specification(11ax)) if a WUR STA is an HE STA

The transmission and reception of WUR PPDUs is defined in the 2.4 GHz and 5 GHz bands. The transmission of 40 MHz WUR FDMA PPDUs is defined in the 2.4 GHz and 5 GHz bands and the transmission of 80 MHz WUR FDMA PPDUs is defined in the 5 GHz band.

A WUR AP shall support(#546) transmitting a WUR Basic PPDU. 

A WUR non-AP STA shall support(#546) receiving a WUR Basic PPDU.

NOTE—The capability to transmit a WUR PPDU by a WUR non-AP STA is implementation specific and is out of scope of the standard. 

The WUR PHY is based on the PHY defined in Clause 17 (Orthogonal frequency division multiplexing (OFDM) PHY specification)(#3065).

The WUR PHY provides support for data rates of 62.5 kb/s and 250 kb/s. WUR low data rate (LDR) indicates 62.5 kb/s, and WUR high data rate (HDR) indicates 250 kb/s.

The WUR PHY provides support for WUR encoding, which shall be applied to all data rates for the WUR-Data field.

The WUR PHY provides support for 20 MHz and optionally 40 MHz and 80 MHz contiguous channel widths depending on the frequency band and capability. For the channel width equal to 80 MHz, the WUR PHY may support subchannel puncturing transmission where one or more of the non-primary WUR 20 MHz channels are zeroed out.

The WUR PHY uses the multicarrier on-off keying (MC-OOK) modulation for (#1128)WUR-Sync and WUR-Data fields. The WUR MC-OOK is defined as an on-off keying, modulation may be generated by using the multicarrier on-off keying (MC-OOK) modulation techniquemodulated with (#3771)a signal constructed from multiple subcarriers. When MC-OOK is used to generate the WUR OOK The signal MC-OOK should be generated (#3279)useing 13 contiguous subcarriers, centered within a 20 MHz channel, with a subcarrier spacing of 312.5 kHz and the center subcarrier (#1131)being null. The subcarrier coefficients may take values from the BPSK, QPSK, 16-QAM, 64-QAM, or 256-QAM (#3069)constellations.

A WUR AP shall support the following features:

· Transmission of a WUR Basic PPDU with 20 MHz channel width, WUR LDR, and single stream.

· Transmission of a WUR Basic PPDU with 20 MHz channel width, WUR HDR, and single stream.

A WUR non-AP STA shall support the following features:

· Reception of a WUR Basic PPDU with 20 MHz channel width, WUR LDR, and single stream.

A WUR AP may support the following features:

· Transmission of a WUR FDMA PPDU with 40 MHz and 80 MHz contiguous channel widths. 

· Transmission of a WUR FDMA PPDU with subchannel puncturing for 80 MHz.

A WUR non-AP STA may support the following features:

· Reception of a WUR Basic PPDU with 20 MHz channel width, WUR HDR, and single stream.

· Reception of a WUR Beacon frame in one channel at one time and a WUR Short Wake-up frame or a WUR Wake-up frame or a WUR Vendor Specific frame in a different channel at a different time (see 29.11 (WUR FDMA operation)). 

A WUR AP shall not transmit a WUR PPDU in an operating class for which the behavior limits set listed in Annex E includes the DFS_50_100_Behavior.

· WUR PHY service interface

· Introduction

The WUR PHY provides an interface to the WUR MAC. The interface includes TXVECTOR, RXVECTOR and PHY-CONFIG_VECTOR.

Using the TXVECTOR, the MAC supplies the PHY with per PPDU transmit parameters. Using the RXVECTOR, the PHY informs the MAC of the received PPDU parameters. Using the PHY-CONFIG_VECTOR, the MAC configures the PHY for operation, independent of frame transmission or reception.

· [bookmark: RTF31363233363a2048332c312e]TXVECTOR and RXVECTOR parameters

The parameters in Table 30-1 (TXVECTOR and RXVECTOR parameters(11ba)) are defined as part of the TXVECTOR parameter list in the PHY-TXSTART.request primitive and/or as part of the RXVECTOR parameter list in the PHY-RXSTART.indication and PHY_RXEND.indication primitives. 

		· [bookmark: RTF37323830353a205461626c65]TXVECTOR and RXVECTOR parameters(11ba) 



		Parameter

		Condition

		Value

		TXVECTOR

		RXVECTOR



		FORMAT

		

		Determines the format of the PPDU.

Enumerated type:

· WUR_BASIC indicates WUR Basic PPDU format in TXVECTOR.

· WUR_FDMA indicates WUR FDMA PPDU format in TXVECTOR.

· WUR indicates WUR PPDU format in RXVECTOR.

		Y

		Y



		L_LENGTH

		FORMAT is WUR_BASIC

		Indicates the value used to set the LENGTH field in L-SIG. 

NOTE—The length field of the L-SIG in WUR Basic PPDU is defined in Equation (30-16) using the TXTIME value defined by Equation (30-13). 



		Y

		N



		

		FORMAT is WUR_FDMA

		Indicates the value used to set the LENGTH field in L-SIG. 

NOTE—The length field of the L-SIG in WUR FDMA PPDU is defined in Equation (30-16) using the TXTIME value defined by Equation (30-17). 

		

		



		L_DATARATE

		FORMAT is WUR_BASIC or WUR_FDMA

		Indicates the value used to set the RATE field in L-SIG. 

NOTE—The rate field in the L-SIG field in WUR Basic PPDU and WUR FDMA PPDU is set to value representing 6Mb/s in the 20 MHz channel spacing column of Table 17-6 (Contents of the SIGNAL field).

		Y

		N



		CH_ BANDWIDTH

		FORMAT is WUR_BASIC or WUR_FDMA

		Indicates whether the PPDU is transmitted using 20 MHz or 
40 MHz or 80 MHz channel width. 

Enumerated type: 

· WUR_CBW_20 for 20 MHz. 

· WUR_CBW_40 for 40 MHz. 

· WUR_CBW_80 for 80 MHz. 

· WUR_CBW_PUNC80-PRI for subchannel puncturing in 80 MHz, where in the preamble the secondary 
20 MHz is punctured.

· WUR_CBW_PUNC80-SEC for subchannel puncturing in 80 MHz, where in the preamble one of the two 
20 MHz subchannels in secondary 40 MHz is punctured.

· WUR_CBW_PUNC80-PRI-SEC-1 for subchannel puncturing in 80 MHz, where in the preamble the secondary 20 MHz and the lower 20 MHz subchannel in secondary 40 MHz is punctured.

· WUR_CBW_PUNC80-PRI-SEC-2 for subchannel puncturing in 80 MHz, where in the preamble the secondary 20 MHz and the higher 20 MHz subchannel in secondary 40 MHz is punctured.

		Y

		N



		WUR_DATARATE

		FORMAT is WUR_BASIC or WUR_FDMA

		Determines the transmission rate of the WUR Basic PPDU and WUR FDMA PPDU.

Enumerated type:

· WUR_LDR indicates the data rate 62.5 kb/s.

· WUR_HDR indicates the data rate 250 kb/s.

		MU

		Y



		PSDU_LENGTH



		FORMAT is WUR_BASIC or WUR_FDMA

		Indicates the number of octets in the WUR frame in the range(#3482) 0 to a MPDUMaxLength octets. 

		MU

		N



		RSSI

		FORMAT is WUR_BASIC or WUR_FDMA

		The allowed values for the RSSI parameter are in the range 0 to 255 inclusive. This parameter is a (#1132)measurement by the PHY of the power observed at the antennas used to receive the current WUR PPDU. RSSI shall be measured during the reception of the WUR-Sync. RSSI is intended to be used in a relative manner, and it is a monotonically increasing function of the received power. 

		N



		Y





		WUR_ CH_OFFSET

		FORMAT is WUR_BASIC or

WUR_FDMA

		Determines the WUR channel. 



Enumerated type:

· 0 indicates the WUR Short Wake-up frame or the WUR Wake-up frame or the WUR Vendor Specific frame is to be transmitted in the WUR primary channel.

· 1 indicates the WUR Short Wake-up frame or the WUR Wake-up frame or the WUR Vendor Specific frame is to be transmitted in first higher frequency 20 MHz channel relative to the WUR primary channel.

· 2 indicates the WUR Short Wake-up frame or the WUR Wake-up frame or the WUR Vendor Specific frame is to be transmitted in first lower frequency 20 MHz channel relative to the WUR primary channel.

· 3 indicates the WUR Short Wake-up frame or the WUR Wake-up frame or the WUR Vendor Specific frame is to be transmitted in second higher frequency 20 MHz channel relative to the WUR primary channel.

· 4 indicates the WUR Short Wake-up frame or the WUR Wake-up frame or the WUR Vendor Specific frame is to be transmitted in second lower frequency 20 MHz channel relative to the WUR primary channel.

· 5 indicates the WUR Short Wake-up frame or the WUR Wake-up frame or the WUR Vendor Specific frame is to be transmitted in third higher frequency 20 MHz channel relative to the WUR primary channel.

· 6 indicates the WUR Short Wake-up frame or the WUR Wake-up frame or the WUR Vendor Specific frame is to be transmitted in third lower frequency 20 MHz channel relative to the WUR primary channel.

		MU

		N



		NOTE 1—In the “TXVECTOR” column, the following apply:

· “Y” means that the parameter is present.

· “N” means that the parameter is not present.

· “MU” means that the parameter is present for WUR Basic PPDU and is present per user for WUR FDMA PPDU.

NOTE 2—In the “RXVECTOR” column, the following apply:

· “Y” means that the parameter is present for WUR Basic PPDU.

· “N” means that the parameter is not present.







· PHY-CONFIG_VECTOR parameters

The PHY-CONFIG_VECTOR carried in a PHY-CONFIG.request primitive for a WUR PHY contains an OPERATING_CHANNEL parameter, which identifies the operating channel. The PHY shall set dot11CurrentFrequency to this parameter.

· WUR PHY

· Introduction

This subclause provides the procedure by which PSDUs are converted to and from transmissions on the wireless medium.

During transmission, a single PSDU (in the WUR Basic PPDU case) or multiple PSDUs (in the WUR FDMA PPDU case) are processed and appended to the WUR PHY preamble including L-STF, L-LTF, L-SIG, BPSK-Mark1, BPSK-Mark2, and WUR-Sync field to create the WUR PPDU. At the receivers, the L-STF, L-LTF, L-SIG are accordingly processed to aid in protection of the WUR-Sync and the PSDU. The WUR-Sync field is accordingly processed to aid in the detection, demodulation, and delivery of the PSDU.

· [bookmark: RTF31363030343a2048332c312e]WUR Basic PPDU format

The WUR Basic PPDU format is defined for the 20 MHz channel bandwidth. Figure 30-1 (WUR Basic PPDU format(11ba)) shows the WUR Basic PPDU format.

		[image: ]



		· [bookmark: RTF34343837333a204669675469]WUR Basic PPDU format(11ba)







The fields of the WUR Basic PPDU format are summarized in Table 30-2 (Fields of the WUR Basic PPDU(11ba)).

		· [bookmark: RTF39353039353a205461626c65]Fields of the WUR Basic PPDU(11ba)



		Field

		Description



		L-STF

		Non-HT Short Training field (see 21.3.4.2 (Construction of L-STF))



		L-LTF

		Non-HT Long Training field (see 21.3.4.3 (Construction of the L-LTF))



		L-SIG

		Non-HT SIGNAL field (see 21.3.4.4 (Construction of L-SIG) and 21.3.8.2.4 (L-SIG definition)



		BPSK-Mark1

		A BPSK modulated OFDM symbol (see 30.3.9.2.4 (BPSK-Mark1 definition))



		BPSK-Mark2

		A BPSK modulated OFDM symbol (see 30.3.9.2.5 (BPSK-Mark2 definition))



		WUR-Sync

		WUR Synchronization field (see 30.3.9.3 (WUR-Sync field))



		WUR-Data

		WUR Data field carrying the PSDU (see 30.3.10 (WUR-Data field))







The WUR-Sync field is either 64 µs or 128 µs long, which is determined by the rate of the WUR-Data field.

· [bookmark: RTF32363630383a2048332c312e]WUR FDMA PPDU format

The examples of WUR FDMA PPDUs with 40 MHz and 80 MHz channel bandwidths are illustrated in Figure 30-2 (An example of a WUR FDMA PPDU for 40 MHz channel widths(11ba)) and Figure 30-3 (An example of a WUR FDMA PPDU for 80 MHz channel widths(11ba)), respectively. 

		[image: ]



		· [bookmark: RTF33353931393a204669675469]An example of a WUR FDMA PPDU for 40 MHz channel widths(11ba)







		[image: ]



		· [bookmark: RTF38373836383a204669675469]An example of a WUR FDMA PPDU for 80 MHz channel widths(11ba)







For the WUR FDMA PPDUs with 40 MHz and 80 MHz channel bandwidth, different WUR-Sync field according to the rate of the WUR-Data field may be applied to each 20 MHz subchannel.

The preamble of the WUR FDMA PPDU with 40 MHz or 80 MHz channel bandwidth before the WUR-Sync field is the duplication of 20 MHz preamble, which is composed of L-STF, L-LTF, L-SIG, BPSK-Mark1, and BPSK-Mark2 fields. In each 20 MHz subchannel with duplicated 20 MHz preamble, one WUR signal centered in the 20 MHz subchannel is transmitted following the 20 MHz preamble.

In FDMA transmission, the WUR transmission on each nonpunctured 20 MHz subchannel has equal duration of transmission, and if the duration of WUR transmission on any of the nonpunctured 20 MHz subchannels is shorter than the length indicated by the LENGTH field described in 30.4.1 (TXTIME and PSDU length calculation), then padding is used such that WUR transmissions on each nonpunctured 20 MHz subchannel always have the length indicated by the LENGTH field in the L-SIG. 

· [bookmark: RTF32343832313a2048332c312e]Transmitter block diagram

The WUR-Sync field generation uses (#1135)an On waveform generator (On-WG) and an Off waveform generator (Off-WG).

The WUR-Data field generation uses the On-WG, the Off-WG, and WUR encoder. 

Figure 30-4 (An example of a WUR signal generator for the WUR-Sync field(11ba)), Figure 30-5 (An example of a WUR signal generator for the WUR-Data field(11ba)), and 30.3.4.1 (WUR Basic PPDU waveform generation for WUR-Sync field and WUR-Data field with WUR HDR) through 30.3.4.4 (Symbol Randomizer and Per-transmit chain Cyclic Shift) show an example of transmitter block diagram for the WUR-Sync field and the WUR-Data field. The actual waveform generation of these fields is implementation dependent. The waveform generation for L-STF, L-LTF, L-SIG, BPSK-Mark1, and BPSK-Mark2 fields is described in 30.3.5 (Overview of the PPDU encoding process). 

		[image: ]



		· [bookmark: RTF34343733303a204669675469]An example of a WUR signal generator for the WUR-Sync field(11ba)







In Figure 30-4 (An example of a WUR signal generator for the WUR-Sync field(11ba)), the WUR-Sync sequence is used to switch between the On-WG and the Off-WG. An example of an On-WG and an Off-WG for the WUR-Sync field is given in 30.3.4.1 (WUR Basic PPDU waveform generation for WUR-Sync field and WUR-Data field with WUR HDR). The corresponding mathematical description of the On-WG for the WUR-Sync field is described as SymHDROn in 30.3.8 (Mathematical description of signals). 

		[image: ]



		· [bookmark: RTF36313536303a204669675469]An example of a WUR signal generator for the WUR-Data field(11ba)







An example of a WUR signal generator for the WUR-Data field is shown in Figure 30-5 (An example of a WUR signal generator for the WUR-Data field(11ba)). The information bits are mapped to coded bits by a WUR encoder. Each coded bit is then used to switch between the On-WG and the Off-WG. An example of an On/Off-WG for the WUR-Data field with WUR HDR and WUR-Data field with WUR LDR are given in 30.3.4.1 (WUR Basic PPDU waveform generation for WUR-Sync field and WUR-Data field with WUR HDR) and 30.3.4.2 (WUR Basic PPDU waveform generation for WUR-Data field with WUR LDR), respectively. The corresponding mathematical descriptions of the On-WG for the WUR-Data field with WUR HDR and WUR-Data field with WUR LDR are described as SymHDROn and SymLDROn, respectively, in 30.3.8 (Mathematical description of signals). 

NOTE—The waveform generators are different for different data rates(#1136).

· [bookmark: RTF38343036323a2048342c312e]WUR Basic PPDU waveform generation for WUR-Sync field and WUR-Data field with WUR HDR

		[image: ]



		· [bookmark: RTF38313136373a204669675469]An example of an On-WG for the WUR-Sync and WUR-Data fields with WUR HDR(11ba)





For a single 20 MHz WUR channel the 2 µs WUR OOK On Symbol shall have a, the 2 µs duration. The MC-2 µs WUR OOK On Symbol may be constructed using MC-OOK with should be constructed by the On-WG using (#1137)the center 13 subcarriers of a 64-point IDFT, sampling at 20 MHz as follows:

· The six subcarriers with subcarrier indices k = (–6, –4, –2, 2, 4, 6) are used with nonzero input. Other subcarriers are null. 

· The coefficients of the nonzero subcarriers are selected from the symbols of any of the following constellations: BPSK, QPSK, 16-QAM, 64-QAM, and 256-QAM. 

· The first 32 values of the 64-point IDFT output are selected. 

· Those 32 values are processed by the Symbol Randomizer as described in 30.3.4.4 (Symbol Randomizer and Per-transmit chain Cyclic Shift).

· The last 8 samples of those 32 samples are prepended to the 32 samples generating 40 samples, representing the 2 µs duration MC-WUR OOK On Symbol. This step corresponds to the GI Insertion in Figure 30-6 (An example of an On-WG for the WUR-Sync and WUR-Data fields with WUR HDR(11ba)).

For a single 20 MHz WUR channel the 2 µs WUR OOK Off Symbol shall have a, the 2 µs duration. MC- The 2 µs WUR OOK Off Symbol may be constructed using MC-OOK with should be constructed by the Off-Waveform Generator (Off-WG) as zero for 2 µs.

With tThe 2 µs duration MC-WUR OOK On and Off Symbols, the PPDU should meet the Correlation test defined in 30.3.12.5 (Correlation test on MC- OOK symbols).

· [bookmark: RTF33393435333a2048342c312e]WUR Basic PPDU waveform generation for WUR-Data field

		[image: ]



		· [bookmark: RTF37383530333a204669675469]An example of an On-WG for the WUR-Data fields with WUR LDR(11ba)





·  with WUR LDR

For a single 20 MHz WUR channel the 4 µs duration MC-WUR OOK On Symbol shall have a 4 µs duration. The 4 µs WUR OOK On Symbol may be constructed using MC-OOK with should be constructed by the On-WG using (#1139)the center 13 subcarriers of a 64-point IDFT, sampling at 20 MHz as follows:

· The 12 subcarriers with subcarrier indices k = (–6, –5, … –1, 1, 2, … 6) are used with nonzero input. Other subcarriers are null. 

· The coefficients of the nonzero subcarriers are selected from the symbols of any of the following constellations: BPSK, QPSK, 16-QAM, 64-QAM, and 256-QAM. 

· The 64 values from the 64-point IDFT are processed by the Symbol Randomizer as described in 30.3.4.4 (Symbol Randomizer and Per-transmit chain Cyclic Shift).

· The last 16 values of the 64-point IDFT output are prepended to the 64 samples generating 80 samples, representing the 4 µs duration MC-WUR OOK On Symbol. This step corresponds to the GI Insertion in Figure 30-7 (An example of an On-WG for the WUR-Data fields with WUR LDR(11ba)).

For a single 20 MHz WUR channel the 4 µs duration MC-WUR OOK Off Symbol  may be constructed using MC-OOK with should be constructed by the Off-Waveform Generator (Off-WG) as zero for 4 µs.

With tThe 4 µs duration MC-WUR OOK On and Off Symbols, the PPDU should meet the Correlation test defined in 30.3.12.5 (Correlation test on MC-OOK symbols).

· [bookmark: RTF35383439323a2048342c312e]WUR FDMA PPDU WUR-Data field waveform generation

		[image: ]



		· [bookmark: RTF31353231333a204669675469]An example of a WUR-Data field signal generator for the FDMA transmission(11ba)





The MC-WUR OOK On Symbol for the 20 MHz WUR waveform should shall be generated according to 30.3.4.1 (WUR Basic PPDU waveform generation for WUR-Sync field and WUR-Data field with WUR HDR) or 30.3.4.2 (WUR Basic PPDU waveform generation for WUR-Data field with WUR LDR) depending on WUR_DATARATE. The 40 MHz or 80 MHz WUR FDMA PPDU should be generated by multiplexing multiple 20 MHz WUR waveforms in the corresponding channel as shown in Figure 30-8 (An example of a WUR-Data field signal generator for the FDMA transmission(11ba)).

· [bookmark: RTF37333336393a2048342c312e]Symbol Randomizer and Per-transmit chain Cyclic Shift 

The spectral lines in the WUR PPDU spectrum are removed by the symbol randomizer. 

The Symbol Randomizer, shown in Figure 30-9 (Symbol Randomizer(11ba)), uses a linear feedback shift register (LFSR) with a generator polynomial [image: ] to generate a sequence of pseudo random bits. The state of the LFSR is first updated at the end of the first symbol in the WUR-Sync field. 

The seventh bit of LFSR state is converted to an integer m, with a value of either plus or minus one. A logical zero bit is converted to plus one and a logical one bit is converted to minus one. The input waveform is then multiplied by either plus or minus one, based on the logical bit.

Three of the bits from the LFSR are converted to an integer value between zero and seven, indicated by n in Figure 30-9 (Symbol Randomizer(11ba)). In Figure 30-9 (Symbol Randomizer(11ba)), b0 is the least significant bit (LSB) of the integer n, while b2 is the most significant bit of the integer n. This integer is used to lookup a cyclic shift value, from a cyclic shift lookup table, which shows cyclic shift values corresponding to the integer n. The pseudorandom cyclic shift values according to the cyclic shift integer n are given in Table 30-6 (Values of pseudorandom cyclic shift with cyclic shift index n for the WUR-Sync field and WUR-Data field with WUR HDR(11ba)) for the WUR-Sync field and the WUR-Data field with WUR HDR and in Table 30-7 (Values of pseudorandom cyclic shift with cyclic shift index n for the WUR-Data field with WUR LDR(11ba)) for the WUR-Data field with WUR LDR. 

The cyclic shift value, obtained from the lookup table, is applied to the input waveform. 

Then the per-transmit chain cyclic shift is applied to the input waveform. Example values of such cyclic shift diversity are provided in Annex AC.

The symbol randomizer is used for both the WUR-Sync field and the WUR-Data field. The state of the LFSR is updated every TSync during the WUR-Sync field and updated every TSym during the WUR-Data field.

		[image: ]



		· [bookmark: RTF35303534323a204669675469]Symbol Randomizer(11ba)







· [bookmark: RTF38343039343a2048332c312e]Overview of the PPDU encoding process

· General

This subclause provides an overview of the WUR PPDU encoding process.

· Construction of the L-STF

Construct the L-STF field as defined in 30.3.9.2.1 (L-STF definition) with the following highlights:

· Determine the channel bandwidth from the TXVECTOR parameter CH_BANDWIDTH.

· Sequence generation: Generate the L-STF sequence over the CH_BANDWIDTH as described in 30.3.9.2.1 (L-STF definition).

· Phase rotation: Apply appropriate phase rotation for each 20 MHz subchannel as described in 21.3.7.4 (Transmitted signal) and 21.3.7.5 (Definition of tone rotation). 

· IDFT: Compute the inverse discrete Fourier transform.

· CSD: Apply CSD for each transmit chain as described in 21.3.8.2.1 (Cyclic shift for pre-VHT modulated fields).

· Insert GI and apply windowing: Prepend a GI (LONG_GI) and apply windowing as described in 21.3.7.4 (Transmitted signal).

· Analog and RF: Upconvert the resulting complex baseband waveform associated with each transmit chain to an RF signal according to the center frequency of the desired channel and transmit. Refer to 21.3.7.4 (Transmitted signal) for details.

· Construction of the L-LTF

Construct the L-LTF field as defined in 30.3.9.2.2 (L-LTF definition) with the following highlights:

· Determine the CH_BANDWIDTH from the TXVECTOR.

· Sequence generation: Generate the L-LTF sequence over the CH_BANDWIDTH as described in 30.3.9.2.2 (L-LTF definition).

· Phase rotation: Apply appropriate phase rotation for each 20 MHz subchannel as described in 21.3.7.4 (Transmitted signal) and 21.3.7.5 (Definition of tone rotation).

· IDFT: Compute the inverse discrete Fourier transform.

· CSD: Apply CSD for each transmit chain as described in 21.3.8.2.1 (Cyclic shift for pre-VHT modulated fields).

· Insert GI and apply windowing: Prepend a GI (2 x LONG_GI) and apply windowing as described in 21.3.7.4 (Transmitted signal).

· Analog and RF: Upconvert the resulting complex baseband waveform associated with each transmit chain to an RF signal according to the center frequency of the desired channel and transmit. Refer to 21.3.7.4 (Transmitted signal) and 21.3.8 (VHT preamble) for details.

· Construction of the L-SIG

Construct the L-SIG field as defined in 30.3.9.2.3 (L-SIG definition) with the following highlights:

· In a WUR PPDU, set the RATE subfield in the SIGNAL field to 6 Mb/s. Set the Length, Parity, and Tail bits in the SIGNAL field as described in 30.3.9.2.3 (L-SIG definition).

· BCC encoder: Encode the L-SIG field by a convolutional encoder at the rate of R=1/2 as described in 21.3.10.5.3 (BCC coding and puncturing).

· BCC interleaver: Interleave as described in 21.3.10.8 (BCC interleaver).

· Constellation Mapper: BPSK modulate as described in 21.3.10.9 (Constellation mapping).

· Pilot insertion: Insert pilots as described in 21.3.10.10 (Pilot subcarriers).

· Duplication and phase rotation: Duplicate the L-SIG field over the occupied 20 MHz subchannel of the CH_BANDWIDTH. Apply appropriate phase rotation for each 20 MHz subchannel as described in 21.3.7.4 (Transmitted signal) and 21.3.7.5 (Definition of tone rotation).

· IDFT: Compute the inverse discrete Fourier transform.

· CSD: Apply CSD for each transmit chain as described in 21.3.7.4 (Transmitted signal).

· Insert GI and apply windowing: Prepend a GI (LONG_GI) and apply windowing as described in 21.3.7.4 (Transmitted signal).

· Analog and RF: Upconvert the resulting complex baseband waveform associated with each transmit chain to an RF signal according to the center frequency of the desired channel and transmit. Refer to 21.3.7.4 (Transmitted signal) and 21.3.8 (VHT preamble) for details.

· [bookmark: RTF32383837353a2048342c312e]Construction of the BPSK-Mark1

Construct the BPSK-Mark1 field as derived from the L-SIG field as defined in 30.3.9.2.4 (BPSK-Mark1 definition) with the following highlights:

· In a WUR PPDU, set the BPSK-Mark1 field as described in 30.3.9.2.4 (BPSK-Mark1 definition).

· BCC encoder: Encode the BPSK-Mark1 field by a convolutional encoder at the rate of R=1/2 as described in 21.3.10.5.3 (BCC coding and puncturing).

· BCC interleaver: Interleave as described in 21.3.10.8 (BCC interleaver).

· Exclusive OR (XOR) each of the output bits of the BCC interleaver with 1.

· Constellation Mapper: BPSK modulate as described in 21.3.10.9 (Constellation mapping).

· Pilot insertion: Insert pilots as described in 21.3.10.10 (Pilot subcarriers).

· Duplication and phase rotation: Duplicate the BPSK-Mark1 field over each occupied 20 MHz of the CH_BANDWIDTH. Apply appropriate phase rotation for each 20 MHz subchannel as described in 21.3.7.4 (Transmitted signal) and 21.3.7.5 (Definition of tone rotation).

· IDFT: Compute the inverse discrete Fourier transform.

· CSD: Apply CSD for each transmit chain as described in 21.3.8.2.1 (Cyclic shift for pre-VHT modulated fields).

· Insert GI and apply windowing: Prepend a GI (LONG_GI) and apply windowing as described in 21.3.7.4 (Transmitted signal).

· Analog and RF: Upconvert the resulting complex baseband waveform associated with each transmit chain to an RF signal according to the center frequency of the desired channel and transmit. Refer to 21.3.7.4 (Transmitted signal) and 21.3.8 (VHT preamble) for details.

· Construction of the BPSK-Mark2 

Construct the BPSK-Mark2 field as derived from the L-SIG field as defined in 30.3.9.2.5 (BPSK-Mark2 definition) with the following highlights:

· In a WUR PPDU, set the BPSK-Mark2 field as described in 30.3.9.2.5 (BPSK-Mark2 definition).

· 	BCC encoder: Encode the BPSK-Mark2 field by a convolutional encoder at the rate of R=1/2 as described in 21.3.10.5.3 (BCC coding and puncturing).

· 	BCC interleaver: Interleave as described in 21.3.10.8 (BCC interleaver).

· Exclusive OR (XOR) each of the output bits of the BCC interleaver with 1.

· 	Constellation Mapper: BPSK modulate as described in 21.3.10.9 (Constellation mapping).

· 	Pilot insertion: Insert pilots as described in 21.3.10.10 (Pilot subcarriers).

· 	Duplication and phase rotation: Duplicate the BPSK-Mark2 field over each occupied 20 MHz of the CH_BANDWIDTH. Apply appropriate phase rotation for each 20 MHz subchannel as described in 21.3.7.4 (Transmitted signal) and 21.3.7.5 (Definition of tone rotation).

· 	IDFT: Compute the inverse discrete Fourier transform.

· 	CSD: Apply CSD for each transmit chain and frequency segment as described in 21.3.8.2.1 (Cyclic shift for pre-VHT modulated fields).

· 	Insert GI and apply windowing: Prepend a GI (LONG_GI) and apply windowing as described in 21.3.7.4 (Transmitted signal).

· 	Analog and RF: Upconvert the resulting complex baseband waveform associated with each transmit chain to an RF signal according to the center frequency of the desired channel and transmit. Refer to 21.3.7.4 (Transmitted signal) and 21.3.8 (VHT preamble) for details.

· Construction of the WUR-Sync for a single 20 MHz channel

Construct the WUR-Sync field for a single 20 MHz channel defined in 30.3.9.3 (WUR-Sync field) as follows:

· Set the WUR_DATARATE from the TXVECTOR.

· WUR-Sync sequence generation: Generate the Sync-bit sequence according to the WUR_DATARATE as described in 30.3.9.3 (WUR-Sync field).

· Waveform generation: Generate the MC-WUR OOK waveform by using either On-WG or Off-WG according to the WUR-Sync. The samples in Off-WG (#3073)shall have zero energy. WUR-Sync bit duration TSync is 2 µs. Symbol randomization and per-transmit-chain CSD is applied within the waveform generation step.

· Windowing: Apply windowing.

· Analog and RF: Upconvert the resulting complex baseband waveform associated with each transmit chain to an RF signal according to the center frequency of the desired channel and transmit.

· Construction of the WUR-Data for a single 20 MHz channel

Construct the WUR-Data waveform as follows:

· Information bits are encoded using a WUR encoder as described in 30.3.10 (WUR-Data field).

· The output of WUR encoder determines whether to take samples from On-WG or Off-WG. Each symbol duration, TSym=TSYM-HDR is 2 µs for WUR HDR, and TSym=TSYM-LDR is 4 µs for WUR LDR.

· Apply the windowing.

· Analog and RF: Upconvert the resulting complex baseband waveform associated with each transmit chain to an RF signal based on the center frequency of the desired channel. 

· Construction of the WUR-Sync and WUR-Data for the FDMA transmission

Construct the WUR-Sync and WUR-Data waveform for the FDMA transmission as follows:

· Determine the WUR_DATARATE from the TXVECTOR for each 20 MHz subchannel.

· WUR-Sync sequence generation and WUR encoder for each 20 MHz subchannel: Generate the WUR-Sync sequence according to the WUR_DATARATE as described in 30.3.9.3 (WUR-Sync field) and WUR encoded bits, which follow the WUR-Sync sequence according to the input bits as described in 30.3.10 (WUR-Data field) for each 20 MHz subchannel.

· Waveform generation for the WUR-Sync field: Generate the MC-WUR OOK waveform for the WUR-Sync field by using either On-WG or Off-WG according to the WUR-Sync bit for each 20 MHz subchannel. The samples in Off-WG (#3073)shall have zero energy. Each WUR-Sync bit duration, TSync is 2 µs.

· Waveform generation for the WUR-Data field: The output of the kth WUR encoder determines whether to sample from the kth On-WG or from the Off-WG, depending on the encoded bit of the corresponding 20 MHz subchannel, where k, [image: ], is the index of the 20 MHz subchannel. The samples in Off-WG (#3073)shall have zero energy. Each symbol duration, TSym=TSYM-HDR is 2 μs for WUR HDR, and TSym=TSYM-LDR is 4 μs for WUR LDR.

· Append the padding on nonpunctured 20 MHz subchannel: If th-e duration of WUR transmission on any nonpunctured 20 MHz subchannel is shorter than the indicated L_LENGTH as described in 30.4.1 (TXTIME and PSDU length calculation), generate the padding according to 30.3.11 (WUR Padding field for a WUR FDMA PPDU) to align the length indicated by the LENGTH field in the L-SIG, and the padding is not applied to the punctured 20 MHz subchannel. 

· Windowing: Apply windowing for each 20 MHz subchannel.

· The outputs per 20 MHz subchannel are added across the 20 MHz subchannels, sample by sample, after applying appropriate subchannel frequency offset.

· Analog and RF: Upconvert the resulting complex baseband waveform associated with each transmit chain to an RF signal according to the center frequency of the desired channel and transmit.

· WUR data rates

The WUR data rate represents the data rate used in the WUR-Data field of the WUR PPDU. There are two data rates: 62.5 kb/s and 250 kb/s, respectively, which are denoted as WUR LDR and WUR HDR. WUR LDR and WUR HDR are distinguished by the predefined sequence in the WUR-Sync field. Rate-dependent parameters are shown in Table 30-14 (WUR PPDU data rates(11ba)).WUR encoding is applied to both WUR data rates. MC-OOK is used for modulation of both WUR data rates.

· [bookmark: RTF39353331303a2048332c312e]Timing related parameters

Table 30-3 (Timing-related constants(11ba)) defines the timing-related parameters for WUR PPDU formats.

Table 30-4 (Frequently used parameters(11ba)) defines parameters used frequently in Clause 30 (Wake-Up Radio (WUR) PHY specification(11ba)).

		· [bookmark: RTF39303039383a205461626c65] Timing-related constants(11ba) 



		Parameter

		Value

		Description



		[image: ]

		312.5 kHz

		Subcarrier frequency spacing for WUR PPDU when MC-OOK is used



		TDFT,WUR

		3.2 µs

		IDFT/DFT period for the WUR PPDU when MC-OOK is used



		TGI,WUR

		0.8 µs for 4 µs duration WUR MC-OOK symbols; 0.4 µs for 2 µs duration WUR MC-OOK symbols

		Guard interval duration for the WUR PPDU when MC-OOK is used



		TGI,2

		1.6 µs

		Guard interval duration for the L-LTF field when MC-OOK is used



		TSym-LDR

		4 µs

		Duration of WUR LDR MC-OOK symbol in WUR-Data field



		TSym-HDR

		2 µs

		Duration of WUR HDR MC-OOK symbol in WUR-Data field



		TSym

		TSym-LDR or TSym-HDR depending on WUR data rate

		Duration of WUR MC-OOK symbol in WUR-Data field



		TSync

		2 µs

		Duration of WUR MC-OOK symbol in WUR-Sync field



		TL-STF

		8 µs = 10 × TDFT,WUR /4

		Non-HT Short Training field duration



		TL-LTF

		8 µs = 2 × TDFT,WUR + TGI,L-LTF

		Non-HT Long Training field duration



		TL-SIG

		4 µs

		Non-HT SIGNAL field duration



		TBPSK-Mark1

		4 µs

		BPSK-Mark1 field duration



		TBPSK-Mark2

		4 µs

		BPSK-Mark2 field duration



		TWUR-Sync-LDR

		128 µs

		WUR-Sync field duration for WUR LDR



		TWUR-Sync-HDR

		64 µs

		WUR-Sync field duration for WUR HDR



		TWUR-Sync

		TWUR-Sync-LDR or TWUR-Sync-HDR depending on WUR data rate

		WUR-Sync field duration for WUR PPDU





  

		· [bookmark: RTF35353834383a205461626c65] Frequently used parameters(11ba) 



		Symbol

		Explanation



		NSPDB

		Number of WUR MC-OOK symbols per information data bit.

For WUR LDR, NSPDB =4. 

For WUR HDR, NSPDB =2.



		NTX

		Number of transmit chains



		NWUR-Sync

		Number of WUR MC-OOK symbols in the WUR-Sync field.

For WUR LDR, NWUR-Sync=64.

For WUR HDR, NWUR-Sync=32.





 

· [bookmark: RTF32353633353a2048332c312e]Mathematical description of signals

The transmitted signal is described in complex baseband signal notation. The actual transmitted signal on transmit chain [image: ], [image: ], is related to the complex baseband signal by the relation shown in Equation (30-1). 

· [bookmark: RTF39383631323a204571756174]

[image: ]where

[image: ]represents the real part of a complex variable

[image: ] is the center frequency

[image: ] is the baseband WUR signal on transmit chain[image: ]

The transmitted RF signal is obtained by up-converting the complex baseband signal, which consists of several fields. The timing boundaries for the various fields are shown in Figure 30-10 (Timing boundaries for the WUR Basic PPDU fields(11ba)) where NWUR-Sync is the number of WUR MC-OOK symbols in the WUR-Sync field and is defined in Table 30-4 (Frequently used parameters(11ba)).

		[image: ]



		· [bookmark: RTF37343732363a204669675469]Timing boundaries for the WUR Basic PPDU fields(11ba)







The time offset, tField, determines the starting time of the corresponding field relative to the start of L-STF
(t = 0).

The baseband signal is constructed by the concatenation of several fields as shown in Figure 30-10 (Timing boundaries for the WUR Basic PPDU fields(11ba)). It shall be as shown in Equation (30-2):

· [bookmark: RTF37393632333a204571756174]

[image: ]The timing offset values for various fields are given below:

tL-LTF = TL-STF

tL-SIG = tL-LTF + TL-LTF

tBSPK-Mark1= tL-SIG + TL-SIG

tBSPK-Mark2= tBPSK-Mark1 + TBPSK-Mark1

tWUR-Sync = tBSPK-Mark2 + TBSPK-Mark2

tWUR-Data = tWUR-Sync + TWUR-Sync

TWUR-Basic-PPDU = tWUR-Data + TWUR-Data

where TField is the duration of the field, TWUR-Sync is the duration of WUR-Sync field, as defined in Table 30-3 (Timing-related constants(11ba)). TWUR-Data is the duration of WUR-Data field, with TWUR-Data=Nsym X Tsym, where Nsym is the number of MC-WUR OOK symbols in the WUR-Data field, as given in Equation (30-14).

The duration of different fields of the WUR Basic PPDU are provided in Table 30-3 (Timing-related constants(11ba)).

For the L-STF, L-LTF, L-SIG, BPSK-Mark1, and BPSK-Mark2 fields, the baseband signal is constructed as described in 30.3.9.2 (Non-WUR portion of WUR PHY preamble).

The WUR-Sync and WUR-Data fields comprises of MC-WUR OOK symbols as described in 30.3.9.3 (WUR-Sync field) and 30.3.10 (WUR-Data field), respectively. For the MC-WUR OOK On Symbols in the WUR-Sync field (WUR-Sync On Symbols) and the MC-WUR OOK On Symbols in the WUR-Data field (SymLDROn and SymHDROn), the baseband signal should may be obtained by the MC-OOK modulation technique of taking the Inverse Discrete Fourier Transform (IDFT) of a set of subcarrier coefficients, which is described by Equation (30-3). This general representation holds for WUR-Sync and WUR-Data fields, and the field specific parameters are provided in Table 30-5 (Field specific parameter values for the MC-OOK symbols in WUR-Sync and WUR-Data fields(11ba)). 

· [bookmark: RTF33373634383a204571756174]

[image: ]where

[image: ] 		is the scaling factor to compensate for 50% duty cycle from MC-WUR OOK.

[image: ] 		is the number of transmit chains as defined in Table 30-4 (Frequently used parameters(11ba)).

[image: ] 		is a windowing function of duration T used to control spectral leakage. Refer to 17.3.2.5 (Mathematical conventions in the signal descriptions) for a discussion of windowing functions. 

m and n are described in 30.3.4.4 (Symbol Randomizer and Per-transmit chain Cyclic Shift). These parameter values may vary across MC-WUR OOK symbols within the field.

[image: ] 		is the subcarrier frequency spacing and is given in Table 30-3 (Timing-related constants(11ba)).

[image: ] 		is the length of cyclic prefix.

[image: ] 		is the cyclic shift applied to the signal from transmit chain [image: ], and equals either [image: ] or [image: ], as given in Table 30-5 (Field specific parameter values for the MC-OOK symbols in WUR-Sync and WUR-Data fields(11ba)). [image: ] and [image: ] are implementation dependent, and example values are given in Table AC-3 (Recommended CSD values for the WUR-Sync field and WUR-Data field with WUR HDR(11ba)) and Table AC-4 (Recommended CSD values for the WUR-Data field with WUR LDR(11ba)). 

[image: ] is the pseudorandom cyclic shift with cyclic shift index n described in 30.3.4.4 (Symbol Randomizer and Per-transmit chain Cyclic Shift). Its values are specified in Table 30-6 (Values of pseudorandom cyclic shift with cyclic shift index n for the WUR-Sync field and WUR-Data field with WUR HDR(11ba)) and Table 30-7 (Values of pseudorandom cyclic shift with cyclic shift index n for the WUR-Data field with WUR LDR(11ba)).

[image: ]are the field specific subcarrier coefficients, and equals either [image: ] or [image: ], as given in Table 30-5 (Field specific parameter values for the MC-OOK symbols in WUR-Sync and WUR-Data fields(11ba)). [image: ] and [image: ] are implementation dependent sequences, and example values for these sequences are given in Table AC-1 (Example Values for the Sequence SHDR used for the Construction of the 2 µs duration MC-OOK On Symbol(11ba)) and Table AC-2 (Example Values for the Sequence SLDR used for the Construction of the 4 µs duration MC-OOK On Symbol(11ba)) 

[image: ] 		is a tone scaling factor.

		· [bookmark: RTF34383737373a205461626c65]Field specific parameter values for the MC-WUR OOK symbols in WUR-Sync and WUR-Data fields(11ba)



		Parameter

		WUR-Sync field

		WUR-Data field



		

		

		SymLDROn

		SymHDROn



		[image: ]

		6

		12

		6



		[image: ]

		2 µs

		4 µs

		2 µs



		[image: ]

		0.4 µs

		0.8 µs

		0.4 µs



		[image: ]

		[image: ]

		[image: ]

		[image: ]



		[image: ]

		[image: ]

		[image: ]

		[image: ]



		[image: ]

		Table 30-6 (Values of pseudorandom cyclic shift with cyclic shift index n for the WUR-Sync field and WUR-Data field with WUR HDR(11ba))

		Table 30-7 (Values of pseudorandom cyclic shift with cyclic shift index n for the WUR-Data field with WUR LDR(11ba))

		Table 30-6 (Values of pseudorandom cyclic shift with cyclic shift index n for the WUR-Sync field and WUR-Data field with WUR HDR(11ba))







For the MC-WUR OOK Off Symbols in the WUR-Sync and WUR-Data fields, [image: ]. 

NOTE—The expression in Equation (30-3) is provided for a single 20 MHz WUR channel. 

Table 30-6 (Values of pseudorandom cyclic shift with cyclic shift index n for the WUR-Sync field and WUR-Data field with WUR HDR(11ba)) provides, for each value of the index n, the cyclic shift values, [image: ], for the WUR-Sync field and the WUR-Data field with WUR HDR.

		· [bookmark: RTF38373830383a205461626c65]Values of pseudorandom cyclic shift with cyclic shift index n for the WUR-Sync field and WUR-Data field with WUR HDR(11ba)



		n

		[image: ] (ns)



		0

		0



		1

		–200



		2

		–400



		3

		–600



		4

		–800



		5

		–1000



		6

		–1200



		7

		–1400







Table 30-7 (Values of pseudorandom cyclic shift with cyclic shift index n for the WUR-Data field with WUR LDR(11ba)) provides, for each value of the index n, the cyclic shift values, [image: ], for the LDR WUR-Data field.

		· [bookmark: RTF31323133373a205461626c65]Values of pseudorandom cyclic shift with cyclic shift index n for the WUR-Data field with WUR LDR(11ba)



		n

		[image: ] (ns)



		0

		0



		1

		–400



		2

		–800



		3

		–1200



		4

		–1600



		5

		–2000



		6

		–2400



		7

		–2800







Table 30-8 (The states of the LFSR, the values of the bits b2, b1, b0, the value of n, and the pseudorandom cyclic shift with cyclic shift index n for the first seven MC-WUR OOK symbols in the WUR-Sync field(11ba)) provides the values of the LFSR, the three bits (b2, b1, b0), the index value n, and the time delay value of [image: ] for the first seven states of the LFSR.

		· [bookmark: RTF37373538333a205461626c65]The states of the LFSR, the values of the bits b2, b1, b0, the value of n, and the pseudorandom cyclic shift with cyclic shift index n for the first seven MC-WUR OOK symbols in the WUR-Sync field(11ba)



		Time Step

		LFSR X7...X1

		b2 b1 b0

		Index n

		[image: ] (ns)



		1

		1 1 1 1 1 1 1

		1 1 1

		7

		–1400



		2

		1 1 1 1 1 1 0

		1 1 0

		6

		–1200



		3

		1 1 1 1 1 0 0

		1 0 0

		4

		–800



		4

		1 1 1 1 0 0 0

		0 0 0

		0

		0



		5

		1 1 1 0 0 0 0

		0 0 0

		0

		0



		6

		1 1 0 0 0 0 1

		0 0 1

		1

		–200



		7

		1 0 0 0 0 1 1

		0 1 1

		3

		–600







· [bookmark: RTF35393237303a2048332c312e]WUR preamble

· Introduction

The WUR PHY supports two data rates for the WUR-Data field: (i) 62.5 kb/s, which is denoted as WUR LDR. (ii) 250 kb/s, which is denoted as WUR HDR. 

The data rate of the WUR-Data field of a WUR PPDU is indicated by the WUR-Sync field. There is no explicit field in a WUR PPDU to indicate the data rate. To indicate WUR LDR for the WUR-Data field of a WUR PPDU, a repeated sequence ([W W]) is transmitted. Here, W is a 32-bit sequence and 64 µs long as defined in Equation (30-9). To indicate WUR HDR for the WUR-Data field of a WUR PPDU, a bitwise complement of the sequence W is transmitted.

· [bookmark: RTF38313835303a2048342c312e]Non-WUR portion of WUR PHY preamble

The Non-WUR portion of the WUR PHY preamble consists of five fields: L-STF, L-LTF, L-SIG, BPSK-Mark1, and BPSK-Mark2. 

· [bookmark: RTF33373635323a2048352c312e]L-STF definition

The time domain representation of the L-STF field, transmitted on transmit chain [image: ], shall be as specified in Equation (30-4).

· [bookmark: RTF38373233353a204571756174]

[image: ]where

[image: ] 		has the value given in Table 21-8 (Tone scaling factor and guard interval duration values for PHY fields).

[image: ] 		represents the cyclic shift for transmitter chain [image: ] with a value given in Table 21-10 (Cyclic shift values for L-STF, L-LTF, L-SIG, and VHT-SIG-A fields of the PPDU).

[image: ] 		is the set of 20 MHz subchannels that are occupied.

[image: ] 		is the index of 20 MHz subchannels, [image: ], and [image: ] is the number of 20 MHz subchannels in the bandwidth indicated by dot11CurrentChannelWidth.

[image: ] 		is defined as [image: ] in Equation (19-8).

[image: ] 		is defined by Equation (21-14), Equation (21-15), and Equation (21-16).

[image: ].

[image: ] 		is the subcarrier frequency spacing given in Table 21-5 (Timing-related constants).

· [bookmark: RTF32383631363a2048352c312e]L-LTF definition

The time domain representation of the L-LTF field, transmitted on transmit chain [image: ], shall be as specified in Equation (30-5).

· [bookmark: RTF31313630343a204571756174]

[image: ]where

[image: ] 		has the value given in Table 21-8 (Tone scaling factor and guard interval duration values for PHY fields).

[image: ] 		is defined as [image: ] in Equation (17-8).

[image: ] 		is the GI duration for L-LTF defined in Table 21-5 (Timing-related constants).

Other variables are defined below Equation (30-4).

· [bookmark: RTF37363735343a2048352c312e]L-SIG definition

The L-SIG field is used to communicate rate and length information. The structure of the L-SIG field is defined in Figure 17-5 (SIGNAL field bit assignment).

In a WUR PPDU, the RATE field shall be set to the value representing 6 Mb/s in the 20 MHz channel spacing column of Table 17-6 (Contents of the SIGNAL field).

The LENGTH field shall be set to the value given by Equation (21-24). The value of TXTIME is described in 30.4.1 (TXTIME and PSDU length calculation).

The LSB of the binary expression of the Length value shall be mapped to B5. 

The Reserved (R) field shall be set to 0.

The Parity (P) field has the even parity of bits 0–16.

The SIGNAL TAIL field shall be set to 0.

The L-SIG field shall be encoded, interleaved, and mapped following the steps described in 17.3.5.6 (Convolutional encoder), 17.3.5.7 (Data interleaving), and 17.3.5.8 (Subcarrier modulation mapping). The stream of 48 complex numbers generated by these steps is denoted by [image: ]. Pilots shall be inserted as described in 17.3.5.9 (Pilot subcarriers). 

The time domain representation of the L-SIG field, transmitted on transmit chain [image: ], shall be as specified in Equation (30-6).

· [bookmark: RTF34343838353a204571756174]

[image: ]where

[image: ] 		has the value given in Table 21-8 (Tone scaling factor and guard interval duration values for PHY fields).

[image: ]

[image: ].

[image: ] 	is the first pilot value in the sequence defined in 17.3.5.10 (OFDM modulation).

[image: ] 	is defined in 17.3.5.10 (OFDM modulation).

[image: ] 	is the GI duration defined in Table 21-5 (Timing-related constants).

Other variables are defined below Equation (30-4). 

· [bookmark: RTF34333132303a2048352c312e]BPSK-Mark1 definition

The BPSK-Mark1 field is derived from the L-SIG field and is used to spoof HT STAs from false PPDU format detection. 

The time domain waveform of the BPSK-Mark1 field, transmitted on transmit chain [image: ], shall be as specified in Equation (30-7).

· [bookmark: RTF31363835393a204571756174]

[image: ]where

[image: ] 	is the second pilot value in the sequence defined in 17.3.5.10 (OFDM modulation).

Other variables are defined below Equation (30-4) and Equation (30-6).

· [bookmark: RTF33373534333a2048352c312e]BPSK-Mark2 definition

The BPSK-Mark2 field is derived from the L-SIG field and is used to spoof VHT STAs from false PPDU format detection. 

The time domain waveform of the BPSK-Mark2 field, transmitted on transmit chain [image: ], shall be as specified in Equation (30-8).

[image: ]

· [bookmark: RTF31383430393a204571756174]



where

[image: ] 	is the third pilot value in the sequence defined in 17.3.5.10 (OFDM modulation).

Other variables are defined below Equation (30-4) and Equation (30-6).

· [bookmark: RTF34353637363a2048342c312e]WUR-Sync field

· Introduction

The structure of the WUR-Sync field depends on the data rate of the WUR-Data field. For WUR LDR, the duration of the WUR-Sync field is 128 µs. For WUR HDR, the duration of the WUR-Sync field is 64 µs. The WUR-Sync field is used by the receiver for PPDU detection, symbol timing recovery and determination of the data rate.

· Cyclic Shift for WUR-Sync field

A cyclic shift should be applied to the WUR-Sync field when multi-antenna WUR OOK signals are transmitted to minimize unintentional beamforming.

When MC-OOK is used to generate the WUR OOK symbols the rRecommended cycle shift diversity (CSD) values for the WUR-Sync field, which is constructed from 2 µs duration MC-WUR OOK symbols, are provided in Annex AC.

· WUR-Sync field for WUR LDR

For WUR LDR, the WUR-Sync field shall be constructed as an MC-WUR OOK signal. The WUR-Sync sequence is constructed by concatenating two copies of the 32-bit sequence W, where each bit in the sequence is mapped to an WUR MC-OOK symbol of duration 2 µs, and W is defined in Equation (30-9).

· [bookmark: RTF36383332353a204571756174]

[image: ]This WUR-Sync sequence is used to construct the WUR-Sync field waveform as shown in Figure 30-4.

· WUR-Sync field for WUR HDR

For WUR HDR, the WUR-Sync field shall be constructed as an MC-WUR OOK signal. The WUR-Sync sequence is constructed as the bitwise complement of the 32-bit sequence W, where each bit in the sequence is mapped to an MC-WUR OOK symbol of duration 2 µs, and W is defined in Equation (30-9). This bitwise complement sequence is defined in Equation (30-10).

· [bookmark: RTF32353934303a204571756174]

[image: ]This Sync-bit sequence is used to construct the WUR-Sync field waveform as shown in Figure 30-4 (An example of a WUR signal generator for the WUR-Sync field(11ba)). 

· [bookmark: RTF39363431333a2048332c312e]WUR-Data field

· Cyclic Shift for WUR-Data field

A cyclic shift should be applied to the WUR-Data field when multi-antenna WUR OOK signals are transmitted to minimize unintentional beamforming.

When MC-OOK is used to generate the WUR OOK symbols the rRecommended cycle shift diversity (CSD) values for the WUR-Data field with WUR LDR, which is constructed from 4 µs duration MC-WUR OOK symbols, are provided in Annex AC. 

When MC-OOK is used to generate the WUR OOK symbols the rRecommended cycle shift diversity (CSD) values for the WUR-Data field with WUR HDR, which is constructed from 2 µs duration MC-WUR OOK symbols, are provided in Annex AC.

· [bookmark: RTF32343533373a2048342c312e]WUR-Data field for WUR LDR and WUR HDR

The WUR-Data field shall be encoded by WUR encoding. Encoded bits corresponding to each input bit are shown in Table 30-9 (WUR encoded bits for WUR LDR(11ba)) and Table 30-10 (WUR encoded bits for WUR HDR(11ba)) for WUR LDR and WUR HDR, respectively.

		· [bookmark: RTF36363939303a205461626c65]WUR encoded bits for WUR LDR(11ba)



		Input bit

		Encoded bits



		0

		1010



		1

		0101







		· [bookmark: RTF34343634363a205461626c65]WUR encoded bits for WUR HDR(11ba)



		Input bit

		Encoded bits



		0

		10



		1

		01







The encoded binary data shall be modulated (#3070)so that encoded bits 0 and 1 shall be represented by Off and On Symbols, respectively. The duration of the MC-WUR OOK symbol corresponding to each encoded bit is dependent on WUR data rate: 4 µs for WUR LDR and 2 µs for WUR HDR. 

For WUR LDR, 4 µs duration MC-WUR OOK Off and On Symbols are denoted as SymLDROff and SymLDROn, respectively. For WUR HDR, 2 µs duration MC-WUR OOK Off and On Symbols are denoted as SymHDROff and SymHDROn, respectively.

SymLDROn and SymHDROn should be generated (#3279)using 13 contiguous subcarriers, centered within a 20 MHz channel, with a subcarrier spacing of 312.5 kHz and the center subcarrier being null. The subcarrier coefficients may take values from the BPSK, QPSK, 16-QAM, 64-QAM, or 256-QAM constellations(M95).

When a single 20 MHz WUR channel is used for transmission of a WUR Basic PPDU, SymHDROn and SymLDROn are described in 30.3.8 (Mathematical description of signals). The generation of SymHDROn and SymLDROn is described in 30.3.4.1 (WUR Basic PPDU waveform generation for WUR-Sync field and WUR-Data field with WUR HDR) and 30.3.4.2 (WUR Basic PPDU waveform generation for WUR-Data field with WUR LDR), respectively.

For a FDMA transmission, the WUR MC-OOK waveform generation is described in 30.3.4.3 (WUR FDMA PPDU WUR-Data field waveform generation).

· [bookmark: RTF37393133393a2048332c312e]WUR Padding field for a WUR FDMA PPDU

For a WUR FDMA PPDU, if padding is needed on any 20 MHz subchannels, the padding waveform shall be generated by repeating the MC-WUR OOK waveform of WUR HDR information bit 1 as described in Table 30-14 (WUR PPDU data rates(11ba)). The symbol randomizer as described in 30.3.4.4 (Symbol Randomizer and Per-transmit chain Cyclic Shift) should be used in the padding field continued from the WUR-Data field. The state of the LSFR is updated every [image: ] during the padding field.

For a nonpunctured WUR FDMA 20 MHz subchannel, [image: ], the number of padding WUR HDR bits is calculated as:

· [image: ]

where

[image: ] and [image: ] denote [image: ] and [image: ] for 20 MHz subchannel [image: ], respectively. [image: ] and [image: ] are defined in Table 30-3 (Timing-related constants(11ba)).

[image: ] 		is the number of MC-WUR OOK symbols in the WUR-Data field for 20 MHz subchannel. It is a function of the length of WUR MAC frame in the WUR-Data field (WUR_MPDU_LENGTH) for 20 MHz subchannel [image: ] and [image: ] as defined in Equation (30-14).

· WUR transmit specification

· Transmit spectrum mask

For operation using 20 MHz channel spacing, the transmitted spectrum of the L-STF, L-LTF, L-SIG, BPSK-Mark1, and BSPK-Mark2 fields shall have a 0 dBr (dB relative to the maximum spectral density of the signal) bandwidth not exceeding 18 MHz, –20 dBr at 11 MHz frequency offset, –28 dBr at 20 MHz frequency offset, and the maximum of –40 dBr and –53 dBm/MHz at 30 MHz frequency offset and above. The transmitted spectral density of the L-STF, L-LTF, L-SIG, BPSK-Mark1, and BPSK-Mark2 fields of the transmitted signal shall fall within the spectral mask, as shown in Figure 17-13 (Transmit spectrum mask for 20 MHz transmission). 

NOTE 1—In the presence of additional regulatory restrictions, the device has to meet both the regulatory requirements and the mask defined in this subclause.

NOTE 2—Transmit spectral mask in Figure 17-13 (Transmit spectrum mask for 20 MHz transmission) is not drawn to scale.

NOTE 3—For rules regarding TX center frequency leakage levels, the power measured at the center of transmission BW using resolution BW 312.5 kHz cannot exceed P-17.5, where P is the transmit power per antenna in dBm during transmission of the L-SIG field.

For operation using 20 MHz channel spacing, the transmitted spectrum of the WUR-Sync and WUR-Data fields shall have a 0 dBr (dB relative to the maximum spectral density of the signal) bandwidth not exceeding 4.5 MHz, –15 dBr at 3.5 MHz frequency offset, –20 dBr at 11 MHz frequency offset, –28 dBr at 20 MHz frequency offset, and the maximum of –40 dBr and –53 dBm/MHz at 30 MHz frequency offset and above. 

The transmitted spectral density of the WUR-Sync and WUR-Data fields of the transmitted signal shall fall within the spectral mask, as shown in Figure 30-11 (Transmit spectrum mask for WUR-Sync and WUR-Data fields of WUR Basic PPDU transmission(11ba)).

		[image: ]



		· [bookmark: RTF34373039333a204669675469]Transmit spectrum mask for WUR-Sync and WUR-Data fields of WUR Basic PPDU transmission(11ba)







For a WUR FDMA PPDU, the spectrum mask within each 20 MHz subchannel is the same as the spectrum mask of 20 MHz WUR Basic PPDU as defined above. The spectrum outside the WUR FDMA PPDU channel bandwidth is the same as spectrum mask of 40 MHz or 80 MHz as defined in 21.3.17.1 (Transmit spectrum mask).

For a 40 MHz mask WUR FDMA PPDU, the transmitted spectrum of the L-STF, L-LTF, L-SIG, BPSK-Mark1, and BPSK-Mark2 fields shall have a 0 dBr (dB relative to the maximum spectral density of the signal) bandwidth not exceeding 38 MHz, –20 dBr at 21 MHz frequency offset, –28 dBr at 40 MHz frequency offset, and the maximum of –40 dBr and –56 dBm/MHz at 60 MHz frequency offset and above. The transmitted spectral density of the L-STF, L-LTF, L-SIG, BPSK-Mark1, and BPSK-Mark2 fields of the transmitted signal shall fall within the spectral mask, as shown in Figure 21-30 (Example transmit spectral mask for 40 MHz mask PPDU).

For a 40 MHz mask WUR FDMA PPDU, the transmitted spectrum of the WUR-Sync and WUR-Data fields within each 20 MHz subchannel shall have a 0 dBr (dB relative to the maximum spectral density of the signal) bandwidth not exceeding 4.5 MHz from the center of the 20 MHz subchannel, –15 dBr at 3.5 MHz, and –20 dBr at 11 MHz frequency offset from the center of the 20 MHz subchannel. The transmitted spectrum of the WUR-Sync and WUR-Data fields shall have –28 dBr at 40 MHz frequency offset, and the maximum of –40 dBr and –56 dBm/MHz at 60 MHz frequency offset and above. The transmitted spectral density of the WUR-Sync and WUR-Data fields of the transmitted signal shall fall within the spectral mask, as shown in Figure 30-12 (Transmit spectrum mask for WUR-Sync and WUR-Data fields of 40 MHz WUR FDMA PPDU transmission(11ba)).

		[image: ]



		· [bookmark: RTF37363230363a204669675469]Transmit spectrum mask for WUR-Sync and WUR-Data fields of 40 MHz WUR FDMA PPDU transmission(11ba)







For a 80 MHz mask WUR FDMA PPDU, the transmitted spectrum of the L-STF, L-LTF, L-SIG, BPSK-Mark1, and BPSK-Mark2 fields shall have a 0 dBr (dB relative to the maximum spectral density of the signal) bandwidth not exceeding 78 MHz, –20 dBr at 41 MHz frequency offset, –28 dBr at 80 MHz frequency offset, and the maximum of –40 dBr and –59 dBm/MHz at 120 MHz frequency offset and above. The transmitted spectral density of the L-STF, L-LTF, L-SIG, BPSK-Mark1, and BPSK-Mark2 fields of the transmitted signal shall fall within the spectral mask, as shown in Figure 21-31 (Example transmit spectral mask for 80 MHz mask PPDU).

For an 80 MHz mask WUR FDMA PPDU, the transmitted spectrum of the WUR-Sync and WUR-Data fields within each 20 MHz subchannel shall have a 0 dBr (dB relative to the maximum spectral density of the signal) bandwidth not exceeding 4.5 MHz from the center of the 20 MHz subchannel, –15 dBr at 3.5 MHz, –20 dBr at 11 MHz frequency offset from the center of the 20 MHz subchannel. The transmitted spectrum of the WUR-Sync and WUR-Data fields shall have –28 dBr at 80 MHz frequency offset, and the maximum of –40 dBr and –59 dBm/MHz at 120 MHz frequency offset and above. The transmitted spectral density of the WUR-Sync and WUR-Data fields of the transmitted signal shall fall within the spectral mask, as shown in Figure 30-13 (Transmit spectrum mask for WUR-Sync and WUR-Data fields of 80 MHz WUR FDMA PPDU transmission(11ba)).

		[image: ]



		· [bookmark: RTF36343635323a204669675469]Transmit spectrum mask for WUR-Sync and WUR-Data fields of 80 MHz WUR FDMA PPDU transmission(11ba)







· Spectral flatness

The spectral flatness is measured by comparing the power in any contiguous 1 MHz segment within the center 4 MHz of the 20 MHz channel to the total transmitted power in the center 4 MHz.

The transmitted power is measured in the manner described in 5.4.3.2.1 of [B10] for equipment with continuous and noncontinuous transmissions. 

Let P4MHz indicate the total power in the center 4 MHz. The average power over a 1 MHz segment, within the center 4 MHz, is given by, Pave = P4MHz – 6 dB. The requirement is that the power in any 1 MHz segment, within the center 4 MHz, is in the range of [Pave – 6 dB, Pave + 3 dB].

For FDMA transmission, this applies to each 20 MHz channel.

· Transmit center frequency and symbol clock frequency tolerance

The symbol clock frequency and transmit center frequency tolerance shall be ±20 ppm maximum. The transmit center frequency and the symbol clock frequency for all transmit antennas and frequency segments shall be derived from the same reference oscillator.

· Transmit On and Off Symbols power ratio

For each input bit of the WUR-Data field transmitted at WUR HDR, the ratio between the averaged power of the On Symbol and the averaged power of the Off Symbol of the transmit signal in the WUR-Data field shall be at least 20 dB.

For each input bit of the WUR-Data field transmitted at WUR LDR, the ratio between the averaged power over On Symbols and the averaged power over Off Symbols of the transmit signal in the WUR-Data field shall be at least 20 dB.

For the WUR-Sync field transmission, the ratio between the averaged power over all On Symbols and the averaged power over all Off Symbols in the WUR-Sync field shall be at least 20 dB.

For FDMA transmission, the above requirement on the transmit On and Off Symbols power ratio applies to each 20 MHz channel.

· [bookmark: RTF38343835343a2048342c312e]Correlation test on MC-WUR OOK symbols

An autocorrelation metric indicative of that used for L-STF detection in non-WUR receivers is defined.   The correlation metric is given in Equation (30-12),

· [bookmark: RTF31343236323a204571756174]

[image: ]where M = 16, which is the number of samples in an 800 ns time period, sampled at 20 MHz, and N=6, which is the number of 800 ns time periods over which the correlation metric is calculated.   

This metric is calculated over the WUR-Sync and WUR-Data fields, at a sampling rate of 20 MHz using the MC-WUR OOK symbols. Hence, the value of n spans from the beginning of the WUR-Sync field to the end of the WUR-Data field. The PPDU should be tested for both the WUR LDR and WUR HDR with a 6-byte data field of random data. The maximum value of the correlation metric should be less than 0.4.

· WUR receiver specification

The input levels are measured at the antenna connectors and are referenced as the average power per receive antenna.

· Receiver minimum input sensitivity

The packet error ratio (PER) shall be less than 10% for a PSDU length of 6 octets with the rate-dependent input levels listed in Table 30-11 (Receiver minimum input level sensitivity(11ba)).

		· [bookmark: RTF39363736303a205461626c65]Receiver minimum input level sensitivity(11ba)



		Modulation

		Minimum sensitivity (dBm)



		WUR LDR

		–82



		WUR HDR

		–77







· Adjacent channel rejection

Adjacent channel rejection shall be measured by setting the desired signal’s strength 3 dB above the rate dependent sensitivity specified in Table 30-11 (Receiver minimum input level sensitivity(11ba)) and raising the power of the interfering signal of 20 MHz bandwidth until 10% PER is caused for a WUR PSDU length of 6 octets. The power difference between the interfering and desired channel is the corresponding adjacent channel rejection. The center frequency of the adjacent channel shall be placed 20 MHz away from the center frequency of the desired signal.

The interfering signal in the adjacent channel shall be a conformant OFDM signal, unsynchronized with the signal in the channel under test, and shall have a minimum duty cycle of 50%. The interfering signal shall be derived from a separate signal source. For a conforming OFDM PHY, the corresponding rejection shall be no less than specified in Table 30-12 (Minimum required adjacent and nonadjacent channel rejection levels(11ba)).

		· [bookmark: RTF32333832323a205461626c65]Minimum required adjacent and nonadjacent channel rejection levels(11ba)



		Modulation

		Adjacent channel rejection (dB)

		Nonadjacent channel rejection (dB)



		WUR LDR

		16

		32



		WUR HDR

		11

		27







· Nonadjacent channel rejection

Nonadjacent channel rejection shall be measured by setting the desired signal’s strength 3 dB above the rate dependent sensitivity specified in Table 30-11 (Receiver minimum input level sensitivity(11ba)) and raising the power of the interfering signal of 20 MHz bandwidth until 10% PER is caused for a WUR PSDU length of 6 octets. The power difference between the interfering and desired channel is the corresponding nonadjacent channel rejection. The center frequency of the nonadjacent channel shall be placed 40 MHz away from the center frequency of the desired signal.

The interfering signal in the nonadjacent channel shall be a conformant OFDM signal, unsynchronized with the signal in the channel under test, and shall have a minimum duty cycle of 50%. The interfering signal shall be derived from a separate signal source. For a conforming OFDM PHY, the corresponding rejection shall be no less than specified in Table 30-12 (Minimum required adjacent and nonadjacent channel rejection levels(11ba)).

· Receiver maximum input level

The receiver shall provide a maximum PER of 10% at a WUR PSDU length of 6 octets, for a maximum input level of -30 dBm in 5 GHz band and –20 dBm in 2.4 GHz band, measured at each antenna for any baseband WUR modulation. 

· [bookmark: RTF37363631353a2048342c312e]CCA sensitivity

The CCA sensitivity shall follow each CCA sensitivity specification for the attached non-WUR PHY as defined in 17.3.10.6 (CCA requirements) for OFDM, 19.3.19.6 (CCA sensitivity) for HT, 21.3.18.5 (CCA sensitivity) for VHT and 27.3.20.6 (CCA sensitivity) for HE depending on the Capabilities Element.

· WUR transmit procedure

There are two options for the PHY transmit procedure: single channel and FDMA. The typical transmit procedures are shown in Figure 30-14 (PHY transmit procedure for a WUR Basic PPDU(11ba)) and Figure 30-15 (PHY transmit procedure for a WUR FDMA PPDU(11ba)). The first option is selected if the TXVECTOR CH_BANDWIDTH parameter is equal to WUR_CBW_20.

The second option is for the optional FDMA to transmit at a wider bandwidth if the TXVECTOR CH_BANDWIDTH parameter is not equal to WUR_CBW_20 (see Table 30-1 (TXVECTOR and RXVECTOR parameters(11ba))). In this option WUR PPDU is simultaneously generated and transmitted on each of the 20 MHz channels.

		[image: ]



		· [bookmark: RTF36343332393a204669675469]PHY transmit procedure for a WUR Basic PPDU(11ba)







		[image: ]



		· [bookmark: RTF34363235313a204669675469]PHY transmit procedure for a WUR FDMA PPDU(11ba)







For both options, in order to transmit data, the MAC generates a PHY-TXSTART.request primitive, which causes the PHY entity to enter the transmit state. Further, the PHY is set to operate at the appropriate frequency through station management via the PLME, as specified in 30.4 (WUR PLME). Other transmit parameters, such as transmit power, are set via the PHY-SAP using the PHY-TXSTART.request(TXVECTOR) primitive, as described in 30.2.2 (TXVECTOR and RXVECTOR parameters).

The PHY indicates the state of the primary channel and other channels for FDMA case via the PHY-CCA.indication primitive (see 30.3.13.5 (CCA sensitivity) and 8.3.5.12 (PHY-CCA.indication)). Transmission of the PPDU shall be initiated by the PHY after receiving the PHY-TXSTART.request(TXVECTOR) primitive. The TXVECTOR elements for the PHY-TXSTART.request primitive are specified in Table 30-1 (TXVECTOR and RXVECTOR parameters(11ba)).

After the PHY L-STF, L-LTF and L-SIG transmission are started, the PHY entity immediately initiates BPSK-Mark1 transmission and performs any required scrambling and data encoding if needed as defined by parameters of the TXVECTOR, as described in 30.2.2 (TXVECTOR and RXVECTOR parameters). After the BPSK-Mark1 transmission the PHY entity immediately initiates BPSK-Mark2 transmission and performs any required scrambling and data encoding if needed as defined by parameters of the TXVECTOR, as described in 30.2.2 (TXVECTOR and RXVECTOR parameters). After BPSK-Mark2 transmission is started, the PHY entity initiates transmission of WUR-Sync field according to the data rate defined in TXVECTOR. The Sync transmission is followed by WUR encoding of WUR-Data field as described in 30.3.4 (Transmitter block diagram). The data shall be exchanged between the MAC and the PHY through a series of PHY-DATA.request(DATA) primitives issued by the MAC, and PHY-DATA.confirm primitives issued by the PHY. In FDMA case, PHY padding bits are appended, as needed, to each 20 MHz channel to make the length of the PPDU equal to the Length indicated in L-SIG.

A transmission may be prematurely terminated by the MAC through the PHY-TXEND.request primitive.

A WUR transmission is terminated by receiving a PHY-TXEND.request primitive. Each PHY-TXEND.request primitive is acknowledged with a PHY-TXEND.confirm primitive from the PHY. In a single channel WUR transmission, normal termination occurs after the transmission of the final bit of the last WUR octet indicated by Noctet, which is defined as the WUR MPDU LENGTH in octets. The maximum value of the parameter is given in 30.4.2 (Table of time and length characteristics). In WUR FDMA transmission, normal termination occurs after the transmission of the final bit of the last WUR octet indicated by Nmax_octet, which is defined as the maximum of WUR MPDU LENGTH in octets, over the 20 MHz channels. For a single channel WUR, Nmax_octet = Noctet.

When the WUR transmission is completed, the PHY entity enters the receive state.

A typical state machine implementation of the transmit PHY for a WUR transmission is provided in Figure 30-16 (PHY transmit state machine(11ba)). Request (.request) and confirmation (.confirm) primitives are issued once per state as shown.

		[image: ]



		· [bookmark: RTF36373738373a204669675469]PHY transmit state machine(11ba)







· WUR receive procedure

A typical PHY receive procedure is shown for WUR_Basic format in Figure 30-17 (PHY receive procedure for WUR Basic PPDU(11ba)(#3480)). A typical state machine implementation of the receive PHY is given in Figure 30-18 (PHY receive state machine(11ba)). The PHY is set to operate at the appropriate frequency through station management via the PLME, as specified in 30.4 (WUR PLME). The receive parameters, such as RSSI, may be accessed via the PHY-SAP. 

		[image: ]



		· [bookmark: RTF39343234353a204669675469]PHY receive procedure for WUR Basic PPDU(11ba)(#3480)







		[image: ]



		· [bookmark: RTF37373736343a204669675469]PHY receive state machine(11ba)







The PHY measures a receive signal strength and searches for a valid WUR-Sync sequence, in order to acquire WUR Basic PPDU, to determine the WUR data rate and the start of the WUR-Data field. If a valid WUR-Sync sequence is detected, WUR PHY issues PHY-RXSTART.indication primitive along with the WUR_DATARATE.indication. If the WUR-Sync sequence detection fails, a PHY-RXSTART.indication primitive is not issued, and WUR PHY goes back to RX IDLE state. RSSI measurement is made during the reception of the WUR-Sync field. Based on the WUR data rate, the PHY sets the NSPDB parameter as given in Table 30-4 (Frequently used parameters(11ba)). 

The PHY entity shall begin receiving the MC-WUR OOK symbols in the WUR-Data field. If signal loss occurs during reception, prior to completion of the PPDU reception, the error condition PHY-RXEND.indication (CarrierLost) shall be reported to the MAC. The received PPDU bits are decoded, assembled into octets and presented to the MAC using a series of PHY-DATA.indication (DATA) primitive exchanges. Any remaining bits, which could not be assembled into a complete octet are discarded. RCPI measurement is made during the reception of the (#2011)WUR-Sync field as described in 19.3.19.7 (Received channel power indicator (RCPI) measurement). Since the WUR PHY is not aware of the end of the WUR PPDU, the PHY shall keep decoding until receive signal strength drops significantly. Alternatively, the WUR MAC may also indicate the end of WUR PPDU to PHY by means of PHY-CCARESET.request primitive. On termination, the WUR PHY enters the RX IDLE state. If the WUR PHY terminates due to reduction of the receive signal strength, a PHY-RXEND.indication (NoError) primitive shall be issued. If it terminates due to PHY-CCARESET.request, a PHY-RXEND.indication (MAC Request) primitive shall be issued. 

· [bookmark: RTF34343836303a2048322c312e]WUR PLME

· [bookmark: RTF39393431303a2048332c312e]TXTIME and PSDU length calculation

For a WUR Basic PPDU, the value of the TXTIME parameter shall be calculated as follows:

· [bookmark: RTF38323036363a204571756174]

[image: ]where

TL-STF, TL-LTF, TL-SIG, TBSPK-Mark1, TBSPK-Mark2, TWUR-Sync, and TSym are defined in Table 30-3 (Timing-related constants(11ba)), and NSym is the number of MC-WUR OOK symbols in the WUR-Data field.

The number of MC-WUR OOK symbols is a function of the length of WUR MAC frame in the WUR-Data field (WUR_MPDU_LENGTH) and NSPDB and is calculated as follows:

· [bookmark: RTF32353437323a204571756174]

[image: ]where

NSPDB is defined in Table 30-4 (Frequently used parameters(11ba))

The value of the PSDU_LENGTH parameter is calculated as follows:

· [image: ]

In a WUR PPDU, the RATE field of L-SIG shall be set to the value representing 6 Mb/s in the 20 MHz channel spacing column of Table 17-6 (Contents of the SIGNAL field). The Length field set in the L-SIG (L_LENGTH) is calculated as follows:

· [bookmark: RTF31383434333a204571756174]

[image: ]For the FDMA transmission, the value of the TXTIME and PSDU_LENGTH for each WUR transmission in a 20 MHz subchannel shall be calculated according to the longest WUR transmissions among all 20 MHz subchannels. 

The value of the TXTIME parameter for a WUR FDMA transmission shall be calculated as follows:

· [bookmark: RTF38313633393a204571756174]

· [bookmark: RTF32393939373a2048332c312e][image: ]Table of time and length characteristics

		· [bookmark: RTF35313434343a205461626c65]WUR PPDU Time and Length Characteristics(11ba)



		Characteristics

		Value



		aCCAMidTime

		25 µs 



		aPPDUMaxTime

		2972 µs



		aPSDUMaxLength

		22 octets (see NOTE 1)



		aRxPHYStartDelay

		92 µs (see NOTE 2)



		NOTE 1—This is the maximum length in octets for a WUR Basic PPDU with WUR LDR.

NOTE 2—This value arises from the time to the end of the WUR-Sync field with WUR HDR.





· Parameters for WUR Data Rates

The rate-dependent parameters for 62.5 kb/s and 250 kb/s are given in Table 30-14 (WUR PPDU data rates(11ba)). WUR encoding shall be used for all the data rates for the WUR-Data field of a WUR PPDU.

		· [bookmark: RTF35373537353a205461626c65]WUR PPDU data rates(11ba)



		Data rate

		Modulation

		Symbol structure

		Equivalent information bit duration

		NSPDB

		Data rate (kb/s)



		WUR LDR

		MC-WUR OOK

		Information 0

		[SymLDROn, SymLDROff, SymLDROn, SymLDROff]

		16 µs

		4

		62.5



		

		

		Information 1

		[SymLDROff, SymLDROn, SymLDROff, SymLDROn]

		

		

		



		WUR HDR

		MC-WUR OOK

		Information 0

		[SymHDROn, SymHDROff]

		4 µs

		2

		250



		

		

		Information 1

		[SymHDROff, SymHDROn]
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· [bookmark: RTF5f546f633332393836393039](11ba)

· [bookmark: RTF5f546f633331303539393537][bookmark: RTF5f5265663330323232303137]

Examples of WUR MC-OOK Symbol Design and CSD Design using MC-OOK modulation

Subclauses 30.3.4.1 (WUR Basic PPDU waveform generation for WUR-Sync field and WUR-Data field with WUR HDR), 30.3.4.2 (WUR Basic PPDU waveform generation for WUR-Data field with WUR LDR), and 30.3.4.3 (WUR FDMA PPDU WUR-Data field waveform generation) provides a description of how the 2 µs duration WUR MC-OOK and 4 µs duration MC-WRU OOK On and Off Symbols might be constructed using MC-OOK modulation but does not provide the actual frequency domain sequences for those symbols. This annex provides example sequences for the construction of these symbols using MC-OOK modulation. 

Table AC-1 (Example Values for the Sequence SHDR used for the Construction of the 2 µs duration MC-WUR OOK On Symbol(11ba)) provides example sequences for the construction of the 2 µs duration MC-WUR OOK On Symbol using MC-OOK modulation.

		· [bookmark: RTF35343936393a205461626c65]Example Values for the Sequence SHDR used for the Construction of the 2 µs duration WURMC- OOK On Symbol(11ba) using MC-OOK modulation



		Index

		Sequence SHDR



		Example 1

		



		Example 2

		



		Example 3

		



		NOTE—For all three examples, the scaling factors are chosen so that the MC-WUR OOK On Symbol is normalized to have the same power as the other examples.





 

Example 1 in Table AC-1 (Example Values for the Sequence SHDR used for the Construction of the 2 µs duration MC-OOK On Symbol(11ba)) is evaluated under a number of channel conditions and shows consistent good performance in both multipath fading and additive white Gaussian noise channels. This sequence also has low PAPR for a single channel transmission. The WUR OOK symbols generated using this sequence meets the correlation test in 30.3.12.5 (Correlation test on MC-OOK symbols).

Example 2 in Table AC-1 (Example Values for the Sequence SHDR used for the Construction of the 2 µs duration MC-OOK On Symbol(11ba)) is designed to provide good performance in commonly found propagation conditions, including the additive white Gaussian noise channel. This MC-WUR OOK On Symbol has nearly constant envelope and power distributed over the full bandwidth. Therefore, it might be transmitted with an output power higher than during the L-STF, L-LTF and L-SIG. The sequence meets the correlation test in 30.3.12.5 (Correlation test on MC-OOK symbols).

Example 3 in Table AC-1 (Example Values for the Sequence SHDR used for the Construction of the 2 µs duration MC-OOK On Symbol(11ba)) is found to provide good performance through exhaustive search among the OFDM symbols with BPSK modulation. This sequence is optimized for good tradeoff between multipath fading channel performance and PAPR. The WUR OOK symbols generated using this sequence meets the correlation test in 30.3.12.5 (Correlation test on MC-OOK symbols).

Table AC-2 (Example Values for the Sequence SLDR used for the Construction of the 4 µs duration MC-OOK On Symbol(11ba)) provides example sequences for the construction of the 4 µs duration MC-OOK On Symbol.

		· [bookmark: RTF32323634353a205461626c65]Example Values for the Sequence SLDR used for the Construction of the 4 µs duration MC-WUR OOK On Symbol(11ba) using MC-OOK modulation



		 Index

		Sequence SLDR



		Example 1

		



		Example 2

		



		Example 3

		



		NOTE—For Example 2 and Example 3, the scaling factors are chosen so that the MC-OOK On Symbol is normalized to have the same power as the other examples.







Example 1 in Table AC-2 (Example Values for the Sequence SLDR used for the Construction of the 4 µs duration MC-OOK On Symbol(11ba)) is evaluated under a number of channel conditions and shows consistent good performance in both multipath fading and additive white Gaussian noise channels. The WUR OOK symbols generated using this sequence meets the correlation test in 30.3.12.5 (Correlation test on MC-OOK symbols).

Example 2 in Table AC-2 (Example Values for the Sequence SLDR used for the Construction of the 4 µs duration MC-OOK On Symbol(11ba)) is designed to provide good performance in commonly found propagation conditions, including the additive white Gaussian noise channel. This MC-WUR OOK On Symbol has a nearly constant envelope and has power distributed over the full bandwidth. Therefore, it might be transmitted with an output power higher than during the L-STF, L-LTF and L-SIG. The WUR OOK symbols generated using this sequence meets the correlation test in 30.3.12.5 (Correlation test on MC-OOK symbols).

(#3210)Example 3 in Table AC-2 (Example Values for the Sequence SLDR used for the Construction of the 4 µs duration MC-OOK On Symbol(11ba)) is found to provide good performance through exhaustive search among the OFDM symbols with BPSK modulation. This sequence is optimized for good tradeoff between multipath fading channel performance and PAPR. The WUR OOK symbols generated using this sequence meets the correlation test in 30.3.12.5 (Correlation test on MC-OOK symbols).

For the WUR-Sync field and the HDR WUR-Data field, which are both constructed from 2 µs duration MC-WUR OOK symbols, Table AC-3 (Recommended CSD values for the WUR-Sync field and WUR-Data field with WUR HDR(11ba)) provides recommended CSD values for one to eight transmit antennas, for each of the three recommended MC-WUR OOK symbols from Table AC-1 (Example Values for the Sequence SHDR used for the Construction of the 2 µs duration MC-OOK On Symbol(11ba)).

		· [bookmark: RTF34333736383a205461626c65]Recommended CSD values for the WUR-Sync field and WUR-Data field with WUR HDR(11ba) using MC-OOK modulation



		Example Sequence

		Number of Transmit Chains

		CSD Values (ns)



		Example 1

		1

		[0]



		

		2

		[0, –600]



		

		3

		[0, –600, –1100]



		

		4

		[0, –600, –1100, –1350]



		

		5

		[0, –600, –1100, –1350, –350]



		

		6

		[0, –600, –1100, –1350, –350, –850]



		

		7

		[0, –600, –1100, –1350, –350, –850, –600]



		

		8

		[0, –600, –1100, –1350, –350, –850, –600, –1350]



		Example 2

		1

		[0]



		

		2

		[0, –100]



		

		3

		[0, –850, –100]



		

		4

		[0, –1100, –600, –100]



		

		5

		[0, –1200, –850, –450, –100]



		

		6

		[0, –1300, –1000, –700, –400, –100]



		

		7

		[0, –1350, –1100, –850, –600, –350, –100]



		

		8

		[0, –1400, –1150, –950, –750, –550, –300, –100]



		Example 3

		1

		[0]



		

		2

		[0, –100]



		

		3

		[0, –850, –100]



		

		4

		[0, –1100, –600, –100]



		

		5

		[0, –1200, –850, –450, –100]



		

		6

		[0, –1300, –1000, –700, –400, –100]



		

		7

		[0, –1350, –1100, –850, –600, –350, –100]



		

		8

		[0, –1400, –1150, –950, –750, –550, –300, –100]







For the LDR WUR-Data field, which is constructed from 4 µs duration MC-WUR OOK symbols, Table AC-4 (Recommended CSD values for the WUR-Data field with WUR LDR(11ba)) provides recommended CSD values for one to eight transmit antennas, for each of the three recommended MC-WUR OOK symbols from(#3210) Table AC-2 (Example Values for the Sequence SLDR used for the Construction of the 4 µs duration MC-OOK On Symbol(11ba)).

		· [bookmark: RTF34373435303a205461626c65]Recommended CSD values for the WUR-Data field with WUR LDR(11ba) using MC-OOK modulation



		Example Sequence

		Number of Transmit Chains

		CSD Values (ns)



		Example 1

		1

		[0]



		

		2

		[0, –1200]



		

		3

		[0, –1200, –2200]



		

		4

		[0, –1200, –2200, –2700]



		

		5

		[0, –1200, –2200, –2700, –700]



		

		6

		[0, –1200, –2200, –2700, –700, –1700]



		

		7

		[0, –1200, –2200, –2700, –700, –1700, –1200]



		

		8

		[0, –1200, –2200, –2700, –700, –1700, –1200, –2700]



		Example 2

		1

		[0]



		

		2

		[0, –200]



		

		3

		[0, –1700, –200]



		

		4

		[0, –2200, –1200, –200]



		

		5

		[0, –2450, –1700, –950, –200]



		

		6

		[0, –2600, –2000, –1400, –800, –200]



		

		7

		[0, –2700, –2200, –1700, –1200, –700, –200]



		

		8

		[0, –2750, –2350, –1900, –1500, –1050, –650, –200]



		Example 3

		1

		[0]



		

		2

		[0, –200]



		

		3

		[0, –1700, –200]



		

		4

		[0, –2200, –1200, –200]



		

		5

		[0, –2450, –1700, –950, –200]



		

		6

		[0, –2600, –2000, –1400, –800, –200]



		

		7

		[0, –2700, –2200, –1700, –1200, –700, –200]



		

		8

		[0, –2750, –2350, –1900, –1500, –1050, –650, –200]
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· [bookmark: RTF33323734303a2048312c3173]Wake-Up Radio (WUR) MAC specification(11ba)

· Introduction

A WUR STA has dot11WUROptionImplemented equal to true. 

A WUR STA supports the MAC and MLME functions defined in this clause in addition to the MAC functions defined in Clause 10 (MAC sublayer functional description), the MLME functions defined in Clause 11 (MLME), the security functions defined in Clause 12 (Security). When the WUR STA is an HE STA, the WUR STA supports the HE MAC functions defined in Clause 26 (High-efficiency (HE) MAC specification(11ax)). Where the functional specifications in this clause conflict with (#2284)Clause 10 (MAC sublayer functional description), Clause 11 (MLME), Clause 12 (Security), or Clause 26 (High-efficiency (HE) MAC specification(11ax)), this clause takes precedence.

A WUR AP that transmits a WUR PPDU shall include a WUR frame in the WUR PPDU as defined in 30.3.2 (WUR Basic PPDU format) or 30.3.3 (WUR FDMA PPDU format).

· WUR channel, WUR primary channel, and WUR discovery channel

A WUR primary channel of a WUR AP is the channel in which the WUR AP transmits WUR Beacon frames (see 29.6.2 (WUR Beacon frame generation)). The WUR primary channel is indicated in the WUR Operating Class and the WUR Channel subfields in the WUR Operation element contained in a Beacon, Association Response, Reassociation Response, or Probe Response frame transmitted by the WUR AP.

A WUR channel of a WUR AP is the channel in which the WUR AP transmits WUR Short Wake-up frames, WUR Wake-up frames, and WUR Vendor Specific frames to an associated WUR non-AP STA.

When the WUR FDMA operation is used, the WUR channel may be different from the WUR primary channel (see 29.11 (WUR FDMA operation)). Otherwise, the WUR channel is equal to the WUR primary channel.

A WUR AP shall not set the WUR Operating Class subfield in the WUR Operation element it transmits to an operating class for which the behavior limits set, listed in Annex E, includes the DFS_50_100_Behavior (see 30.1 (Introduction)).

A WUR AP shall not set the WUR Discovery Operating Class field in the WUR Discovery element it transmits to an operating class for which the behavior limits set, listed in Annex E, includes the DFS_50_100_Behavior (see 30.1 (Introduction)).

A WUR channel and a WUR primary channel should be in the same band as the primary channel of the BSS.

NOTE—Transmissions in a WUR channel and a WUR primary channel that are in the same band as the primary channel of the BSS provide similar range.

A WUR discovery channel of a WUR AP is a channel in which the WUR AP transmits WUR Discovery frames. The WUR discovery channel may be indicated in a WUR Discovery element in Beacon and Probe Response frames (see 29.12 (WUR discovery)). WUR discovery channel may be different from the WUR channel and the WUR primary channel.

· Channel access

Before transmitting a WUR frame, a WUR AP shall contend for the medium as defined in 10.23.3 (HCF controlled channel access (HCCA))) and 10.3.2 (Procedures common to the DCF and EDCAF):

· The WUR AP may use any AC for sending a WUR frame.

· The WUR AP should initiate a TXOP that contains one or more WUR frames with a frame that sets NAV for the duration of the TXOP (see 10.3.2.15 (NAV distribution)). 

· A WUR AP that sent one or more WUR frames using the EDCAF of a particular AC shall not update the CW and the retry counters for that AC as a result of the WUR frame transmission.

· A WUR AP that supports the WUR FDMA operation is defined in 29.11.1 (WUR FDMA channel access).

If the WUR primary channel is the same as the primary channel of the BSS, the WUR AP shall use the EDCAF that is also used for transmitting non-WUR frames on the primary channel of the BSS (e.g. using the CCA on the primary channel of the BSS).

If the WUR primary channel is different from the BSS primary channel, the WUR AP shall use a separate EDCAF that uses the CCA on the WUR primary channel.

After moving to a new WUR channel (see 29.11 (WUR FDMA operation)), the WUR AP shall perform CCA until a frame is detected by which it can set its NAV, or until a period of time indicated by the NAVSyncDelay parameter in the most recent MLME-START.request primitive has transpired.

NOTE—When the WUR Channel Offset subfield is equal to 0, the WUR Channel is the same as the WUR primary channel, i.e., the WUR Short Wake-up frame, the WUR Wake-up frame, the WUR Vendor Specific frame, and the WUR Beacon frame are transmitted on the same channel. Otherwise, the WUR Channel can be different from the WUR primary channel (see 29.11 (WUR FDMA operation)).

· Discarding a WUR frame 

If the PHY of a WUR non-AP STA issues a PHY-RXSTART.indication due to a WUR PPDU reception, then the MAC sublayer of the WUR non-AP STA should discard a WUR frame contained in the WUR PPDU once the WUR frame satisfies any of the following:

· The Type subfield of a WUR frame with a value that is not supported by the WUR non-AP STA

· The Frame Body Present subfield of a WUR frame with a value that is not supported by the WUR non-AP STA

· The Protected subfield of a WUR frame with a value that is not supported by the WUR non-AP STA

· The ID subfield of a WUR frame with a value that is not maintained by the WUR non-AP STA (see 29.5.1 (General)) 

· A STA Info field of a VL WUR Wake-up frame where the WUR ID field of the STA Info field is greater than the WUR ID assigned to the WUR non-AP STA and none of the WUR ID field in the previous STA Info fields contains the WUR ID assigned to the WUR non-AP STA (see 29.9.3 (WUR AP operation))

· The last STA Info field of a VL WUR Wake-up frame where the WUR ID field of the STA Info field is less than the WUR ID assigned to the WUR non-AP STA (see 29.9.4 (WUR non-AP STA operation)) 

NOTE 1—A WUR non-AP STA (#1414)that receives a WUR frame that does not satisfy the above conditions follows other rules, which depend on the type of the received WUR frame (see Clause 29).

NOTE 2—A WUR non-AP STA that encounters a field or a subfield that is reserved ignores that field as described in 9.2.2.

· [bookmark: RTF36393831373a2048322c312e]Setting the identifiers of WUR frames

· [bookmark: RTF32393633333a2048332c312e]General

The ID field of WUR frames contains an identifier (ID) that is selected from the identifier’s space, which consists of all integer values between 0 and 4095 (see 9.9.2.2.2 (ID field)). 

[bookmark: RTF5f486c6b3530393736363130]A WUR AP that maintains a list of multiple IDs shall ensure that each ID that is included in a transmitted WUR frame is either a transmitter ID (see 29.5.3 (Transmitter ID)), a WUR group ID (see 29.5.4 (WUR Group ID)), a WUR ID (see 29.5.5 (WUR ID)), a nontransmitter ID (see 29.5.6 (Nontransmitter ID)) or a portion of the OUI (see 9.9.3.4 (WUR Vendor Specific frame format)).

NOTE—A WUR AP might dynamically change the identifiers used within the BSS(#3314) sporadically and randomly to provide a certain degree of security and privacy.

A WUR non-AP STA (#1414)that is in WUR mode or in WUR mode suspend maintains a list of multiple IDs. A WUR non-AP STA is configured to receive one or more WUR frames that contain any of these IDs when the WUR power state of the WUR non-AP STA is in the WUR awake state. 

The list of IDs maintained by the WUR non-AP STA includes:

· A WUR ID for WUR Short Wake-up frames and individually addressed FL WUR Wake-up frames.

· A transmitter ID for WUR Beacon, WUR Discovery frames, and for broadcast WUR Wake-up frames sent by the AP corresponding to the transmitted BSSID.

· A nontransmitter ID for broadcast WUR Wake up frames sent by the AP corresponding to the nontransmitted BSSID.

· A set containing zero or more instances of 12 LSBs of an OUI for WUR Vendor Specific frames. 

· A set containing zero or more instances of a group ID for group addressed FL WUR frames and for VL WUR Wake-up frames.

· [bookmark: RTF32303736393a2048332c312e]Compressed BSSID

The compressed BSSID is used by a WUR STA to obtain several of the identifiers defined in the remaining subclauses. 

The compressed BSSID is equal to the 32-bit CRC calculated over the BSSID contained in Beacon frames transmitted by the WUR AP if dot11MultiBSSIDImplemented is false or calculated over the transmitted BSSID of the multiple BSSID set (see 11.1.3.8 (Multiple BSSID procedure)) if dot11MultiBSSIDImplemented is true (calculation is performed as defined in 9.2.4.8 (Frame Body field) where the BSSID is the calculation fields).

· [bookmark: RTF33383330383a2048332c312e]Transmitter ID

A transmitter ID identifies the WUR AP transmitting the WUR frame. 

A WUR Wake-up frame is a broadcast WUR Wake-up frame if the WUR Wake-up frame has a transmitter ID in the ID field. The broadcast WUR Wake-up frame is addressed to all the WUR non-AP STAs that are associated with the WUR AP if dot11MultiBSSIDImplemented is false or addressed to all the WUR non-AP STAs that are associated with the AP corresponding to the transmitted BSSID if dot11MultiBSSIDImplemented is true.

WUR Beacon frames and WUR Discovery frames sent by a WUR AP shall have a transmitter ID in the ID field.

NOTE—WUR non-AP STAs associated to a nontransmitted BSSID are identified by the nontransmitter ID (see 29.5.6 (Nontransmitter ID)). These WUR non-AP STAs associated with the AP corresponding to a nontransmitted BSSID in a multiple BSSID set are expected to receive WUR Beacons and WUR Discovery frames sent with the a transmitter ID in the ID field and are not expected to receive other types of WUR frames sent with a transmitter ID in the ID field.

A WUR AP shall use the 12 LSBs of the compressed BSSID as the transmitter ID of WUR frames it transmits. 

· [bookmark: RTF33343330343a2048332c312e]WUR Group ID

A WUR group ID identifies a group of one or more WUR non-AP STAs and is selected from a WUR group ID space, which is a subset of consecutive values obtained from the identifier’s space. A FL WUR Wake-up frame with WUR group ID in the ID field is defined as a group addressed WUR frame that is addressed to all the WUR non-AP STAs identified by that WUR group ID. A VL WUR Wake-up frame is a group addressed WUR frame that is addressed to all the WUR non-AP STAs that are identified by the WUR IDs included in the Frame Body field and belong to the group identified by the WUR group ID indicated in the ID field. 

A WUR AP shall randomly select the starting value of the WUR group ID space from the identifier’s space before the WUR AP starts to assign any WUR group ID(s) to any WUR non-AP STA. All WUR group IDs shall not match any of the assigned WUR IDs, transmitter ID, and nontransmitter IDs (if any).

A WUR AP may assign one or more WUR group IDs to a WUR non-AP STA if the WUR non-AP STA has set the WUR Group IDs Support field of the WUR Capabilities element it transmits to a nonzero value and may assign a single WUR group ID to the WUR non-AP STA if the WUR non-AP STA has set the WUR Group IDs Support subfield of the WUR Capabilities element to 0 and has set VL WUR Frame Support subfield of the WUR Capabilities element to 1; otherwise the WUR AP shall not assign a WUR group ID to the WUR non-AP STA. 

A WUR AP shall indicate the WUR group IDs assigned to a WUR non-AP STA in the WUR Group ID List subfield of the WUR Parameters field of the WUR Mode element that is sent to the WUR non-AP STA. The difference between the largest WUR group ID and the lowest WUR group ID assigned by the WUR AP to a WUR non-AP STA shall not exceed the value indicated in the WUR Group IDs Support field of the WUR Capabilities element sent by the WUR non-AP STA, where the comparison performed between the two WUR group IDs is circular modulo 4096. 

A WUR non-AP STA that has indicated support for WUR group IDs shall obtain the assigned WUR group IDs from the WUR Group ID List subfield of the WUR Parameters field in the most recent WUR Mode element received from the WUR AP if the Action Type field in the most recently received WUR Mode element is equal to “Enter WUR Mode Response” or “Enter WUR Mode Suspend Response” and the WUR Mode Response Status field is equal to “Accept”. Otherwise, the WUR non-AP STA shall not obtain the assigned WUR group IDs from the WUR Group ID List subfield of the WUR Parameters field in the most recent WUR Mode element received from the WUR AP.

· [bookmark: RTF34373234373a2048332c312e]WUR ID

A WUR ID identifies the WUR non-AP STA that is the intended recipient of the WUR frame. A WUR frame with a WUR ID in the ID field is defined as an individually addressed WUR frame that is addressed to the WUR non-AP STA identified by that WUR ID. 

A WUR AP shall assign to each WUR non-AP STA a WUR ID that uniquely identifies the WUR non-AP STA within the BSS of the WUR AP if dot11MultiBSSIDImplemented is false. A WUR AP shall assign to each WUR non-AP STA a WUR ID that uniquely identifies the WUR non-AP STA within BSSs of the Multiple BSSID set that the WUR AP is a member if dot11MultiBSSIDImplemented is true. The WUR AP shall either select the WUR ID randomly from the identifier’s space or calculate the WUR ID as AID + transmitter ID, where AID is the association identifier of the WUR non-AP STA, transmitter ID is the transmitter ID of the WUR AP as defined in 29.5.3 (Transmitter ID) and the addition performed between the two identifiers is circular modulo 212. The WUR AP shall verify that the selected or calculated WUR ID is not any of WUR Group ID, the transmitter ID of the WUR AP, or any nontransmitter ID (if any). The WUR AP shall indicate the WUR ID assigned to a WUR non-AP STA in the WUR ID field of the WUR Mode element it sends to the WUR non-AP STA.

A WUR non-AP STA shall obtain the WUR ID from the WUR ID field of the most recent WUR Mode element received from the WUR AP.

· [bookmark: RTF34363939343a2048332c312e]Nontransmitter ID

A nontransmitter ID identifies a nontransmitted BSSID from the multiple BSSID set (see 11.1.3.8 (Multiple BSSID procedure)).

A WUR Wake-up frame is a broadcast WUR Wake-up frame if the WUR Wake-up frame has a nontransmitter ID in the ID field. The WUR Wake-up frame is addressed to all the WUR non-AP STAs that are associated with the AP corresponding to a nontransmitted BSSID in a multiple BSSID set. 

A WUR AP that operates a multiple BSSID set containing a nontransmitted BSSID and a WUR non-AP STA that is a member of a BSS corresponding to a nontransmitted BSSID shall calculate the nontransmitter ID as k + transmitter ID, where k is equal to the BSSID index field corresponding to that BSS (see 9.4.2.72 (Multiple BSSID-Index element) for the nontransmitted BSSID, the transmitter ID is defined in 29.5.3 (Transmitter ID), and the addition performed between the two identifiers is circular modulo 212.

· Synchronization using WUR Beacon frame

· [bookmark: RTF39373335323a2048332c312e]General

A WUR non-AP STA that is in WUR mode expects to receive WUR Beacon frames every dot11WURBeaconPeriod and expects to receive WUR Beacon frames within WUR duty cycle service periods negotiated with the WUR AP if the WUR AP has accepted to transmit keep-alive WUR frames (see 29.8.2 (WUR mode setup).

NOTE 1—A WUR STA’s TSF timer has the same TSF timer accuracy requirement, which is accurate to within ±100 ppm, defined in 11.1.3.9 (TSF timer accuracy) for a non-DMG STA.

If a WUR non-AP STA (#1414)that is in WUR mode and doze state (see 11.2.1 (General)) does not receive WUR Beacon frames for a time period, the WUR non-AP STA should perform WUR scanning (see 29.12 (WUR discovery)) or transition to awake state (see 11.2.1 (General)). The methods by which the WUR non-AP STA determines the exact value of the time period are implementation specific and out of scope of this standard.

NOTE 2—If a WUR non-AP STA does not perform any action while not receiving WUR Beacon frames for a time period, the WUR non-AP STA might not discover that it is already out of range of the WUR AP sending the WUR Beacon frames. 

A WUR AP sending a WUR Beacon frame shall set the Type Dependent Control field of the WUR Beacon frame to the TSF timer [5:16] of the WUR AP’s TSF timer at the time that the start of the first Multicarrier WUR On-Off Keying (MC-OOK) symbol containing the first bit of the Type Dependent Control field is transmitted by the PHY plus the WUR AP’s delays through its local PHY from the MAC-PHY interface to its interface with the WM.

· [bookmark: RTF34373230343a2048332c312e]WUR Beacon frame generation

A WUR AP shall define the timing for the WUR operations by transmitting WUR Beacon frames according to dot11WURBeaconPeriod and the Offset Of TWBTT subfield of the WUR Operation element that the WUR AP transmits. This defines a series of target WUR beacon transmission times exactly dot11WURBeaconPeriod TUs apart. Additionally, the WUR AP may transmit WUR Beacon frames as keep-alive WUR frames during WUR duty cycle service periods negotiated with a WUR non-AP STA (see 29.8.3 (WUR power management operation for a WUR AP)). 

NOTE 1—The method to determine the value of dot11WURBeaconPeriod is implementation specific and might be chosen based on the considerations of overhead, timing correction requirement, and other implementation specific reasons. 

If dot11MultiBSSIDImplemented is true, among all BSS in a multiple BSSID set (see 11.10.14 (Multiple BSSID set)), the WUR AP with BSSID equal to transmitted BSSID in a multiple BSSID set transmits WUR Beacon frames, and other WUR APs with BSSID not equal to transmitted BSSID in the multiple BSSID set shall not transmit WUR Beacon frames. 

At each target WUR beacon transmission time, the WUR AP shall schedule a WUR Beacon frame on the WUR primary channel indicated by the WUR Operating Class and WUR Channel subfields in the WUR Operation element if all the following conditions are met: 

· dot11MultiBSSIDImplemented is false or dot11MultiBSSIDImplemented is true, and the BSSID of the WUR AP is equal to transmitted BSSID in a multiple BSSID set 

· None of the following conditions are met:

· There are no WUR non-AP STAs associated with the WUR AP if dot11MultiBSSIDImplemented is false.

· There are no WUR non-AP STAs associated with any WUR APs in the multiple BSSID set if dot11MultiBSSIDImplemented is true.

· The WUR AP does not provide WUR power management service to any associated WUR non-AP STA (see 29.8 (WUR power management procedure)).

· All associated WUR non-AP STAs are in Active mode.

If the WUR AP schedules a WUR Beacon frame, the WUR Beacon frame shall be the next frame for transmission according to the medium access rules specified in 10 (MAC sublayer functional description) unless a Beacon frame is scheduled for transmission as defined in 11.1.3.2 (Beacon generation in non-DMG infrastructure networks) in which case the Beacon frame is the next frame for transmission and the WUR Beacon frame is the next frame for transmission after transmitting the Beacon frame and non-GCR-SP group addressed (#3814)BUs if the Beacon frame is a (#1000)DTIM beacon (see 11.2.3.1 (General)).

NOTE 2—To achieve this requirement of scheduling a WUR Beacon frame, the WUR AP suspends any pending transmissions until the WUR Beacon frame has been transmitted. 

A WUR AP shall indicate the WUR beacon period in the WUR Operation element that the WUR AP transmits. A WUR non-AP STA shall adopt that WUR beacon period when joining the BSS, i.e., the WUR non-AP STA shall set the dot11WURBeaconPeriod to the WUR Beacon Period subfield of the received WUR Operation element. 

NOTE 3—Though the transmission of a WUR Beacon frame might be delayed because of CSMA deferrals, subsequent WUR Beacon frames are scheduled at the undelayed nominal WUR beacon period. 

If dot11MultiBSSIDImplemented is false, a WUR AP shall transmit a WUR Beacon frame with a data rate that is supported by all WUR non-AP STAs that have negotiated WUR power management service (see 29.8 (WUR power management procedure)). 

If dot11MultiBSSIDImplemented is true, the WUR AP with BSSID equal to the transmitted BSSID in a multiple BSSID set (see 11.10.14 (Multiple BSSID set)) shall transmit a WUR Beacon frame with a data rate that is supported by all WUR non-AP STAs that have negotiated WUR power management service to any members in the multiple BSSID set (see 29.8 (WUR power management procedure)).

· Maintaining TSF timer synchronization with WUR Beacon frame

Upon receiving a WUR Beacon frame with a valid FCS and transmitter ID that matches the transmitter ID of the WUR AP to which a WUR non-AP STA is associated if dot11MultiBSSIDImplemented is false or the transmitter ID of the WUR AP corresponding to the transmitted BSSID of the multiple BSSID set, where the WUR AP to which a WUR non-AP STA is associated is a member, if dot11MultiBSSIDImplemented is true (see 29.5.3 (Transmitter ID)), the WUR non-AP STA shall update its TSF timer according to the algorithm described below.

The received partial TSF timestamp, obtained from the Type Dependent Control field of the WUR Beacon frame, is adjusted to consider the WUR non-AP STA’s delay as shown below:

· Create a temporary timestamp by concatenating the received partial TSF timestamp with 5 bits containing an implementation specific value that represents the assumed value of bit position 0 to 4 of the temporary timestamp.

· Add an amount equal to the receiving WUR non-AP STA’s delay through its local PHY components plus the time since the first bit of the Partial TSF field was received at the MAC/PHY interface to the temporary timestamp.

· The adjusted value of the received partial TSF timestamp is set as the value of bit position 5 to 16 of the temporary timestamp.

If the most significant bit (MSB) of the adjusted value of the received partial TSF timestamp is not equal to the bit 16 of the local TSF timer, then the value of bits 17 to 63 of the local TSF timer shall be adjusted to account for roll over as follows:

· The value shall be increased by one unit (modulo 247) if LT[5:16] > AT and LT[5:16] > ((AT+ 211) (modulo 212)).

· The value shall be decreased by one unit (modulo 247) if LT[5:16] < AT and LT[5:16] < ((AT – 211) (modulo 212)).

where AT is the adjusted value of the received partial TSF timestamp and LT[5:16] is the value of bits 5 to 16 of the local TSF timer.

The bits 5 to 16 of the WUR non-AP STA’s local TSF timer shall be set to the adjusted value of the received partial TSF timestamp.

· [bookmark: RTF36343739353a2048322c312e]WUR duty cycle operation

WUR duty cycle operation identifies the required amount of time that the WUR power state of a WUR non-AP STA utilizing WUR mode needs to be in the WUR awake state after the WUR non-AP STA enters the doze state (see 11.2.1 (General) and 29.8 (WUR power management procedure)). An illustration of state transition diagram of WUR power state is shown in Figure 29-1 (State transition diagram of WUR power state of a WUR non-AP STA in WUR mode(11ba)). WUR duty cycle operation also allows a WUR AP to manage WUR activity in the BSS by scheduling a WUR non-AP STA to receive WUR frames at different times. 

		



		· [bookmark: RTF39363931393a204669675469]State transition diagram of WUR power state of a WUR non-AP STA in WUR mode(11ba) 







A WUR AP shall support WUR duty cycle operation.

A WUR non-AP STA establishes WUR duty cycle operation with the WUR AP to which it is associated through WUR mode setup as described in 29.8.2 (WUR mode setup). 

WUR duty cycle operation is determined by the following parameters: start point, WUR duty cycle service period, and duty cycle period (see Figure 29-2 (WUR Duty Cycle(11ba))).

		



		· [bookmark: RTF38333436383a204669675469]WUR Duty Cycle(11ba) 







The start point indicates the start time of a WUR duty cycle service period. For any WUR duty cycle service period, the start time of the next WUR duty cycle service period is equal to the start time of the WUR duty cycle service period plus the duty cycle period.

A WUR AP indicates the minimum wake-up duration in the Minimum Wake-up Duration subfield of the WUR Operation element and the duty cycle period unit in the Duty Cycle Period Units subfield of the WUR Operation element.

In the response frame sent by the WUR AP during a WUR mode setup (see 29.8.2 (WUR mode setup)), the WUR Duty Cycle Start Time present subfield of the WUR Parameters Control field in the WUR Mode element within the response frame shall be set to 1 if the WUR Mode Response Status field of the carrying WUR Mode element within a response frame is equal to “Accept,” and the WUR duty cycle service period indicated in the WUR Duty Cycle Service Period subfield of the WUR Parameters field in the WUR Mode element within the request frame is smaller than the duty cycle period indicated in the Duty Cycle Period subfield of the WUR Parameters field in the WUR Mode element within the request frame. Otherwise, the WUR Duty Cycle Start Time present subfield of the WUR Parameters Control field in the WUR Mode element within the response frame shall be set to 0. 

In the request frame sent by the WUR non-AP STA during a WUR mode setup (see 29.8.2 (WUR mode setup)), the WUR Duty Cycle Start Time present subfield of the WUR Parameters Control field in the WUR Mode element within the request frame shall be set to 0.

After a WUR non-AP STA establishes WUR duty cycle operation with a WUR AP through WUR mode setup as described in 29.8.2 (WUR mode setup):

· the duty cycle period is indicated in the Duty Cycle Period subfield of the WUR Parameters field in the WUR Mode element transmitted by the WUR non-AP STA.

· the WUR duty cycle service period is indicated in the WUR Duty Cycle Service Period subfield of the WUR Parameters field in the WUR Mode element transmitted by the WUR non-AP STA.

· the start point is indicated in the WUR Duty Cycle Start Time subfield of the WUR Parameters field in the WUR Mode element transmitted by the WUR AP. 

A WUR non-AP STA shall set the WUR Duty Cycle Service Period subfield of the WUR Parameters field in the WUR Mode element to indicate a duration that is larger than or equal to the duration indicated by the Minimum Wake-up Duration subfield in the most recently received WUR Operation element from the associated WUR AP.

A WUR non-AP STA shall set the WUR Duty Cycle Service Period subfield of the WUR Parameters field in a WUR Mode element to indicate a duration that is smaller than or equal to the duty cycle period indicated in the Duty Cycle Period subfield of the WUR parameters field in the WUR Mode element.

If a WUR non-AP STA is in WUR mode, and the WUR non-AP STA is in the doze state (see 11.2.1 (General)), the WUR power state of the WUR non-AP STA shall be in the WUR awake state within the WUR duty cycle service period of a WUR duty cycle period. 

· [bookmark: RTF36333730313a2048322c312e]WUR power management procedure

· General

A WUR AP may provide WUR power management service to its associated WUR non-AP STAs as defined in 29.8.2 (WUR mode setup), 29.8.3 (WUR power management operation for a WUR AP), 29.8.4 (WUR power management operation for a WUR non-AP STA), and 29.9 (Wake-up operation).

A WUR non-AP STA is in WUR mode or WUR mode suspend while using WUR power management service provided by a WUR AP. 

A WUR STA shall follow the power management procedure defined in 11.2.3 (Power management in a non-DMG infrastructure network) except that some of the rules are relaxed as defined in 29.8.3 (WUR power management operation for a WUR AP) and 29.8.4 (WUR power management operation for a WUR non-AP STA). 

· [bookmark: RTF36363830383a2048332c312e]WUR mode setup

To use the WUR power management service, a WUR non-AP STA initiates a successful frame exchanges with its associated WUR AP. Table 29-1 (Settings for WUR mode setup frame exchange - Request and Response(11ba)) defines the frames used in the WUR mode setup frame exchange and the status after the exchange. These frames contain the WUR Mode elements necessary to define the WUR power management service in WUR Mode Setup frames or (Re)Association Request/Response frames with a WUR AP. Table 29-1 (Settings for WUR mode setup frame exchange - Request and Response(11ba)) and Table 29-2 (WUR Mode Setup frame or WUR Mode Teardown frame transmission(11ba)) define the frames used in the WUR Mode Setup frame and WUR Mode Teardown frame exchanges.

		· [bookmark: RTF38333230373a205461626c65]Settings for WUR mode setup frame exchange - Request and Response(11ba) 



		Request frame: Action Type field of the WUR Mode element within a request frame transmitted from a WUR non-AP STA to a WUR AP

		Response frame: Action Type field of the WUR Mode element within a response frame transmitted from a WUR AP to a WUR non-AP STA

		Response frame: WUR Mode Response Status field of the WUR Mode element within a response frame transmitted from a WUR AP to a WUR non-AP STA

		Status after the completion of the successful frame transmission 



		Enter WUR Mode Request

		Enter WUR Mode Response

		Accept

		The WUR non-AP STA enters WUR mode.



		Enter WUR Mode Suspend Request

		Enter WUR Mode Suspend Response

		Accept

		The WUR non-AP STA enters WUR mode suspend.



		Enter WUR Mode Request

		Enter WUR Mode Response

		Denied

		WUR power management service is not provided by the WUR AP to the WUR non-AP STA at this time.



		Enter WUR Mode Suspend Request

		Enter WUR Mode Suspend Response

		Denied

		WUR power management service is not provided by the WUR AP to the WUR non-AP STA at this time.







NOTE 1—If WUR power management service is not provided by the WUR AP to the WUR non-AP STA, the WUR non-AP STA is not in WUR mode or WUR mode suspend. 

NOTE 2—The definition of WUR mode and WUR mode suspend is described in 29.8.4 (WUR power management operation for a WUR non-AP STA) and 29.9 (Wake-up operation). 

		· [bookmark: RTF32383137353a205461626c65]WUR Mode Setup frame or WUR Mode Teardown frame transmission(11ba)  



		Frame type carrying the WUR Mode element (and Action Type field of the WUR Mode element) transmitted from a WUR non-AP STA to a WUR AP

		Frame type carrying the WUR Mode element (and Action Type field of the WUR Mode element) transmitted from a WUR AP to a WUR non-AP STA 

		Status after the completion of the exchange



		WUR Mode Setup frame (Action Type = Enter WUR Mode)

		N/A

		The WUR non-AP STA enters WUR mode from WUR mode suspend.



		WUR Mode Setup frame (Action Type = Enter WUR Mode Suspend)

		N/A

		The WUR non-AP STA enters WUR mode suspend from WUR mode. 



		N/A

		WUR Mode Setup frame (Action Type = Enter WUR Mode Response)

		The WUR non-AP STA that is in WUR mode updates the WUR Parameters.



		N/A

		WUR Mode Setup frame (Action Type = Enter WUR Mode Suspend Response)

		The WUR non-AP STA that is in WUR mode suspend updates the WUR Parameters.



		WUR Mode Teardown frame

		N/A

		The WUR non-AP STA tears down WUR power management service.



		N/A

		WUR Mode Teardown frame

		The WUR AP tears down WUR power management service.







NOTE 3—See 9.4.2.293 (WUR Mode element(11ba)) for the definition of Action Type field in WUR Mode element. 

A request frame in Table 29-1 (Settings for WUR mode setup frame exchange - Request and Response(11ba)) is successfully transmitted from a WUR non-AP STA to a WUR AP if an Ack frame is received by the WUR non-AP STA for the request frame.

A response frame in Table 29-1 (Settings for WUR mode setup frame exchange - Request and Response(11ba)) is successfully transmitted from a WUR AP to a WUR non-AP STA if an Ack frame is received by the WUR AP for the response frame.

If the WUR AP denies the WUR mode setup, the WUR Mode Response Status field in the corresponding WUR Mode element shall be set to one of the values with meaning “Denied” shown in Table 9-400 (WUR Mode Response Status Definition(11ba)).

If the WUR AP accepts the request for WUR mode setup with the WUR Parameters field in the WUR Mode Setup frame, the WUR Mode Response Status field in the corresponding WUR Mode element is set to “Accept”. If the WUR non-AP STA receives the WUR Mode element, which contains WUR Mode Response Status field equal to “Accept”, WUR power management service is negotiated between the WUR non-AP STA and the WUR AP with WUR parameters, which are indicated in the WUR Mode elements.

After a WUR non-AP STA has negotiated WUR power management service with a WUR AP, the WUR non-AP STA may switch from WUR mode to WUR mode suspend by initiating and completing a successful frame exchange exchange(#109), which includes a WUR Mode Setup frame with Action Type field of the carrying WUR Mode element equal to “Enter WUR Mode Suspend” from the WUR non-AP STA and an Ack frame from the WUR AP as described in Table 29-2 (WUR Mode Setup frame or WUR Mode Teardown frame transmission(11ba)).

After a WUR non-AP STA has negotiated WUR power management service with a WUR AP, the WUR non-AP STA may switch from WUR mode suspend to WUR mode by initiating and completing a successful frame exchange sequence(#109), which includes a WUR Mode Setup frame with Action Type field of the carrying WUR Mode element equal to “Enter WUR Mode” from the WUR non-AP STA and an Ack frame from the WUR AP as described in Table 29-2 (WUR Mode Setup frame or WUR Mode Teardown frame transmission(11ba)).

The Action Type field in the WUR Mode element of the WUR Mode Setup frame sent by the WUR non-AP STA in this frame exchange sequence(#109) indicates the status that the WUR non-AP STA shall adopt upon successful completion of the frame exchange sequence(#109).

A WUR non-AP STA may indicate in the WUR Mode element its recommendation on which WUR channel to assign for itself if the WUR FDMA Support subfield in the WUR Capabilities element sent by the WUR non-AP STA is equal to 1; otherwise, the WUR non-AP STA shall not recommend a WUR channel. The WUR non-AP STA may indicate in the WUR Mode element its recommendation on which data rate (LDR or HDR) to use for WUR Short Wake-up frames or individually or group addressed WUR Wake-up frames transmitted to the WUR non-AP STA if the 20 MHz WUR PPDU with HDR Support subfield in the WUR Capabilities element sent by the WUR non-AP STA is equal to 1; otherwise, the WUR non-AP STA shall not recommend a WUR data rate and shall set the Recommended WUR Short Wake-up Frame or WUR Wake-up Frame Rate field to 0 if a Proposed WUR Parameter subfield is included in the WUR Parameter field in a WUR Mode element it transmits. The WUR non-AP STA should avoid repeatedly renegotiating WUR power management with the same proposed WUR parameters in the WUR Mode element for the remainder of the association if the WUR AP doesn’t use the recommended value(s) from the WUR non-AP STA. 

A WUR non-AP STA may set the Requested Keep-Alive WUR Frame field to 1 in the WUR Mode element to request the WUR AP to generate a keep-alive WUR frame during the WUR duty cycle service periods that are negotiated with the WUR non-AP STA.

A WUR AP may assign the WUR channel to WUR non-AP STAs or select the data rate of the transmitted WUR PPDU based on the values contained in the Proposed WUR Parameters subfields received from these WUR non-AP STAs.

After a WUR non-AP STA has negotiated WUR power management service with a WUR AP, the WUR AP may update the WUR parameters with the WUR non-AP STA in WUR mode by initiating and completing a successful frame exchange sequence(#109), which includes an unsolicited WUR Mode Setup frame with the Action Type in WUR Mode element equal to “Enter WUR Mode Response” from the WUR AP and an Ack frame from the WUR non-AP STA as described in Table 29-2 (WUR Mode Setup frame or WUR Mode Teardown frame transmission(11ba)).

After a WUR non-AP STA has negotiated WUR power management service with a WUR AP, the WUR AP may update the WUR parameters with the WUR non-AP STA in WUR mode suspend by initiating and completing a successful frame exchange sequence(#109), which includes an unsolicited WUR Mode Setup frame with the Action Type in WUR Mode element equal to “Enter WUR Mode Suspend Response” from the WUR AP and an Ack frame from the WUR non-AP STA as described in Table 29-2 (WUR Mode Setup frame or WUR Mode Teardown frame transmission(11ba)).

The WUR non-AP STA that sent the Ack frame in response to the unsolicited WUR Mode Setup frame shall update the WUR parameters to the parameters included in the received WUR Mode Setup frame. The WUR non-AP STA may teardown WUR operation as described below if the WUR non-AP STA doesn’t intend to use the parameters.

After a WUR non-AP STA negotiates WUR power management service with a WUR AP, the WUR non-AP STA may tear down WUR power management service by initiating and completing a successful frame exchange sequence(#109), which includes a WUR Mode Teardown frame from the WUR non-AP STA and an Ack frame from the WUR AP as described in Table 29-2 (WUR Mode Setup frame or WUR Mode Teardown frame transmission(11ba)).

After a WUR non-AP STA negotiates WUR power management service with a WUR AP, the WUR AP may tear down WUR power management service by initiating and completing a successful frame exchange sequence(#109), which includes a WUR Mode Teardown frame from the WUR AP and an Ack frame from the WUR non-AP STA as described in Table 29-2 (WUR Mode Setup frame or WUR Mode Teardown frame transmission(11ba)).

A WUR STA that successfully finishes WUR mode setup shall operate as defined in 29.8.3 (WUR power management operation for a WUR AP), 29.8.4 (WUR power management operation for a WUR non-AP STA), and 29.9 (Wake-up operation).

· [bookmark: RTF38373135383a2048332c312e]WUR power management operation for a WUR AP

For each WUR non-AP STA that requests WUR power management service from an associated WUR AP, the WUR AP shall maintain a WUR status that indicates whether the WUR non-AP STA is in WUR mode or WUR mode suspend.

If a WUR non-AP STA is in WUR mode, then:

· The negotiated WUR parameters between the WUR AP and the WUR non-AP STA are maintained by the WUR AP.

· The WUR AP shall schedule for transmission a WUR Wake-up frame or a WUR Short Wake-up frame for the WUR non-AP STA during a WUR duty cycle service period that is negotiated with the WUR non-AP STA to notify the WUR non-AP STA that the WUR AP intends to have operation with the WUR non-AP STA as described in 29.9.3 (WUR AP operation) and 29.9.4 (WUR non-AP STA operation) if the WUR non-AP STA is in the doze state (see 11.2.1 (General)). The WUR Short Wake-up frame or the WUR Wake-up frame classifies as a keep-alive WUR frame for a WUR non-AP STA that has requested the transmission of keep-alive WUR frames during WUR mode setup.

· The WUR AP shall schedule for transmission a WUR Beacon frame during a WUR duty cycle service period that is negotiated with the WUR non-AP STA as a keep-alive WUR frame if the WUR AP does not schedule for transmission a WUR Short Wake-up frame or a WUR Wake-up frame for the WUR non-AP STA during that WUR duty cycle service period and the WUR non-AP STA has requested the transmission of keep-alive WUR frames during a successful WUR mode setup (see 29.8.2 (WUR mode setup)).

· The negotiated service periods between the WUR AP and the WUR non-AP STA for the WUR non-AP STA’s schedule are suspended, i.e., the WUR non-AP STA is not required to be in the awake state (see 11.2.1 (General)) during the negotiated service period:

· After the WUR AP transmits a WUR Short Wake-up frame or a WUR Wake-up frame addressed to the WUR non-AP STA with an indication of individually addressed buffered BU(s), the WUR AP expects that the WUR non-AP STA is in the awake state (see 11.2.1 (General)) at the earliest service period, which has end time larger than the received time of the frame plus the transition delay indicated by the WUR non-AP STA in the WUR Capabilities elements, following the PS operation (e.g., individual TWT) agreed between the WUR AP and the WUR non-AP STA.

· The parameters of the negotiated service period for the WUR non-AP STA’s schedule between the WUR AP and the WUR non-AP STA are maintained by the WUR AP. 

· The WUR AP shall follow the wake-up operation defined in 29.9 (Wake-up operation).

NOTE 1—The WUR non-AP STA might not wake up at the exact start time of the earliest service period.

NOTE 2—A WUR AP can generate keep-alive WUR frames, which are WUR beacon frames, in the WUR primary channel, and a WUR AP cannot generate keep-alive WUR frames, which are WUR beacon frames, in a WUR channel that is not the WUR primary channel. Hence, the AP can assign these WUR non-AP STAs in the WUR primary channel to enable generation of the keep-alive WUR frames, and the AP cannot assign these WUR non-AP STAs in a WUR channel that is not the WUR primary channel to enable the keep-alive operation.

NOTE 3—If the WUR non-AP STA is in power save mode, then the WUR AP still buffer individually addressed BUs (see 11.2.3.1 (General)) as described in 29.1 (Introduction) and deliver them in designated time as described in 29.9.3 (WUR AP operation) and 29.9.4 (WUR non-AP STA operation).

If a WUR non-AP STA is in WUR mode suspend, then the negotiated WUR parameters between the WUR AP and the WUR non-AP STA are maintained by the WUR AP.

NOTE 4—A WUR non-AP STA in WUR mode suspend does not need to follow the WUR duty cycle service period agreed between the WUR AP and the WUR non-AP STA.

· [bookmark: RTF39313437323a2048332c312e]WUR power management operation for a WUR non-AP STA

In addition to the two power states defined in 11.2.1 (General) that differentiate the functionality of being able to receive or not being able to receive non-WUR frames, two WUR power states are defined to differentiate the functionality of being able to receive or not being able to receive WUR frames.

The WUR power state of a WUR non-AP STA can be in one of two WUR power states:

· WUR awake: the WUR non-AP STA is able to receive WUR frames.

· WUR doze: the WUR non-AP STA is not able to receive WUR frames.

NOTE 1—A WUR non-AP STA can be in the awake or doze state as defined in 11.2.1 (General) while in the power save mode regardless of whether the WUR non-AP STA has negotiated WUR power management service to be in WUR mode or WUR mode suspend. A WUR non-AP STA can be in active mode or power save (PS) mode as defined in 11.2.3.2 (Non-AP STA power management modes) regardless of whether the WUR non-AP STA has negotiated WUR power management service to be in WUR mode or WUR mode suspend. The change of power management mode and the change of negotiated WUR power management service to be in WUR mode or WUR mode suspend are independent. 

If a WUR non-AP STA is in WUR mode, then:

· The negotiated WUR parameters between the WUR AP and the WUR non-AP STA are maintained by the WUR non-AP STA.

· If the WUR non-AP STA is considered by the WUR AP to be in the doze state (see 11.2.1 (General)), the WUR power state of the WUR non-AP STA shall be in the WUR awake state during the WUR duty cycle service period agreed between WUR AP and WUR non-AP STA. Otherwise, the WUR power state of the WUR non-AP STA may be in the WUR doze state.

· The WUR power state of the WUR non-AP STA may be in the WUR doze state after the WUR non-AP STA completes a successful frame exchange sequence(#109) with the WUR AP, and the frame exchange sequence(#109) informs the WUR AP that the WUR non-AP STA is in the awake state (see 11.2.1 (General)).

· The WUR non-AP STA may or may not wake up to receive Beacon frame if the WUR non-AP STA is in PS mode (see 11.2.3.1 (General)).

· The negotiated service periods between WUR AP and WUR non-AP STA for the WUR non-AP STA’s schedule are suspended, and the WUR non-AP STA may be in the doze state (see 11.2.1 (General)) during the negotiated service periods until the schedule is resumed as described below: 

· After the WUR non-AP STA receives a WUR Short Wake-up frame or a WUR Wake-up frame addressed to it from the WUR AP with an indication of individually addressed BU(s), the WUR non-AP STA shall be in the awake state (see 11.2.1 (General)) at the earliest service period, which has end time larger than the received time of the frame plus the transition delay indicated by the WUR non-AP STA in the WUR Capabilities element, following the PS operation (e.g., individual TWT) agreed between the WUR AP and the WUR non-AP STA.

· The parameters of the negotiated service period for the WUR non-AP STA’s schedule between the WUR AP and the WUR non-AP STA are maintained by the WUR non-AP STA.

· The WUR non-AP STA shall follow the wake-up operation defined in 29.9 (Wake-up operation). 

NOTE 2—The WUR duty cycle service period agreed between WUR AP and WUR non-AP STA can be that the WUR power state of the WUR non-AP STA is always in the WUR awake state. 

NOTE 3—Examples of the negotiated service period between WUR AP and WUR non-AP STA for the WUR non-AP STA’s schedule include individual TWT and schedule for WNM sleep mode. 

NOTE 4—The WUR power state of a WUR non-AP STA is implementation specific if the WUR non-AP STA is in the awake state (see 11.2.1 (General)). 

NOTE 5—The WUR non-AP STA might not wake up at the exact start time of the earliest service period.

If a WUR non-AP STA is in WUR mode suspend, then: 

· The WUR power state of the WUR non-AP STA may be in the WUR doze state. 

· The negotiated WUR parameters between the WUR AP and the WUR non-AP STA are maintained by the WUR non-AP STA.

NOTE 6—If a WUR non-AP STA is in WUR mode suspend, the negotiated service period between WUR AP and WUR non-AP STA for the WUR non-AP STA’s schedule is active. 

· [bookmark: RTF31343837333a2048332c312e]Wake-up operation

· General

A WUR AP may send a WUR Wake-up frame or a WUR Short Wake-up frame (see 29.9.2 (WUR Short Wake-up frame operation)) to an associated WUR non-AP STA as described in 29.9 (Wake-up operation) and 29.8.3 (WUR power management operation for a WUR AP) to notify the WUR non-AP STA that the WUR AP intends to have operation with the WUR non-AP STA as described in 29.9.3 (WUR AP operation) and 29.9.4 (WUR non-AP STA operation).

A WUR AP shall not send a WUR Short Wake-up frame or a WUR Wake-up frame or a WUR Vendor Specific frame with HDR to associated WUR non-AP STA(s) that does not support HDR as indicated by the 20 MHz WUR PPDU with HDR Support subfield in the WUR Capabilities element sent by the WUR non-AP STA(s). 

If a WUR AP and an associated WUR non-AP STA support traffic filtering service (TFS) as specified in 11.22.12, then the WUR AP and the WUR non-AP STA may use the traffic filter established according to the traffic filtering agreement between the WUR AP and the associated WUR non-AP STA sets to control the WUR Short Wake-up frame or the WUR Wake-up frame transmission as described in 29.9.3 (WUR AP operation).

A WUR AP may transmit a WUR Wake-up frame to an associated WUR non-AP STA to indicate that individually addressed BU(s) are available for the non-AP STA. The WUR Wake-up frame shall satisfy any of the conditions below:

· The ID field of the WUR Wake-up frame contains a WUR ID that identifies the WUR non-AP STA.

· If the WUR Wake-up frame is FL WUR Wake-up frame, the ID field of the WUR Wake-up frame contains a WUR group ID that identifies a group of WUR non-AP STAs that include the WUR non-AP STA.

· If the WUR Wake-up frame is VL WUR Wake-up frame, the ID field of the WUR Wake-up frame contains a WUR group ID that identifies a group of WUR non-AP STAs that include the WUR non-AP STAs, and one of the identifiers in the Frame Body field identifies the WUR non-AP STA (see 9.9.3.2 (WUR Wake-up frame format)).

A WUR AP may transmit a WUR Short Wake-up frame to an associated WUR non-AP STA to indicate that individually addressed BU(s) are available for the non-AP STA.

A WUR AP may transmit a broadcast WUR Wake-up frame (see 29.5.3 (Transmitter ID) and 29.5.6 (Nontransmitter ID)) with the Group Addressed BU subfield of the Miscellaneous subfield equal to 1 to indicate that group addressed BU(s) of the WUR AP (see 11.2.3.4 (TIM types)) are available for all the associated WUR non-AP STA(s). 

A WUR AP may transmit a broadcast WUR Wake-up frame (see 29.5.3 (Transmitter ID) and 29.5.6 (Nontransmitter ID)) to associated WUR non-AP STA(s) to indicate that a critical update to the BSS parameters of the WUR AP has occurred for the associated WUR non-AP STA (see 29.9.3 (WUR AP operation)). The critical update is indicated in the Counter subfield of the Type Dependent Control field. 

· WUR Short Wake-up frame operation

When a WUR non-AP STA and its WUR AP both set WUR Short Wake-up Frame Support subfield to 1 in their WUR Capabilities Information field (indicating support WUR Short Wake-up frames):

· The WUR AP may transmit WUR Short Wake-up frames instead of WUR Wake-up frames to the WUR non-AP STA. WUR Wake-up frames and WUR Short Wake-up frames may be used interchangeably in this case according to the rules outlined in this subclause.

· The WUR non-AP STA shall act on received WUR Short Wake-up frames with a matching WUR ID and FCS in the same way it acts on received WUR Wake-up frames with a matching WUR ID and FCS according to the rules outlined in this subclause.

Otherwise, a WUR AP shall not transmit WUR Short Wake-up frames to a WUR non-AP STA and the WUR non-AP STA shall (#3683)discard received WUR Short Wake-up frames with a matching WUR ID and FCS.

When a WUR AP transmits WUR Short Wake-up frames to a WUR non-AP STA and the WUR AP has a secure association with the non-AP STA, the following rules apply:

· The WUR AP shall select the WUR non-AP STA’s WUR ID randomly.

· The WUR AP shall configure a new random WUR ID at the WUR non-AP STA when the WUR AP receives one or more frames from the WUR non-AP STA, but not a WUR Wake-up Indication frame with a WUR Wake-up Indication field indicating UNSOLICITED_WAKEUP.

· When the WUR AP receives one or more frames from the WUR non-AP STA, but not a WUR Wake-up Indication frame with a WUR Wake-up Indication field indicating UNSOLICITED_WAKEUP from the WUR non-AP STA and the WUR AP did not transmit a prior WUR Short Wake-up frame to the WUR non-AP STA, the WUR AP should invoke a timeout before configuring a new WUR ID at the WUR non-AP STA. During this time, the WUR AP uses WUR Wake-up frames to wake up the WUR non-AP STA, using the current WUR ID. The WUR AP should double this interval upon each consecutive unsolicited wake-up event in which no WUR Wake-up Indication frame with a WUR Wake-up Indication field indicating UNSOLICITED_WAKEUP is received.

· The WUR AP should not retransmit a WUR Short Wake-up frame. The WUR AP may retransmit a WUR Wake-up frame instead.

· The WUR non-AP STA shall (#3683)discard received WUR Short Wake-up frames with a matching WUR ID and FCS after the WUR non-AP STA received a WUR Short Wake-up frame with a matching WUR ID and FCS, until a new WUR ID has been configured at the WUR non-AP STA by the WUR AP.

· The WUR non-AP STA may transmit a WUR Wake-up Indication frame with a WUR Wake-up Indication field indicating UNSOLICITED_WAKEUP as the first frame when it wakes up without receiving a prior WUR Short Wake-up frame or WUR Wake-up frame so that the WUR AP does not configure a new WUR ID at the WUR non-AP STA. 

NOTE 1—On a secure link with dot11RSNAProtectedManagementFramesActivated equal to false, the new WUR ID might still be overheard. Therefore, for full protection, dot11RSNAProtectedManagementFramesActivated needs to be true.

NOTE 2—On a secure link, the WUR ID is changed by the WUR AP after each use in a WUR Short Wake-up frame or after an unsolicited wake-up not indicating UNSOLICITED_WAKEUP. In case of an unsolicited wake-up not indicating UNSOLICITED_WAKEUP, the WUR AP invokes an increasing timeout before configuring a new WUR ID, to avoid that repeated false positive WUR Short Wake-up frames cause the battery at the WUR non-AP STA to drain (like in the event that an adversary repeatedly plays out all WUR IDs). After an unsolicited wake-up not indicating UNSOLICITED_WAKEUP, the WUR non-AP STA might not respond to WUR Short Wake-up frames, and the WUR AP uses regular secure WUR Wake-up frames to wake up the WUR non-AP STA, using the current WUR ID, until the timeout expired and a new WUR ID has been configured. 

· [bookmark: RTF33373535323a2048332c312e]WUR AP operation

A WUR AP that transmits a WUR Short Wake-up frame or a WUR Wake-up frame to a WUR non-AP STA that indicates the availability of individually addressed BU(s) shall follow the PS operation defined in 11.2 (Power management) and 26.8 (TWT operation) that the WUR AP and the WUR non-AP STA has agreed to use (e.g., active mode and PS mode change, U-APSD, TWT, etc.), to deliver individually addressed BU(s) to the WUR non-AP STA and follow the timing information (e.g., the next service period) that is provided along with the agreed PS operation. 

NOTE 1—As described in 29.3 (Channel access), a WUR AP can transmit multiple WUR Wake-up frames in a TXOP (see 10.23.2.8 (Multiple frame exchange sequences in an EDCA TXOP(#109))).

If the WUR AP schedules a transmission that is not a WUR PPDU to the WUR non-AP STA, the WUR AP shall verify that either of the conditions below is met:

· The transition delay indicated by the WUR non-AP STA in the WUR Capabilities elements following the most recent transmitted WUR Short Wake-up frame or WUR Wake-up frame intended to the WUR non-AP STA has expired. 

· The WUR non-AP STA has indicated that it is in the awake state (see 11.2.1 (General)) by transmitting a frame to the WUR AP.

NOTE 2—The frames scheduled by the WUR AP to be delivered are not limited to individually addressed BU(s). 

NOTE 3—The WUR non-AP STA indicates that it is in the awake state by transmitting a frame to the WUR AP and following the PS operation after receiving a WUR Wake-up frame addressed to it with an indication of individually addressed BU(s) (see 29.9.4 (WUR non-AP STA operation)).

A WUR AP that generates a VL WUR Wake-up frame with two or more STA Info fields shall order the STA Info fields in the Frame Body field so that the WUR IDs appear in increasing order. The WUR AP shall not include the WUR ID of a WUR non-AP STA that does not support reception of VL WUR frames. (see 9.4.2.291 (WUR Capabilities element(11ba))).

NOTE 4—Inclusion of the STA Info fields in a VL WUR Wake-up frame in increasing order allows a WUR STA to stop processing the WUR frame once the STA locates a User Info field that contains the WUR ID of the STA or a WUR ID that is greater than the WUR ID of the STA.

A WUR AP that transmits a broadcast WUR Wake-up frame to a WUR non-AP STA that indicates the availability of group addressed BU(s) shall follow the PS operation that the WUR AP and the WUR non-AP STA has agreed to use (e.g., DTIM, FMS, etc.), to deliver group addressed BU(s) to the WUR non-AP STA and follow the timing information (e.g., the next DTIM TBTT) that is provided along with the agreed PS operation.

If the WUR AP schedules a transmission of group addressed BU(s) to the WUR non-AP STA(s), the WUR AP shall verify that the following condition is met:

· The maximum transition delay following the most recently transmitted WUR Wake-up frame indicating buffered group addressed BU(s) has expired. The maximum transition delay is defined as the maximum value of the transition delay values in the WUR Capabilities elements indicated by all the WUR non-AP STAs that are not in the awake state (see 11.2.1 (General)), have negotiated WUR power management service with the WUR AP, and are in WUR mode.

A WUR AP that sends a WUR Wake-up frame to the WUR non-AP STA(s) may send a frame (for example, a Trigger frame) to solicit response frames from one or more WUR non-AP STAs that support the reception of the frame. 

If a traffic filtering agreement is established for a WUR non-AP STA in WUR mode, the WUR non-AP STA is in doze state (see 11.2.1 (General)), and Bit 1 of the TFS Action Code field is equal to 1, then the WUR AP should transmit a WUR Wake-up frame to the WUR non-AP STA if the WUR AP receives an individually addressed BU destined to the WUR non-AP STA that matches the traffic filter set.

If a traffic filtering agreement is established for a WUR non-AP STA in WUR mode, the WUR non-AP STA is in doze state (see 11.2.1 (General)), and Bit 1 of the TFS Action Code field is equal to 0, then the WUR AP should not transmit a WUR Wake-up frame to the WUR non-AP STA if the WUR AP receives an individually addressed BU destined to the WUR non-AP STA that matches the traffic filter set.

A WUR AP shall maintain (#3116)a BSS parameter update counter. The WUR AP shall increase (#3116)the BSS parameter update counter if a critical update occurs to any of the elements inside the Beacon frame. The following events shall be classified as a critical update:

· Inclusion of a Channel Switch announce element 

· Inclusion of an Extended Channel Switch announce element 

· Inclusion of a Wide Bandwidth Channel Switch element

· Inclusion of an Operating Mode Notification element

· Modification of the EDCA parameters

· Modification of the HT Operation element

· Modification of the VHT Operation element

· Modification of the HE Operation element

· Modification of the DSSS Parameter Set

· Inclusion of a Channel Switch Wrapper element

NOTE 5—The list of elements for critical update advertised by a broadcast WUR Wake-up frame aligns with the list of elements for critical update advertised in Check Beacon field in the TIM frame(s) (see 11.2.3.14 (TIM Broadcast)).

The WUR AP shall include the current value of (#3116)the BSS parameter update counter in the WUR Parameter field in the WUR Operation element. The WUR AP shall include a WUR Operation element in the WUR Mode Setup frames if (#3116)the Counter subfield in the WUR Operation element has been recently updated. 

The WUR AP shall include the current value of the (#3116)BSS parameter update counter in the Counter subfield of the Type Dependent Control field in all transmitted broadcast WUR Wake-up frames. 

A WUR AP may classify other changes in the Beacon frame as critical updates, which may include modification of the RSNE (see 9.4.2.23 (RSNE)) or those that are described in 11.2.3.5 (Power management with APSD).

After a WUR AP sends a WUR Short Wake-up frame or a WUR Wake-up frame with the ID field equal to a WUR ID that identifies a WUR non-AP STA, the WUR AP waits for a timeout interval that is larger than the transition delay indicated by the WUR non-AP STA in the WUR Capabilities elements:

· If the WUR AP receives any transmission from the WUR non-AP STA within the timeout interval, then the WUR Short Wake-up frame or the WUR Wake-up frame transmission is successful.

· Otherwise, the WUR Short Wake-up frame or the WUR Wake-up frame transmission fails, and the WUR AP may retransmit the WUR Wake-up frame to the WUR non-AP STA.

The methods by which a WUR AP determines the exact value of the timeout interval and determines the number of retries after the transmission of individually addressed WUR Wake-up frame fails are implementation specific and out of scope of this standard. 

NOTE 6—The WUR AP might take into account the wake up timing information (e.g., the next service period) that is provided along with the agreed PS operation to determine the value of the timeout interval.

NOTE 7—A WUR AP might disassociate a WUR non-AP STA by following the operation based on BSS max idle period (see 11.21.13 (BSS max idle period management).

· [bookmark: RTF32393435353a2048332c312e]WUR non-AP STA operation

A WUR non-AP STA that receives a WUR Short Wake-up frame or a WUR Wake-up frame addressed to it with an indication of individually addressed BU(s) (see 29.9.1 (General)) shall follow the PS operation defined in 11.2 (Power management) and 26.8 (TWT operation) that the associated WUR AP and the WUR non-AP STA has agreed to use (e.g., power management mode change, U-APSD, TWT, etc.), to retrieve individually addressed BU(s) and follow the wake up timing information (e.g., the next service period) that is provided along with the agreed PS operation. In this case, the WUR non-AP STA may be in the doze state (see 11.2.1 (General)) until the time indicated by the wake up timing information (e.g., the next service period) that is provided along with the agreed PS operation.

NOTE 1—For example, rule b), c), and d) in 11.2.3.7 (Receive operation for STAs in PS mode) describes one operation for a WUR non-AP STA to retrieve individually addressed BU(s) using PS-Poll or U-APSD.

NOTE 2—To use both PS-Poll and U-APSD, the WUR non-AP STA can set all ACs as delivery-enabled as defined in 11.2.3.7 (Receive operation for STAs in PS mode).

NOTE 3—The WUR non-AP STA might follow the procedures in 11.2.3.2 (Non-AP STA power management modes) to change the power management mode to active mode.

A WUR non-AP STA that receives a WUR Wake-up frame with an indication of buffered group addressed BU(s) (see 29.9.1 (General)) shall follow the PS operation that the associated WUR AP and the WUR non-AP STA has agreed to use (e.g., DTIM, FMS, etc.) to receive group addressed BU(s) and follow the wake up timing information (e.g., the next DTIM TBTT) that is provided along with the agreed PS operation. In this case, the WUR non-AP STA may be in the doze state (see 11.2.1 (General)) until the time indicated by the wake up timing information (e.g., the next DTIM TBTT) that is provided along with the agreed PS operation.

NOTE 4—For example, rule e) in 11.2.3.7 (Receive operation for STAs in PS mode) describes one operation for a WUR non-AP STA to receive group addressed frame.

A WUR non-AP STA shall maintain (#3116)a BSS parameter update counter. The WUR non-AP STA shall update (#3116)its BSS parameter update counter to the Counter subfield contained in the latest WUR Operation element received from the WUR AP with which it is associated. A WUR non-AP STA that receives the Counter subfield of the Type Dependent Control field in a broadcast WUR Wake-up frame that contains a value that is different from (#3116)its BSS parameter update counter shall follow the procedure defined in 11.2.3.14 (TIM Broadcast) to attempt to receive the Beacon information. In this case, the WUR non-AP STA may be in the doze state) until the time indicated by the next TBTT.

· [bookmark: RTF35313932363a2048322c312e]WUR frame protection

· General

WUR frame protection cannot be applied until the PTKSA (see 12.6.1.1.6 (PTKSA)) and WIGTKSA (12.6.1.1.12 (WIGTKSA(11ba))) have been established.

WUR frame protection is enabled when dot11RSNAWURFrameProtectionActivated is true, and is disabled otherwise. When WUR frame protection is enabled at a WUR AP, the WUR AP shall advertise such capability by setting to 1 the Protected WUR Frame Support subfield of the RSNXE in its Beacon and Probe Response frames. When WUR frame protection is enabled at a WUR non-AP STA, the WUR non-AP STA shall indicate such capability by setting to 1 the Protected WUR Frame Support subfield of the RSNXE in its (Re)Association Request frames. 

WUR frame protection is negotiated between a WUR AP and a WUR non-AP STA if the following conditions are met:

· Management frame protection is negotiated 

· Both parties set the Protected WUR Frame Support subfield to 1 in their respective RSNXEs in the (re)association procedure

· It is successfully verified that the WUR Frame Protection Support subfield is equal to 1 in the Extended RSN Capabilities field in the RSNXE received during the 4-way handshake, FT 4-way handshake, FT fast BSS transition protocol, or (re)association procedure of FILS authentication. 

Otherwise, WUR frame protection is not negotiated.

WUR Short Wake-up frames are not protected.

If WUR frame protection is negotiated between a WUR AP and a WUR non-AP STA, the WUR AP shall protect all individually addressed WUR Wake-up frames that are transmitted to the WUR non-AP STA; otherwise the WUR AP shall not transmit a protected individually addressed WUR Wake-up frame to the WUR non-AP STA. 

If a WUR non-AP STA negotiated WUR frame protection for an association, it shall discard any unprotected WUR Wake-up frames received from the WUR AP associated. If the WUR non-AP STA did not negotiate WUR frame protection for an association, it shall discard any protected WUR Wake-up frames received from the WUR AP. 

The WUR AP may transmit a protected WUR Wake-up frame addressed to more than one WUR non-AP STAs if WUR frame protection is negotiated with, and the WIGTK has been transported to, any WUR non-AP STAs that are being addressed. The WUR AP may transmit an unprotected WUR Wake-up frame addressed to more than one WUR non-AP STAs if WUR frame protection is not negotiated with or the WIGTK has not been transported to, any WUR non-AP STAs that are being addressed. The WUR AP shall not transmit a protected broadcast or group addressed WUR Wake-up frame to a WUR non-AP STA if all the WUR non-AP STAs that are being addressed have not negotiated WUR frame protection with the WUR AP. 

NOTE—If the WUR non-AP STAs associated with a WUR AP consist of both WUR non-AP STAs that negotiated WUR frame protection and WUR non-AP STAs that did not negotiated WUR frame protection, the WUR AP can transmit a protected broadcast WUR Wake-up frame and an unprotected broadcast WUR Wake-up frame, in order to wake up all associated WUR non-AP STAs. If a WUR AP assigns a group ID to both WUR non-AP STAs that negotiated WUR frame protection and WUR non-AP STAs that did not negotiated WUR frame protection, the WUR AP can transmit a protected group addressed WUR Wake-up frame and an unprotected group addressed WUR Wake-up frame, both containing that group ID, in order to wake up that group of WUR non-AP STAs.

The WUR AP shall not transmit a protected individually addressed WUR Wake-up frame to the WUR non-AP STA until the WTK is installed at the WUR non-AP STA, and should not transmit a protected broadcast or group addressed WUR Wake-up frame until the WIGTK is installed at all WUR non-AP STAs with which the WUR AP has negotiated WUR frame protection.

A WUR AP that installs the WTK for a WUR non-AP STA (see 12.7.6 (4-way handshake)) shall use the WTK to protect all subsequent individually addressed WUR Wake-up frames transmitted to the WUR non-AP STA. A WUR AP that installs the WIGTK (see 12.7.6 (4-way handshake) or 12.7.7 (Group key handshake)) shall use the WIGTK to protect all subsequent protected broadcast or group addressed WUR Wake-up frames.

A WUR non-AP STA that installs WTK (see 12.7.6 (4-way handshake)) shall use the WTK to process all subsequently received protected individually addressed WUR Wake-up frames. The WUR non-AP STA shall discard any protected WUR frames received before the WTK is installed. A WUR non-AP STA shall identify the appropriate WIGTK and associated state based on the Key ID subfield of the received protected broadcast or group addressed FL WUR Wake-up frames. If no such WIGTK exists, the WUR non-AP STA shall silently (#3683)discard the frame and terminate BIP processing for this reception. A WUR non-AP STA shall use the latest installed WIGTK to process all subsequently received protected group addressed VL WUR Wake-up frame.

A WUR AP shall set the Protected subfield of the Frame Control field of transmitted WUR Wake-up frames to 1 if the WUR frame is protected; otherwise the WUR AP shall set the Protected subfield of the Frame Control field of the WUR frame to 0.

A WUR STA with dot11RSNAWURFrameProtectionActivated equal to true shall set dot11RSNAProtectedManagementFramesActivated to true.

A WUR AP that transmits a protected WUR Wake-up frame shall protect the WUR Wake-up frame using the BIP protocol as defined in 12.5.3 (Broadcast/multicast integrity protocol (BIP)) except that:

· The WUR AP shall use BIP-CMAC-128 to provide data integrity and replay protection and shall use an integrity key to compute the MIC of the WUR Wake-up frame, which is defined below: 

· Broadcast and group addressed WUR Wake-up frames shall be protected using a WIGTK that is negotiated as defined in 12.7.7 (Group key handshake) Individually addressed WUR Wake-up frames shall be protected using a WTK that is negotiated as defined in 12.7.6 (4-way handshake).

· The CMAC output for BIP-CMAC-128 shall be truncated to 16 bits: MIC = Truncate-16 (CMAC Output). The MIC shall be included in the FCS field of the protected WUR Wake-up frame. 

· The AAD shall have a length of 40 bits consisting of the following:

· the Frame Control, and the ID field, which are obtained from the WUR Wake-up frame, 

· the Counter field, which is obtained from the Type Dependent Control field of the WUR Wake-up frame if it is broadcast; otherwise it is reserved, and

· the Embedded BSSID field, which is equal to the 16 MSBs of the compressed BSSID (see 29.5.2 (Compressed BSSID). 

[bookmark: RTF37303838303a204669675469]The AAD is as shown in Figure 29-3 (AAD construction for WUR frames(11ba)).
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· Protected WUR frame transmission

A WUR AP that sends a protected WUR frame shall follow the rules in 12.5.3.5 (BIP transmission) except that the WUR AP shall:

· Select the appropriate integrity key associated to protected WUR frames (see 29.10 (WUR frame protection)), (#3493)key ID that is equal to the corresponding WIGTK or WTK (#3493)key ID, a WUR PN that is generated and partially included in the WUR frame as defined in 29.10.4.1 (Generation of the PN by a WUR AP). If the Miscellaneous subfield is present in the protected WUR Wake-up frame, the Key ID subfield is set to the value representing the corresponding WIGTK (see 9.9.3.2 (WUR Wake-up frame format)).

· Construct the AAD as defined in Figure 29-3 (AAD construction for WUR frames(11ba)).

· Compute an integrity value over the concatenation of AAD, the Frame Body field (if present), and the WUR PN, and insert the 16-bit truncated output, which is the MIC, into the FCS field of the WUR frame. The integrity value is computed using AES-128-CMAC.

· Transmit the protected WUR frame.

A WUR AP that sends a protected group addressed VL WUR Wake-up frame should include WUR ID(s) of the WUR non-AP STA(s) that have already been provided with the WIGTK used to protect the group addressed VL WUR Wake-up frame and should not include WUR ID(s) of the WUR non-AP STA(s) that have not been provided with the WIGTK used to protect the group addressed VL WUR Wake-up frame.

If the most recently transmitted WUR Operation element has the Common PN subfield equal to 1, in order not to reuse the same WIPN for protection of group addressed or broadcast WUR frames with the same WIGTK, a WUR AP shall not transmit more than one protected group addressed or broadcast WUR frames that have different contents in a WUR FDMA PPDU. 

NOTE—Since the reuse of a PN with the same temporal key voids the security guarantees, such cases need to be avoided. However, repeating the same protected (#1293)group addressed or broadcast WUR frames in a WUR FDMA PPDU does not void the security guarantees, and therefore, is allowed.

· Protected WUR frame reception

A WUR non-AP STA with WUR frame protection negotiated that receives a protected WUR Wake-up frame shall follow the rules in 12.5.3.6 (BIP reception) except that the WUR non-AP STA shall:

· Use the appropriate integrity key associated to protected WUR Wake-up frames (see 29.10 (WUR frame protection)), and associated state based on (#3493)key ID equal to the corresponding WIGTK or WTK (#3493)key ID.

· Perform replay protection on the received WUR Wake-up frame as defined in 12.5.3.4 (BIP replay counters and packet numbers(#3573)) except that the WUR non-AP STA shall construct the PN locally as defined in 29.10.4.2 (Construction of the PN by a WUR non-AP STA), and the WUR non-AP STA shall maintain a separate replay counters (RC) for each WIGTK and WTK when the most recently received WUR Operation element has the Common PN subfield equal to 0. The WUR non-AP STA shall initialize the replay counter to the initial value of the corresponding PN prior to any update due to WUR Wake-up frames. The WUR non-AP STA shall also initialize the replay counter to the initial value of the corresponding PN when it resets the WIGTK or WTK. If PN is less than or equal to corresponding RC then the WUR non-AP STA shall discard the WUR Wake-up frame, increment its internal dot11RSNAStatsCMACWURReplays counter by 1, and terminate BIP processing for this reception.

· Construct the AAD as defined in Figure 29-3 (AAD construction for WUR frames(11ba)).

· Extract and save the received MIC value from the FCS field of the WUR Wake-up frame and compute a verifier over the concatenation of AAD, Frame Body field (if present), and the locally constructed PN. If the result does not match the received MIC value, then the receiver shall discard the frame, increment its internal MIC error counter by 1, and terminate BIP processing for this reception.

· Update the RC for the integrity key associated to protected WUR Wake-up frames identified by (#3493)key ID equal to the corresponding WIGTK or WTK (#3493)key ID with the corresponding PN.

· If the Common PN subfield is equal to 1, update the local TSF timer as follows:

· The received partial TSF timestamp, obtained from the Sequence Number subfield of the Type Dependent Control field of the WUR Wake-up frame, is adjusted to consider the WUR non-AP STA’s delay as shown below:

· Create a temporary timestamp by concatenating the received partial TSF timestamp with 9 bits containing an implementation specific value that represents the assumed value of bit position 0 to 8 of temporary timestamp;

· Add an amount equal to the receiving WUR non-AP STA’s delay through its local PHY components plus the time since the first bit of the Partial TSF field was received at the MAC/PHY interface to the temporary timestamp

· The adjusted value of the received partial TSF timestamp is set as the value of bit position 9 to 16 of the temporary timestamp. 

· If the most significant bit (MSB) of the adjusted value of the received partial TSF timestamp is not equal to the bit 16 of the local TSF timer then the value of bits 17 to 63 of the local TSF timer shall be adjusted to account for roll over as follows:

· The value shall be increased by one unit (modulo 247) if LT [9:16] > AT and LT [9:16] > ((AT + 27) (modulo 28))

· The value shall be decreased by one unit (modulo 247) if LT [9:16] < AT and LT [9:16] < ((AT–27) (modulo 28))

where AT is the adjusted value of the received partial TSF timestamp and LT [9:16] is the value of bits 9 to 16 of the local TSF timer

· The bits 9 to 16 of the WUR non-AP STA’s local TSF timer shall be set to the adjusted value of the received partial TSF timestamp.

· If the Common PN subfield is equal to 0, update the local WIPN or WTPN to the locally constructed PN used to receive the WUR frame (see 29.10.4.2 (Construction of the PN by a WUR non-AP STA))

NOTE 1—Before the adjusted value of the received partial TSF timestamp is set as the value of bit position 9 to 16 of the temporary timestamp, the temporary timestamp might be further compensated for a clock drift offset between the WUR AP and the WUR non-AP STA, which is determined by multiplying the estimated clock drift by the time between receiving the latest TSF from the WUR AP and the time at which the WUR frame is received from the WUR AP, where the estimated clock draft is determined based on two or more received TSF values from the WUR AP and comparing these to the internal TSF at the WUR non-AP STA.

NOTE 2—When the most recently received WUR Operation element has the Common PN subfield equal to 1, a single common replay counter is maintained for both WIGTK and WTK. 

· [bookmark: RTF33333933353a2048332c312e]Generation and construction of PN for WUR frames

The PN for WIGTK is defined as WIPN and the PN for WTK is defined as WTPN. When the Common PN subfield in the WUR Operation element sent by the WUR AP is equal to 1 then WIPN and WTPN are derived in the same way and are equal. 

· [bookmark: RTF33383937373a2048342c312e]Generation of the PN by a WUR AP

A WUR AP that intends to transmit protected WUR frames shall set the Common PN subfield in the WUR Operation element it transmits to 0 if it intends to maintain separate PN counters for each WIGTK and WTK and shall set the Common PN subfield to 1 if it intends to maintain a common PN for all protected WUR frames generated within its BSS.

The WUR AP that intends to transmit a protected WUR frame shall construct the PN as follows:

· If the Common PN subfield is equal to 1:

· PN = PN0||PN1||PN2||PN3||PN4||PN5 = TSF timer [9: 56], where the TSF timer is obtained as defined in 29.6.1 (General).

· The PN shall never repeat for protected WUR frames generated using the same WIGTK or WTK

· The WUR AP shall include PN0, i.e., the PPN, which is equal to its TSF timer [9: 16], in the Sequence Number subfield of the Type Dependent Control field of the WUR Wake-up frame

· If the Common PN subfield is equal to 0: 

· PN = PN0||PN1||PN2||PN3||PN4||PN5, where PN shall be incremented by one for each transmitted WUR frame using the same WIGTK or WTK.

· The PN shall never repeat for protected WUR frames generated using the same WIGTK or WTK

· If the WUR Wake-up frame is not broadcast, 

· PPN = PN0||PN1[0:3]. The WUR AP shall include PN0 (i.e., the 8 LSBs of the PPN) in the Sequence Number subfield of the Type Dependent Control field of the WUR Wake-up frame. The AP shall include PN1[0:3] (i.e., the 4 MSBs of the PPN) in the Counter subfield of the Type Dependent field of the WUR Wake-up frame.

· If the WUR Wake-up frame is broadcast:

· PPN = PN0. The WUR AP shall include PN0 (i.e., the PPN) in the Sequence Number subfield of the Type Dependent Control field of the WUR Wake-up frame.

If the most recently transmitted WUR Operation element has the Common PN subfield equal to 0, the local WTPN at the WUR AP is initialized to 0 and the local WIPN at the WUR AP is initialized to the WIPN provided in the WIGTK KDE (Figure 12-47 (WIGTK KDE format(#3493)(11ba))) when the corresponding integrity key (WTK or WIGTK) is set in the MAC (see 12.7.6 (4-way handshake) and 12.7.7 (Group key handshake)).

If the most recently transmitted WUR Operation element has the Common PN subfield equal to 1, the local WTPN and WIPN at the WUR AP, which are the same in this case, are initialized to the value of the local TSF timer [9: 56] when the corresponding integrity key (WTK or WIGTK) is set in the MAC (see 12.7.6 (4-way handshake) and 12.7.7 (Group key handshake)).

· [bookmark: RTF37363036333a2048342c312e]Construction of the PN by a WUR non-AP STA

The full PN is not present in protected WUR frames, depending on the Common PN subfield of the most recently received WUR Operation element, and is constructed locally at the WUR non-AP STA as follows:

· If the Common PN subfield is equal to 1, the PN is obtained as follows:

· PN0 is set as the Sequence Number subfield of the Type Dependent Control field of the WUR Wake-up frame

· BPN is set as the value of bits 17 to 56 of the local TSF timer

· If the most significant bit (MSB) of the PN0 is not equal to the bit 16 of the local TSF timer then the value BPN shall be adjusted to account for roll over as follows:

· The value shall be increased by one unit (modulo 240) if LT[9:16] > PN0 and LT[9:16] > ((PN0 + 27) (modulo 28))

· The value shall be decreased by one unit (modulo 240) if LT[9:16] < PN0 and LT[9:16] < ((PN0 – 27) (modulo 28)), where LT[9:16] is the value of bits 9 to 16 of the local TSF timer

· The PN=PN0||BPN where PN1||PN2||PN3||PN4||PN5 = BPN

· If the Common PN subfield is equal to 0, the PN is obtained as follows:

· If the WUR Wake-up frame is not broadcast: 

· The PN is obtained as PPN||BPN, where PPN is equal to the Type Dependent Control field of the received WUR frame, and BPN is retrieved from the locally stored PN at the receiver for the corresponding WIGTK or WTK.

· PN0||PN1[0:3] = PPN, and PN1[4:7]||PN2||PN3||PN4||PN5 = BPN.

· If the WUR Wake-up frame is broadcast: 

· The PN is obtained as PPN||BPN, where the PPN is equal to the Sequence Number subfield of the Type Dependent Control field of the received WUR frame, and BPN is retrieved from the locally stored PN at the receiver for the corresponding WIGTK or WTK.

· PN0 = PPN, and PN1||PN2||PN3||PN4||PN5 = BPN.

· The portion of the computed PN corresponding to the BPN shall be incremented by 1 to account for roll over when the PPN in the received WUR frame is less than the portion of the locally stored PN corresponding to the PPN.

If the most recently received WUR Operation element has the Common PN subfield equal to 0, the locally stored WTPN at the WUR non-AP STA is initialized to 0 and the local WIPN at the WUR non-AP STA is initialized to the WIPN provided in the WIGTK KDE (Figure 12-47a) when the corresponding integrity key (WTK or WIGTK) is set in the MAC (see 12.7.6 (4-way handshake) and 12.7.7 (Group key handshake)).

If the most recently received WUR Operation element has the Common PN subfield equal to 1, the locally stored WTPN and WIPN, which are the same in this case, at the WUR non-AP STA is initialized to the value of the local TSF timer [9: 56] when the corresponding integrity key (WTK or WIGTK) is set in the MAC (see 12.7.6 (4-way handshake) and 12.7.7 (Group key handshake)).

If the most recently received WUR Operation element has the Common PN subfield equal to 0, the WTPN or WIPN may be updated explicitly through a secure WUR mode setup request/response exchange as described in 29.10.4.3 (WUR PN update procedure).

· [bookmark: RTF34393033353a2048342c312e]WUR PN update procedure

The WUR PN Update procedure enables a WUR AP and a WUR non-AP with WUR frame protection negotiated with the WUR AP to update the locally stored PN at the WUR non-AP STA.

If the most recently transmitted WUR Operation element has the Common PN subfield equal to 0, a WUR AP may indicate the PN maintained by the WUR AP to a WUR non-AP by including one or more WUR PN Update elements in the WUR Mode Setup frame with the Action Type in WUR Mode element equal to “Enter WUR Mode Response.”

If the most recently received WUR Operation element has the Common PN subfield equal to 0, a WUR non-AP STA that receives a WUR Mode Setup frame that includes a WUR PN Update element shall update the locally stored PN value corresponding to the (#3493)key ID indicated in the Key Info field to the received PN value.

A WUR non-AP STA may request a PN update by sending a WUR Mode Setup frame with Action Type field of the carrying WUR Mode element equal to “Enter WUR Mode Request” and includes a WUR PN Update element that indicates a (#3493)key ID corresponding to a integrity key currently used by the WUR non-AP STA and optionally includes the corresponding locally stored PN.

If the most recently transmitted WUR Operation element has the Common PN subfield equal to 0, a WUR AP that receives a WUR Mode Setup frame with Action Type field of the carrying WUR Mode element equal to “Enter WUR Mode Request” and that includes a WUR PN Update element shall respond with a WUR Mode Setup frame with Action Type field of the carrying WUR Mode element equal to “Enter WUR Mode Response” and includes a WUR PN Update element indicating the PN maintained by the WUR AP corresponding to the requested (#3493)key ID if any of the following conditions apply:

· The WUR non-AP STA has negotiated WUR power management service with the WUR AP

· The WUR non-AP STA has not negotiated WUR power management service with the WUR AP and the WUR AP accepts the negotiation

All optional subfields of the WUR Parameters field in the WUR Mode element may be omitted.

· [bookmark: RTF38313436373a2048322c312e]WUR FDMA operation

When dot11WURFDMAChannelSwitchImplemented is true, a WUR non-AP STA shall set the WUR FDMA Support subfield of the WUR Capabilities Information field of the WUR Capabilities element that it transmits to a WUR AP to 1. Otherwise, it shall set the WUR FDMA Support subfield to 0.

If a WUR AP receives from a WUR non-AP STA a WUR Capabilities element of which the WUR FDMA Support subfield of the WUR Capabilities Information field is equal to 0, the WUR AP shall set the WUR Channel Offset subfield of the WUR Parameters field of the WUR Mode element that it transmits to the WUR non-AP STA to 0.

If a WUR AP receives from a WUR non-AP STA a WUR Capabilities element of which the WUR FDMA Channel Switching subfield of the WUR Capabilities Information field is equal to 1, the WUR AP may set the WUR Channel Offset subfield of the WUR Parameters field of the WUR Mode element that it transmits to a nonzero value as defined in Table 9-401 (Subfields of WUR Parameters field from WUR AP(11ba)), subject to the following constraints:

· The negotiated WUR duty cycle service period does not overlap with the target WUR beacon transmission times at which the WUR AP schedules transmission of WUR Beacon frames, except for the case when the value indicated in the WUR Duty Cycle Service Period subfield of the WUR Parameters field in the WUR Mode element received from the WUR non-AP STA is equal to the value indicated in the Duty Cycle Period subfield

· The WUR AP shall not transmit in the WUR secondary channel and WUR secondary 40 MHz channel any WUR frame addressed to the WUR non-AP STA for aPPDUMaxTime defined in Table 30-13 (WUR PPDU Time and Length Characteristics(11ba)) from the target WUR beacon transmission times.

If dot11WURFDMAChannelSwitchImplemented of a WUR non-AP STA is equal to false, the WUR channel of the WUR non-AP STA shall be same as the channel on which the WUR Beacon frames are transmitted. 

The WUR channel of a WUR non-AP STA with dot11WURFDMAChannelSwitchImplemented equal to true is defined by the WUR Channel Offset subfield of the WUR Parameters field of the WUR Mode element that it receives from its associated WUR AP.

NOTE—A WUR non-AP STA might indicate its recommendation in the WUR Mode element on which WUR channel to assign for the WUR non-AP STA (see 29.8.2 (WUR mode setup)).

· [bookmark: RTF34383539373a2048332c312e]WUR FDMA channel access

A WUR AP may send multiple WUR Wake-up frames in a WUR FDMA PPDU. 

If a WUR AP intends to transmit a WUR FDMA PPDU (as defined in 10.23.2.4 (Obtaining an EDCA TXOP) and 29.3 (Channel access)), the WUR AP shall perform exactly one of the following actions: 

· Transmit a 40 MHz WUR FDMA PPDU in the WUR primary 40 MHz channel if the following conditions are met:

· The WUR secondary channel was idle during an interval of PIFS immediately preceding the start of the TXOP. 

· The WUR AP schedules at least one WUR frame transmission on each of 20 MHz subchannels of the WUR primary 40 MHz channel. 

· Transmit an 80 MHz WUR FDMA PPDU on the WUR 80 MHz channel if the following conditions are met:

· Both the WUR secondary channel and the WUR secondary 40 MHz channel were idle during an interval of PIFS immediately preceding the start of the TXOP. 

· The WUR AP schedules at least one WUR frame transmission on each of 20 MHz subchannels of the WUR 80 MHz channel.  

· Transmit an 80 MHz subchannel punctured WUR FDMA PPDU on the WUR 80 MHz channel if the following conditions are met:

· At least one of the 20 MHz subchannels of the WUR secondary channel and the WUR secondary 40 MHz channel were idle during an interval of PIFS immediately preceding the start of the TXOP. 

· The WUR AP schedules at least one WUR frame transmission on each of 20 MHz subchannels of the WUR 80 MHz channel, except when the subchannel was not idle or the WUR AP does not have a pending WUR frame intended for WUR non-AP STAs listening on that subchannel. 

In any of the above actions, if the WUR AP does not have a pending WUR frame intended for WUR non-AP STAs on the WUR primary channel, then the WUR AP shall transmit a WUR frame on the WUR primary channel, which may be any WUR frame that does not cause a WUR non-AP STA to wake up on the primary channel.

· [bookmark: RTF38323439373a2048322c312e]WUR discovery

A WUR AP with dot11WURDiscoveryImplemented equal to true shall periodically schedule WUR Discovery frames on the WUR AP’s WUR discovery channel for transmission to assist WUR non-AP STAs in WUR AP discovery. The WUR AP may transmit a WUR Discovery element in Beacon and Probe Response frames to indicate the WUR discovery channel used by the WUR AP to transmit WUR Discovery frames. The WUR AP may include a WUR Discovery element in a Probe Response frame that is transmitted in response to a Probe Request frame that contains a WUR Capability element. The WUR AP’s WUR discovery channel may be indicated in the transmitted WUR Discovery elements by the WUR Discovery Operating Class and WUR Discovery Channel fields in the WUR AP Information subfield in which the Transmitting WUR AP subfield is equal to 1. WUR Discovery frames shall be scheduled for transmission by the WUR AP with a periodicity as indicated in the WUR Discovery Period field in the WUR AP Parameters subfield of the WUR Discovery element in which the Transmitting WUR AP subfield is equal to 1. 

NOTE 1—Though the transmission of a WUR Discovery frame might be delayed because of CSMA deferrals, subsequent WUR Discovery frames are scheduled at the undelayed nominal WUR Discover Period value indicated in the WUR AP Parameters subfield. 

The WUR discovery channel(s) that are used to transmit the WUR Discovery frames should be selected from channel 1 in the 2.4 GHz frequency band and channel 40, 44, 149 and 153 in the 5 GHz frequency band as specified in Table E-4 in Annex E.

NOTE 2—The purpose of the above recommendation is to encourage adoption of a common set of WUR discovery channels that are available in most of the regulatory domains to reduce WUR scanning latency. 

A WUR AP with dot11WURNeighborDiscoveryImplemented equal to true may transmit a WUR Discovery element in Beacon and Probe Response frames to advertise the WUR discovery channel(s) used by neighboring WUR APs. The WUR AP may include a WUR Discovery element in a Probe Response frame that is transmitted in response to a Probe Request frame that contains a WUR Capability element. A WUR AP may use the WUR Discovery elements transmitted by neighboring WUR APs to compile the WUR discovery channel(s) used by the neighboring WUR APs. A WUR AP should include a single WUR AP Information subfield for a WUR discovery channel in a WUR Discovery element.

[bookmark: RTF5f486c6b32363933383138]A WUR non-AP STA with dot11WURDiscoveryImplemented equal to true may perform WUR scanning to discover WUR APs. Upon receipt of the MLME-WURDISCOVERY.request primitive, the WUR non-AP STA performs WUR scanning according to the parameters given in the primitive. The WURDiscoveryChannelList parameter indicates the WUR discovery channel(s) to be scanned. The WUR non-AP STA shall scan a WUR discovery channel for a period of time no less than MinChannelTime. The MaxChannelTime parameter indicates the maximum time (in TU) to spend on each WUR discovery channel within the WURDiscoverChannelList parameter when scanning for WUR Discovery frames. The Transmitter ID parameter, if present in the primitive, indicates the Transmitter ID of the WUR AP to be discovered. The CompressedBSSID_MSB parameter, if present in the primitive, indicates the 12 MSBs of the compressed BSSID of the WUR AP to be discovered. The Compressed SSID parameter, if present in the primitive, indicates the 16 LSBs of the Short-SSID of the WUR AP to be discovered. When none of the Transmitter ID, CompressedBSSID_MSB, and Compressed SSID parameters are present in the MLME-WURDISCOVERY.request primitive, the WUR non-AP STA scans for WUR Discovery frames from any WUR APs. After scanning one WUR discovery channel, the WUR non-AP STA initiates scanning in another WUR discovery channel if at least one WUR discovery channel within the WURDiscoveryChannelList parameter has not yet been scanned. When the WUR non-AP STA has completed scanning all indicated WUR discovery channels, it returns the scan results via an MLME-WURDISCOVERY.confirm primitive.

NOTE 3—A WUR non-AP STA might perform WUR scanning at any time except during any active WUR duty cycle service period agreed between the WUR non-AP STA and the WUR AP. 

A WUR non-AP STA with dot11WURDiscoveryImplemented equal to true receiving the WUR Discovery element may use the information of the WUR discovery channels to schedule WUR scanning. The WUR non-AP STA may limit the WUR scanning to the WUR discovery channels listed in the WUR Discovery element.
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