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Problem Statement
The subclause 9.7 rate rules in 802.11-2012 are not fit for purpose.  They have grown organically since the days when rate selection was a selection of 1 versus 2 Mbps.  The structure of the rules is chaotic.  Transmit  “rate” is a function of:

· Rate,  or MCS

· Channel bandwidth (5, 10, 20, 40 MHz)

· Short/long GI

· Packet format (DSSS, ERP, OFDM, HT_GF, HT_MF, non-HT duplicate)

The purpose of the rules broadly follows these intents:

· To provide protection / communication of NAV values in response frames

· To make the durations of response frame predictable

· To make the frames receivable by the intended recipient(s)
Along the way we invented and then appear to lose interest in the concept of “modulation class”.

Another problem is that there is no assurance from the existing structure that everything that needs to be specified is actually specified.   Although rate/MCS selection might be adequately covered,   the rules for channel bandwidth are somewhat distributed between this section and the protection section,  and there is no assurance that something didn’t slip through the cracks here.
What shall we do?

I propose that we can re-structure the rate selection process into an expression driven by a tabular expression based on conditions and rules.    A particular rule applies based on specified conditions.  If the conditions can be made self-documenting and unambiguous, there is an improved likelihood that we will cover all (or all the relevant) conditions.
Proposal

Replace Clause 9.7 with the following structure.

9.7 Multirate support

9.7.1. Overview

Multirate support defines rules for the selection of:

· PPDU format

· Rate or MCS

· Channel bandwidth

for use in the transmission of a PPDU based on conditions known to the transmitter.
9.7.2. Conditions
Table x-1 defines conditions referenced in Table x-3.

Table x-1 – Multirate condition definitions
	Condition Name
	Definition of condition

	BSS
	The STA is a member of a BSS

	Joined
	The STA has joined a BSS (either infrastructure or BSS)

	Associated
	The STA is a non-AP STA associated with an AP

	IBSS
	The STA is a member of an IBSS

	Mesh
	The STA is a mesh STA

	AP
	The STA is contained in an AP

	CapKnown
	The capabilities of the intended individual receiver are known

	ProtRequired
	Protection for non-ERP receivers is enabled, the frame is a protection mechanism frame, or the frame initiates an exchange

	DualBeacon
	The Dual Beacon field in the HT Operation element is equal to 1

	DualCTS
	The DualCTS Protection field in the HT Operation element is equal to 1

	BasicMCS
	The BSSBasicMCSSet is non-empty

	Individual
	The receiver address is an individual address

	Group
	The receiver address is a group address

	Control
	The transmission is a Control frame

	Data
	The transmission is a Data frame

	Management
	The transmission is a Management frame

	PSMP
	The transmission is a PSMP frame

	CFPoll
	The transmission is a +CF-Poll frame

	CFAck
	The transmission is a +CF-Ack frame

	CFEnd
	The transmission is a CF-End frame

	BasicBA
	The transmission is a Basic BockAckReq frame or Basic BlockAck frame

	A-MPDU
	The transmission is a frame within an A-MPDU that contains Data or Management frames

	Beacon
	The transmission is a Beacon frame

	TXOPStart
	The transmission initiates a TXOP

	NAVSet
	An initial exchange has already established protection and the Duration/ID field in the frame establishing protection covers the entire TXOP

	NAVSetDup
	A non-HT duplicate frame was used to establish protection of the current TXOP

	DualCTSSet
	Dual CTS protection was used to establish protection of the current TXOP

	LSIGStart
	The transmission carries an L-SIG duration value

	PCO40
	The transmission occurs during the 40 MHz phase of PCO operation

	MultipleBSSID
	The transmission is by an AP that supports multiple BSSID

	STBC
	The transmission is an STBC frame

	nonHT
	The transmission is a non-HT frame

	HT
	The transmission is an HT frame

	Otherwise
	None of the preceding conditions from the same column match for the same conditions of any columns to the left.


9.7.3 Rules

Table x-2 defines rules to be followed, as selected by Table x-3.

Table x-2 – Multirate rule definitions

	Rule Name
	Definition of rule

	CapReceivable
	A STA shall not transmit a frame using a rate or MCS that is not supported by the receiver STA or STAs, as reported in any Supported Rates element, Extended Supported Rates element, or Supported MCS field in management frames transmitted by the receiver STA.
A STA shall not transmit a frame using a value for the CH_BANDWIDTH parameter of the TXVECTOR that is not supported by the receiver STA

	RateReceivable
	STA shall using a rate supported by the receiver STA, as reported in the Supported Rates element and/or ExtendedSupported Rates element in frames transmitted by that STA.

	TxCap
	A STA shall not initiate transmission of a frame at a data rate higher thanthe greatest rate in the OperationalRateSet or the HTOperationalMCSset, which are parameters of the MLME-JOIN.request primitive.

	NonHTBSSReceivable
	The transmitting STA shall transmit a non-HT PPDU using a rate in the BSSBasicRateSet parameter or a rate from the mandatory rate set of the attached PHY if the BSSBasicRateSet is empty.

	BSSReceivable
	The transmitting STA shall transmit using a rate in the BSSBasicRateSet parameter, or an MCS in the BSSBasicMCSSet parameter, or a rate from

the mandatory rate set of the attached PHY if both the BSSBasicRateSet and the BSSBasicMCSSet are empty.

	HTBSSReceivable
	The STA shall select an MCS from the BSSBasicMCSSet parameter

	HTTXOPInitial
	The STA shall select an MCS from the BSSBasicMCSSet parameter when protection is required (as defined in 9.23) and shall select an MCS from the

SupportedMCSSet parameter of the intended receiver when protection is not required.

	MCSReceivable
	The STA shall select an MCS from the SupportedMCSSet parameter of the intended receiver.

	BSSReceivablePreferNonHT
	If the BSSBasicRateSet parameter is not empty, the STA shall transmit a non-HT PPDU using one of the rates included in the BSSBasicRateSet parameter.

If the BSSBasicRateSet parameter is empty and the BSSBasicMCSSet parameter is not empty, the STA shall transmit an HT PPDU using one of the MCSs included in the BSSBasicMCSSet parameter.

Otherwise the STA shall transmit a non-HT PPDU using one of the mandatory PHY rates.

	BasicSTBCMCS
	The STA shall transmit using a mandatory MCS of the attached PHY any of the following are true:

— The Dual Beacon field in the HT Operation element is equal to 0, and the DualCTS Protection field in the HT Operation element is equal to 0.

— No HT Operation element is present in the mostrecently received Association Response frame that was addressed to this STA.

— The BSSBasicMCSSet is empty or does not exist.

— The lowest MCS of the BSSBasicMCSSet has NSS value greater than 1 (the mapping of MCS to NSS is PHY dependent, for the HT PHY see 20.6).

Otherwise, the STA shall transmit using an MCS that is the lowest MCS index of the BSSBasicMCSSet parameter.

	ControlHTSelect
	a) A control frame shall be carried in an HT PPDU when the control frame meets any of the following conditions:

1) The control frame contains an L-SIG duration value (see 9.23.5), or

2) The control frame is sent using an STBC frame.

b) A control response frame shall be carried in an HT PPDU when the control frame is a response to a frame that meets any of the following conditions:

1) The frame eliciting the response included an HT Control field with the TRQ field equal to 1 and the NDP Announcement subfield equal to 0, and this responder set the Implicit Transmit Beamforming Receiving Capable field to 1 in itslast transmitted HT Capabilities element; or

2) The frame eliciting the response was an RTS frame carried in an HT PPDU; or

3) The frame eliciting the response was an STBC frame, and the Dual CTS Protection field was equal to 1 in the last HT Operation element received from its APor transmitted by the STA (see 9.3.2.7).

c) A control frame may be carried inan HT PPDU when the control frame meets any of the following conditions:

1) The control frame contains an HT Control field with the MRQ subfield equal to 1, or

2) The control frame contains an HT Control field with the TRQ field equal to 1.

NOTE—In these cases, requirements specified in 9.27, 9.28.2, and 9.29 further constrain the choice of non-HT or HT PPDU.

d) Otherwise, the control frame shall be carried in a non-HT PPD

	ControlWidthSelect
	<text from 9.7.6.6 here>

	NoShortGI
	The TXVECTOR parameter GI_TYPE, if present, shall not be set to the value SHORT_GI

	NoLDPC
	The TXVECTOR parameter FEC_CODING, if present, shall not be set to the value LDPC_CODING

	MultipleBSSReceivable
	The frame shall be transmitted using any basic rate valid for all of the BSSs supported. If no such rate exists, thenBeacon frames shall be transmitted using any mandatory PHY rate for any PHY type that all BSSs have in common.

	MeshConstantBasicRate
	A mesh STA shall not establish a mesh peering with a mesh STA using a different BSSBasicRateSet (see 13.2.7 and 13.2.8).
Mesh STAs should adopt the mandatory PHY rates as the default BSSBasicRateSet to reduce the risk that a candidate peer mesh STA utilizes a different BSSBasicRateSet. If the mesh STA is also an HT STA, it should adopt the MCSs of mandatory MCSs as the default BSSBasicMCSSet.

Once the mesh STA establishes a mesh peering with a mesh STA, it shall change neither the BSSBasicRateSet nor the BSSBasicMCSSet parameters.

	CFAckReceivable
	The STA shall transmit using a rate or MCS and TXVECTOR parameter CH_BANDWIDTH chosen from among those supported by both the addressed recipient STA and the STA to which the acknowledgement is intended.

	DualCTSNonAPCFEnd
	The STA shall seect the same value for the TXVECTOR parameter STBC, TXVECTOR parameter MCS (if present), and TXVECTOR parameter RATE as was used for the transmission of the matching control frame at the beginning of the TXOP. The matching control frame

is defined as follows:

— For the first CF-End transmitted in the TXOP, the matching control frame is the first RTS transmitted in the TXOP.

— For the second CF-End transmitted in the TXOP, the matching control frame is the first CTS that follows the first RTS transmitted in the TXOP.

— For the third CF-End transmitted in the TXOP, the matching control frame is the second CTS that follows the first RTS transmitted in the TXOP.

	DualCTSAPCFEnd
	The STA shall select the same value for the TXVECTOR parameter STBC, TXVECTOR parameter MCS (if present), and TXVECTOR parameter RATE as was used for the transmission of the matching control frame at the beginning of the TXOP. The matching control frame is defined as follows:

— For the first CF-End transmitted in the TXOP, the matching control frame is the first CTS-to-self transmitted in the TXOP.

— For the second CF-End transmitted in the TXOP, the matching control frame is the first RTS transmitted in the TXOP.


9.7.4 Multirate selection table
Table x-3 defines which rules are applicable based on the specified conditions.    Conditions are combined using AND, OR and NOT operators.
A STA shall comply with all applicable rules for which the condition is true.

Table x-3 – Multirate applicable rules
	Condition
	Applicable Rules

	Joined
	
	
	
	TxCap

	CapKnown
	
	
	
	CapReceivable

	BSS AND NOT CapKnown
	
	
	
	BSSReceivable

	Control AND NOT A-MPDU
	<always>
	
	
	ControlHTSelect, ControlWidthSelect

	
	TXOPStart
	<always>
	
	NoShortGI, NoLDPC

	
	
	BasicBA AND nonHT  
	CapKnown
	RateReceivable

	
	
	
	NOT CapKnown
	NonHTBSSReceivable

	
	
	NOT BasicBA AND nonHT
	
	NonHTBSSReceivable

	
	
	NOT LSIGStart AND HT
	
	HTTXOPInitial

	
	
	LSIGStart
	
	MCSReceivable

	
	CFEnd
	NOT DualCTSSet
	NOT PCO40
	NonHTBSSReceivable

	
	
	
	PCO40
	HTBSSReceivable

	
	
	DualCTSSet
	NOT AP
	DualCTSNonAPCFEnd

	
	
	
	AP
	DualCTSAPCFEnd

	other control tbd
	
	
	
	

	Beacon AND MultipleBSSID
	
	
	
	MultipleBSSReceivable

	Mesh
	
	
	
	MeshConstantBasicRate

	Data OR Management OR (Control and A-MPDU)
	Group
	(Beacon OR PSMP) AND NOT STBC
	
	NonHTBSSReceivable

	
	
	STBC
	
	BasicSTBCMCS

	
	
	Otherwise
	
	BSSReceivablePreferNonHT

	
	Individual
	(CFPoll AND NOT CFAck) AND NOT NAVSET
	
	BSSReceivablePreferNonHT

	
	
	CFAck
	
	CFAckReceivable

	
	
	Otherwise
	CapKnown
	CapReceivable (already covered above)

	
	
	
	NOT CapKnown
	BSSReceivable
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This submission contains a proposal (in outline) of how to re-express the 802.11-2012 rate rules.
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