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1. PHY services
The PHY sublayer provides an interface to the next higher layer.  Such interface consists of a PHY sublayer management entity (PLME) and a PHY sublayer data entity (PHY sublayer). Such entities are accessed through two service access points:
— The PHY sublayer data entity service access point (PHY-SAP).

— The PHY sublayer management entity service access point (PLME-SAP).
These services are described in an abstract way and do not imply any particular implementation or exposed interface.
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Figure 1 —MAC and PHY services reference model.
The PAC information base (PIB), consisting of constants and variables required to manage the MAC sublayer and PHY sublayer of a PD, lies in the PD Management Entity. The PHY-SAP deals with data transfer. The PLME-SAP handles the local PHY operational characteristics.  
The primitives in this clause and values assigned to their parameters are specified for the PHYs in clause 9. Not all parameters are used by all PHYs defined within this standard.

1.1 PLME-SAP primitives
The PLME-SAP allows handling management commands to the local PHY.

Table 1 summarizes the primitives supported by the PLME-SAP interface.
Table 1 —PLME-SAP primitives

	Name
	Request
	Confirm
	Indication
	Response

	PLME-CHARACTERISTICS
	 
	 
	−
	−


1.1.1 PHY characteristics
These primitives are used to provide the local PHY operational characteristics.
1.1.1.1 PLME-CHARACTERISTICS.request
This primitive is a request by the PD management entity to the PHY entity to provide its operational characteristics.  
PLME-CHARACTERISTICS.request{

}
1.1.1.2 PLME-CHARACTERISTICS.confirm

This primitive provides the operational characteristics of the PHY entity. This primitive is issued by the PHY entity in response to PLME-CHARACTERISTICS.request. The properties of this primitive are:

PLME-CHARACTERISTICS.confirm{


SlotTime,

MIFSTime,

CCATime,

RxTxTurnaroundTime,

TxPHYDelay,

RxPHYDelay,

RxTxSwitchTime,

TxRampOnTime,

AirPropagationTime,

MACProcessingDelay,

}

The primitive parameters are defined in Table 2.
The values assigned to the parameters are specified for the PHYs in clause 9. Not all parameters are used by all PHYs defined within this standard.
Table 2 —PLME-CHARACTERISTICS.request parameters

	Parameter
	Type
	Value
	Description

	SlotTime
	Integer
	9 µs
	The Slot Time that the MAC uses for defining the DIFS.

	MIFSTime
	Integer
	CAP: 16 µs

CFP:
	The nominal time that the MAC and PHY require in order to receive the last symbol of a frame at the air interface, process the frame, and respond with the first symbol on the air interface of the earliest possible response frame.

	MaxMIFSFrameSize
	Integer
	18 octets
	The size of an MPDU below which a frame is considered a short frame. Otherwise a long frame. 

	t_ack
	Integer
	
	The nominal time that the MAC and PHY require in order to receive the last symbol of a frame at the air interface, process the frame, and respond with the first symbol on the air interface of the earliest possible immediate ACK frame.

	CCATime
	Integer 
	< 4 µs
	For Clauses 9 the maximum time the CCA mechanism has available to assess the medium to determine whether the medium is busy or idle.

	RXTxTurnAroundTime
	Integer
	< 2 µs
	The maximum time that the PHY requires to change from receiving to transmitting the start of the first symbol in the air interface. 


	TxPHYDelay
	Integer
	Implementation dependent as long as the requirements

of aRxTxTurnaroundTime

are met.
	The nominal time that the PHY uses to deliver a symbol from the MAC interface to the air interface. 

	RxPHYDelay
	Integer
	Implementation dependent as long as long as the requirements

of MIFSTime and

CCATime for CAP are met.

CFP:
	The nominal time that the PHY uses to deliver the last bit of  the last symbol at the air interface [from a received packet] to the

MAC. 

	RxTxSwitchTime
	Integer
	<< 1µs
	The nominal time that the PHY takes to switch from Receive to Transmit.

	TxRampOnTime
	Integer
	Implementation dependent as long as the requirements

of aRxTxTurnaroundTime

are met.
	The maximum time (in microseconds) that the PHY takes to turn the Transmitter on. 

	AirPropagationTime
	Integer
	<< 1 µs
	Twice the propagation time for a signal to cross the maximum allowable distance between two associated PDs.

	MACProcessingDelay
	Integer
	< 2 µs
	The maximum time available for the MAC to issue a PHY-TXSTART.request primitive following on a PHY-RXEND.indication primitive or PHY-CCA.indication(IDLE) primitive. 


1.2 PHY-SAP primitives

Table 3 summarizes the primitives supported by the PHY-SAP interface.

Table 3 —PHY-SAP primitives

	Name
	Request
	Confirm
	Indication
	Response

	PHY-DATA
	

	
	
	

	PHY-TXSTART
	 
	 
	−
	−

	PHY-TXEND
	
	
	−
	−

	PHY-CCARESET
	
	
	−
	−

	PHY-CCA
	−
	−
	
	−

	PHY-RXSTART
	−
	−
	
	−

	PHY-RXEND
	−
	−
	
	−

	PHY-CONFIG
	
	
	−
	−

	PHY-BUSY
	−
	−
	
	−


1.2.1 PHY-SAP primitives specification
This clause describes the services provided by each PHY primitive.
1.2.1.1 PHY-DATA.request
This primitive defines the transfer of an octet of data from the MAC sublayer to the local PHY entity. This primitive can be issued only following a transmit initialization response (a PHY-TXSTART.confirm primitive) from the PHY.
PHY-DATA.request{

DATA;

}
The DATA parameter is an octet.
The receipt of this primitive by the PHY entity causes the PHY transmit state machine to transmit an octet of data. When the PHY entity receives the octet, it issues a PHY-DATA.confirm primitive to the MAC sublayer.
1.2.1.2 PHY-DATA.indication
This primitive indicates the transfer of data from the PHY to the local MAC entity, and it is generated by a receiving PHY entity to transfer the received octet of data to the local MAC entity. The time between receipt of the last bit of the last provided octet from the medium and the receipt of this primitive by the MAC entity is aRxPHYDelay.
PHY-DATA.indication{

DATA;

}

The DATA parameter is an octet.

1.2.1.3 PHY-DATA.confirm
This primitive is issued by the PHY to the local MAC entity to confirm the transfer of data from the MAC entity to the PHY has completed. The PHY issues this primitive in response to every PHY-DATA.request primitive issued by the MAC sublayer. The receipt of this primitive by the MAC causes the MAC to start the next MAC entity request.  
PHY-DATA.confirm{

}

1.2.1.4 PHY-TXSTART.request
This primitive is a request by the MAC sublayer to the local PHY to start the transmission of a PSDU and the local transmit state machine. The properties of this primitive are:

PHY-TXSTART.request{

TXVECTOR,
}
The TXVECTOR represents a list of parameters that the MAC sublayer provides to the local PHY entity in order to transmit a PSDU

Table 4 —TXVECTOR parameters

	Parameter
	Value
	Description

	Length
	 1 – 4095

	This parameter is used to indicate the number of octets in the MPDU which the MAC is currently requesting the PHY to transmit.

	DataRate
	6, 9, 12, 18, 24, 36, 48
, and 54 Mb/s for 20 MHz channel spacing  
3, 4.5, 6, 9, 12, 18, 24
, and 27 Mb/s for 10 MHz channel spacing  
	The DATARATE parameter describes the bit rate at which the PHY shall transmit the PSDU

	TX_PWR_LEVEL_INDEX
	1 – 4
	This parameter is used to indicate which of the available Tx Power Level  shall be used for the current transmission


1.2.1.5 PHY-TXSTART.confirm
This primitive is issued by the PHY to the local MAC entity to confirm the start of a transmission and in response to PHY-TXSTART.request primitive. The receipt of this primitive by the MAC entity causes the MAC to start the transfer of data octets.
PHY-TXSTART.confirm{

}

1.2.1.6 PHY-TXEND.request
This primitive is a request by the MAC sublayer to the local PHY entity that the current transmission of the PSDU be completed. This primitive is generated when the MAC sublayer has received the last PHY-DATA.confirm primitive from the local PHY entity for the PSDU currently being transferred. The effect of receipt of this primitive by the local PHY entity is to stop the transmit state machine.
PHY-TXEND.request{

}

1.2.1.7 PHY-CCARESET.request
This primitive is a request by the MAC sublayer to the local PHY entity to reset the CCA state machine and to turn IPI reporting on and off by means of the IPI
-STATE parameter. The IPI-STATE parameter can be one of two values: IPI-ON or IPI-OFF. The parameter value is IPI-ON when the MAC sublayer is requesting the PHY entity to report IPI values when the PHY is neither receiving nor transmitting an MPDU. IPI-ON turns on IPI reporting in the PHY entity, while IPI-OFF turns off IPI reporting in the PHY entity. This primitive is generated by the MAC sublayer for the local PHY entity at the end of a NAV timer and at a time indicated in _
 (CS mechanism).  
PHY-CCARESET.request:

IPI-State;

}

The effect of receipt of this primitive by the PHY entity is to reset the PHY CS/CCA timers to the state appropriate for the end of a received frame and to initiate a new CCA evaluation cycle. If IPI-STATE parameter is IPI-ON, the PHY entity collects IPI values when it is not transmitting or receiving and provides those values to the MAC sublayer using the IPI-REPORT parameter.
1.2.1.8 PHY-CCARESET.confirm
This primitive is issued by the PHY to the local MAC entity to confirm that the PHY has reset the CCA state machine and to provide observed IPI values when IPI reporting is turned on. The IPI-STATE value shall be set to the value of IPI-STATE received by the PHY entity in the most recent PHY-CCARESET.request primitive.
PHY-CCARESET.confirm{

IPI-STATE;

}

1.2.1.9 PHY-CCA.indication
This primitive is an indication by the PHY to the local MAC entity of the current state of the medium and to provide observed IPI values when IPI reporting is turned on. The STATE parameter can be one of two values: BUSY or IDLE. The parameter value is BUSY if the assessment of the channel(s) by the PHY determines that the channel(s) are not available. Otherwise, the value of the parameter is IDLE.
PHY-CCA.indication{

STATE;

CHANNEL_LIST;
}

When STATE is IDLE or CCA is determined by a single channel, the CHANNEL_LIST parameter is absent. Otherwise, it carries a set indicating which channels are busy.  
1.2.1.10 PHY-RXSTART.indication
This primitive is an indication by the PHY to the local MAC entity that the PHY has received a valid start of a PPDU. The RXVECTOR represents a list of parameters that the PHY provides the local MAC entity.  
PHY-RXSTART.indication{

RXVECTOR;

}

After generating a PHY-RXSTART.indication primitive, the PHY is expected to maintain physical medium busy status (not generating a PHY-CCA.indication(IDLE) primitive) during the period required by that PHY to transfer a frame of the indicated LENGTH at the indicated DATARATE. This physical medium busy condition should be maintained even if a PHY-RXEND.indication(CarrierLost) primitive or a PHY-RXEND.indication(FormatViolation) primitive is generated by the PHY prior to the end of this period.

Table 5 —RXVECTOR parameters

	Parameter
	Value
	Description

	Length
	 1 – 4095

	This parameter is used to indicate the value contained in the LENGTH field of the received PHY header. The MAC and PHY use this value to determine the number of octet transfers that will occur between the two sublayers during the transfer of the received PSDU.

	DATARATE
	6, 9, 12, 18, 24, 36, 48,
 and 54 Mb/s for 20 MHz channel spacing.
3, 4.5, 6, 9, 12, 18, 24
, and 27 Mb/s for 10 MHz channel spacing.
	The DATARATE parameter represents the data rate at which the current PPDU was received. 

	RSSI
	0 – RRSImax
	This RSSI parameter is a measure by the PHY of the energy observed at the antenna used to receive the current PPDU. RSSI shall be measured during the reception of the PHY preamble. RSSI is intended to be used in a relative manner, and it shall be a monotonically increasing function of the received power. 

	R
CPI
	1 – 255
	This parameter is a measure by the PHY of the received channel power. RCPI indications of 8 bits are supported.  


1.2.1.11 PHY-RXEND.indication
This primitive is an indication by the PHY to the local MAC entity that the PSDU currently being received is complete with or without errors.
PHY-RXEND.indication{

RXERROR;

RXVECTOR;

}
The RXERROR parameter can convey NoError or one or more values indicating an error condition. A number of error conditions may occur after the PHY’s receive state machine has detected what appears to be a valid preamble and SFD. The following describes the parameter returned for each of those error conditions.
Table 6 —RXERROR parameters

	Parameter
	Description

	NoError
	This value is used to indicate that no error occurred during the receive process in the PHY.

	FormatViolation
	This value is used to indicate that the format of the received PPDU was in error.

	CarrierLost
	This value is used to indicate that during the reception of the incoming PSDU, the carrier was lost and no further processing of the PSDU can be accomplished.

	UnsupportedRate
	This value is used to indicate that during the reception of the incoming PPDU, an unsupported date rate was detected.


The effect of receipt of this primitive is for the MAC to begin inter-frame space processing, as described in Clause.
 In the case of an RXERROR value of NoError, the MAC uses the PHY-RXEND.indication primitive as reference for channel access timing, as shown in Figure
 
1.2.1.12 PHY-CONFIG.request
This primitive is a request by the MAC sublayer to the local PHY entity to (re)configure the PHY. The effect of receipt of this primitive by the PHY is to apply the parameters provided with the primitive and to configure the PHY for operation.
PHY-CONFIG.request{

PHYCONFIG_VECTOR;

}

Table 7 —PHYCONFIG_VECTOR parameters

	Parameter
	Description

	ACTIVE_RXCHAIN_SET
	This parameter indicates which receive chains of the available receive chains are active. The length of the field is 8 bits. 

	OPERATING_CHANNEL
	The operating channel the PHY is configured to use. The length of the field is 16 bits (8 bits for channel page and 8 bits for channel number).

	ANT_CONFIG
	Indicates which antenna configuration is to be used when receiving packets and which configuration is to be used when switching configurations during the reception of a packet. Values are implementation dependent. The length of the field is 8 bits.


The receive chain indicates the physical entity that implements any necessary signal processing to provide the received signal to the digital baseband block.  The parameters ACTIVE_RXCHAIN_SET, ANT_CONFIG are defined in clause
 9.
1.2.1.13 PHY-CONFIG.confirm
This primitive is issued by the PHY to the local MAC entity to confirm that the PHY has applied the parameters provided in the PHY-CONFIG.request primitive.
PHY-CONFIG.confirm{

}

1.2.1.14 PHY-TXBUSY.indication
This primitive is an indication by the PHY to the local MAC entity of the current transmission state of the PHY. 
PHY-TXBUSY.indication {

STATE;

}

The STATE parameter can be BUSY or IDLE. The parameter value is BUSY if the PHY is transmitting a PPDU and thus not available to respond with a PHY-TXSTART.confirm primitive to a PHY-TXSTART.request primitive. Otherwise, the value of the parameter is IDLE.
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