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1. General PHY requirements
The physical layer (PHY) specification is designed to offer robust performance for PAC systems and to provide a large scope for implementation opportunities with high performance, robustness, low complexity, and low power operation.  

The proposed PHY provides a data interface to the MAC layer under the control of the physical layer convergence protocol (PLCP).

The PHY provides the following levels of functionality:

· Activation and deactivation of the radio transceiver.

· The transmission and reception of synchronization preambles to achieve and mantain network synchronization.

· An interface to the MAC for trasnmission and reception of discovery, peering, scheduling and data information.

· Clear channel assessment (CCA) indication to the MAC in order to verify activity in the wireless medium.
· Channel quality indication (CQI) to choose appropiate modulation and coding rate. 

· Precision ranging for the UWB PHY.
The PHYs defined in this standard are:
· Low mobility PHY: OFDM multi-carrier modulation with BPSK, QPSK, 16QAM and 64QAM symbols, operating in the 2.4 GHz and 5.7 GHz bands as defined in clause 9.1.

· High mobility PHY: OFDMA multicarrier modulation with BPSK, QPSK, 16QAM and 64 QAM symbols operating in sub-1 GHz, 2.4 GHz and 5.7 GHz bands as defined in clause 9.2.
· UWB PHY: combined burts position modulation (BPM) and BPSK modulation, OOK modulation, operating in the 4.2 − 10 GHz band as defined in clause 10.
1.1 Operating frequency range

A compliant device shall operate in one or several frequency bands using the modulation formats summarized in Table 1.
Table 1 —Frequency bands and modulations

	PHY clause
	Frequency band (MHz)
	Multi-carrier modulation
	Symbol modulation
	Multiple antennas

	9.1
	2400 − 2483.5
5725 − 5875
	OFDM
	BPSK, QPSK, 16QAM, 64QAM
	Beamforming

	9.2
	915.9 – 929.7
	Filtered OFDM
	
	

	
	
	
	GFSK
	

	
	2400 − 2483.5
5725 − 5875
	OFDMA
	BPSK, QPSK, 16QAM, 64QAM
	MIMO

	10
	4200 − 10600
	
	BPM-BSPK, OOK
	


1.2 Minimum LIFS and SIFS periods
TBD (it depends of superframe period length and radio technology).
For the UWB PHY, the minimum LIFS period and SIFS period are:
· P

1.3 Transmitter On/Off power
Transmitter OFF power is defined as the mean power measured over TBD sec, filtered with a square filter of bandwidth equal to the transmission bandwidth configuration and centered on the assigned channel frequency during the transmitter OFF period. The transmitter OFF power spectral density shall be less than TBD (-80) dBm/MHz.
1.4 Transmitter transient period
The transmitter transient period is defined as the time period when the transmitter is changing from the OFF period to the ON period or vice versa, as illustrated in Figure 1 and specified in Table 2.
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Figure 1 —Transmit on/off mask
Table 2 —Transmitter transient period

	Transition
	Transient period (µs)

	Off to On
	TBD

	On to Off
	TBD


1.5 Frequency error

Frequency error is the measure of the difference between the assigned frequency and the actual PD transmit frequency. PDs shall use the same frequency source for both RF frequency generation and data clock generation. The frequency error shall be within the accuracy of TBD.

1.6 Error vector magnitude (EVM)
The EVM is a measure of the difference between the ideal symbols and the actual measured symbols, which is used to determine the digital modulation accuracy of the transmitter. The EVM result is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed in percent as 
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where n represents the nth sampling instant for the nth symbol, 
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 is referred as the modified version of the measured signal at instant n ( where the frequency, absolute phase, absolute amplitude and clock timing have been selected so as to minimize the error vector), 
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 is the ideal reference signal at instant n reconstructed by measurement equipment. 
For all bandwidths, the EVM measurement shall be performed over all allocated resource blocks and PPDUs within 1 msec measurement periods. The boundaries of the EVM measurement periods may not be aligned with superframe boundaries.  The EVM for different modulation schemes shall be better than the limits in Table 3.
Table 3 —EVM requirements

	Modulation
	EVM1 (%)
	EVM2 (%)

	BPSK
	TBD
	

	QPSK
	17
	

	16QAM
	12
	

	64QAM
	8
	


                                         1High mobility PHY. 2low mobility PHY.
1.7 Output RF spectrum emissions
Output RF spectrum emissions consist of transmission bandwidth and out-of-band emissions.
1.7.1 Transmission bandwidth 

The transmission bandwidth shall contain 99% of the total mean power of the transmitted spectrum on the assigned channel and specified in Table 4.
Table 4 —Transmission bandwidth

	Channel bandwidth [MHz]
	Transmission bandwidth1 [MHz]
	Transmission bandwidth2 [MHz]

	1.4
	1
	

	5
	4.5
	

	10
	9.8
	


                   1High mobility PHY. 2low mobility PHY.

1.7.2 Out-of-band emissions (OOB)
Out-of-band emissions are unwanted emissions immediately outside the channel bandwidth resulting from the modulation process and non-linearity in the transmitter such as harmonics, intermodulation products and frequency conversion products emissions. The out-of-band spurious emissions shall conform to whatever it is stricter local regulations or spectral mask in clause 1.9.
1.8 RF power measurement
All RF power measurements (either transmit or receive) shall be made at the appropriate transceiver to antenna connector. The measurements shall be made with equipment that is either matched to the impedance of the antenna connector or corrected for any mismatch. For devices without an antenna connector, the measurements shall be interpreted as effective isotropic radiated power (EIRP) or 0 dBi gain antenna, and any radiated measurements shall be corrected to compensate for the antenna gain in the implementation.
1.9 Transmit spectral mask

The transmit spectral mask shall be less than −40 dBr for 
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where fc is the channel center frequency and fBW is the channel bandwidth given in Tables TBD, and less than –50 dBr for 
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where d=2 MHz for the 2.4 GHz and 5.7 GHz frequency bands and d=0.5 MHz for the sub-1GHz band. 
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Figure 2 —Transmit spectral mask for all frequency bands
1.10 Transmit power
Compliant devices should transmit at the lowest possible power in order to reduce interference. The maximum transmit power shall conform to local regulations.
1.11 Receiver sensitivity

A compliant PD shall have a receiver sensitivity indicated as the minimum mean power level at the  antenna connector that gives at the receiver’s output a specified PER ≤ 1% over a random PSDU of length TBD octets, interference not present.
1.12 Start and end of a PPDU
The start of PPDU shall be the time when the first output sample from the radio interface that is affected by the first symbol of the preamble is present on the local air interface. The end of PPDU shall be the time when the last output sample from the radio interface that is affected by the last symbol of the superframe is present on the local air interface.

1.13 RX-to-TX turnaround time
The RX-to-TX turnaround time for a compliant device shall be TBD sec. 

The turnaround time is defined as the time elapsed from the end of the received PPDU at the local air interface to the start of the transmitted PPDU at the local air interface, where the start and end of the PPDU are defined in 1.12.
1.14 TX-to-RX turnaround time

The TX-to-RX turnaround time for a complaint device shall be TBD. 

The turnaround time is defined as the time elapsed from the end of the transmitted PPDU at the local air interface until the time when the receiver is ready to begin the reception of the start of the next PPDU, where the start and end of the PPDU frame are defined in 1.12.
1.15 Receiver energy detection (ED)
The receiver ED measurement is intended to be employed by an upper layer as part of a channel selection algorithm. It is an estimate of the received signal power within the bandwidth of the channel. No attempt is made to identify or decode signals on the channel. 
1.15.1 ED threshold

The minimum ED value (zero) shall indicate received power less than either 
· 10 dB above the maximum allowed receiver sensitivity for the PHY, or

· the one specified by local regulations, 

whichever is lower.

The range of received power spanned by the ED values shall be at least 40 dB. Within this range, the mapping from the received power in decibels to ED value shall be linear with an accuracy of ± 6 dB.

1.15.2 ED measurement time

The ED measurement time shall be average over either 

· TBD symbol periods, or

· the one specified by local regulations,

whichever is longer.

1.16 Channel quality indicator (CQI)
The CQI measurement is a characterization of the quality of a received packet. The measurement shall be implemented using received reference signals (pilots).  The use of the CQI result (choosing of MIMO configuration and/or modulation and coding rate scheme) by the network or application layers is not specified in this standard.
1.17 Clear channel assessment (CCA)

The PHY shall provide the capability to perform CCA according to at least one of the following methods:

· Mode 1 energy above threshold: CCA shall report a busy medium upon detecting any energy above the ED threshold.
· Mode 2 carrier sense: CCA shall report a busy medium upon detection of a signal compliant with this standard PHYs.
2. PHY services

2.1 Overview

All PAC devices are internally partitioned into a physical layer (PHY) and a medium access control (MAC) sublayer, in accordance with the IEEE 802® reference model, as shown in Figure 3.  
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Figure 3 —Reference model
The MAC provides its service to the MAC client (higher layer) through the MAC service access point (SAP) located immediately above the MAC sublayer, while the PHY provides its service to the MAC through the PHY SAP located between them. Both MAC SAP and PHY SAP are not exposed and their specifications are beyond the scope of this standard.
There is a logical PD management entity (PDME) that exchanges network management information with the PHY and MAC as well as with other layers. However, the PDME is not specified in this standard.
The PHY specification consists of formatting information bits for transmission, mapping onto radio signals and channel state information feedback reporting.  The relation between the PHY specifications in the context of higher layers is shown in Figure 4.
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Figure 4 —Physical layer specification

2.2 PHY description

The scope of this specification is to establish the characteristics of the physical channels, generation of physical layer signals, and to specify:
· Definition of the physical channels
· PPDU format, physical resource elements.

· Modulation symbol mapping

· Reference signals
· Random access channel

· Synchronization signals

· Multi-carrier modulation generation

· Scrambling

· MIMO layer mapping and precoding

· Beamforming

· Channel coding schemes

· Interleaving
2.3 PHY procedures
There are several PHY procedures involved with PDs operation. Such procedures covered by the physical layer are:

· Synchronization procedures, including netwrok synchronization.
· Power control procedures.
· Random access procedures.
· Channel state information (CSI) feedback reporting.
2.4 PHY measurements
The scope of this specification is to establish the characteristics of physical layer measurements, and to specify
· Measurements to be performed  by PD PHY.
· Reporting of measurement results to higher layers.
· Idle-mode measurements.
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