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802.15.4p PHY System Parameters 
Introduction

Purpose

This document provides technical parameters and criteria to guide the selection of PHY proposals for task group 15.4p. This document defines the PHY characteristics that satisfy train control wireless application requirements, and provides a framework for evaluating proposals.  This document outlines the key characteristics that are specified as a set of PHY layer parameters, with some performance criteria and constraints for the parameter set.

The intent of the task group is to use a flexible and efficient process which provides sufficient descriptions of the technical requirements to enable relevant responses, with efficiency of effort while meeting the critical need for a timely standard.

Methodology

The methodology provides a consensus approach to defining a minimal subset of features, characteristics, performance and constraints. This document will provide 
· A functional view of the PHY characteristics, in the form of specific parameters which define externally verifiable performance and interoperability characteristics;

· A dependency matrix, which considers the interdependency of tradeoffs which are made in the selection of PHY features;

· An application/performance matrix which characterizes by classes of rail control applications the priority of performance characteristics; this shall include a link budget, with at least transmitter parameters, receiver parameters, and link margin in AWGN (see Link Budget section).
The parameters table provides guidance on developing complete technical proposals. This represents a subset of parameters, and the absence of a parameter should not be seen as a constraint. The parameter column consists of two sub-columns. The first identifies the parameter, which should be addressed in the proposal; the second provides some examples of how this may be addressed in a proposal; there may be alternatives appropriate to specifying the characteristic.  The performance criteria column includes constraints (derived form the PAR) or explanations.  The regulator column is intended to identify where regional differences in regulations (present and anticipated) may affect the PHY characteristics. 

High Level Requirements

The PAR establishes general requirements for the amendment in the “scope”, which can be summarized as follows:
· PHY amendment

· MAC additions only where needed to support PHY

· Licensed or license exempt frequency bands
· In general, operation up to 6 GHz
· Specific bands of interest or bands in use today for similar systems: 216 – 222 MHz, 452/457 MHz, 896 - 902 MHz, 902 – 928 MHz, 928 – 952 MHz, 5850 – 5925 MHz 
· Low data rate: 4800 baud to 1000 kbps 

· Optimal energy efficient link margin given typical rail and rail transit environments
· Principally outdoors, but also in subway, viaduct, tunnel, urban canyon, or other environments where propagation may be impacted
· Moderately dense deployments: at least 100 - 200 direct neighbors
· Good coexistence mechanisms (both ways) and potentially the ability for the PHY to adapt to unintentional interference caused by anomalous propagation
The PAR and 5C documents can be found on the 802.15 document page (https://mentor.ieee.org/802.15/documents):

15-11-0821-09-0ptc_PTC_PAR.doc

15-11-0876-07-0ptc-Positive_Train_Control_Five_Criteria.doc
Major points expressed in the Scope paragraph of the PAR:

· This amendment specifies a physical layer (PHY) for IEEE 802.15.4, and any medium access control (MAC) changes needed to support this PHY
· For use in equipment intended to address industry needs and to meet United States (US) Positive Train Control regulatory requirements and similar regulatory requirements in other parts of the world
· Operation in licensed or license-free radio bands
· Operation up to 6 GHz
· Depending on frequency band and operating rules, TX output power can  >+30dBm
· Meets requirements at speeds up to 600 km/h
· Range up to 70 km
· Allows operation in contiguous or non-contiguous channel bandwidths as narrow as 5 kHz
· supports data rates up to 1 Mbps with flexible and robust quality of service
· Provides modulation methods and spectral characteristics consistent with local regulatory requirements
· Accommodates rapidly changing network membership.
While the PAR is focused currently on rail and rail transit systems due to regulatory requirements, it may 

PHY Parameters
	PHY Parameter
	Performance Criteria, Constraints, Comments
	Regional Regulatory 

	Parameter:
	Example:
	
	

	Operating band 
(band/channel plan)


	· Channel change time min/max

· Channel bandwidth

· Channel spacing

· Number of channels


	License and License exempt 

Specified use (dedicated, application constrained) license exempt
	Band availability varies greatly.

Proposer should specify what regions they intend to target.



	Modulation and Coding Scheme(s)
	· Modulation method

· Modulation accuracy (e.g. EVM)
· Whitening

· Chipping

	Suitable for low cost implementation

Meet regulator domain
	

	PHY frame structure 
	· Pre-amble
· Sync Header, SFD length
· codes and/or patterns

· as appropriate to proposal
	
	

	Synchronization and Timing 


	· might come from specific sync mechanisms or may be dependent on other PHY features
· clock accuracy / stability required
	
	

	Data rate(s)
	· 
	4800 baud to 1000 kbps in the PAR
Specify intended supported rate(s)
	

	Symbol / chip rate
	· As appropriate to the proposed technique
	
	

	Transmit Power
	· MAX

· MIN

· Peak to Average
· Management
	
	Very definitely regionally dependent and upon the operating rules

	PSD
	· In band

· Out of band
	
	US FCC Part 90 specifies a variety of transmit PSD masks, and measurement methods. Most of the operation of rail and rail transit systems in the US is contemplated to be under Part 90 rules. There are systems that may use the Intelligent Transportation Band at 

	Receiver Sensitivity
	Specify dBm and conditions, for example:

 -85dBm 

PSDU length = 20 octets. 

PER < 1%.

Power measured at antenna terminals. Interference not present.

· (see section 6.1.7 of 15.4-2006 for example)
	
	Note that the parameter set shown is for the original 250kbps DSSS coding

	Chan availability (interference detection)
	· Spectrum scanning
· CCA
	
	

	Link Quality Indication
	· Technique used
· Frequency of assessment

· Accuracy and resolution

· Bi-directional (cooperative)?
	
	

	Reliability enhancing features/methods


	· Detection (check sequence)

· Prevention (FEC)

· Interference mitigation/avoidance

· Collision avoidance
	
	

	
	· 
	
	

	Co-existence features
	· Adjacent channel rejection

· Channel sensing, scanning, assessment 
· Coordination mechanisms for  different radios in close proximity
	(Key parameters which impact coexistence should be described)
	Latest copy of doc # TBD is good guidance on coexistence scenarios. 

	
	
	
	

	
	
	
	

	MAC dependencies / support required
	· Channel sequence control

· Error control

· Fragmentation support

· Channel access

· Scanning
	(MAC features required to support the PHY)
	Identify two categories:
“Must have” MAC features

“nice to have” MAC features

	
	· 
	
	


	MAC Parameter (Additional MAC features within the scope of the PAR)
	Performance Criteria, Constraints, Comments
	Regional Regulatory 

	Duty cycle support
	
	
	

	Channel dwell time
	
	
	

	Channel access
	
	
	

	Sequence control
	
	
	

	…
	
	
	


 PHY Parameter Dependency Matrix

	PHY Parameter
	

	
	Freq Band
	Channel Bandwidth
	Number of Channels
	Modulation
	TX power
	PSD
	Data Rate
	Range
	Duty Cycle
	Co-ex footprint
	

	Frequency Band
	-
	x
	x
	x
	x
	x
	
	x
	x
	x
	

	Channel Bandwidth
	
	-
	x
	x
	x
	x
	x
	x
	
	x
	

	Number of Channels
	
	
	-
	
	x
	x
	
	
	
	x
	

	Modulation
	
	
	
	-
	
	x
	x
	x
	
	
	

	TX power 
	
	
	
	
	-
	x
	
	
	x
	x
	

	PSD
	
	
	
	
	
	-
	
	
	x
	x
	

	Data Rate
	
	
	
	
	
	
	-
	
	x
	x
	

	Range
	
	
	
	
	
	
	
	-
	
	x
	

	Duty cycle
	
	
	
	
	
	
	
	
	-
	x
	

	Co-ex footprint
	
	
	
	
	
	
	
	
	
	-
	

	
	
	
	
	
	
	
	
	
	
	
	-


Performance 

This section can identify performance considerations, constraints and requirements.

Link Budget

	Parameter
	Value

	Transmit power
	

	Frequency of operation
	

	Transmit antenna gain
	

	
	

	Noise figure
	

	Eb/No
	

	Implementation losses
	

	Sensitivity
	

	
	

	Link margin
	

	Distance 
	


Channel Characteristics

The 15.4p PAR allows for PHYs that are well behaved in mobility environments up to 600 km/h. This mobility requirement has not been a strong component of previous 15.4 amendments and this work needs to be done in order to understand the impact of that mobility as a function of frequency and path. However, previous work in channel modeling has provided some baselines. The 802.15.4g channel characteristics sub-group was presented measurement data from several real-world deployments which demonstrated a wide range of actual channel conditions.  The conclusions of that group are summarized in 802.15-09-0279-00-004g.
Regarding Multipath Mitigation, the subgroup recommends that the TG4p proposers state the following: 

· For proposed PHY in widespread deployment, state how multipath has been mitigated,

Otherwise, state planned multipath mitigation techniques.
Frequency Bands to Be Considered

[include table based on the preliminary proposals and the regulatory information presented]
Definitions
The following provides definition of specific terms in the context of discussion with respect to TG4p applications and PHY proposals.
	Term:
	Definition

	
	

	
	

	
	

	
	

	
	

	
	

	
	


