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1.  Introduction

Study Group 3a, the alternate PHY Study Group (SG3a) of IEEE 802.15, will define the criteria for the eventual selection of an alternate PHY Draft Standard from a set of alternate PHY Draft Proposals.  In order to accurately and consistently judge the submitted proposals, technical requirements are needed that reflect the application scenarios that were contributed in response to the call for applications.  

This working document will become the repository for the requirements to be used in the selection process for an alternate PHY Draft Standard for SG3a.  The criteria presented in this document are based on document [02/104], which takes precedence, and  may also contain more general Marketing Requirements on which the proposers are asked to comment.

The document is divided into four sections: General Solution Criteria, MAC Protocol Supplements Criteria, PHY Layer Criteria and Evaluation Matrix {Ed. note: Evaluation Criteria tabled until later.}.  The evaluation matrix provides the summary of criteria assessments expected with each proposal.

2. References

This recommended practice shall be used in conjunction with the following publications. If the following publications are superseded by an approved revision, the revision shall apply.

[02/104]
IEEE P802.15 Wireless Personal Area Networks 802.15-02/104r4P802-15_SG3a-Technical-Requirements

3. General Solution Criteria

This section defines the system level concerns of the solution, both technical and marketing related.  

3.1. Unit Manufacturing Cost (UMC)

3.1.1. Definition

It is important for the cost/complexity to be as small as possible for this type of  device used in the personal area space, see [Section 9: 02/104].  Figure 1 illustrates the logical blocks in the transceiver PHY layer.  Not all blocks are required to implement a communications system.  However, if the functionality is used (even optionally) in the specification, then the cost for implementing the functionality must be included in the estimate.  The order and contents of the blocks may vary in the chain, for example, the frequency spreading may be a part of the modulate/demodulate portion, and the encode/decode operations might split out to ‘source encode/decode’ and ‘channel encode/decode’.
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Figure 1.  Logical blocks in the transceiver PHY layer

· Encode/Decode – packet formation including headers, data interleaving, error correction/detection (FEC, CRC, etc), compression/decompression, bias suppression, symbol spreading/de-spreading (e.g. DSSS), data whitening/de-whitening (or scrambling).  (merge two bullets, in figure too)

· Modulate/Demodulate – convert digital data to analog format, can include symbol filtering, frequency conversion, frequency filtering.  

· Frequency Spreading/De-spreading – can include techniques to increase or decrease, respectively, the Hz/bit of the analog signal in the channel. 

· Transmit/Receive – transition the signal to/from the channel.  

3.1.2. Values 

Cost should be specified in US dollar amounts.  It is important to indicate cost as a function of volume or time.  Reasonable and conservative values are important to the present, and will be challenged by participants.  Relative comparisons to existing technology is acceptable.

3.2. Signal Robustness

3.2.1. General Definitions

The error rate criterion is either the maximum bit error ratio (BER) or the maximum packet error ratio (PER) for a specified packet length or a combination of the two. The proposer will be asked to indicate both the PER, and the corresponding BER, see Sections 2 and 7 of [02/104]  used in the determination of this value when indicating the sensitivity of the proposed system in Section 5.7.  Payload size for the PER test is called out in Section 2 of [02/104] and is intended to be a value between the minimum and maximum packet size.

The minimum required sensitivity is the power level of a signal, in dBm, present at the input of the receiver modulated by the proposed method with pseudo-random data for which the error rate criterion is met.  The proposer shall include all the calculations used to determine the sensitivity. {Ed comment: need uniform way of collecting the link budget data} The power level shall be specified at the antenna to receiver connection (i.e. it shall not include any antenna gain).  The error ratio shall be determined after any error correction methods required in the proposed system have been applied.  Systems may exceed the minimum required sensitivity, but the measurements in Section 3.2 are taken relative to the minimum value specified in the proposal. {this parag may need to be reviewed later}
The net throughput of the system is the net amount of bi-directional data, measured in bits, that is transferred to the PHY SAP in the elapsed time.  The elapsed time shall be at least 1 second.  The connection shall already have been established and in progress prior to the 1 second interval.  The units of the net throughput are Mb/s. {This sentence to be reviewed and may be removed later}
Unless otherwise noted, the 802.15.3a transceivers are assumed to use ideal isotropic radiators (i.e. 0 dBi antennas).   =
3.2.2. Interference and Susceptibility

 {Ed: Jeff F to provide text for 3.2.2 and 3.3.3}   

3.2.3. Coexistence

3.2.3.1. Definition

Coexistence is measured by a reduction in the link budget of an alternate system in the presence of the proposed system with no other interferers or systems present. The physical layout of the network is the same as specified in section 3.2.3.1{Ed. to fix reference}.
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Figure 2.  A typical wireless network environment with interfering sources.

3.2.3.2. Values

The value reported shall be the ratios of the net throughput of the following alternate systems in the presence of the proposed system.  The reference node of the proposed system is communicating with a desired node that is located at a distance of 3 m.  Both nodes of the proposed system shall be operating at the nominal transmitting power required for the proposal. All antennas are omnidirectional and 0 dBi. (If the proposer can not achieve these distances then the proposer should indicate what he can do).

1. IC1 - Two 802.15.1 devices creating a piconet.  Both devices in the piconet shall be transmitting at 1 mW.  One device participating in the piconet shall be at a distance of 0.3 m, the other at a distance of 13 m.

2. IC2 - An 802.15.3 piconet with two devices at 22 Mbps.  Both devices in the piconet shall be transmitting at 1 mW.  One participant of the piconet shall be at a distance of 0.3 m, the other at a distance of 10.3 m.

3. IC3 - An 802.11b network with two devices at 11 Mbps.  Both devices shall be transmitting at 100 mW.  One participant shall be at a distance of 0.3 m, the other shall be at a distance of 100 m. 

4. IC4 - An 802.11a data connection with two devices at 24 Mbps. Both 802.11a devices shall be transmitting at 50 mW.  One device shall be located at a distance of 3 m, the other at a distance of 50 m.

5. IC5 -  (802.15.4 to be considered here, text to follow later, to be supplied by Rick)

3.3. Technical Feasibility

This is intended to determine if the proposal is real or academic.  Any proposal may be submitted, but demonstrated feasibility and manufacturability should receive favor over equal but untested proposals.  Proposals will be asked to comment on criteria listed in the following sections.

3.3.1. Manufacturability

3.3.1.1. Definition

Manufacturability is defined in terms of the use of mature, cost effective manufacturing processes with evidence of effective mass production capability. 
3.3.1.2. Values

The proposals are asked to submit proof of the claims by way of expert opinion, models, experiments, pre-existence examples, or demonstrations.  Globally accepted concepts that will be quick to market, with little risk will be favored.

3.3.2. Time to Market

3.3.2.1. Definition 

Time to Market addresses the question of when the proposed system will be is ready for deployment.

3.3.2.2. Values

The proposal shall estimate a schedule for deployment.

{Stopping point: 8 May 2002 telecon}

3.3.3. Regulatory Impact

3.3.3.1. Definition 

Is this proposal in compliance with the current international intentional radiator regulatory standards?  If not, are actions in place to changed the regulations and what is the current status?  

3.3.3.2. Values

TRUE – The proposed system is in compliance with the current international intentional radiator regulatory standards.

FALSE – The proposed system is not in compliance with the current international intentional radiator regulatory standards.

If false, the proposed should include indication of plans or actions to address this issue.

3.3.4. Maturity of Solution

3.3.4.1. Definition

How do we know the design will work?  Is it modeled, tested, similar to some other existing technology?  Is invention required to create this proposal?

3.3.4.2. Values

The proposals are asked to submit proof of the claims by way of expert opinion, models, experiments, pre-existence examples, or demonstrations.  Globally accepted concepts that will be quick to market and those with little risk will be favored.

3.4. Scalability

3.4.1. Definition

When one parameter of a standard changes, such as it’s interface, data rate, frequency band of operation, cost, and function, it may be necessary to write a new standard.  Scalability refers to the ability to adjust important parameters such as those mentioned below (if they are required by the applications) without rewriting the standard.  Examples of scalability are listed in the following sections.

3.4.1.1. Power consumption

This could be controlled by variable transmit power, data rate, and similar parameters.

3.4.1.2.  Data Rate

There may be a trade off for number of channels, immunity, cost, power, or range.

3.4.1.3. Cost

Is there an opportunity to change a parameter, keep interoperability, but achieve a less expensive solution (i.e. range)?

3.5. Location Awareness

3.5.1. Definition

Location awareness is the ability to determine information about the relative location of one transceiver with respect to another.  The purpose is to improve usability of portable devices.  This data can be used to locate, identify and discriminate amongst users in crowded environments and to simplify device registration in constantly changing network topology.  Provisions must be made to propagate location information to higher layers of the stack.

3.5.2. Values

The evaluation criteria will be the resolution in centimeters of the proposed location method (GDOP tolerance values TBD).

4. MAC Protocol Modifications

4.1. Required Changes to MAC to  accommodate the Alternative PHY 
4.1.1. Definition 

Supplements to the MAC may be required to accommodate the proposed alternative PHY.  It is preferred these supplements be additions that expand the solution capability as opposed to changes in the MAC that represent an alternative way to do a particular function.

4.1.2. Values

The proposed solution shall be evaluated as to the quality of the supplements according to criteria TBD.

4.2. Existing 802.15.3 MAC functionality that can be accommodated by this  Alternate PHY 
4.2.1. Definition 

4.2.2. Values

4.3. Power Management Types

Power management types are provided by the 15.3 MAC. The proposal should indicate what support is provided for the methods defined in draft 10 of the 802.15.3 draft standard.

4.3.1. Definition

It is important to be able to reduce power consumption for consumer electronic devices.  One method is to use power management and to include protocols that allow methods for sleeping, wakeup, polling, etc.

4.3.2. Values

The proposals should indicate what power management approaches they support and what the potential power savings are for that approach.

4.4. Power Consumption

The full on power without regard for dwells provided by MAC power management should be stated.  Next there should be two or three profiles of frame format (where time slots are located for the transceiver in question). One for taking advantage of dwells within a single superframe (not using APS or SPS).  Two for skipping three superframes and then having traffic in a forth superframe.  Three for a device sleeping with either APS or SPS for long periods of time.
4.4.1. Definition

The Alternate PHY can be a contributor to the overall power consumption of the system.  The power consumption is defined as the DC power in mW required by the blocks that implement the Alternate PHY functionality in each of the power management states in the protocol.

4.4.1.1. Transmit

The PHY is actively sending data to a remote unit within a packet.
4.4.1.2. Receive

The PHY is actively receiving data from a remote unit within a packet.
4.4.1.3. Sleep

The sleep mode is a low power mode in which data is not being actively exchanged but the network connection is being maintained.  As such it may include periods of transmission and reception as well as low power standby states.

4.4.2. Value

The proposals shall estimate the power requirements of the PHY implementation.  Estimate should also include the power consumption due to MAC supplements to support the Alternate PHY option.

5. PHY Layer Criteria 

5.1. Size and Form Factor

5.1.1. Definition

Size is important for consumer electronic systems such as PDAs and cameras.   The smaller the package, the easier it is to embed.  It is important that the final radio system be compatible with accessory formats as well.  Antennas are not considered in the size requirements.

5.1.2. Values

The proposal shall indicate the size (LxWxH in mm) of the preferred implementation of the Alt PHY.  The preference is for the smallest size PHY.

5.2.  MAC/PHY Throughput 

5.2.1. Minimum MAC/PHY Throughput 

5.2.1.1. Definition

The maximum throughput between the MAC and the PHY should be at least 100 Mbps plus the overhead of the MAC.  A minimum data rate provision should be made as well.  Overhead should be based on needs determined by the MAC layer.  The 100 Mbps refers to the aggregate data transfer in both directions.  The partition between the two directions should be adaptive.
5.2.1.2. Values

TRUE – Proposed system can deliver at least 100 Mbps throughput at the MAC/PHY interface plus overhead.

FALSE – Proposed system can not deliver at least 100 Mbps throughput at the MAC/PHY interface plus overhead.

5.3. Frequency Band

5.3.1. Definition

The frequency band is defined as the range of frequencies for which the proposed system can operate.

5.3.2. Values 

Indicate the range of operating frequencies to be used by the proposed system.

5.4. Number of Simultaneously Operating Full Throughput PAN’s

5.4.1. Definition
The proposed system shall provide for the capability for multiple independent, co-located networks to operate simultaneously.  Each of these networks shall be operating at the minimum required MAC/PHY throughput defined in 5.2.1.

5.4.2. Values

The proposal will indicate the number of simultaneously operating full throughput WPAN’s in their proposal.  (TBD based on Applications.)

5.4.3. Multiple Access

5.4.3.1. Definition

Multiple access is the ability of coordinated and uncoordinated systems to share the total system capacity. It is measured by the net throughput of one system in the presence of other coordinated and uncoordinated systems.

5.4.3.2. Values

Multiple access is measured by the net throughput of one of the proposed systems with three other systems co-located (in space, geometries TBD) and operating in a coordinated manner as compared to the net throughput of a single system with no other interferers or coordinated systems present.  All of the systems shall consist of two nodes and shall be operating under each of the following scenarios:

1. All of the systems transmitting a DVD video stream compressed with MPEG2 (as described in section Error! Reference source not found.)

2. The desired system transferring a DVD video stream compressed with MPEG2 (as described in section Error! Reference source not found.), and the other three transferring asynchronous data with a payload size of 512 bytes.

3. The desired system transferring asynchronous data with a payload size of 512 bytes and one other system transferring asynchronous data with a payload size of 512 bytes and the third transferring a DVD video stream compressed with MPEG2 (as described in section Error! Reference source not found.).

4. Additional test permutations TBD given 4 total piconets.

5.5. Signal Acquisition Timeline 

5.5.1. Definition

The signal acquisition methods are the techniques by which the proposed receiver acquires and tracks the incoming signal in order to correctly receive the transmitted data.

5.5.2. Values 

The proposer should indicate the overall acquisition timeline.  A breakdown of the time for the constitute parts of the acquisition preamble would be beneficial.  (TBD based on Applications.)

5.6. Range

5.6.1. Definition

Based on the 802.15.3a PAR, the proposed system shall be able to initiate a WPAN connection within a 10 meter radius 99.9% of the time.

5.6.2. Values

Proposals should indicate the range possible with the proposed system.  Provide published references available in the open literature that provide the bases for the environment models.

5.7. Sensitivity

5.7.1. Definition

Sensitivity was defined in 3.2.1 as part of the Signal Robustness description.  It is important for the proposal to specify the sensitivity level used in the determination of the signal robustness criteria. 

5.7.2. Values

The proposal should indicate the power level at which the error criterion is met.  The proposal should also indicate both the PER, and the corresponding BER used in the determination of this value. 

5.8. Multi-Path Immunity

5.8.1. Environment model

Propose to use “Impulse Response Modeling of Indoor Radio Propagation Channels”, Homayoun Hashemi, IEEE Journal On Selected Areas In Communications, Vol. 11, No. 7, September 1993.

5.8.2. Delay Spread Tolerance 

5.8.2.1. Definition

The delay spread tolerance is the value of TRMS for which the error rate criterion is met with the input signal 3 dB above the minimum required sensitivity using the channel model defined in section 5.8.1.  The system shall have a delay spread tolerance of at least 25ns.

5.8.2.2. Values 

TRUE – The proposed system meets the minimum delay spread tolerance

FALSE – The proposed system does not meet the minimum delay spread tolerance

5.9. Power Consumption

5.9.1. Definition

The power consumption is defined as the total DC power required by the proposed system to operate in either transmit or receive mode.  The power consumption includes all blocks that may be required for the operation of the radio (e.g. voltage regulators, reference oscillators, digital control logic and traditional analog blocks).

5.9.2. Values

Proposals should indicate the peak and average power in mW necessary to provide the minimum required MAC/PHY throughput.  Values shall be given for both transmit and receive modes for the transceiver used to calculate the unit manufacturing cost figures in section 3.1.

5.10. Antenna Practicality

5.10.1. Definition

Antenna must be compatible with applications.

6. Evaluation Matrix 

These matrices are the summarization of the criteria defined in the previous sections.  As proposals are submitted for consideration, these matrices should be completed based on the proposed system parameters.  All proposals should include the general solution criteria matrix.    Comments can be added by the submitter for specified explains and clarity.

Weighting values are included to inform the proposer of the opinion of the IEEE 802.15 Working Group on priority of the indicated criteria.  

6.1. General Solution Criteria

	CRITERIA
	REF.
	WEIGHT
	VALUE
	

	Unit Manufacturing Cost
	 2.1


	
	 
	        


	Interference and Susceptibility
	2.2.2
	
	
	

	Jamming Resistance
	2.2.3
	
	Source 1:

Source 2:

Source 3:

Source 4:

Source 5:

Source 6:

Source 7:
	

	Multiple Access
	2.2.4
	
	Scenario 1:

Scenario 2:

Scenario 3:
	

	Coexistence
	2.2.5
	 
	IC1:

IC2:

IC3:

IC4:

IC5:

IC6:
	

	Manufactureability
	3.3.1
	 
	
	

	Time to Market
	3.3.2
	 
	
	

	Regulatory Impact
	3.3.3
	 
	TRUE

FALSE
	 FORMCHECKBOX 

 FORMCHECKBOX 


	Maturity of Solution
	3.3.4
	 
	
	

	Scalability
	3.4
	 
	Power consumption:

Data rate:

Cost:

Function:


	

	Location Awareness
	3.5
	
	Resolution:
	


6.2. Supplements to MAC Protocol

	CRITERIA
	REF.
	WEIGHT
	VALUE
	

	Required supplements to MAC to accommodate the Alternate PHY
	3.1
	
	
	


6.3. PHY Protocol Criteria

	CRITERIA
	REF.
	WEIGHT
	VALUE
	

	Size and Form Factor
	5.1
	
	
	

	MAC/PHY Throughput
	4.2
	 
	TRUE

FALSE
	 FORMCHECKBOX 

 FORMCHECKBOX 


	Frequency Band
	5.3
	 
	
	

	Number of Simultaneously Operating Full-Throughput PANs
	4.4
	 
	
	

	Signal Acquisition Method
	4.5
	 
	
	

	Range
	5.6
	 
	
	

	Sensitivity
	5.7
	 
	Burst Rate:

PER:

BER:
	

	Delay Spread Tolerance
	5.8.2
	
	TRUE

FALSE
	 FORMCHECKBOX 

 FORMCHECKBOX 


	Power Consumption 
	5.9
	
	
	

	Antenna Practicality


	4.10
	
	
	


7. Pugh Matrix Comparison Value
To manage the evaluation process of proposals, each proposal will be compared against the following values.  These values were determined through a combination of information from this document and discussions on conference calls.  

Each proposal will be compared against the following Pugh Matrix comparison values.  To get a numerical ranking of all proposals, values can be assigned to the different value options.  A “-“ can be given a –1 value, “same” can be given a 0 value and “+” can be given a +1 value.  A relative weight for each category will also be applied to factor in the appropriate overall priority of the various attributes.

7.1. General Solution Criteria Comparison Values

	CRITERIA
	REF.
	WEIGHT
	
	Comparison Values
	

	
	
	
	- 1
	0=Same
	+ 1

	Unit Manufacturing Cost ($) as a function of time (when product delivers) and volume
	3.1

	
	> 2 x equivalent Bluetooth 1
	1.5-2 x equivalent Bluetooth 1 value as indicated in Note #1 

Notes:  

1.  Bluetooth 1 value is assumed to be $20 in 2H2000.

2.  PHY and MAC only proposals use ratios based on this comparison
	 < 1.5 x equivalent Bluetooth 1

	Interference and Susceptibility
	2.2.2
	
	Out of the proposed band:  Worse performance than same criteria

In band: -: Interference protection is less than 25 dB (excluding co-channel and adjacent channel)
	Out of the proposed band: based on Bluetooth 1.0b (section A.4.3)
In band: Interference protection is less than 30 dB (excluding co-channel and adjacent and first channel)
	Out of the proposed band:  Better performance than same criteria

In band:  Interference protection is less greater than 35 dB (excluding co-channel and adjacent channel)

	Jamming Resistance
	2.2.3
	
	Any 3 or more sources listed jam
	2 sources jam
	No more than 1 sources jams

	Multiple Access
	2.2.4
	
	No Scenarios work
	Handles Scenario 2
	One or more of the other 2 scenarios work

	Coexistence

(Evaluation for each of the 5 sources and the create a total value using the formula shown in note #3)
	2.2.5
	
	Individual Sources:  less than 40% (IC = -1)

Total:  < 3
	Individual Sources:  40% - 60% (IC = 0)

Total:  3
	Individual Sources:  greater than 60% (IC = 1)

Total:  > 3

	Manufactureability 
	3.3.1
	
	Expert opinion, models
	Experiments
	Pre-existence examples, demo

	Time to Market
	3.3.2
	
	
	Earliest availability after working group consensus on all relevant issues
	

	Regulatory Impact
	3.3.3
	
	False
	True
	N/A

	Maturity of Solution
	3.3.4
	
	Expert opinion, models
	Experiments
	Pre-existence examples, demo

	Scalability (weighting of 5 areas TBD)
	3.4
	
	Scalability in 1 or less than of the 5 areas listed
	Scalability in 2 areas of the 5 listed
	Scalability in 3 or more of the 5 areas listed

	Location Awareness
	3.5
	
	N/A
	FALSE
	TRUE


Note 3:  Total equation for coexistence value calculation.  Individual comparison values (-, same, +) are represented by the following numbers:  - equals –1, same equals 0, + equals +1.  The individual comparison values will be represented as IC in the equation below, with the subscript representing the source number referenced.

Total = 2 * IC1 + 2 * IC2 + IC3 + IC4 + IC5
7.2. MAC Protocol Criteria

	CRITERIA
	REF.
	WEIGHT
	
	Comparison Values
	

	
	
	
	- 1
	0=Same
	+ 1

	Supplements to MAC to accommodate the Alternative PHY
	3.1
	
	Changes without added capability
	No Changes
	Added Capability


7.3. Phy Protocol Criteria

	CRITERIA
	REF.
	WEIGHT
	
	Comparison Values
	

	
	
	
	- 1
	0=Same
	+ 1

	Size and Form Factor
	5.1
	
	Larger
	Specific form factor TBD
	Smaller

	Minimum MAC/PHY Throughput
	5.2.14.2
	
	N/A
	TBD based on applications 
	N/A

	Maximum MAC/PHY Throughput
	Error! Reference source not found.
	
	<Nominal
	Nominal 100+ Mbps
	>Nominal

	Frequency Band
	5.3
	
	N/A (not supported by PAR)
	Unlicensed
	N/A (not supported by PAR)

	Number of Simultaneously Operating Full-Throughput PANs
	
	
	< Nominal
	TBD based on applications
	> Nominal

	Signal Acquisition Method
	4.5
	
	 
	TBD based on applications
	 

	Range
	5.6
	
	< 10 meters
	> 10 meters
	 

	Sensitivity
	5.7
	
	 
	 
	 

	Delay Spread Tolerance
	5.8.2
	
	< 25 ns
	25 ns - 40 ns
	> 40 ns

	Power Consumption (PHY)


	5.9
	
	> Nominal
	Nominal TBD based on applications 
	< Nominal


8. Annex:  Criteria Definition Clarifications based on Committee Work

As appropriate this section should address any of the defined criteria that warrants clarification and/or redefinition.
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