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1.  Introduction

This is the criteria for the selection of the 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 a PHY Draft Standard for P802.15.4a. 

The document is divided into three main sections: General Solution Criteria, MAC Protocol Supplements Criteria, PHY Layer Criteria.

 Document [xxx] provides the down selection process.

This document and the Requirements document [IEEE 15-04-0198-02-004a] provide the technical content for the project to develop an alternate physical layer (alt-PHY). This alt-PHY shall be a supplement to the proposed IEEE 802.15.4 Standard. Revision 0 of this Selection Criteria Document references draft xxx of the IEEE 802.15.4 Standard.
In this document, as per 04/198, the reader will see reference to 1kbps and 1Mbps  at MAC-PHY interface.  The associated distance for these data rates are, respectively, 30 and 10 m and a distance given by the presenter. The mentioned data rates are minimums and data rates in the actual proposals may be higher than the minimums.  

2. References

	Ref.
	[date(yy/mm/dd)]
	DCN
	Title

	[1]
	
	
	IEEE 802.15.4 -2003Standard

	[2]
	[date]
	IEEE 15-04-198-00-004a, 
	TG4a Technical Requirements

	[3]
	[date]
	[xxx]
	TG4a Down Selection Process

	[4]
	[date]
	IEEE 15-04-0535-00-004a, 
	TG4a Channel Model Final Report

	[5]
	[04/02/10]
	IEEE 15-03-0489-05-004a, 
	application-requirement-analysis.xls 

	[6]
	[03/11/]
	IEEE 15-03-0442-01-004a 
	Categories for CFA SG4a Response 

	[7]
	[03/09/08]
	IEEE 15-03-0537-00-004a 
	Formal Submission of the 802.15.4IGa informal CFA Response]

	[8]
	[03/ 05/18] 
	IEEE.15-03-0031-11
	P802.15. 3a Alt PHY Selection Criteria PAR 5C


3. General Solution Criteria

This section defines the technical and marketing system level concerns of the proposals. 

3.1. Unit Manufacturing Cost/Complexity (UMC)

3.1.1. Definition

The cost/complexity of the device must be as minimal as possible for use in the personal area space, see [03/530]. Fig. 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 complexity for implementing the functionality must be included in the estimate. The order and contents of the blocks may vary, 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’. In addition to the communication blocks, the altPhy devices should be equipped with the functions needed for ranging.
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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 (DSSS), data whitening/de-whitening (or scrambling).
· 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 

Complexity estimates should be provided in terms of both analog and digital die size estimates, semiconductor processes, specified year for process technologies, gate count estimates, and major external components. Similar considerations should be made with regard to MAC enhancements. Reasonable and conservative values should be given. Relative comparisons to existing technologies are acceptable. Complexity estimates should include the means needed to implement the ranging, including, if needed, synchronization means.
3.2. Signal Robustness

3.2.1. General Definitions

Coexistence and interference mitigation techniques. 

The alternate PHY needs to operate in an interference environment and may have PHY level attributes that can be adjusted by higher layer management to mitigate interference ingress (interference coming into the alternate PHY) and interference egress (interference caused by the alternate PHY).  The proposers should show what attributes of their proposal can be adjusted to mitigate interference ingress and what attributes of their proposal can be adjusted to mitigate interference egress.  Supporting analysis to indicate the level of ingress/egress mitigation should be provided.  The actual algorithms for making these adjustments is beyond the scope of the alternate PHY effort.

The error rate criterion is the maximum packet error rate (PER) for a specified packet length. The proposer will be asked to indicate the PER. 
The packet error rate used for this requirement is 1% for 32 octet frame body. 
The receiver sensitivity is the power level of a signal in dBm present at the input of the receiver for which the error rate criteria are achieved in the AWGN environment at a specified bit rate.
The PHY-SAP payload bit rate used for this requirement is a mandatory bit rate of 1kb/s and an optional bit rate of 1 Mb/s. 
The proposer should include all the calculations used to determine the receiver sensitivity. The power level should be specified at the receiver antenna connection (that is, 0 dBi antenna gain assumed, with a loss factor of 3 dB). 
The error ratio should be determined at the PHY-SAP interface, after any error correction methods required in the proposed device have been applied.
The minimum required receiver sensitivity used for this requirement is that sensitivity which produces PER less than 1% for 32 octet frame when receiving a transmitted signal compliant with regulatory emission levels and producing the above specified mandatory bit rates of 1 kb/s, and optionally the bit rate of 1 Mb/s over the respective free space distance of 30, 10 meters and optionally other presenter specified distances.
Devices may exceed the minimum required sensitivity performance; however, the measurements in Section 3.2 are taken relative to the proposed system receiver sensitivity. The receiver sensitivity is calculated in clause 5.6.3.

The PHY-SAP peer-to-peer data throughput of the device is the net amount of data that is transferred from one PHY SAP to another. Throughput should be measured over at least 200 packets. The connection is assumed to have already been established and in progress. The units of the data throughput are in kb/s. The frame length is 32 bytes, and the throughput should include the normal overhead associated with a packet transmission. Unless otherwise noted, the P802.15.4a transceivers are assumed to use 0 dBi antennas.
3.2.2. Interference and Susceptibility

3.2.2.1. Definition

Interference susceptibility refers to the impact that other co-located intentional and unintentional radiators may have on a proposed alt-PHY. This section is mainly concerned with the interference coming from other non-P802.15.4a devices. Although there may be a number of systems radiating RF energy in the environments envisioned for P802.15.4a systems, the interference from WLANs (2.4 GHz and 5 GHz), other WPANs (such as 802.15.1, 802.15.3, and 802.15.4), cordless phones (2.4 GHz and 5 GHz), cellular phones, and microwave ovens will be the primary cases considered. Interference from a generic UWB device (FCC compliant) must also be specified if it is applicable.
3.2.2.2. Interference Model

The following interferers will be considered:

· Microwave Oven

· IEEE 802.15.1 (Bluetooth)

· IEEE 802.11b,g
· IEEE 802.15.3

· IEEE 802.11a

· IEEE 802.15.4

· Interference from intentional or unintentional radiators

Although other wireless systems may be present, the above systems represent a broad representative set of interferers whose impact has been determined to be sufficient for the evaluation of the proposed alt-PHY solutions based upon the IEEE P802.15.SG4a target applications. Since this document is concerned only with evaluating the capabilities, complexities, and performance implications of proposed physical layers, it is sufficient to use generic models of the above systems in order to ease the burden on the proposers. 

Representative models as described in document [04/0xxx] are suggested.

The proposers will state if their intention is to use bands available for license exempt systems or not 

3.2.3. Coexistence

3.2.3.1. Definition

Coexistence, in this context, refers to the co-location of IEEE P802.15.4a devices with other, non-P802.15.4a devices. The criteria described in this section focuses only on the impact the P802.15.4a devices have on other non-P802.15.4a devices that may be sharing the same frequency bands. The impact of the non-P802.15.4a devices on a P802.15.4a receiver is addressed in clause 3.2.2.

3.2.3.2. Coexistence Model

· The following victim receivers which may be co-located with P802.15.4a devices, will be considered here:

· Bluetooth™ (IEEE 802.15.1)

· P802.15.3

· IEEE 802.11b,g
· IEEE 802.11a

· IEEE 802.15.4

Although other wireless systems may be present, the above systems represent a broad representative set of systems whose impact has been determined to be sufficient for the evaluation of the proposed PHY solutions based upon the IEEE P802.15.SG4a target applications.  

Each of the victim receivers listed above operates in unlicensed spectrum and, according to FCC, 47 C.F.R. Sec. 15.5(b), may not cause and must accept harmful interference. For this reason these systems have been specified to operate in the presence of other devices sharing the same spectrum. The P802.15.4a coexistence model is consistent with this principle, limited to devices sharing the same frequency band of operation.

For example, proposers using the 5 GHz ISM band are required to show coexistence with 802.11a, not with 802.11b; proposers using the 2.4 GHz ISM band are required to show coexistence with 802.11b, not with 802.11a; proposers using UWB in the 3.1-10.6 GHz bands are required to show coexistence with 802.11a if their system intentionally emits power in the 5 GHz U-NII (Unlicensed National Information Infrastructure) band, not with 802.11b.

The coexistence model, evaluation method and criteria are based on victim receiver’s performance in presence of P802.15.4a transmitters partially or totally sharing the same frequency of operation, not on P802.15.4a transmit power. This model is consistent with FCC interference recommendations, described in Spectrum Policy Task Force report, ET Docket No. 02-135, Nov 2002.

Document ref. [04] describes in more detail the reference systems that must be considered by each PHY proposal.
3.3. Technical Feasibility

This is intended to determine if the proposal is technically achievable or academic. Any proposal may be submitted, but demonstrated feasibility and manufacturability should receive favor over equal but untested proposals. Proposers 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 proposers 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 technology will be ready for integration.

3.3.2.2. Values

The proposal shall include an estimate of a schedule for when the PHY would be available for integration.

3.3.3. Regulatory Impact

3.3.3.1. Definition 

The proposal should specify to which geopolitical regions it applies and identify any applicable requirements with which it conflicts. Merit will be awarded for proposals with regulatory compliance of wider geopolitical scope.

3.3.3.2. Values

The proposer may state in which regions the proposal is in regulatory compliance, and if local regulation permits license exempt use of the considered spectrum. 

Specific conflicts and potential derogations may be detailed. 

3.4. Scalability

3.4.1. Definition

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. Scalability should address evolutionary extensions to this proposal and lower or higher throughput modes of operation.
The proposers should describe "PHY level hooks" that can be used by a cognitive upper layer to modify the emissions (Cognitive Radio). The MAC should be able to support the scaling of the PHY (for example: 1 Mb/s at the PHY-SAP, with possibility to scale the payload bit rate down to 1kb/s with performance benefits such as power consumption etc.). Anticipated PHY mechanisms that will allow use of the scalability must be detailed. Criteria such as TPC (Transmit power control) or DFS (Dynamic Frequency Selection) –or more generally dynamic channel selection- may also be considered.
3.4.2. Values

Scalability parameters may include, amongst others: power consumption, payload bit rate and data throughput both measured at the PHY-SAP, channelization (physical or coding), complexity, range, frequencies of operation, occupied bandwidth of operation, and other functions deemed appropriate. Proposers are encouraged to show power consumption levels scaling with reduced or extended ranges and reduced or increased bit rates. Proposers are further encouraged to show scalability up to 1 Mb/s and beyond, as well as 1 kb/s and below, when applicable.

There are a wide variety of applications presently being considered by the 802.15.4a standards committee; some of which can greatly benefit from very specific optimizations; such as very low power consumption, long range, higher speed of mobility, etc. It is requested that the proposers bear in mind the applications the technology is intended to serve. When preparing your contribution, please be aware that a proposal that is flexible for optimization for a number of different applications will likely be very well received by the committee. The 802.15.4a PAR specifies improved performance on a number of different parameters, though it is not expected that all performance improvements will happen within the same mode of operation, results should be offered for all the modes, hence include performance improvements for all parameters. These applications are categorized in great detail in document 03/0442r1 as well as in the applications requirements analysis spreadsheet, document 03/489r4; and include the following applications: Safety / Health Monitoring, Personnel Security, Logistics, Industrial Inventory Control, Industrial Process Control and Maintenance. Home Sensing, Control and Media Delivery, and other communication systems.

3.4.3. Mobility Values

Proposals should determine the maximum relative speed that the proposed PHY will accommodate for both ranging and data communication.

For ranging, a possible process is described below at end of 3.5.2. For data communication, the proposer should explicit the conditions under which such relative speed is given (PER, channel environment, …)
3.5. Ranging
3.5.1. Definition

. Ranging is a feature performed at the PHY level in order to give information to the upper layers for delivering location awareness related information. Location awareness is the ability to determine information about the relative location of one device with respect to another or set of others.

The purpose is to improve usability of portable devices. This data can be used to locate, identify and discriminate amongst users, possibly on the move, in crowded environments and to simplify device registration in constantly changing network topology. Provisions must be made to propagate ranging information to a suitable management entity

3.5.2. Values

1-D location

Proposers should show that they have the capability to estimate the 1-D location of devices (i.e. ranging) and the level of accuracy that can be achieved, and the time and energy required to achieve that accuracy, using all specified channel models. Results should show maximum error for 90% of the node placements and the time needed to get the result. Proposers should indicate if they can handle only static scenarios or if they can handle both static and mobile scenarios. If mobile location awareness is handled (i.e. ranging) then the proposer should indicate the maximum speed that can be accommodated and the location accuracy at that speed.
The following procedure should be followed to determine ranging performance. Depending on the method selected by the proposers, deviations from this method can be necessary. It is expected that the proposers will justify their specific ranging method and provide the adapted procedure: 
· Static nodes

1. Place a reference node (or a set of reference nodes if more than one is required)
2. For each channel model as defined in the channel model document ref. [4]:
3. Place a node at the maximum distance possible (Which conditions??? Link margin, PER, …?) for communication at the mandatory rate over the selected channel (as defined in clause 5.5.2)

4. Verify and report PER at the test receiver.

5. Estimate the range to the reference node using the proposer's ranging technique, using the PPDU format and content according to the selected ranging method.
6. Repeat the test for 100 channel realizations as defined in the channel model document ref.[4].
7. Make a histogram of the estimations. Report the range error which is larger than 90% of the range errors (i.e. larger than the range estimation errors in 90 of the channels). Report the time or number of packets spent during range estimation in each of the channel realizations. During this time the channel stays constant.

8. Decrease the distance by factor of 2 and repeat steps 3-7. Stop when the ranging error reaches the error floor (i.e. not dependent on SNR anymore).

· Moving Nodes

It is left to the proposer to specify the maximum node speed, however the speed of moving the device can be deduced from the time needed to do the measurement in real time. 
4. MAC Protocol Supplement
4.1. Alternate PHY Required MAC Enhancements and Modifications 

4.1.1. Definition 

Supplements and modifications to the MAC may be required to accommodate the alternate PHY. It is preferred that the supplements be additions which 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

Proposals should justify and explain the supplements that may be necessary in support of additional features for the alternate PHY.

Proposals should justify and explain the modifications that may be necessary to support or enhance operation of the alternate PHY.
5. PHY Layer Criteria 

5.1. Size and Form Factor

5.1.1. Definition

Devices specified under 802.15 TG4a are envisioned to be small, simple, low power transceivers. These transceivers are capable of forming mobile, low power communications networks with precise range determination between network nodes. These devices should be designed with sufficient features that an application can send information to any node, receive information from any node and be able to determine the location of any node. These devices should be designed that they can be installed by relatively low-skilled technicians and require little operator intervention post installation. They should operate with as flexible and reliable radio channel as possible to enable applications in more environments and ease of installation.

Applications that are suited to these devices are those that generally require very long battery life (low-power consumption), location awareness, true wireless operation, and true autonomous operation (no operator intervention). These applications include sensor networks, location devices for personnel, control elements for machines and location/identification devices for objects.

Applications that are not suited to these devices are those that require very long range (in excess of 1km), high data rates (in excess of 1Mbit/sec) and frequent operator intervention. 

5.1.2. Values

Proposers shall provide a time line estimate of when their proposed PHY and the P802.15.4 MAC will fit into the proposed form factors such as SD Memory.
5.2. PHY-SAP Payload Bit Rate and Data Throughput

5.2.1. Payload Bit Rates 

1. Definition

The payload bit rate is defined as the bit rate at which the frame body, FCS and any stuffing bits and tail symbols are transmitted at PHY-SAP. For the proposed 802.15.4a, an example of optional payload bit rates at the PHY-SAP is 1 Mb/s and the mandatory payload bit rate is 1 Kb/s. 

2. Values

The proposer should provide the payload bit rates to meet the mandatory and optional payload bit rates for the PHY-SAP as defined in clause 3.2.1.

b) Packet Overhead

1. Definition

For each of the proposed rates the proposer should provide the SIFS, LIFS and packet overhead (PHY Preamble + PHY header) as illustrated in Fig. 3: 
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Figure 3 Packet overhead parameters for data throughput comparison
2. Values

Time values should be stated in microseconds.

5.3. Simultaneously Operating Piconets

5.3.1. Definition
The proposed PHY should operate in the close proximity of multiple uncoordinated piconets, at specific error rates. For the purpose of this clause, the term "uncoordinated" will refer to the fact that the PAN coordinators do not coordinate their beacons, and/or their GTS allocations, and/or their macSuperframeOrder."
The proposers will show how their proposal supports nearly orthogonal channels and evaluate the corresponding degradation at RX side during simultaneous transmission. It is recommended that a minimum of 4 nearly orthogonal channels be supported.

5.3.2. Values

The proposal should evaluate the effect of simultaneously operating piconets for the following specified parameters: 

· Packet length of 32 octet frame body
· PHY-SAP bit rates (1 kb/s) 
· Interference over the whole reference packet duration and uniformly random initial symbol alignment between reference link and interferers
· Meet the baseline performance as indicated in clause 5.5.
· A 0 dBi antenna gain is assumed unless otherwise stated in the channel model document.
· Piconets are uncoordinated.
Using the dref distance as defined later in this section (see Single Co-channel separation distance test procedure step one)

· the proposer should indicate the values of dint that cause the PER to degrade to 1% 


Figure 4 Test geometry for simultaneously operating piconets
Evaluation geometry and procedure
An interfering transmitter is an uncoordinated transmitter operating at the same power as the reference transmitter. There are two cases to be considered: (1) a co-channel interferer, occupying the same channel and (2) channel interferer, occupying worst case non co-channel, (e.g code channels with the highest cross correlation by code, or adjacent frequency channels). For simplification these channels will be called adjacent channels in the present document. 

Single co-channel interferer separation distance is defined as the threshold distance separation (dint) of an interfering co-channel transmitter from the test receiver such that the test receiver PER degrades to a specified error rate.


Multiple adjacent channel interferers separation distance is defined as the threshold distance separation (dint) of multiple interfering transmitters on different adjacent channels equidistant from the test receiver such that the test receiver PER degrades to a specified error rate. 

Single Co-channel separation distance test procedure 

1. 
Establish a test link with a test receiver at a fixed distance from the reference transmitter, such that the receiver power is 6 dB above the receiver sensitivity level (this gives dref). Continue by sending packets to the test receiver using the reference channel realizations as defined in doc. XXX (channel reference doc). Each channel realization provided by doc. Ref [4] is normalized to unity multipath energy.
2. 
Verify PER at the test receiver.

3. 
Begin transmitting with a single co-channel interfering alt-PHY transmitter at a large distance from the test receiver. The pre-specified channel models and channel realizations from doc. ref.[4] will be used for the interfering links. The simultaneous piconet operation shall be assessed for each of the specified interference channels. 

4. 
Continue PER verification at the test receiver. 

5. 
Incrementally move the co-channel interfering alt-PHY transmitter closer to the test receiver until the PER exceed 1%. 

6. 
Record the distance associated with the last acceptable PER as the single-channel separation distance (dint) for the selected test receiver.


Multi-channel separation distance test procedure 

1. 
Use the same procedure as defined above (single co-channel step 1) except that for the N=2 and 3 case the interferers are free space and the reference link is to use the previously mentioned channels.

2. 
Verify PER at the test receiver.

3. 
Begin transmitting with N different adjacent channel interfering alt-PHY transmitters at a large distance from the test receiver.  The proposer should consider the cases N equal 1, 2, and 3.  Channel realizations are given in document XXX.  The energy of each realization is normalized to unity.  For the N=2 and 3 case the interferers are free space and the reference link is to use the previously mentioned first 4 normalized channels.
4. 
Continue PER verification at the test receiver. 

5. 
Incrementally move the N different adjacent channel interfering alt-PHY transmitters closer to the test receiver uniformly until the PER exceed 1%. 

6. 
Record the distance associated with the last acceptable PER as the multi-channel separation distance (dint) for the selected test receiver.

[The channel model report may suggest some minor wording changes to this section.]
5.4. Signal Acquisition 

5.4.1. 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.

5.4.2. Values 

The proposer should provide the false alarm probability and the miss detect probability for the proposed preamble design in both AWGN and the environment specified by the channel model document ref. [4]. The proposer should consider both the single piconet and multiple uncoordinated piconet environment. The proposer should indicate a time-line showing the overall acquisition process, according to the preamble resources devoted to acquisition as specified in this document, at the payload bit rates and ranges specified in the TG4a Technical Requirements document ref. [2] subject to the channel model provisions as described in the channel model document ref. [4]. Additional information concerning how well the acquisition process scales with payload bit rate would be beneficial.

5.4.3. Clear Channel Assesment Values

The proposers should provide the the false alarm probability and the miss detect probability for the Clear Channel Assesment mechanism consistent with the requirements of the IEEE 802.15.4 in both AWGN and the environment specified by the channel model document ref. [4]. The proposer should indicate the time required for Clear Channel Assesment.
5.5. System Performance

5.5.1. Definition

System performance refers to the ability of the system to successfully acquire and demodulate data packets at the required data rates and bit and packet error rates, both in the free space AWGN channel and in the multipath channels specified by the channel model document ref.[4]. 

Performance of the proposed system as measured in various multipath environments defined in the latest revision of the channel model document ref.[4]. The multipath performance can be used to evaluate the losses incurred due to multipath. The simulations will be conducted with the following parameters:
· For each of the 5 channels models defined in the channel model document ref. [4], the proposer will be asked for average PER over a minimum of 1000 sent packets, as defined here after, , with length defined in clause 3.2.1. 
· For each of those 5 channel models, 100 different, normalized, pseudo-random channel realization are to be extracted from a fixed list as defined in the channel model document ref. [4].
· For each pseudo-random channel realization, a new set of 10 different packet random drawings have to be made by the proposer. 
· No shadowing is required for this simulation.

[The channel model report may suggest some minor wording changes to this section.]
5.5.2. Values 

The proposer should provide the probability of average PER (the ability to acquire and pass data with the specified packet length at minimum payload bit rates for the PHY-SAP for both AWGN and the channel model specified in document ref. [4], relative to distance). The proposer should further indicate the range at which the proposed PHY can acquire and meet the bit rate packet length and PER requirements of [04/198] for the channel model specified in document ref. [4]. The proposer should indicate PER and acquisition performance as a function of the distance. The acquisition parameters (signaling and duration) should be noted for all scenarios. [The channel model report may suggest some minor wording changes to this section.]
5.6. Link Budget

5.6.1. Definition

Link budget is used to determine proposal capabilities under certain operating conditions for the standards specified bit rates, ranges, and bit error rate.
5.6.2. Values

The table presented in the channel model document ref. [4], identifies the necessary parameters and equations that should be used to compute the final link margin. Proposers should complete this link budget table and identify and explain all assumptions. Although the proposers may need to make minor alterations to this table to more adequately reflect their proposal, the table identifies the minimum expected level of thoroughness, detail, and justification. [The channel model report will supply the table and may suggest some minor wording changes to this section.].
Q. Either fix the distance (TRD says 30 m) (thus result is Link Margin)or use Dref from previous section  (thus Link margin is fixed, e.g. 0 dB, and result is distance)?  Please select.
5.7. Sensitivity

5.7.1. Definition

Sensitivity is defined in 3.2.1. 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, consistent with the link budget as presented in the channel model document ref. [4], Table x. The proposal should also indicate the PER used in the determination of this value.
Comment:  PER should be 1% or is it totally free to choose one?
5.8. Power Management Modes

The ability to reduce power consumption for devices compliant with this standard is important.
5.8.1. Definition

Power management modes and protocols allow device sleep, wakeup, and poll. The IEEE 802.15.4 standard provides such power management capabilities. 

5.8.2. Values

The proposal should explain if it supports each of the power management methods as defined in the IEEE 802.15.4 standard.

5.9. Power Consumption

5.9.1. Definition

Power consumption is defined as the total average power required by the proposed system to operate in each of the following operations:

· transmit, 
· receive,
· clear channel assessment, 
· power saving modes. 
It includes the power consumed by all components necessary to implement all of the functionality of the proposed alternate PHY from the PHY-SAP interface, defined in the IEEE 802.15.4 standard, down to an antenna, where the gain is disclosed by the proposer. No components supporting operation above the PHY- SAP interface are included in the average power consumption value. Peak current should also be stated.
3. Transmit

Power consumption during transmit state is defined as the average power consumed from the PHY-TX-START.request for a given MPDU, to the PHY-TX-END.confirm.

4. Receive

Power consumption during receive state is defined as the average power consumed from the PHY-RX-START.request for a given MPDU, to the PHY-RX-END.indication where the PHY-RX-START.request is assumed to be coincident with the remote transmission beginning.

5. Clear Channel Assessment
Power consumption during clear channel assessment (CCA) is defined as the average power consumed from the PHY-CCA-START.request to the PHY-CCA-END.confirm.

6. Power Save
Power consumption during the power save state is defined as the power consumed from the PHY-PS.request to the PHY-PS.confirm resulting from a subsequent PHY-PS.request with a PSLevel value of 0. Methods for achieving power save modes and the impact to the operation (acquisition, time to come ‘awake”, etc…) of the PHY should be described.

5.9.2. Value 

Power consumption values are to be disclosed with sufficient explanation of how the numbers are derived. These numbers should reflect operation at the RF power necessary to achieve the continuous full bit rate/throughput at the maximum range including the disclosed antenna gain. To help aid comparison among proposals, disclosure should include parameters such as technology process, clock rate, voltage, etc.

7. Transmit

The proposal should estimate the power consumption for the PHY throughputs specified in section 5.2 with proposed minimum and maximum PHY frame lengths.

8. Receive

The proposal should estimate the power consumption for the PHY throughputs specified in section 5.2 with proposed minimum and maximum PHY frame lengths.
9. Clear Channel Assessment

The proposal should state the estimated power consumed during both channel "busy" periods and channel "idle" periods.

10. Power Save
The proposal should specify the power consumption associated with the lowest supported power consumption level (PwrMgtLevel). The proposal should also provide estimated values for power save group parameters as specified in IEEE 802.15.4. Proposals should provide justification for their stated power save values (for example, circuits disabled, clocks turned off, etc…).

5.10. Antenna Practicality

5.10.1. Definition 

The antenna form factor should be consistent with a form factor such as SD Memory.
5.10.2. Value 

Antenna form factor should be described with reference to expected size. Any additional information the proposer desires to provide on the antenna such as size, frequency response, impulse response and radiation characteristics would be beneficial. Any additional requirements on the antenna(s) should be described in the proposal.
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