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1.  Introduction

This is the criteria for the selection of physical layer (PHY) and medium access control (MAC) proposal to the IEEE 802.15.6 for body area networks (BAN). This document is used together with the Technical Requirement Document [IEEE 15-07-xxx-00-0ban] to provide the technical content for the project to develop PHY and MAC to support IEEE 802.15.6 standard for BAN. 
The current document will become the repository for the requirements to be used in the selection process for PHY and MAC Draft Standard for IEEE 802.15.6. 
The document is divided into three main sections: General Solution Criteria, MAC Protocol Criteria, and PHY Layer Criteria.
The intention is to develop PHY and MAC for short range, ultra low power and highly reliable wireless communication for use in the vicinity of, or inside, a human body. Data rates, typically up to 10Mbps, will be offered to satisfy an evolutionary set of entertainment and healthcare services. The communication ranges to be considered are typically within 2 meters, and can be extended up to TBD meters for specific applications. 

2. References

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

	Title

	[1]
	[07/07/xx]
	15-07-0575-06-0ban
	IEEE 802.15.4 -2003 Standard

	[2]
	[07/07/xx]
	15-07-0488-07-0ban
	TG4a Technical Requirements

	[3]
	[06/05/xx]
	15-07-0274-01-0ban
	TG4a Down Selection Process

	[4]
	[]
	15-07-0 
	channel-model-final-report-r1.pdf

	[5]
	[]
	15-07-0 
	application-requirement-analysis.xls 

	[6]
	[]
	15-07-0 
	Categories for CFA SG4a Response 

	[7]
	[] 
	15-07-0
	channel-model-under-1-Ghz.zip


3. General Solution Criteria

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

3.1. Unit Manufacturing Complexity (UMC)

3.1.1. Definition

The complexity of the device must be as minimal as possible for use in the body area space. Fig. 1 illustrates the logical blocks in the transceiver PHY layer. It should be noted that not all blocks must be included and they can be also changed. However, if the functionality of these blocks is used in mandatory or in option in the specification, the complexity for implementing the functionality must be included in the estimate.
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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 implementation. Reasonable and conservative values should be given. Relative comparisons to existing technologies are acceptable.
3.2. General Definitions

The general definitions below are applicable to all sections unless a specific statement is made.

3.2.1. Payload bit rate and throughput
The PHY-SAP payload bit rate is the instantaneous bit rate at PHY-SAP level, during PSDU transfer (net amount of data, after removing the effect of channel coding or other form of redundancy) during a peer to peer transfer. Each proposer is responsible for specifying the nominal PHY-SAP payload bit rate. This value is referred to as X0 (kb/s), and will used for all assessments defined in this document unless specified differently, all data packets are using 32 byte PSDU and the nominal PHY preamble which allows to meet the performance requirement as defined in section 5.4.
In addition the proposer should specify and characterize the following specifications, when applicable
· Optional PHY-SAP payload rates which is referred to as Xi (kb/s)
· If different from X0 or Xi, the aggregated data rate Y0 and Yi that a specific device can absorb from a number of devices (e.g. a FFD gathers data from a number of RFDs with capability of transmission at X0 or Xi (kb/s).
· The PHY-SAP peer-to-peer data throughput. This is the net amount of data (PSDU) that is transferred from one PHY-SAP to another over at least 200 packets (PPDU) using the above defined conditions. The throughput should include the normal overhead associated with a packet transmission (PPDU preamble and header, interframe spacing, and if needed associated control frames such as ACK frames). The connection is assumed to have already been established and in progress. The throughput is referred to as T0 (nominal) and Ti (optional) in kb/s
· The duty cycle factor which is considered in normal operating mode and its impact on useable peer-to-peer data throughput..
3.2.2. Error rate

The error rate criterion is defined as the maximum packet error rate (PER) for a specified packet length. The error ratio should be determined at the PHY-SAP interface, after any error correction in the proposed device having been applied.

Unless specified, the packet error rate is for 32 octet PSDU. 
3.2.3. Emission power (EIRP)

The emission power is defined as equivalent isotropically radiated power (EIRP).
3.2.4. Receiver sensitivity

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 receiver sensitivity is calculated in clause 5.6.3. 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 minimum required receiver sensitivity is defined as the sensitivity which produces PER equal to or less than 1% for 32 octet PSDU when receiving a transmitted signal compliant with permitted emission power and producing the above specified mandatory bit rates of X0 kb/s, and optionally the bit rate of Xi kb/s over the respective free space distance of 2 or 5 meters.

3.2.5. Band in use

The proposers must specify the frequency band to be used for the considered system. The proposers will state if their intention is to use bands available for license exempt systems or not 
3.2.6. Protection of body (SAR)
The proposers need to specify the issue of protection of body in terms special absorption ratio (SAR).

3.3. Signal Robustness

3.3.1. Coexistence and interference mitigation techniques. 

The 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 PHY) and interference egress (interference caused by the 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 are beyond the scope of the PHY effort.

3.3.2. Interference Susceptibility

3.3.2.1. Definition

Interference susceptibility refers to the impact that other co-located intentional and unintentional radiators may have on the proposed PHY. This section is mainly concerned with the interference coming from other non-P802.15.6 devices. Although there may be a number of systems radiating RF energy in the environments envisioned for P802.15.6 systems, the interference from WMTS (420 – 450 MHz, 608-614 MHz, 1395-1400 MHz, 1427-1432 MHz), MICS (402-405 MHz), WLANs (2.4 GHz), other WPANs (such as 802.15.1, 802.15.3, and 802.15.4), cordless phones (2.4 GHz), cellular phones, microwave ovens and UWB devices will be the primary cases considered.
3.3.2.2. Interference Model

The Interference from intentional or unintentional radiators will be considered. Including but not limited to the following list:

· WMTS

· MICS

· Microwave Oven (domestic and industrial)

· IEEE 802.15.1 (Bluetooth)

· IEEE 802.11b,g

· IEEE 802.15.3

· IEEE 802.15.4
· UWB
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 annex 1 are suggested.
3.3.2.3. Evaluation Method and Minimum Criteria
The following subsections describe how the above models can be used for evaluating the performance impact on the proposal. Since the performance of these systems may depend on particular receiver designs, and it is not the intent to standardize receiver designs, the proposer should describe any special circuits that were needed to obtain these results (e.g., interference suppression algorithms, notch filters, steep roll-off filters, etc.). Also, all of the following tests should be done using the nominal system configuration which provides X0 kb/s payload bit rate as specified in section 3.2.1. and a PER < 1% for packets with 32 byte PSDU
· WMTS, MICS, Microwave Oven, IEEE 802.15.1, IEEE 802.11b,g, IEEE 802.15.3,IEEE 802.11a, IEEE 802.15.4, UWB devices
Using simulation results, analysis, or technical explanations, the proposers should describe the impact of each of the above mentioned interferers on the proposed system performance when operating at 6 dB above the proposed systems receiver sensitivity level. This impact should either be a reduction in data throughput or rise in the PER. Interferers are considered separately.

Minimum criteria: Proposed system should be able to meet the PER criteria, when the interference is present at a distance separation of 1 meter from the receiver. If this criteria cannot be met, proposers should define the minimum separation distance between the interferer and the proposed system at which the PER criteria of 1% can be achieved when operating at 6 dB above receiver sensitivity.

In addition, proposers can also provide results using different distance separations.

· Generic In-band Modulated Interferer and Generic In-band Tone Interferer

When this interferer is present, using simulation results, analysis, or technical explanations, the proposers should determine the average received interference power, 
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 that can be tolerated by the receiver, after it has executed any interference mitigation algorithms, while still maintaining the PER criteria. Proposers should show results for a number of different center frequencies or describe how the performance changes as the center frequency changes.

Minimum criteria: 
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 is the received power which is defined here as 6 dB above the receiver sensitivity level) If this criteria cannot be met, proposers should specify the necessary 
[image: image5.wmf]d

I

P

P

-

 to meet the PER criteria
· Out-of-Band Interference from Intentional or Unintentional Radiators
Proposers should report the minimum out-of-band rejection in dB provided by the proposed system. This will provide a minimum standard for out-of-band interferer immunity.

3.3.3. Coexistence

3.3.3.1. Definition

Coexistence, in this context, refers to the co-location of IEEE P802.15.6 devices with other, non-P802.15.6 devices. The criteria described in this section focuses only on the impact the P802.15.6 devices have on other non-P802.15.6 devices that may be sharing the same frequency bands. 

3.3.3.2. Coexistence Model

The following victim receivers which may be co-located with P802.15.6 devices, will be considered here:

· WMTS

· MICS

· Bluetooth™ (IEEE 802.15.1)

· P802.15.3

· IEEE 802.11b,g

· IEEE 802.15.4
· UWB
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 P802.15.6 target applications. However, if bands including different interferers are considered, it is expected that the proposers will consider those specific interferers in their simulations.

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 P802.15.6 coexistence model is consistent with this principle, limited to devices sharing the same frequency band of operation.

The coexistence model, evaluation method and criteria are based on victim receiver’s performance in presence of P802.15.6 transmitters partially or totally sharing the same frequency of operation. This model is consistent with FCC interference recommendations, described in Spectrum Policy Task Force report, ET Docket No. 02-135, Nov 2002.
3.3.3.3. Evaluation Method and Minimum Criteria
In order to simplify the criteria, the Interfering Average Power generated by the 802.15.6 transmitter and measured in the relevant bandwidth of the victim receiver at any frequency at which that receiver operates should be used as a parameter to evaluate the coexistence capability of the proposed PHY. This power received by a 0 dBi antenna at the victim receiver frequency should be calculated at 1 m and 0.3 m distance separation between 802.15.6 transmitter and victim receiver

3.4. 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.

3.4.1. Manufacturability

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. Parameters such as clock tolerance of the frequency synthesizer (or other similar device) should be stated.

3.4.2. Time to Market

3.4.3. Regulatory Impact

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.

3.4.3.1. 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. 

3.5. Scalability

3.5.1. 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.

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: a maximum payload bit rate of 10 Mb/s at the PHY-SAP, with possibility to scale the payload bit rate down to 100kb/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.

3.5.2. 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 10 Mb/s, as well as 1 Mb/s and below, when applicable.

There are a wide variety of applications presently being considered by the 802.15.6 standards committee; some of which can greatly benefit from very specific optimizations; such as very low power consumption, high reliability, low latency, 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. These applications are categorized in great detail in document ref. [4].
3.5.3. Mobility Values

Proposals should determine the maximum relative speed that the proposed PHY will accommodate.
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.
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