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Interference Susceptibility Criteria Proposal

This contribution proposes to change the current Section 3.2.2 “Interference and Susceptibility” and Section 3.2.3 “Jamming Resistance” in the PHY Selection Criteria with the following Section 3.2.2 “Interference Susceptibility”.  The purpose of this change is to clarify how interference susceptibility can be measured and quantified, and how the results can be interpreted.  It is desired here to have a consistent, relatively simple method for evaluating the performance of various PHY proposals that will need to be compared with each other as well as to ensure that the final standard meets the desired requirements the IEEE 802.15.SG3a group has established.  

3.2.2. Interference Susceptibility

3.2.2.1 Definition

Interference susceptibility refers to the impact other co-located intentional and unintentional radiators may have on a proposed physical layer solution.  This section is mainly concerned with the interference coming from other non-802.15.SG3a devices.  Although there may be a number of systems radiating RF energy in the environments envisioned for 802.15.SG3a systems, the interference from WLANs (2.4 GHz and 5 GHz), other WPANs, and microwave ovens will be the primary cases considered.

3.2.2.2 Interference Model

The following interferers will be considered:

· Cellular Phones

· Microwave Oven

· IEEE 802.15.1 and Bluetooth

· IEEE 802.11b

· IEEE 802.15.3

· IEEE 802.11a

· Out-of-band 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 PHY solutions based upon the IEEE 802.15.SG3a target applications.  Since this document is only concerned with trying to evaluate the capabilities, complexities, and performance implications of proposed physical layers only, it is sufficient to use more generic models of the above systems in order to ease the burden of the proposers who will need to evaluate their system against these interferers.  

Towards this end, the following representative models are suggested.

3.2.2.2.1 Cellular Phones

TBD.

3.2.2.2.2 Microwave Oven

The microwave oven is transmitting at a power of 100 mW with an active period of 8 ms, followed by a dormant period of 8 ms. That is, during the active period the transmit  power is 100 mW and during the dormant period the transmit power is 0 mW. During the active period, the microwave oven output can be modeled as a continuous wave interferer with a frequency that moves over a few MHz.  At the beginning of the active period, the frequency is 2452 MHz, and a the end of the active period, the frequency is 2458 MHz.  There is a continuous sweep in frequency as the active period progresses in time.

3.2.2.2.3 Narrowband 2.4 GHz Interferer

This model is intended to represent the impact of Bluetooth or 802.15.1 device.  The following table identifies the parameters of this interferer at the receiving antenna of the proposed 802.15.SG3a system.

	Center frequency
	2.4 GHz

	Baud rate
	1 MHz

	Modulation 
	GFSK

	Tx power
	0 dBm

	Tx antenna gain
	0 dBi 

	Path loss (1) at 1 meter
	40 dB

	               (2) at 0.3 meters
	29.6 dB

	Rx power (1) at 1 meter
	-40 dBm

	                (2) at 0.3 meters
	-29.6 dBm


3.2.2.2.4 Wideband 2.4 GHz Interferer

This model is intended to represent the impact of an 802.11b or 802.15.3 device.  The following table identifies the parameters of this interferer at the receiving antenna of the proposed 802.15.SG3a system.

	Center frequency
	2.4 GHz

	Baud rate
	11 MHz

	Modulation 
	QPSK

	Tx power
	20 dBm

	Tx antenna gain
	0 dBi (handset)

	Path loss (1) at 1 meter
	40 dB

	               (2) at 0.3 meters
	29.6 dB

	Rx power (1) at 1 meter
	-20 dBm

	                (2) at 0.3 meters
	-9.6 dBm


3.2.2.2.5 Wideband 5 GHz Interferer

This model is intended to represent the impact of an 802.11a device.  The following table identifies the parameters of this interferer at the receiving antenna of the proposed 802.15.SG3a system.

	Center frequency
	5.3 GHz

	Baud rate
	16.6 MHz

	Modulation

        Number of carriers

        Carrier spacing
	16-QAM OFDM

52

312.5 KHz

	Tx power
	15 dBm

	Tx antenna gain
	0 dBi (handset)

	Path loss (1) at 1 meter
	46.9 dB

	               (2) at 0.3 meters
	36.5 dB

	Rx power (1) at 1 meter
	-31.9 dBm

	                (2) at 0.3 meters
	-21.5 dBm


3.2.2.2.6 Generic In-band Modulated Interferer

For ultra-wideband based proposals, there may be other wireless systems that may be near-by the 802.15.SG3a system that could cause in-band interference.  In order to understand how much protection the system will provide in this case of an unknown modulated interferer, the following model is proposed for evaluation.
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	5 MHz

	Modulation 
	BPSK

	Baseband waveform
	Root Raised Cosine with a roll-off of 0.25


3.2.2.2.7 Generic In-band Tone Interferer

All systems may experience tone interference resulting from close proximity to unintentional radiators like PCs or consumer electronic devices.  .  In order to understand how much protection the system will provide in this case of an unknown modulated interferer, the following model is proposed for evaluation.
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 should be chosen to be within the bandwidth of the proposal.

3.2.2.3 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’s not the intent to standardize certain 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 ~110 Mbps.

3.2.2.3.1 Microwave Oven

When this interferer is present, using simulation results, analysis, or technical explanations, describe the impact 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 throughput or rise in the BER.

Minimum criteria: Proposed system should be able to maintain a PER < 8% for 1024 byte packets when the interference is present at a distance separation of 3 meters.  If this criteria cannot be met, proposers should define the operating power level of the proposed system (in terms of the number of dB’s above the receiver sensitivity level) at which a PER < 8% can be achieved when the interference is present at a distance separation of 3 meters.

3.2.2.3.2 Narrowband 2.4 GHz Interferer

When this interferer is present, using simulation results, analysis, or technical explanations, describe the impact 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 throughput or rise in the BER.

Minimum criteria: Proposed system should be able to maintain a PER < 8% for 1024 byte packets when the interference is present at a distance separation of 1 meters.  If this criteria cannot be met, proposers should define the operating power level of the proposed system (in terms of the number of dB’s above the receiver sensitivity level) at which a PER < 8% can be achieved when the interference is present at a distance separation of 1 meters.

Desired criteria: Proposed system should be able to maintain a PER < 8% for 1024 byte packets when the interference is present at a distance separation of 0.3 meters.  

3.2.2.3.3 Wideband 2.4 GHz Interferer

When this interferer is present, using simulation results, analysis, or technical explanations, describe the impact 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 throughput or rise in the BER.

Minimum criteria: Proposed system should be able to maintain a PER < 8% for 1024 byte packets when the interference is present at a distance separation of 1 meters.  If this criteria cannot be met, proposers should define the operating power level of the proposed system (in terms of the number of dB’s above the receiver sensitivity level) at which a PER < 8% can be achieved when the interference is present at a distance separation of 1 meters.

Desired criteria: Proposed system should be able to maintain a PER < 8% for 1024 byte packets when the interference is present at a distance separation of 0.3 meters.  

3.2.2.3.4 Wideband 5 GHz Interferer

When this interferer is present, using simulation results, analysis, or technical explanations, describe the impact 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 throughput or rise in the BER.

Minimum criteria: Proposed system should be able to maintain a PER < 8% for 1024 byte packets when the interference is present at a distance separation of 1 meters.  If this criteria cannot be met, proposers should define the operating power level of the proposed system (in terms of the number of dB’s above the receiver sensitivity level) at which a PER < 8% can be achieved when the interference is present at a distance separation of 1 meters.

Desired criteria: Proposed system should be able to maintain a PER < 8% for 1024 byte packets when the interference is present at a distance separation of 0.3 meters.  

3.2.2.3.5 Generic In-band Modulated Interferer

When this interferer is present, using simulation results, analysis, or technical explanations, determine the average received interference power, 
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 is the received power which is defined here as 6 dB above the receiver sensitivity level).  Present results for a number of different center frequencies or describe how the performance changes as the center frequency is changed.

Minimum criteria: 
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3.2.2.3.6 Generic In-band Tone Interferer

When this interferer is present, using simulation results, analysis, or technical explanations, determine the average received interference power, 
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 is the received power which is defined here as 6 dB above the receiver sensitivity level).  Present results for a number of different center frequencies or describe how the performance changes as the center frequency is changed.

Minimum criteria: 
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