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Coexistence Criteria Proposal

The purpose of this contribution is to more carefully define the coexistence criteria that the 802.15.SG3a proposals should be measured against.  The following sections are proposed to replace the current text in the evaluation criteria document (Section 3.2.3 Coexistence).

1 Coexistence

1.1 Definition

Coexistence, in this context, refers to the co-location of IEEE 802.15.SG3a devices with other, non-802.15.SG3a devices.  The criteria described in this section focuses only on the impact the 802.15.SG3a devices have on other non-802.15.SG3a devices that may be sharing the same frequency bands.  The impact of the non-802.15.SG3a devices on an 802.15.SG3a receiver is addressed in Section 3.2.2.

1.2 Coexistence Model

The following devices, which may be co-located with 802.15.SGa devices, will be considered here:

· Bluetooth (IEEE 802.15.1)

· IEEE 802.15.3

· IEEE 802.11b

· IEEE 802.11a

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 802.15.SG3a target applications.  The following figure shows the coexistence scenario and parameters that will be addressed in this section.
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Figure 1: Reference Coexistence Model

The main parameter for this model is the nominal Rx power for the reference device that is representative of typical operating scenarios for the targeted applications for the systems.  Each of the devices described below operate in an unlicensed frequency band, and therefore should expect other interferers to be present.  In order to provide a reasonable trade-off between strict coexistence requirements for 802.15.SG3a devices and the interference susceptibility of the reference receivers, we have adopted an ‘interference margin’ of 6 dB.  This means that coexistence is measured when the reference device is operating at 6 dB above the reference systems minimum receiver sensitivity level published in the appropriate standard.  This ‘interference margin’ has also been proposed to the 802.15.2 coexistence task group as a PHY Coexistence Characterization (PCC) and is currently being used by the 802.15.4 task group to study coexistence (see IEEE802.15-02/148r0).  The above path loss model is used to verify that the nominal Rx power is sufficient to meet the typical range requirements for the reference system.  Note that this 6 dB margin is also used when computing the adjacent channel rejection for the 802.11b receiver, while a 3 dB margin is used for 802.11a adjacent channel rejection.

The following sections describe in more detail the reference systems that must be considered by each PHY proposal.
1.2.1 Bluetooth and IEEE 802.15.1 Devices

This model is intended to represent a Bluetooth or 802.15.1 WPAN device.  The following table identifies the relevant parameters of the reference system and the nominal Rx power at the input to the receiver.

	Center frequency
	2.4 GHz

	Baud rate
	1 MHz

	Modulation 
	GFSK

	Tx Power
	0 dBm

	Rx Antenna Gain
	0 dBi

	Rx Sensitivity
	-70 dBm

	Interference Margin
	6 dB

	Nominal Rx Power
	-64 dBm


1.2.2 IEEE 802.15.3 Device

This model is intended to represent a high rate 802.15.3 WPAN device.  The following table identifies the relevant parameters of the reference system and the nominal Rx power at the input to the receiver.

	Center frequency
	2.4 GHz

	Baud rate
	11 MHz

	Modulation 
	DQPSK

	Tx Power
	0 dBm

	Rx Antenna Gain
	0 dBi

	Rx Sensitivity
	-75 dBm

	Interference Margin
	6 dB

	Nominal Rx Power
	-69 dBm


1.2.3 IEEE 802.11b Device

This model is intended to represent an 802.11b WLAN device.  The following table identifies the relevant parameters of the reference system and the nominal Rx power at the input to the receiver.

	Center frequency
	2.4 GHz

	Baud rate
	11 MHz

	Modulation 
	CCK (11 Mbps)

	Tx Power
	20 dBm

	Rx Antenna Gain
	0 dBi

	Rx Sensitivity
	-76 dBm

	Interference Margin
	6 dB

	Nominal Rx Power
	-70 dBm


1.2.4 IEEE 802.11a Device

This model is intended to represent an IEEE 802.11a WLAN device.  The following table identifies the relevant parameters of the reference system and the nominal Rx power at the input to the receiver.

	Center frequency
	5.3 GHz

	Baud rate
	11 MHz

	Modulation

        Number of carriers

        Carrier spacing
	16-QAM Coded-OFDM (24 Mbps mode)

52

312.5 KHz

	Tx Power
	15 dBm

	Rx Antenna Gain
	0 dBi

	Rx Sensitivity
	-74 dBm

	Interference Margin
	6 dB

	Nominal Rx Power
	-68 dBm


1.3 Evaluation Method and Minimum Criteria

A single parameter (dint) will be used to quantify the coexistence capability of the proposed PHYs, and free space propagation shall be assumed between the IEEE 802.15.SG3a device and the reference device.  This parameter is defined as the minimum distance that can be achieved while the reference device enjoys a BER < 10e-5 (including any coding) while receiving at the nominal Rx power level based on a 6 dB interference margin.  The following minimum and desired criteria will be used for evaluating the PHY proposals.

Minimum criteria (1): Under normal operating conditions, the proposed PHY must be able to provide a minimum level of coexistence such that dint < 1 meter with a 6 dB interference margin for the reference receiver.

Minimum criteria (2): The proposed PHY must be able to provide an enhanced level of coexistence such that dint < 0.3 meter with a 6 dB interference margin for the reference receiver.  This means that, if an individual implementation wants to achieve this level of coexistence, it must be able to do so and still be able to communicate with a standard 802.15.3a receiver.

Desired criteria: The proposed PHY should be able to provide an enhanced level of coexistence such that dint < 0.3 meter with a 0 dB interference margin for the reference receiver.  This means that, if an individual implementation wants to achieve this level of coexistence, it must be able to do so and still be able to communicate with a standard 802.15.3a receiver.

The motivation for the above criteria is the following.  Future 802.15.3a devices will definitely be located in close proximity with other IEEE 802.11 and IEEE 802.15 devices, based upon the set of applications that this standard is trying to address.  The minimum criteria (1) is for devices that knowingly will be very unlikely to be in close proximity to these other devices or for devices that will be deployed in environments where easy separation between devices can be achieved.  The minimum criteria (2) is for systems that would like to implement better coexistence for applications that will definitely be in close proximity with other 802.11 or 802.15 devices.  This could be done on an ‘as needed’ basis, and set either adaptively, with MAC control, or with user control.  The purpose of this criteria is to allow vendors to build devices that can operate in ‘enhanced’ coexistence mode while still being able to communicate with standard 802.15.3a receivers.  Therefore, the PHY proposals must possess the flexibility to offer this type of device capability.  Finally, the desired criteria is to suggest that an even better enhanced coexistence mode would be desirable for many scenarios to account for applications where it may be difficult or undesirable to get more than 0.3 meter separation, to account for antenna gains of the reference receiving device, and to account for highly efficient receivers that are able to operate below the Rx sensitivity level.

In addition, it is desirable for the proposed PHY to have ‘good neighbor’ capabilities like adaptive power control (don’t transmit more power than necessary), time division multiplexing (don’t transmit for more time than necessary), or dynamic frequency selection (ability to detect and avoid interference).  If the system cannot achieve these minimum separation distances, proposers should state what dint can be achieved given the above criteria, and what it would take to achieve the above dint values (notch filters, etc.) and corresponding cost.  
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