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This document discusses several issues in conjunction with the TG4a PAR extended range requirement.

In order to define extended range for a TG4a device, we must first define range for a TG4 device.  Some technical issues that influence range are:

· TX Power
· Operating Frequency Band

· Operating Bit Rate

· Antenna

· Channel Model

· RX Adaptive Filtering

· RX Noise Figure

· Implementation Loss

1. TX Power
Obviously, the more TX power the more possible range.  So what is the TX power of a TG4 device?  We consider several possibilities.
· On the market Single Chip Device: 
· Example is the Chipcon CC2420

· Min TX Power: -3 dBm

· Typical: 0 dBm

· What TG4 specifies: 

· Absolute maximum specified by local regulations

· Min “max TX power” is -3 dBm (a PHY must at least emit this amount)

· Clause 6.7.5 of the 802.15.4 standard

· For the US, what the FCC allows:

· Operation is now allowed under Part15.247
· Max power is 1 watt

· The difference is 33 dB between -3 dBm and 1 watt (+30 dBm)

· In terms of range, 33 dB is a difference of ~47x

2. Frequency Band

· According to the 15.4 standard, clause 6.1.1

· 868 MHz, 915 MHz, and 2.45 GHz

· Aperture loss difference: 20*log(2.45/.868) = 9 dB

· 9 dB in terms of range distance: ~3x (actually 2.8x)

3. Bit Rate

· Range of bit rate allowed in 802.15.4 is

· 250 Kbps @ 2.45 GHz

· 20 Kbps @ 868 MHz

· Eb difference (assuming same TX power): 10*log(250/20) = 11 dB
· 11 dB in terms of range distance: ~3.5x
4. Antenna, Channel Model and RX Adaptive Filtering (lump these together)
· Antenna is typically assumed to be 0 dBi

· Should use same assumption for 15.4 definition as for 15.4a evaluation

· Channel model for 15.4 is undefined, but have defined channel model for 15.4a
· Reasonable assumption for 15.4 is AWGN with path loss coefficient break points (see document 15-04-0408-00-004a for a suggestion)

· For comparison, should use the same model for 15.4a as was used for 15.4

· Using an AWGN model (no multipath) allows a simplified RX signal processing kernel (no adaptive filtering)

· No multipath means the channel matched filter becomes a degenerate single tap device (i.e. no channel matched filter)

· No multipath means no ISI (intersymbol interference) and hence no equalizer

· If multipath is present in the 15.4 model then we have to consider the impact of the RX channel matched filter and data equalizer on the range distance performance.  Difference can easily be 10 dB which translates to >3x increase in range distance.
5. RX Noise Figure and Implementation Loss (lump these together)
· Noise Figure and Implementation Loss for the Chipcon CC2420: (derived)
· Sensitivity is -90 dBm worst case

· Assume required Eb/No is 10 dB
· Integrated Noise Power: -90 dBm – 10 dB = -100 dBm

· Bit Rate: 250 Kbps

· No: 100 dBm – 10*log10(250e3) = -154 dBm

· Noise Figure (room temperature): -154 + 174 = 20 dB

· WLAN typical noise figure and implementation loss: 10 dB

· Possible range distance variance (10 dB): ~3x 
Implications based upon stated assumptions
The total possible variance in range given the stated extremes is:

TX Power: 47x (33 dB)

Frequency Band: 3x (9 dB) 

Bit Rate: 3.5x (11 dB)

Antenna, Channel Model and RX Adaptive Filtering: 3x (10 dB)

Noise Figure and Implementation Loss: 3x (10 dB)

Total Variance: 4467x (73 dB)

This is an incredible variation in the range distance given the stated assumptions!  It is believed this amount of uncertainty is an undue burden on those preparing 802.15.4a proposals.

Recommended Course of Action
It is recommended that we “set the bar low” for TG4a proposals, in regards to TG4 extended range, and let voters individually “raise the bar” during the voter driven down selection process.  The following characterization is recommended, which is driven by the worst case - but allowable – TG4 parameters.

*** TG4 Range Reference PHY ***

Output power: -3 dBm

Operating frequency bands: 2.4 GHz, 915 MHz (evaluate at both)
Operating bit rate: 250 Kbps

Antenna for range test: 0 dBi 
Channel: AWGN with variable path loss break points (no multipath)

Noise Figure and Implementation Loss: 20 dB 
 

*** TG4a Unit Under Test PHY ***

Output power: specified by proposer against creditable regulatory agency

Operating Frequency Band: specified by proposer, evaluate at both TG4 reference bands
Operating bit rate: specified by proposer

Antenna for range test: 0 dBi

Channel: AWGN with variable path loss break points (no multipath)

Noise Figure and Implementation Loss: specified by proposer
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