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1 Background

This document provides the parameters and formulas for sub-GHz PHYs for IEEE 802.15.4, required of the IEEE 802.19 Coexistence Methodologies, as described in documents [1] and [2].  The methodology described in these documents predict packet error rate among coexisting IEEE 802 wireless devices.

Section 2 of this document provides an overview of IEEE 802.15.4 with special attention to the sub-GHz PHYs defined in the TG4b draft standard.

Section 3 describes the predicted bit error rate for each modulation scheme as a function of signal to noise ratio.

Section 4 describes “normal” traffic patterns for IEEE 802.15.4 devices when used in Affected Wireless Networks and in Interfering Wireless Networks. 

2 Overview

The standard for IEEE 802.15.4 [3], ratified in the spring of 2003, defines a “low-rate wireless PAN”, designed for price- and power-sensitive applications.  It defined three PHYs with distinct modulation schemes:

· O-QPSK operating in the 2.4GHz ISM band, with an effective bit rate of 250 kb/s.

· BPSK operating in the 868MHz ISM (Europe) band, with an effective bit rate of 20 kb/s.

· BPSK operating in the 915MHz ISM (North America) band, with an effective bit rate of 40 kb/s.

Task Group 4b (TG4b) was formed to revise the original IEEE 802.15.4-2003 standard.  Among the other work defined in the PAR, the group was given the charter to create new PHYs operating in the sub-GHz bands with improved performance.  In response to this, the group has defined additional PHYs:

· O-QPSK operating in the 868MHz ISM (Europe) band, with an effective bit rate of 100 kb/s.

· O-QPSK operating in the 915MHz ISM (North America) band, with an effective bit rate of 250 kb/s.

· A form of ASK (“PSSS”) operating in the 868MHz ISM (Europe) band, with an effective bit rate of 250 kb/s.

· PSSS operating in the 915MHz ISM (North America) band, with an effective bit rate of 250 kb/s.

Two fundamental design goals of IEEE 802.15.4 are low cost and low power.  Low cost is achieved through simple demodulation schemes, low bit rates and low transmitter power, typically under 0 dBm.  Low power is achieved through extremely low duty cycles.  In fact, duty cycles for devices operating in the 868 MHz band in Europe are limited by regulatory bodies to under 1% duty cycle.

3 Bit Error Rate functions for sub-GHz PHYs in 802.15.4

This section describes the Bit Error Rate functions for each of the six PHY modulation schemes defined in IEEE 802.15.4 TG4b.  In the following sections, the bit error rate function is described as a function of Signal to Noise Ratio (SNR), and supporting derivations are given.

There are three primary modulation schemes, BPSK (as defined in IEEE 802.15.4-2003), O-QPSK (“COBI”) and PSSS (a form of ASK).  In the sub-GHz bands, IEEE 802.15.4 is defined to operate in two ISM bands: 915MHz for North America and 868 MHz for Europe.

3.1 868MHz BPSK (“2003 legacy”)

IEEE 802.15.4 868MHz BPSK modulation uses a chip rate Rc of 300 kc/s, a bit rate Rb of 20 kb/s.  Conversion from SNR to Eb/N0 assumes a raised cosine filter:

	
[image: image1.wmf]
	(3.1.1)


Bit error rate Pb is computed for non-coherent BSK, e.g. from [4]:

	
[image: image2.wmf]
	(3.1.2)


Rolling these together produces the bit error rate function:

	
[image: image3.wmf]
	(3.1.3)


3.2 915MHz BPSK (“2003 legacy”)

IEEE 802.15.4 868MHz BPSK modulation uses a chip rate Rc of 600 kc/s, a bit rate Rb of 40 kb/s.  Conversion from SNR to Eb/N0 assumes a raised cosine filter:

	
[image: image4.wmf]
	(3.2.1)


Bit error rate Pb is computed for non-coherent BSK, e.g. from [4]:
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	(3.2.2)


Rolling these together produces the bit error rate function:
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	(3.2.3)


3.3 868MHz O-QPSK (“COBI”)

IEEE 802.15.4 868MHz O-QPSK modulation uses a chip rate Rc of 400 kc/s, a bit rate Rb of 100 kb/s and a codebook of M=16 symbols.  Conversion from SNR to Eb/N0 assumes matched filtering and half-sine pulse shaping:

	
[image: image7.wmf]
	(3.3.1)


Conversion from bit noise density Es/N0 to symbol noise density Es/N0 is:
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	(3.3.2)


Symbol error rate Ps is computed for non-coherent MFSK, e.g. from [4]:
	
[image: image9.wmf]
	(3.3.3)


Finally, conversion from symbol error rate to bit error rate Pb is given as:
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	(3.3.4)


Rolling these together produces the bit error rate function:
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	(3.3.5)


3.4 915MHz O-QPSK (“COBI”)

IEEE 802.15.4 868MHz O-QPSK modulation uses a chip rate Rc of 1000 kc/s, a bit rate Rb of 250 kb/s and a codebook of M=16 symbols.  Conversion from SNR to Eb/N0 assumes matched filtering and half-sine pulse shaping:
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	(3.4.1)


Conversion from bit noise density Es/N0 to symbol noise density Es/N0 is:
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	(3.4.2)


Symbol error rate Ps is computed for non-coherent MFSK, e.g. from [4]:
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	(3.4.3)


Finally, conversion from symbol error rate to bit error rate Pb is given as:
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	(3.4.4)


Rolling these together produces the bit error rate function:
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	(3.4.5)


3.5 868MHz PSSS

IEEE 802.15.4 868MHz PSSS uses a form of ASK modulation, for which the Bit Error Rate function is most easily derived by simulation and curve fitting.  For SNR values greater than -8dB, the BER function is approximated by:
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	(3.5.1)


3.6 915MHz PSSS 

IEEE 802.15.4 868MHz PSSS uses a form of ASK modulation, for which the Bit Error Rate function is most easily derived by simulation and curve fitting.  For SNR values greater than -8dB, the BER function is approximated by:
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	(3.6.1)


4 Temporal Parameters

The coexistence methodology described in <<ref  Estimation of PER>> requires knowledge of the traffic models of each coexisting system, whether operating as an “Affected Wireless Networks” (AWN) or “Interfering Wireless Network” (IWN).

In creating these temporal models, we make a few assumptions:

· Devices will have the same traffic model, whether operating in an AWN or IWN.

· Device traffic is limited to 1% duty cycle, in keeping with European regulations [5].

· The packet size for all traffic is 32 bytes. This includes the PSDU and synchronization header.

To satisfy the 1% duty cycle requirement, the traffic model in each case is 32 bytes transmitted and 3168 bytes (= 32 * 99) idle.  The only thing that changes among the PHYs is the bit rate, and thus the absolute time spent transmitting and idle.  In the following table, Ta is the active interval (in seconds), Ti is the idle time, Ba is the active interval (in bit periods), and Bi is the idle interval (in bit periods).

	PHY
	kb/s
	Bit duration (s)
	bits/packet
	Ta (s)
	Ti (s)
	Ba
	Bi

	868MHz BPSK
	20
	0.000050
	256
	0.012800
	1.267200
	256
	25344

	868MHz O-QPSK
	100
	0.000010
	256
	0.002560
	0.253440
	256
	25344

	868MHz PSSS
	250
	0.000004
	256
	0.001024
	0.101376
	256
	25344

	915MHz BPSK
	40
	0.000025
	256
	0.006400
	0.633600
	256
	25344

	915MHz O-QPSK
	250
	0.000004
	256
	0.001024
	0.101376
	256
	25344

	915MHz PSSS
	250
	0.000004
	256
	0.001024
	0.101376
	256
	25344
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