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PURPOSE
Present PHY simulation results for IEEE 802.22.1 beacon proposal.

SIMULATION MODEL

Matlab simulations were developed to model basic modem functions of the PHY proposal.  A block diagram of the simulator is shown below.  The sampling rated used in the simulation was eight times the chip rate.

[image: image1]Figure 1.  Simulation block diagram.

SIMULATION PROTOCOL
A basic PHY protocol data unit (PPDU) was created for simulation purposes.  The simulation PPDU is similar to the synchronization burst and the beacon frame specified in (doc # IEEE 802.22-06/0128r1).  It consists of a 24-bit synchronization header followed by an optional payload of random data (see Figure 2).  To simulate sync burst detection performance, only the sync header is used.  To simulate beacon frame error rate, the sync header plus a 48-byte payload of random data are used.  The 48-byte value corresponds to the minimum beacon payload, 47 bytes, plus one byte for the PHY header.  This payload length is specified in the draft proposal for sensitivity testing.  In both cases, a packet error (or frame error) occurs if there is a bit error in any of the PPDU fields.  

[image: image2]
Figure 2.  Simulation PPDU.
MODULATION

PHY modulation format is specified in doc. # IEEE 802.22-06/0128r1.
CHANNEL MODELS
Multipath channel models were taken from the IEEE 802.22 channel modeling document (doc. # IEEE 802.22-05/055r7).  Specifically, multipath profiles A, B, and C were used (reproduced in the table below for convenience).  Profile D (omitted here) was the same as profile C with the 6th path varied to study the limits of 802.22 modem performance.  These three models represent typical 35 km links between WRAN base station and CPE, with excess delays up to 35 us.  Detection ranges for beacons will typically be lower (~ 10 km), and lower excess delay would be expected.  

	Profile A
	Path 1
	Path 2
	Path 3
	Path 4
	Path 5
	Path 6

	Excess delay
	0
	3 μsec
	8 μsec
	11 μsec
	13 μsec
	21 μsec

	Relative amplitude
	0
	-7 dB
	-15 dB
	-22 dB
	-24 dB
	-19 dB

	Doppler frequency
	0
	0.10 Hz
	2.5 Hz
	0.13 Hz
	0.17 Hz
	0.37 Hz

	Profile B
	Path 1
	Path 2
	Path 3
	Path 4
	Path 5
	Path 6

	Excess delay
	-3 μsec
	0
	2 μsec
	4 μsec
	7 μsec
	11 μsec

	Relative amplitude
	-6 dB
	0
	-7 dB
	-22 dB
	-16 dB
	-20 dB

	Doppler frequency
	0.1 Hz
	0
	0.13 Hz
	2.5 Hz
	0.17 Hz
	0.37 Hz

	Profile C
	Path 1
	Path 2
	Path 3
	Path 4
	Path 5
	Path 6

	Excess delay
	-2 μsec
	0
	5 μsec
	16 μsec
	24 μsec
	33 μsec

	Relative amplitude
	-9 dB
	0
	-19 dB
	-14 dB
	-24 dB
	-16 dB

	Doppler frequency
	0.13 Hz
	0
	0.17 Hz
	2.5 Hz
	0.23 Hz
	0.10 Hz

	Profile D
	Path 1
	Path 2
	Path 3
	Path 4
	Path 5
	Path 6

	Excess delay
	-2 μsec
	0
	5 μsec
	16 μsec
	22 μsec
	0 to 60 μsec

	Relative amplitude
	-10 dB
	0
	-22 dB
	-18 dB
	-21 dB
	-30 to +10 dB

	Doppler frequency
	0.23 Hz
	0
	0.1 Hz
	2.5 Hz
	0.17 Hz
	0.13 Hz


     Note: Amplitude in dB relative to the strongest signal path, i.e., reference signal path.

Table 1: Reference channel multipath profiles for evaluation of 802.22 WRAN technologies

Within the simulation model, path gains in Table 1 are first normalized such that the sum of all paths has unity average power.  Then, for each random realization of the channel, each path is independently Rayleigh faded.  That is, each path is weighted with a zero-mean, unit-variance complex Gaussian random variable (Rayleigh amplitude, uniform phase).  If the excess delay values for each path were allowed to approach zero, then this model would approach a flat Rayleigh fading model.  

Since beacon frame times are relatively short, a quasi-static fading approach was taken in which the channel is held constant throughout a packet but randomized for each packet.  The Doppler values in Table 1 were not used.
SIMULATION BEHAVIOR
The Matlab simulator is a packet-based simulator.  At each Eb/N0 level, the simulator generates and sends N packets through the channel, where N is set large enough to minimize variance of the results (up to 10,000 in the AWGN and C/I tests, and up to 100,000 in the fading tests).  In the case of beacon frames, payload data is randomized for each packet, and when multipath models are used, the path gains are randomized for each packet.  Results are presented in the form of packet error rate (PER) versus Eb/N0.
SIMULATION RESULTS
AWGN

Figure 3 shows packet error rate for the synchronization burst and beacon frame in additive white Gaussian noise (AWGN).  A realistic but simple bit synchronizer finds and tracks the largest correlation peak, but otherwise no implementation impairments are considered (e.g., A/D quantization, phase noise, non-linearity, etc.).  Performance difference between the sync burst and beacon is due to the difference in packet length (number of bits which must be correctly received).
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Figure 3.  Packet error rate for sync burst and beacon frame in AWGN.
AWGN with Multipath Fading
Figure 4 shows multipath simulation results for a 48-byte beacon frame.  The “no fading” curve is a repeat of the AWGN curve shown in Figure 3, while the remaining curves use the WRAN channel models described earlier.  The “flat Rayleigh fading” case is a degenerate case where the delay values are all set equal to zero.  This represents flat, or non-frequency-selective fading, which would typify short-range links where delay spread is much smaller than the chip duration.  

Profiles A, B, and C are considered typical for 35 km WRAN links.  The results below show that there is a small amount of diversity gain (~ 4 dB) at the 1% PER level.  The chip duration (~ 13 us) is small enough that individual paths can be resolved in these profiles.  For shorter links, or in environments where the delay spread is not as high, the PER curves would be closer to the flat Rayleigh fading case.  These results are encouraging since they show that even a small amount of spreading (8-chip) with simple selection of the strongest correlation peak is sufficient to mitigate large delay spreads that might be encountered in the wide-area WRAN system.  Further improvement may be obtained in profiles A, B, and C at the expense of complexity (e.g., RAKE techniques).
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Figure 4.  Multipath performance for 48-byte beacon frame.
Beacon-to-Beacon Interference
In addition to helping mitigate multipath, the DSSS modulation scheme also provides some resilience to co-channel interference.  The figure below summarizes beacon-to-beacon co-channel interference as a function of time offset (in chips) between the desired beacon and the interfering beacon.  At high signal strength (Eb/N0=30 dB) only 2.5 dB of capture is required, regardless of chip offset.  For signal strengths near sensitivity, time alignment of the two signals makes a difference, with the synchronized case requiring the highest C/I.  Since interfering beacons are likely to be unsynchronized, the spreading helps reduce effect of interference.  In both cases, the capture range is relatively low, and given statistical variations of the path loss, shadowing, and multipath, there is good likelihood that at least one of two colliding beacons will be received. 
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Figure 5.  Beacon-to-beacon interference.

The results here are reflective of a fairly simple demodulator design in which the symbol synchronizer finds and tracks the largest correlation peak during each symbol period.  Improved interference rejection, including the ability to simultaneously detect both beacons, may be possible with a more complex design in which RAKE techniques are used to find and track multiple correlation peaks.
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Abstract


Matlab simulations of the 802.22.1 PHY proposal are presented.  Simulations include AWGN, multipath fading, and beacon-to-beacon interference.














PSDU





0 or 48








PHY payload





SHR








Sync








Index














Octets:  3





Differential


Detector





D





PN Matched


Filter





Chip Matched Filter





Bits





PN Generator





Differential


Encoding





AWGN





Pulse


Shaping





Channel


Model








n(t)





D





Bit Sync





Bit Sampling





Bit Decisions





Bits











Submission
page 1
Paul Gorday, Motorola

