

















	toc
	Biorthogonal Pulse Position Modulation for Time-Hopping Multiple
	Hao Zhang and T. Aaron Gulliver, Senior Member, IEEE
	I. I NTRODUCTION
	II. S IGNAL C ONSTRUCTION AND THE S YSTEM M ODEL

	Fig. 1. System model of a time-hopping multiple-access $N$ -ary 
	III. S INGLE U SER C APACITY AND E RROR P ROBABILITY
	A. Channel Capacity for $N$ -ary BPPM Over AWGN Channels
	B. Capacity of an $N$ -ary BPPM UWB System Under FCC Part 15 Rul
	C. Error Probability of $N$ -ary BPPM Over an AWGN Channel
	D. A Union Bound on the Probability of Error

	IV. M ULTIPLE A CCESS C APACITY AND E RROR P ROBABILITY
	A. MAI Model
	B. Multiple-Access Capacity
	C. Multiple-Access Error Probability


	Fig. 2. Channel capacity with $N$ -ary BPPM over an AWGN channel
	V. N UMERICAL R ESULTS

	Fig. 3. UWB spectral efficiency as a function of range for $n =2
	Fig. 4. Performance of a 4-ary BPPM UWB system with Gaussian fir
	Fig. 5. Performance comparison between PAM, PPM, and BPPM with G
	Fig. 6. Upper bound on error probability (24) for an $N$ -ary BP
	376377000F000i000g000.000 0007000.000 000C000a000p000a000
c000i000t000y000 000o000f000 000a000n000 000$000N000$000 000
-000a000r000y000 000B000P000P000M000 000U000W000B000 000s000
y000s000t000e000m000 000w000i000t000h000 000$000000r000h
000o000=000{000100000000000}
	Fig. 8. Capacity of an $N$ -ary BPPM UWB system with $% rho=500$,
	VI. C ONCLUSION
	R. A. Scholtz, Multiple access with time-hopping impulse modulat
	R. A. Scholtz and M. Z. Win, Impulse radio, in IEEE Int. Symp. P
	L. Zhao and A. M. Haimovich, Capacity of M-ary PPM ultra-wideban
	F. Ramirez-Mireles and R. A. Scholtz, System performance analysi
	J. R. Foerster, The effects of multipath interference on the per
	C. J. Le Marter and G. B. Giannakis, All-digital PAM impulse rad
	J. R. Foerster, Ultra-wideband technology for short- or medium-r
	M. Z. Win and R. A. Scholtz, Ultra-wide bandwidth time-hopping s
	F. Ramirez-Mireles and R. A. Scholtz, N-orthogonal time-shift-mo
	O. Wintzell and D. K. Zigangirov, On the capacity of a pulse-pos
	F. Ramirez-Mireles and R. A. Scholtz, Multiple-access with time 
	S. Verd372, Recent progress in multiuser detection, in Advances in
	G. Ungerboeck, Channel coding with multilevel/phase signals, IEE
	J. G. Proakis, Digital Communications, 4th ed. New York: McGraw-
	R. E. Blahut, Principles and Practice of Information Theory . Re
	S. Dolinar, D. Divsalar, J. Hamkins, and F. Pollara, Capacity of
	F. Ramirez-Mireles, Ultra-wideband SSMA using time hopping and M
	G. Durisi and G. Romano, On the validity of Gaussian approximati



