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Abstract | On Gaussian multiple{access channels a
penalty in power eciency is to be paid if total transmission rate is higher than 1 bit/s/Hz per dimension. This usually results from the need for higher
order modulation schemes required to maintain orthogonality of all users' signal waveforms. In this paper, we show that keeping binary modulation and accepting some multiple{access interference, is a more
power ecient strategy by presenting simulation results of transmission systems outperforming orthogonal schemes for rates between 1.25 and 1.75 bit/s/Hz
per dimension.

I. Introduction
While total capacity and capacity region are well{known, the
theoretical limits of uncoded transmission are still not completely analyzed. As data delay is considered to be a problem for many applications, investigation of ecient low{delay
transmission is not only of theoretical interest. A rst step
of insight into this problem will be given by understanding
zero{delay (uncoded) multiple{access communication.
In the following we consider all K users to apply linear
bandlimited modulation. Thus, the users' signal waveforms
can be described by their Nyquist sample vectors (signature
sequences) bk ; 1  k  K of length N . For synchronous
transmission disturbed
by additive white Gaussian noise n
P
we have yk = Ki=1 hxi bi +n; bk i8k, in general [1]. Hereby, xk
and yk are denoting i.i.d. symbols at transmitter and receiver
site, respectively. The users are assumed to be not aware of
the data of other users. Thus, applying standard methods of
channel coding in user direction is not possible.

Fig. 1: Bit error rate of ISDIC{OSC [2] vs. signal{to{noise ratio.
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with Q() and h () denoting the complementary unit cumulative Gaussian distribution and the inverse of the binary
entropy function within [0; 21 ], respectively. As one can observe from Fig. 1, the loss to the performance bound is almost
very small in the high Eb =N0 range.
The asymptotic power loss from 4PAM to 2PAM is
10 log10 (5=2)  4 dB for the gain of one additional bit/s/Hz
being able to be transmitted. Thus, for 1 < , < 2 the trade{
o between power and bandwidth eciency is roughly described by the need of 4 dB/bit. Applying this rule for comparison, random choice of signature waveforms is de nitely
preferable.
III. Partial Orthogonality
The essential conclusion of Sec. II is to avoid non{binary
modulation. This implies pairwise non{orthogonality of some,
but not all signature waveforms. Thus, to transmit with rate
, > 1 we shall choose N signature waveforms orthogonal to
each other and the remaining N (, , 1) ones in a di erent
manner, e.g. randomly. Fig. 1 shows, that this concept is
indeed superior to that one discussed in Sec. II.
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