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Abstract

In this work, the correlation separability assumption widely used in the literature is defined in a
mathematical form for mobile-to-mobile (M2M) multiple-input multiple-output (MIMO) channels,
and we verify that such assumption does not hold in general frequency selective channels.

I.  Problem Formulation

In the literature, it is often assumed that a space-
time-frequency correlation function (STF-CF) is
separable in order to obtain mathematical tractability
for ease of system performance analysis and channel
simulation with low—complexity [1]. In this paper, we
analyze how such separability assumption impact on
the STF correlation properties of M2M MIMO channel
environment by  mathematically defining  the
separability based on the WSSUS framework [2] with
a geometry-based stochastic channel model (GBSCM)
which is useful for channel correlation analysis.
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Fig. 1. GBSCM for M2M wideband MIMO .c.hannels

II. Solution Approach

Correlation separability is in general defined to denote
that the joint pdf of stochastic channel w.r.t antenna
spacings, Doppler shifts, and propagation delays are
statistically uncorrelated in wide—sense such that the
STF-CF is expressed by multiplication of sub-
correlation functions. In this paper, we consider the
correlation separability between propagation delays
and Doppler shifts for the page limitation. The STF-
CF of the GBSCM in Fig. 1 is defined as

o (6 6 ALAR) = E[Hy (6 B)H, (4, £)]- Sy

One typical way to obtain delay—-Doppler separability
is to assume that scatterers placed on the same ring
cause equal propagation delay. In this case, (1)
becomes

prqu,q, (07,05, AL, Af) = prqu,q, (8;,05,At)- FHqu,mr (Af) - (2)

III. Conclusive Remarks
In this work, we analytically derived Eq. (1) and (2),
and the results are visualized a.s_belowi )
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Fig. 2. STF-CF comparison when root-mean square delay
spread (RMS-DS) is 0.977pus (left: Eq. (2); right Eq. (1)):
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Fig. 3. STF-CF comparison when RMS-DS is 0.0977us -
(left: Eq. (2); right Eq. (1))

Fig. 2 and 3 indicate that the channel model with the
delay—-Doppler separability causes significant STF-CF
errors while the error becomes smaller as the RMS-—
DS value gets smaller. This implies two things: the
linearity of statistical dependency between delay and
Doppler spread depends on channel RMS-DS; the
separability assumption is not valid as long as channel
delay spread exists.
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