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Theorem (Velocity-Aware Signal Dynamics and Teletraffic Stability in a
Periodic Microcell). Let Q; € [Gmin, dmax] denote the received signal level (in dB) of
a mobile aggregator moving with fixed speed vy > 0 through a single periodic cell S.
Let Sy = {x(0) + vot} € S' denote the user’s intra-cell position (modulo the cell length).
Suppose that (); evolves as:

dQy = —a(Qr — q(St, vp)) dt + o (vg) AWy + d Ly,
where the mean signal profile is given by
q(s,v0) = qo — ad=(s)” — bvg — cIn(1 + vy),

with d.(s) = \/s(1 —s) + €2, a smooth approximation of the minimum distance to the
nearest base station within the periodic cell.
Assume reflection at i, and guax, ensuring the aggregator stays within the serviceable

signal range.
Then:

1. The joint process (Q, S:) € [Gmin, Gmax] X S* admits a unique smooth stationary
distribution 7, (g, s) € C*°.

2. For any signal-based service function u(q) (e.g., transmission rate, access policy),
the long-run average service capacity is:

p(vg) = /Sl /qmax u(q) my, (g, s) dg ds.

dmin

3. The mobile aggregator can sustain a data arrival rate Ay, without backlog growth
(i.e., system is stable) if and only if:

Ain < /L(Uo).



