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I. ABSTRACT

We address the problem of how to optimally schedule
data packets over an unreliable channrel in order to
minimize the estimation ervor of a simple-to-implement
remote linear estimator wsing a constant “Kalman™ gain
to teack the state of A Gauss Markov process. The remote
estimator receives dme-stamped data packets which
contain noisy observations of the process. Additionally
they also contain the information about the “quality™ of
the sensor/source, ie., the variance of the observation
noise that was wsed to generate the packet. In order
to minimize the estimation error, the scheduler needs
to use both while pricritizing packet wansmissions. It
is shown that a simple index rule that caleulates the
value of informarion (Wol) of each packet, and then
schedules the packet with the largest current value of
Vol, is optimal. The Vol of a packet decreases with its
age, and increases with the precision of the source. Thus,
we conclude that, for constant filter gains, a policy which
minimizes the age of information does not necessarily
maximize the estimator performance.

I1. INTRODUCTION

There is a growing interest in providing real-tme
status updates in order to serve applications that depend
upon the freshness of information available to them. For
example, imely weather updates, stock prices informa-
tion, Internet of Things devices, etc. Thus, the problem
of ensuring tmely status updates in real-time applica-
tions has received much attention [1], [2], [3]. The
“Age of Information™ (Acl), capiures the freshness of the
information that is available with the end application,
and recent works have designed scheduling policies/
network controllers with the objective of minimizing
the Aol in scenarios where multiple applications share
a common network infrastructure. For example, more
recently generated data packets are prioritized over
older packets [4], or the packet of a user that currently
has a larger value of age at the destination is prioritized
over a user having smaller age, etc.

However, in many applications, it is not only the
freshness of a packet that matters, but also the content
that it contains. We will be interested in applications
that generate an estimate of a process after receiving
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data packets that contain information about this process,
Sirce the paclets contain only noisy observations of the
process, and not the “true” value of the process, it is
also important that a packet which contains measure-
ments that have a higher precision/low noise, must be
priotitized over a packet that has the same age but has
a lower precision measurement.

I summary, the quality of a packet is judged not only
on the basis of how “fresh” the packet is, ie., its age or
the time sinee it was generated at the source, but it also
depends upon the following two factors

1} How much information it contain about the pro-
cess that is being monitored,

2) How important this information is to the algorithm
that is being used to update the status at the
destination node.

Regarding 1), we note that the information content in a
packet is described by the joint probability distribution
of its content and the true state/status of the process,
In order for the factor 2) above to become crucial, it
becomes important that the algorithm that is being de-
ployed by the application uses the information contained
in these packets efficiently

In view of the above discussion, the following ques-
tion arises paturally: How do we pricridze packets for
scheduling in order to optimize the performance of such
real-time systems? Should the packets be prioritized ac-
cording to their age, or the noisiness of the observation
contained in them, or a combination of both? In this
worl, we provide a concrete answer to this question
when the process of interest that is being monitwored by
an application is Gauss Markoy, while the algorithm that
is being used W generate an estimate of the process is
a simple-to-implement linear filter with a constant gain.
We show that the optimal scheduler takes the following
form: it attaches an index to each packet that is present
i its queue, and then schedules the packer having the
largest value of the index. This index depends upon the
following two factors a) the age of the packet, b) the
mutual infermation between the packet content, and the
systemn status, or equivalently the variance of the noise
associated with the measurement.

[I1. RELATED WORKS

Applications invelving real-time systems such as the
smart-grid, weather monitoring systems, etc., often re-
quire that the destination node, which comprises the
end decision maker, has a constant availability of fresh
staus updares abour the process of interest. The age-
of-information, or simply age, performance metric was
introduced in [11. 151, [6]. 171, and is an appropriate

Page 1 of 1



