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Motivation: generate “realistic” delay traces from

simple system-level simulation scenarios

Delay traces from system-level simulation
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Challenges: what is “realistic”? Z.

Watchdogs

» Receiver expects 1 “valid” packet
per “cycle”

» "“Cycle” duration equals periodic
inter-packet spacing

* ncyclesinarow may “fail” (n=2
or n = 3 are typical values)
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Congestion: Time-varying data
traffic and network capacity
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 Utilization p is the key factor when

Finding relevant operational points
for experiments

__Trafficload

Capacity

evaluating congestion

» Goal for this paper: “realistic”, time-
varying congestion while keeping
simulated scenario “simple”

=>» Ideally, only one source of
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Challenges: what is “realistic”? Z.
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System model Z.

Utilization Traffic Model Capacity Model
A KPI to evaluate congestion in the * Varying number of users in the » Fixed capacity
network and is the ratio of traffic load system
to the capacity
_ Trafficloaa Traffic Capacity
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System model and simulation setup

* Closed loop feedback system
— Transmit periodic data consisting of short packets in the downlink.
— Cycle time - packet generated to packet received at actuators

» Traffic load parameters

— Single cell scenario with users arriving at the rate A = 16 users/s
that corresponds to 66.6% utilization and A = 19.2 users/s
corresponds to 80% utilization.

— Users are active for Tserv = 5s
— Packet size of 50 bytes is transmitted every 5ms

» Capacity model is kept simple and the only randomness is number of
users.

— Bandwidth of 10MHz, with SCS= 30 KHz, TTI=0.5ms with 24
PRBs.

— The packet transmitted every 5ms—>240 PRBs, each users approx.

2PRBs, c = 120PRBs
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Delay time-correlation and Survival times Z.

» Delay Bounds

— If a control packet is received after the delay
thresholds, it is outdated - missed cycle

* Network Interruption Times
— Consecutive missed cycles

— The packets at the actuators are consecutively
delayed

— Delay time-correlation
» Watchdog timers (survival times)
— Bound for NIT

— If the bound in number of cycles is exceeded a
safe-stop procedure is triggered
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Results

—Delay; p=0.66

-*-|Inter-packet Spacing at Receiver; p=0.66
v+ —Delay; p=0.8
i -+ Inter-packet Spacing at Receiver; p=0.8

* Delay

ity X

— Delay without queuing is 1.25ms

— Mean delay for A =16, 66% utilization = 4ms, and for A
=19.2, 80% utilization is 5.1ms.

P(X > x)

* Packet arrival times

— Incongestion, longer queues are formed and packet is
delayed due to longer waiting times, therefore inter-
packet arrival is crucial metric to analyze.

— Packets arrive in batches at the receiver end leading to
missed cycles. 0 0.005 0.01 0.015

« Consecutive missed cycles leads = high NIT = higher Dolayx[s]
- . . . Inter-packet Spacing at Receiver x [s]
probability of exceeding survival times
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Results

* Network Interruption Time

— Time corelated delays vs randomized (no time-correlation)
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Conclusions and Future work Z,

* Network operation point
— Very low utilization—> delay bounds never crossed
— Very high utilization—-> always congested system with increasing queuing delay
— Realistic operation point 60-80% to evaluate queueing delays
* Delay traces and NIT
— Delay time-correlation is considered that is often underestimated but crucial for Network Interruption times
— Evaluation of Network interruption times that could trigger watchdog timers
* Future work
— Delay traces for periodic traffic with more random effects considering mobility, channel fading etc

— Different traffic types with varying requirements can be added to see the impact on delay performance.
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