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5G is a powerful engine…

5G in a nutshell
• Next generation of cellular networks
• Market deployment 2019 (USA), maturity 2025-2030
• Enables services worth $123.27 billion (automotive,
VR)
• Ultra-high data rates with mmWaves (up to 20 Gbps)
• Ultra-low latency in the radio access (< 1 ms)

… but the engine is not enough to build a winning race car!
This research project designs
networks and algorithms that match
the capabilities of 5G

Old & rusty transmission,
shell and wheels deliver
an underwhelming
performance even
with a powerful engine
We discovered that 5G severely underperforms if not
properly integrated with the rest of the network
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The optimization of complex end-to-end networks with 5G base stations
requires a comprehensive approach
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Protocol used for browsing,
video streaming
(90% of Internet traffic)

TCP suffers the variability of the 5G
mmWave channel: high latency and low
rates
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Figure 5: Comparison of goodput and Radio Access Network (RAN) latency
with and without milliProxy, for different buffer sizes B.
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milliProxy exploits cross-layer information
to reduce end-to-end latency (up to 43
times) and improve the throughput
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HH at larger network delays. While this gain is relatively
mall, it should be stated that the goodput here is measured
n average for the entire runs where handover events are
elatively infrequent. Thus, the di�erence in average throughut is not large. We will see in the next section that the more
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is in latency.
In general, the dual connecHigh data
ratesthe handovers between
ivity option manages
to complete
mmWave base stations or the switches across RATs in a
horter time, with fewer packet losses, therefore it sustains a
enerally higher goodput. However, the single connectivity
olution manages to reach a better performance when there
s a short interval of time with the channel in LOS condition
nd the user does not change the serving base station. In
his case, indeed, the overall latency of the single connecivity option is smaller than that of the dual connectivity
eployment2 , therefore the congestion window grows more
uickly. In the scenario with N obs = 5 and the ES, we oberved that, if the same latency is considered in the �xed
art of the network, then the solution with dual connectivity
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Figure 6: Comparison of goodput and RAN latency with different milliProxy
configurations. Dinfo0represents
cross-layer
50 the latency
100 needed
150 to forward
200 the250
information from the gNB to milliProxy, Tinfo is the periodicity at which this
information is collected.
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Fig. 10: Example of predicted vs true time series, for L = 3 (i.e., 15 minutes ahead), W = 3 and the cluster-based GPR on
stations, or the interference from the neighbors is to
two base stations for cluster 0.

that the latency between the proxy deployed in the core/edge
high average throughput is desirable for web browsing
network and the gNB will be smaller than 3 ms. As shown in
maximum outage duration is preferable, for example,
Fig. 6, the two tested configurations have a similar behavior
As a
seen
in Fig. 7, the fastest route (i.e., route 1, in
thegoodput
true time
series has
some
patterns, but are also quite noisy. As
consequence,
in termsseen,
of both
and latency,
showing
thatdaily
milliProxy
best service in the three departure times considered. L
is robust with respect to different possible deployments in the
the predicted time series manage to track the daily pattern, but cannot predict the exact value
edge network or in the gNBs.
those with a similar travel time, for which the user w

