
Synchronization

User Equipment (Laptop), Waterspout: 
Network Time Protocol (NTP) to 
labgw.elijah.cs.cmu.edu

Cloudlet: Precision Time Protocol (PTP) to 
192.168.25.254

Table 1. Average synchronization offset and error at probes.

Field Trials

Measure segment latency and round-trip time using 
ICMP with Google Pixel and Ubuntu Virtual Machine.
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Data Processing Pipeline

Fig. 3. Example data collection for ICMP packet.
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Figure 2. Block diagram of wireless system and packet information collection points.

Device Offset (us) Error (us)

Laptop -2265.286 10875.643

Waterspout -11.580 1100.143

Cloudlet -0.00264 0.0502

Project Overview and Motivation

Edge computing applications require low round-trip 
latency to provide acceptable performance for the 
user. Commercial 4G LTE networks provide 
approximately 50-100 ms round-trip latencies, higher 
than WiFi or wired environments [1]. To achieve lower 
latency, the Living Edge Lab built a private LTE 
network with three outdoor sites at Carnegie Mellon 
University campus (Gates Building, Hunt Library), 
Schenley Plaza and Shadyside (Walnut Street) [2]. 
The current observed mean round-trip latency is 
approximately 30-35 ms (Fig. 1).

Figure 1. Commercial vs. private round-trip latency using ping.

The observed latency is higher than the desired net-
work latency. Therefore, there is a need to instrument 
and measure the latency produced by each segment 
in the path from user equipment to the cloudlet at the 
edge and determine the source of additional latency in 
the network path. Understanding of the bottleneck in 
communication can guide future advancements and 
indicate which segment of network needs to improve 
to support latency sensitive communication.

Project Goals
• Instrument the Living Edge Lab’s private 4G LTE 

network with probes between wireless segments to 
measure the latency of each segment

• Synchronize each device in the system (Fig. 2) to a 
common clock

• Measure the latency for each segment to identify the 
bottleneck in the system 

• Perform exhaustive experiments to correlate 
segment latency with external factors and determine 
the source of additional latency in the network path

Challenges and Lessons Learned

• Synchronizing the User Equipment (UE) with the 
LTE network and ensuring Waterspout and the 
cloudlet are consistently synchronized

• UE synchronization, connectivity and correctness of 
processing results for field trials

• When deploying LTE networks, we should account 
for unpredictability in latency and have safety 
mechanisms to adapt in case of errors

Conclusion

• The link between the UE and the XRAN is the 
bottleneck in the wireless communication path

• The field trials confirm that the UE-to-XRAN link is 
most heavily affected by changes in latency and 
different operating conditions

Future Work

• Reduce the communication latency at the XRAN with 
configuration and parameter changes

• Explore the potential of using 5G to reduce latency 
with faster processing and virtualization of the RAN

• Improve synchronization at the UE and Waterspout 
by reconfiguring the network to use PTP for all 
devices [4]

• Experiment with latency reduction techniques: Semi-
Persistent Scheduling - Skip UL Scheduling Request 
with prolonged duration of resource allocation, 
RACH-less Handover - Synchronization to ensure 
UE switches to target cell [3]

System Architecture
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