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 Mobile Apps are growing
 Increase in Web Apps
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Mobile Cellular Networks are different
◦ Unstable connection
◦ Not well understood
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Understanding Development Improvement

Obtain in-depth understanding of cellular data 
networks
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 Real Commercial Networks
◦ 3 Singapore ISPs

 Real Users
◦ Crowd-sourced experiments
◦ Users personal devices with Android app

 Laboratory Experiments
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1. Throughput
◦ How to measure instantaneous throughput?

2. Delay
◦ Latency? Bufferbloat?

3. Queuing
◦ Queuing schemes?
◦ Fairness?
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 Understand arrival pattern
◦ Time between consecutive packets

 Arrivals are bursty
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 Different networks

Traditional throughput estimation 
techniques cannot work
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 Took a stable, high speed trace
 Sliding window of size n bursts
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Inaccurate

Accurate
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 At a fixed location
 Need to keep measuring to stay updated

8x more

3x more
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 Varying throughput  Queuing
 Excessive Buffering  Large delays
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 Saturate with UDP packets
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Details in the paper
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 Sized in bytes
 Newer phones have additional kernel buffering
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 ISPs implement fair queuing
 UDP vs TCP?
◦ Treated equally by our ISPs
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1. Throughput
◦ Significant variations in throughput over time 
◦ Hard to measure instantaneous throughput

2. Large Buffers can cause delays
◦ Buffering scheme vary among ISPs

3. Fair Queuing/Scheduling by ISP
◦ Congestion control may not be necessary
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Questions and Comments



 Fair queuing is implemented
 UDP and TCP are treated equally in our local ISPs
 Add more packets than necessary into the buffer is 

not useful. Adding more packets than need will only 
add delay.

 More design opportunity. E.g. fairness control may 
not necessary. [tcp-rre, sprute]
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 The buffer is sized in packets.
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 The phones are sized in bytes, while the Huawei USB 
Modem are sized in packets.
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