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Abstract
The power consumption of Wi-Fi interfaces is largely dic-
tated by the time the chip spends in an active state. In scenar-
ios where the Wireless Local Area Network (WLAN) offers
significantly higher bandwidth capacity than the Wide Area
Networks (WANs), this throughput asymmetry creates an
opportunity to temporarily buffer traffic and deliver it in
high-speed bursts. Hence, the Wi-Fi chip spends more time
in idle/low-power state and this reduces the device’s battery
usage. We propose BURST, an explicit buffering proxy that
exploits these opportunities when they occur. Unlike previ-
ous proxy-based solutions, BURST is application-agnostic
and preserves the end-to-end encrypted TLS session.
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1 Introduction
Smartphones and IoT devices have become widely adopted
because their increasing computational power enables ap-
plications to run with higher throughput and lower latency
for increasingly complex tasks. However, this increase in
capabilities also increases the device’s energy consumption
during transmission. To alleviate this, devices are becoming
more energy-efficient, i.e., consuming less energy for the
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same task. However, the efficiency regime of recent wireless
technologies is only available when devices communicate
at high throughput [11, 12], which is not always achievable
across the Internet [3].

Indeed, Cloudflare’s Internet Quality Index (IQI) [3], which
represents the measured throughput of real connections,
such as web browsing, shows that the median download
throughput is 7, 12, 27, and 22 Mbps for Africa, Asia, Eu-
rope, and North America, respectively. These throughputs
are below modern Wi-Fi networks measured throughputs,
e.g ∼1 Gbps [10]. When the WLAN is not the bottleneck,
one can exploit this throughput asymmetry to let the device
consume less energy per transfer. Deploying a proxy in the
un-bottlenecked network segment lets it accumulate slow
incoming traffic from the WAN before flushing it rapidly
over the high-speed LAN.

Several prior works have explored proxy-based approaches
to reduce network energy consumption [4–6, 8, 9]. Some of
these works are either application-specific [4, 5, 8], while oth-
ers need access to decrypted traffic or application state [6, 9].
The closest work, Catnap [6], learns transfer size from clear-
text headers or server-supplied hints; with 99.4 % of requests
in the HTTP archive crawl [1], only the server option re-
mains making it practically hard to deploy. Another similar
work is Percy [5], which exploits RTT differences instead of
throughput differences. We address the need for a generic
TCP-level, application-agnostic mechanism. This work lever-
age the difference in throughput to offer energy savings,
further work will also leverage RTTs asymmetry. Our ap-
proach preserves the end-to-end security of TLS connections,
requires no server-side modifications, and still enables signifi-
cant energy savings.

In this poster, we show that BURST leverages the existing
asymmetry between LAN and WAN throughput to let the
client enter idle/low-power periods during long transfers.
BURST has a proxy that dynamically buffers data based on
observed link capacity, LAN throughput and WAN through-
put. As a result, the mobile device consumes less energy.
The clients and proxy collaborate to minimize the impact on
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Figure 1: Simplified time diagram comparing an end-to-
end connection to a BURST proxied connection, along
with the operating throughput towards the client. The
superscript denotes the batch number. The light blue
zones depict when the WNIC is in an active state.
the transfer’s completion time. We focus on bulk transfers,
i.e, transfers that can tolerate packet delays such as cloud
synchronization, software updates, and file downloads. We
implement and evaluate BURST in our campus network with
three different smartphones. Our experiments show that in
the presence of Wi-Fi Power Save Mode (PSM), BURST can
save up to 53 % of the total device energy consumption dur-
ing screen-off transfers, while increasing the median flow
completion time by only 0.45 s.
2 BURST: Design and Architecture
BURST relies on two core insights presented in the liter-
ature. First, Wi-Fi interface power consumption is mainly
dictated by active time rather than instantaneous bandwidth
utilization [6, 10, 12]. Second, per-flow LAN capacity is often
significantly higher than WAN capacity [3, 6].

BURST’s system includes a proxy that the client explicitly
connects to. The proxy runs on the Wi-Fi Access Point (AP)
or another LAN host, ideally on-path to ensure minimal
latency impact.

Connection Establishment. The client uses the initial byte
stream of its connection to the Proxy to exchange control
information between the client and the proxy. For this, we use
the 0-RTT Convert Protocol [2] and TCP Fast Open option.
This control message include target server address and port,
along with the maximum batch duration 𝐵. After sending
the control information all subsequent data is forwarded by
the proxy between the client and the server.

BufferingMechanism. Figure 1 illustrates BURST’s behaviour
compared to an end-to-end baseline, from a temporal and
throughput perspective at the client. The standard end-to-
end connection operates continuously at the WAN through-
put (𝐺𝑤 ). BURST divides a connection into batches of at most
𝐵 duration, a parameter that the client communicates.

Each batch is made of (i) an idle phase of duration 𝑇𝑖 , dur-
ing which the proxy buffers data for the client in a FIFO
queue, followed by (ii) an active phase of duration 𝑇𝑎 , in
which it drains and forwards the buffered data. BURST dy-
namically plans each batch based on the difference between
the estimated WAN throughput 𝐺𝑤 and LAN throughput 𝐺𝑙

(see Eq. (2)). As such, the amount of data the proxy buffers
during an idle phase is approximately𝐺𝑤𝑇𝑖 . During an active

phase, the proxy flushes buffered data but also new data sent
by the server during the active phase, of size 𝐺𝑤𝑇𝑎 .

The batch total duration, 𝐵 =𝑇𝑎 +𝑇𝑖 , is constrained such
that the proxy empties its enqueued data at the end of the
active phase. This is only ensured if the throughput between
the proxy and the client is sufficiently high to transmit all
data during the active phase only:ˆ︁𝐺𝑙𝑇𝑎 =𝐺𝑤𝑇𝑖 +𝐺𝑤𝑇𝑎 = (𝑇𝑎 +𝑇𝑖 )𝐺𝑤

BURST computes these phases duration as
𝑇𝑖 = 𝐵 −𝑇𝑎, 𝑇𝑎 =

𝐺𝑤ˆ︁𝐺𝑙

𝐵 (1)
The ratio between WAN and LAN throughput 𝛽 =𝐺𝑤/ˆ︁𝐺𝑙

governs the duration of the active phase𝑇𝑎 . Buffering is only
possible when 𝛽 < 1, which falls under the initial hypothesis
of BURST [3].

Estimating the achievable LAN throughput. The proxy reg-
ularly updates its estimation at batch 𝑛, 𝐺𝑛

𝑙
using a moving

average based on previous values𝐺𝑛−1
𝑙

, the WAN throughput,
and the current Wi-Fi link capacity 𝐿:
𝐺𝑛
𝑙
= 𝛼𝑛𝐺𝑛−1

𝑙
+ (1−𝛼𝑛) 𝐿, 𝛼𝑛 =𝑚𝑖𝑛

(︂
1,

𝐺𝑛
𝑤

𝐺𝑛−1
𝑙

)︂
, 𝐿 = (1−𝑏)𝐶

(2)
where 𝑏 is the fraction of time the channel is busy, and 𝐶

is the PHY maximum rate. If the proxy runs directly on the
access point, it reads 𝑏 and 𝐶 directly from the Wi-Fi driver.
3 Evaluation
Environment. We run BURST’s proxy on a RTROM01-

2G Turris Omnia 802.11ac access point (5 GHz). The smart-
phones used are a Pixel 7a and a Fairphone 5 (FP5), both using
Android 14, and a Pixel 10 Pro with Android 16. Each device
uses the default power-save settings, and we remove other
apps. The pixels have On-Device Power Monitor (ODPM)
rails that measures the per-component power profile. We
use a Monsoon High Voltage Power monitor to measure the
total device energy from flow start to completion. We com-
bine both tools because prior work demonstrates that, under
heavy workloads, aggregate ODPM rail measurements can
diverge significantly from battery counters and total device
power measurements [7]. The workload is a download over
HTTPS from a server in our university’s datacenter. Each in-
dividual flow’s WAN rate is shaped to 22 Mbps, which is the
median per-connection throughput that Cloudflare reports
for North America [3]. However the LAN is unconstrained,
with a measured throughput of 600 Mbps. The maximum
batch duration 𝐵 is set to 1 s. We report means over 10 runs.
BURST enables WNIC low-power. Figure 2a illustrates the

total time the WNIC spends in low-power/idle state under
throughput asymmetry. BURST allows the client WNIC to
be in low-power 38-51% of the transfer, an improvement
over the to 1-20% achieved by the end-to-end baseline. The
WNIC idle residency depends on the smartphone. For small
1 MB flows, we observe no significant difference; the transfer
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(b) Power draw per second during trans-
fer, reported by ODPM rails on Pixel 7a.
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(c) Mean device energy savings of BURST
vs. the end-to-end baseline.

Figure 2: Single-flow evaluation with a batch duration of 1 s. Error bars represent 95 % confidence interval.

completes in under one second, finishing entirely within the
initial active phase. Beyond 1 MB, for the baseline, continu-
ous packet arrivals natively force WNIC to remain awake,
restricting its average PSM time to 4 %. On the contrary,
BURST actively paces the flow, enabling the WNIC to spend
an average of 48 % of the transfer time in PSM.

BURST reduces WNIC and system power consumption. Fig-
ure 2b illustrates the per-second power consumption across
hardware components of the Pixel 7a. Compared to the base-
line, BURST reduces WNIC power consumption during the
transfer by ∼56 % (from 0.3 W to 0.13 W). Alongside these
Wi-Fi energy savings, we observe a reduction in the power
drawn by the Low Dropout (LDO) regulators. The baseline
end-to-end transfer necessitates a higher sustained current
draw, thereby increasing the regulatory load on the LDOs.

Energy Savings Per Transfer Size. Figure 2c illustrates how
total device energy savings evolve alongside transfer size.
BURST’s relative energy savings increases proportionally
with transfer sizes until plateauing at approximately 24, 53,
and 45 % for the Pixel 10 Pro, Fairphone 5 and Pixel 7a respec-
tively. For short 1 MB transfers, we observe high variance
and a net energy penalty. This is due to the transfer com-
pleting during the initial phase and the control information
exchange overhead. Results omitted for brevity, show that
on a Pixel 7a, BURST yields device energy savings of 20 %
to 50 % for WAN throughputs up to 200 Mbps, and 48 % for
data volumes up to 1 GB.

Impact of BURST on Flow Completion Time. Across all mea-
surements, BURST introduces a median FCT penalty of 0.45 s,
and a 95th percentile of 1.06 s. For small flows under one sec-
ond, this translates to a 40 % relative increase in transfer time.
However, for transfers taking several seconds or longer, this
overhead decreases to a negligible fraction of the total FCT:
under 8 % from 10 MB and above.
4 Discussion and Future Work
Further work will integrate RTT asymmetry to further im-
prove energy savings of short transfers. Additionally, we aim
at performing system-wide power analysis to see the impact
of BURST at the AP. Furthermore, we will also shade more
light to fairness regarding other LAN users. Finally, we will

evaluate BURST’s on trace driven measurements to see its
performance under typical mobile workload.
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