I nternet Architecture Board
I nternet-Draft

| nt ended status: |nformational

Expires: 1 May 2021

F. Bronzino

Uni versite Savoi e Mont Bl anc
E. Culley

Contast

N. Feamster

S. Liu

Uni versity of Chicago
J. Livingood

Contast

P. Schmtt

Princeton University
28 Cct ober 2020

| AB COVI D- 19 Wor kshop: I nterconnection Changes in the United States
draft-feanster-1ivingood-iab-covidl9-workshop

Abstract

During the early weeks and nonths of the COVID 19 pandem c

signi ficant changes to Internet
sudden gl obal shift to peopl e working,

usage occurred as a result of a
studyi ng and quaranti ni ng at

home. One aspect that this affected was interconnection between

net wor ks, which this paper studies.
effects of these changes on Internet
of utilization, traffic ratios,

such as | at ency.
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1. I nt roducti on

During the early weeks and nonths of the COvVID 19 pandem c

[ WHO- Decl aration], significant changes to Internet usage occurred as
a result of a sudden global shift to people working, studying and
guarantining at hone. One aspect that this affected was

i nterconnecti on between networks, which this paper studies.

In 2016, the Interconnection Measurenent Project [Tinker-Blog] was

| aunched. The IMP platforminitially collected interconnection-

rel ated data from seven U. S. -based cabl e-based Internet Service
Providers (1SPs) and an [ ArXi v-Paper] shared sone of the details and
findings. The initial focus of the project was to explore
utilization characteristics of interconnect |inks during a period of
time when video traffic was steadily increasing. The project

concl uded that there was anpl e aggregate capacity on interconnect

i nks between | SPs and peers (including content providers), and that
| SPs continually added capacity to their interconnects to keep pace
with the growmh in traffic.
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This | AB paper | ooks specifically at the long-terminterconnection
data fromone of those |SPs, Contast. W examne the |long-term pre-
COVID-19 trend as well as what occurred as COVID 19 inpacted the
Internet from February 2020 t hrough August 2020. W al so include
observations from Contast concerning interconnection changes during
this timefrane.

We hope that this information will be useful to the | AB workshop and
the Internet community nore broadly. It nmay serve as an interesting
and useful historical reference in the future.

2. Long-Term Interconnection Data

The I MP platformcollected interconnection data starting in 2016,
roughly four years prior to the COVID 19-driven shift in Internet
usage. This provides an interesting capability for a before and
after view of interconnection. A full explanation of the data can be
found in Section 3 of the [ArXiv-Paper]. At a high |evel, the

mai ndat a col | ect ed enconpasses:

* Timestanp (representing a five-mnute interval)
* Region (representing an aggregated |ink group)
* Anonym zed partner network

* Access | SP

* Total ingress bytes

* Total egress bytes

* Capacity

Utilization is captured based on sanpled IPFI X records, with a packet
sanpling rate of 1/1,000. SNWP polling data yields information about
t he capacity on each link. The IM platformdoes not have direct
access to partner network identities---this dataset only includes an
anonynous identifier corresponding to that particul ar partner.
However, in collaboration with Contast, | MP has worked to identify
specific partner networks in the dataset for specific peers in the
interest of detail COVID 19-rel ated study.

Focusing on Contast within this dataset reveals several trends, in
bot h aggregate capacity and utilization, as well as how utilization
and capacity changed during the period of the COVID 19 pandem c. The
data al so reveals how traffic volunes changed for specific peers
during this tinme period.
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The I MP data that tracks capacity shows Contast steadily adding
capacity fromm d-2018 to present, with a significant increase in the
rate of additional capacity fromthe begi nning of 2020, increasing
further in the second and third quarters of 2020. Specifically, we
anal yzed the rate at which capacity was added during these periods,
on a nont h-by-nonth basis. W found that Contast was addi ng
aggregate capacity on its interconnects at *nearly twice* the rate as
it was being added during 2019.

Over a long tinefrane, Contast’s daily peak hour interconnection port
utilization has renmai ned consistently around 90% During the period
at the end of March and the begi nning of April 2020, daily peak
utilization briefly increased to about 97% but steadily returned to
normal levels in a matter of weeks by the end of April 2020, as
Contast quickly increased the rate at which it added capacity to keep
pace with growing traffic demands.

We al so explored traffic volunmes associated with each Contast peer
conparing the ranks and vol unes of each individual peer as neasured
on Septenber 1, 2020 as conpared to January 1, 2020, in both the
upstream and downstream directions. Doing so allowed us to

under stand both the nagnitude of changes in traffic volumes and
rati os, as well as how specific individual peers deviated from nornal
basel i ne behavior, in terns of both upstream and downstreamtraffic
rates and ratios. The data suggests that both the upstream and
downstream di recti ons saw some changes, although the deviations in
upstreamtraffic patterns were greater: the Pearson coefficient for
downstreamtraffic was 0.977, whereas for upstreamtraffic the
Pearson correlation coefficient was only 0.935, indicating a nore
significant shift in upstreamtraffic ratios during this tinmefrane.

3. Contast’s COVI D 19- Rel at ed Experi ences

Contast observed a wi de range of significant changes in Internet
usage as residential users remained at hone and shifted to working
and studying from hone. Changes in usage patterns observed in the
access network in sumled to changes in the traffic flowng to

i nterconnected networks. As the pandem c devel oped, there was a w de
vari ety of changes in traffic volunmes. At sone |locations in the
network little change was detected while other |ocations saw a huge
gromh in the volune of traffic.

At the peak of the surge, in March and April 2020, the average anount
of growt h observed across |ocations and types was roughly 33% Voice
& video conferencing (conferencing hereafter) junped as nuch as 285%
and W-Fi use increased 36% anong our Xfinity Mbile (MVNO custoners
[June-Blog] [July-Blog]. As this continued into May 2020 we observed
conferencing remai ned up roughly 210-285% VPN traffic up 30-40% and
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gam ng downl oads up 20-80% and web-based stream ng video consunption
up 20-40% [May-Blog]. |In this several week period, traffic
essentially grew at or nore than it had in the prior year, which was
significant growmh in a short period of tinmne.

In the nonths follow ng the onset of the pandem c Contast observed:

* Overall average downstream peak growth is up 13% (up as nuch as
20% at tines).

* Overall average upstream peak growmh is up 36%

* In the access network, an average of 771 network augnents per week
were perforned, peaking at over 1,800 in a single week and over
with over 7 weeks with nore than 1,000 per week. For conpari son,
the average earlier in the year was roughly 350 per week.

* In the core network, over 500 augnents were nade in order to add
146 Tbps in capacity.

* On a daily basis roughly 700,000 aut omat ed speed tests from
custoner honmes were conducted in order to gauge the customer
experience during this tine. Average speeds to custoners (both
downstream and upstrean) have generally remained at or above 105%
of advertised speeds since March 1, 2020 in all regions. National
aver age speeds have remai ned between 110% - 115% of adverti sed
speeds over the sanme period. [NF-Paper-1] and [ NF- Paper-2]

*  The share of stream ng video as a percentage of total traffic is
declined slightly from67%to 63% Despite strong growth
conferenci ng occupies a small share of total traffic and grew from
1% share to 4% But gam ng software rel eased have driven
signi ficant downl oad spi kes since late April 2020.

* For interconnection, peering coordinators across operators worked
cooperatively and quickly to cut through any red tape and add new
capacity as quickly as possible.

* 1n 2019, settlenment free interconnection capacity [SFI-Policy] - a

subset of overall interconnect types - grew by 15% Between
January and August 2020, driven by COVID 19 changes, there was an
overall 37%increase in capacity fromthat prior 2019 level. And

bet ween March and October 2020 one Settl enent Free Peer al one
i ncreased 115%

*  Between March and Cctober 2020 from Contast observed ot her notabl e
per-peer traffic increases of 245% and 3, 900%
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4.

Detailed Statistical Observations

As briefly nentioned in previous sections, downstreamtraffic rates
from many partners renai ned stable---the Pearson correl ation
coefficient for peak downl oad rates between January 1, 2020 and
Septenber 2, 2020 is 0.977, indicating that the peak downl oad rates
to nost peers was simlar between these two tinme periods. On the

ot her hand, certain peers experienced either a significant increase
or decrease in peak downl oad rates---often by two or three orders of
magni tude. Simlarly, other peers experienced a decrease in peak
downstreamrates by several orders of nmagnitude.

On the other hand, upstreamtraffic rates were far less stable: In
contrast, the Pearson coefficient for upload rates between January 1,
2020 and Septenber 2, 2020 was only 0.935, suggesting nore a nore
significant deviation in peak upstreamrates. As with peak downl oad
rates, sone peers experienced significant decreases, as well: in one
outlier case, peak rate decreased by al nost five orders of nmagnitude.
A smal |l handful of peers saw sim|ar decreases. Yet, a far greater
nunber of peers saw increases in peak upload rates by two to three
orders of magnitude.

| ANA Consi derations
Thi s docunent includes no request to | ANA
Security Consi derations
Thi s docunent includes no security considerations.
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