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1. Introduction
The Internet has undoubtedly become a key ingredient of today’s life in many societies, for
communicating in various and rich flavors, for all kinds of e-commerce (especially online
shopping, but also brokered user-to-user sales), for leisure and entertainment, more or less for
e-government, and, together with smartphones, for facilitating many aspects of daily lives, and
much more.

As the Internet reach has grown over the past four(+) decades, it has done so in multiple
dimensions: more people (and things) got connected; Internet connectivity has gotten (much)
faster for both the core and the access; the landscape of connectivity providers (ISPs) has
become more complex; and hyperscalers emerged with own networks and computing locations
close to the end users.

Along with the technical capabilities and performance the Internet offered, applications and
services running on top of the Internet have co-evolved to become richer, exploiting (and
sometimes demanding!) better network performance. Cloud infrastructure, CDNs, and edge
computing support meeting these demands in terms of scale, response times, and reachability.

Arguably, besides enabling scale, a major driver has indeed been offering shinier web sites,
more complex services, richer contents. This appears to create a focus toward the leading edge
of the spectrum, for example, for video experiences shifting from SD to HD to 4K to 8K
resolution, to 360º video, and towards immersive experiences. As we concentrate on the more
demanding services for the “power users”, we may leave quite a few regular users behind, who
don’t have access to sufficiently fast Internet, be it for cost or simply for lack of availability.

While there may be many intentional obstacles to accessing services, with censorship being one
prominent example [43], this note seeks to point out one of the coincidental barriers that emerge
as the Internet and “its” services evolve. We thus face (and possibly reduce) a digital divide
between those who have access to the Internet and those who don’t; but we also increasingly
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face a divide between those who have sufficiently performant Internet access and those who
just have Internet access.

2. Internet access
The economic and also societal value of (broadband) Internet access has been studied for a
long time. Works such as [44,45] outline the economic benefits from increased broadband
deployment in developed regions, here the US and Europe. Nevertheless, work such as [46,47]
also point out the rural and urban digital divide that still persists and is expected to widen in the
face of often slowing investments into rural build-outs within those markets.

But beyond the divide in existing rollouts, Internet access per se (in any form) has long been
demanded as a basic human right [48,49] in that not just the disparity in access is a key issue
but enabling ANY form of Internet access, including basic communication, must be considered
a basic human right.

Previous efforts in the IRTF, most specifically those in the GAIA RG [48], have documented many
practitioners’ insights in facilitating Internet access in places where commercial incentives have
often not led to any deployment. Those insights range from enabling similar broadband
experiences than those existing in other national localities to enabling simple forms of
communication, often enabling basic needs for user-to-user sales of food and other necessities
in African regions. Initiatives such as those proposed (and actually rolled out) in [50] built on a
‘grow-as-you-go’ strategy, i.e., starting with the need for local community communication,
intertwined with open IP technologies to facilitate cheap that localized communication to foster
local trade and communities, leading to growth (and communication) beyond the local needs.

Networks do not only become faster: the gap between the low and high end of achievable data
rates appears to widen. This is indicated by the increasing ratio between “average peak” and
“average” connection speeds in Akamai reports, from 2010 to 2017. This trend was consistent
for global data as well as various countries at the lower or higher connectivity end (Venezuela,
China, USA, Switzerland, South Korea), shown in [51]. This paper also reports on Measurement
Lab data sets from the Neubot tool over the 2012-2021 time period, again confirming the
growing range.

This widening range is a problem for globally unique standards such as end-to-end congestion
control. When the proposal to increase TCP’s Initial Window (IW) to 10 segments was brought to
the IETF, concerns about the impact on users in poorly connected areas such as South America
or Africa were raised. These were addressed by the proponents with data from these countries,
showing no significant problems: however, these data were limited to the application that uses
IW10 [19]. The concern was instead about the collateral damage to other applications, such as
Voice over IP. The proponents could not produce such data, yet the IETF went ahead with the
publication of [52].

Due to the widening range of worldwide access capacities, such globally unique “magic
numbers” cannot be scaled forever. If IW10 is too small for some users, and too large for some
others today, then tomorrow, IW100 it will bemuch too small for some, and terribly large for
others. Solving this dilemma may need an architectural shift – [51] raises the question whether
end-to-end congestion control is a sustainable design for the future, or if we should instead
move towards proxy-supported control.

2



2.1 Poor Internet can happen to everyone
In many countries, we find increasing deployment of 5G cellular networks, gradually upgrading
broadly deployed LTE (4G) mobile network infrastructure. Both are able to offer high data rates
(both uplink and downlink) and short RTTs for smooth service experiences, which can easily
achieve performance comparable to fixed broadband network infrastructure. In fact, in some
countries – including Finland and Sweden – cellular networks often used as a replacement for
fixed Internet access; moreover, cellular networks are used for failover in case of temporary
failures of the fixed access network, manually or using home routers that include SIM cards for
backup.

While cellular networks can offer powerful Internet access, such is not ubiquitous, even if
leaving aside temporary load peaks. Especially in rural areas, cellular connectivity may fall back
to 3G, EDGE, HSPA, or even GPRS, which reduce data rates to less than 1 Mbps or even less than
100 kbps while increasing latency substantially. When faced with such network characteristics,
Internet services as well as mobile apps easily fail to function, web sites may not even load
(within a reasonable amount of time). Every reader has probably faced this issue repeatedly:
trying to fetch email, load a web page, or just chatting often simply fail when connectivity is
EDGE or less. For a simple example the authors measured Internet connectivity via a tethered
laptop across Bavaria on 23 and 24 November 2023, finding an RTT band from 50ms to 300ms
with peals at 10-100+ seconds.

2.2 Regulation
These issues experienced by users on a regular basis shall be state-regulated, measured, and
enforced. However, Internet access and quality of service have been left to the free play of
market forces in developed economies [41]. The opposite happens in developing countries with
no better results in terms of turning the Internet into a basic human right. In developed
economies, for example in Germany, providers must offer universal telecommunication services
with defined quality of service (qos) targets for fixed line broadband [18]; yet, no measurable
requirements are defined for mobile broadband qos goals (with the exception of the expansion
of mobile broadband coverage). Accordingly, no sanctions for not meeting targets are specified.
In contrast, mobile Internet access quality parameters have been defined in a developing
economy such as Ecuador. These parameters are measured and enforced by the state; however,
their complexity and conflict of interests have led to defining and controlling very basic
connectivity tests without improving the quality of service or user experience. Raising even
further concerns in developing economies, such as the Latin American one, about Internet
access’s digital equity, i.e., service availability, adoption, and affordability [41].

2.3 Affordability
In Latin America, for example, we can observe one of the strongest gaps in digital equity where
poor Internet access is not only due to the coverage but also due to the usage gap, affordability.
This affordability gap is driven by service prices, high spectrum prices, and the provider’s
revenue rate.

Forty-three percent of the Latin American population living in areas served by fixed broadband
do not acquire the service [28]. This is due to higher prices for a perceived poor service, i.e.
mobile broadband Internet access. Internet access in Latin America is one of the most
expensive in the world [30]. In Latin America, spectrum prices were, on average, almost three
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times more expensive than in developed countries in relation to expected revenues [27].
Moreover, small economies represent small revenues for worldwide ISPs; e.g., Ecuador
represents only 10% of the profit made by the major mobile connectivity provider. This situation
has had a negative impact on consumer outcomes (coverage and speeds). Lower spectrum
costs would have increased the 3G and 4G coverage in Latin America. For example, coverage in
Colombia from 71% to 76% of the population by the end of 2019, reaching 2 million additional
people with 4G network coverage [29]. Furthermore, in Ecuador, the higher prices slow down
roll-out technologies by years, i.e., one year to reach 80% 4G coverage compared to the region.
The same is expected for the upcoming networks beyond 5G [40]. Lower costs of spectrum
would have also increased download speeds by around 40% by the end of 2019 [30].

3. A few point observations
In this section, we share data from a set of countries where individual contributors have insights
into, because these are their countries of origin and/or they live(d) there for a while to benefit
from local knowledge.

● Austria

In 2023, 95 percent of all households in Austria were equipped with an Internet connection. In
2002, however, only 33.5 percent of Austrian households had Internet access. Almost all
Austrian households used the Internet via some kind of a broadband connection. 95.3 percent
of Austrians used the Internet in 2023. The Internet was most frequently used via smartphone at
87.8 percent [23].

Austria has a plan to provide realize a “gigabit society”, where every household should be
connected to the fiber optic network by 2030. In 2022, 800,000 households were connected,
attaining a total of 57 percent; this means that 1.7 million households do not yet have a fiber
connection [24].

● Germany

For Germany, we find multiple sources outlining fixed and mobile broadband subscriptions and
their technology breakdown for 2021 [16,17].

While 96% of households have access to fixed broadband, ~82% of households were subscribed
to a fixed broadband plan in 2021. Of these subscriptions, ~69% were serviced via DSL, where
the remaining ~31% were serviced via other access technologies (e.g., DOCSIS, fiber, fixed
mobile access). Further, we observe a strong dominance of the previously state-owned
Deutsche Telekom AG which directly serviced a total ~39% of subscriptions in 2021. Yet, the
penetration of fiber access is notably lacking, with only ~15% of households being covered by
fiber technology. If we take a look at the subscriptions from a bandwidth perspective, we find
that ~37% of subscriptions did provide a maximum download bandwidth in the range of >=30 to
<100mbps, ~37% in the range of >=100 to <1gmbps, and only 4% with a maximum download
bandwidth of >=1gbps.
Notably, the German federal regulatory authority did manifest technical specifications for a fixed
broadband universal telecommunications service as of June 2022. According to the law,
providers must offer universal telecommunication services with a minimum bandwidth of
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10mbps in download and 1.7mbps in upload, and with a maximum RTT of 150ms measured to a
national reference point [18].

Considering mobile broadband, we find that 87% of the populated areas in Germany, and ~58%
of Germany's area in total, did have 5G coverage in 2021. The mobile broadband coverage was
served by ~188k technology-dedicated cellular base stations, of which ~16% were 5G, ~44% 4G,
and ~40% 2G in 2021. Notably, 3G base stations were stated with ~0.3%, where 3G was phased
out only the end of 2021. Moreover, ~87% of inhabitants were subscribed to a mobile broadband
plan in the same year; yet, every inhabitant in Germany did on average had ~1.3 active SIM
cards. Of these ~106M SIM cards, the monthly mobile data usage was found to be 4.3GB on
average.

● India

Beginning of 2007, internet access penetrated just 4% of the total population in India [31]. Fast
forward to 2023, this figure now stands at 59% for broadband internet i.e. close to 840 million
people [32]. This rise can be mainly attributed to telecom companies (Reliance Jio, Bharti Airtel,
Vodafone Idea) providing cheap cellular and wired connections in the range of 7-50
Euros/month (DSL/Fiber). Statistics show internet plans in India to be the 3rd cheapest globally
at 0.17$/GB of data [33].

Wired broadband plans with unlimited internet access are often the norm, while Cellular data
caps range from 1GB to 2.5GB/day. Access speeds for fixed-line lie in the range of 30 Mbps to 1
Gbps depending on the subscription and access technology.

5G mobile coverage is supported in most places in India mainly by 2 out 4 of major providers,
while others still provide good 4G/4G+ access [34].

However, there exists significant disparity in Internet accessibility in India due to the economic
divide between rural and urban population. 66% of Indian population lives in villages and are
12-14% less likely to own medium to access Internet services [35]. Furthermore, these regions
only receive around 8 hours of electricity per day, which is essential for powering and accessing
the Internet. Recent reports suggest that almost 25000 villages (4% of the total population)
completely lack the neccessary Internet and telephone infrastructure [36]. Moreover, there is a
disconnect between the cost to access Internet even in rural areas with infrastructure
availability as bottom-lines of most Internet access charges are around INR 150 (USD 2.13) per
month [37] while the national minimum daily wage is INR 178 or USD2.15 [38]. Due to the
nation-wide Digital India movement in the past few years [39], majority of such regions,
therefore, cannot access the essential digital-only services, such as e-governance, banking, etc.

● Italy

The current offering for FTTH from the major Italian providers (OpenFiber, TIM, Vodafone,
Windtre) spans between 25 to 30 EUR per month for flat rates featuring 2.5 Gbps maximum
bandwidth.
Mobile LTE and 5G connectivity are among the cheapest worldwide, with an average cost of
0.12$/GB [11].

5



In Italy, 97% of the households have access to next-generation (NGA) broadband [12]. FTTP
coverage is steadily improving, from 22% of coverage in 2017 to 53% of the territory in 2022,
with 82.9% of the population having at least 100Mbps Internet access [13]. In 2023 FTTP
accounts for approximately 70.7 % of fixed broadband subscriptions, while 19.7% of fixed
subscriptions are still DSL and 9.6% are FWA [14]. Mobile 5G and 4G network coverage in Italy is
beyond 98%, and in 2023 it accounts for 108,2 million active subscriptions, with 21% of them for
M2M (machine to machine) communications.

● Norway

The spread of the Internet access service corresponds to a large extent with the spread of
broadband. A coverage survey for the first half of 2022 shows that 93.6% and 92.5% of all
households had a broadband offer with at least 100 Mbit/s, 1000 Mbit/s in download speed,
respectively. This is mainly based on fiber or hybrid networks, but fixed wireless broadband also
contributes to the coverage.
Almost all households that have an offer of at least 100 Mbit/s download speed also have an
offer of alternative connections. There are geographical differences, but taken as a whole, most
Norwegian residents have good opportunities to connect to the internet.

Development of the 5G network started in 2020. A coverage survey for the first half of 2022
shows that the basic coverage for 5G is calculated at close to 82% and that, at the same time
the year before, it was calculated at around 23% [25].

● Poland

The percentage of households with internet access in Poland in 2022 equalled 93.3% [2]. 92.6%
of all households had broadband internet access. Out of the connected households 69.5% had
fixed-line broadband access, with 70.6% being connected via mobile broadband access. Vast
majority of households with children (99.6%) had internet access at home, compared to only
around nine in ten households without children having such access. There were only minor
differences in households with internet access within large and small cities compared to rural
areas.

In 2022 monthly cost for fixed-line broadband access averaged around 59.17 PLN, with mobile
broadband access cost of around 46.43 PLN [4]. The internet access download speed in Poland
in 2022 averaged around 110 Mbit/s, with FTTH access averaging around 231 Mbit/s and 5G
networks offering average download speeds of up to 142 Mbit/s [5].

● Serbia

In 2023, 85.6% households in Serbia had broadband access to the Internet [1]. Out of those
connected households, 89.3% households had fixed access and 76.9% had mobile access. In
terms of the speed of fixed broadband access, while the maximum download speed available to
the subscribers was 1 Gbps, the average speed amounted to only 70.95 Mbps [15]. The
coverage of mobile networks was limited to 4G/4G+, with the average download speed of 52.41
Mpbs [15], and the 5G network was still in its experimental phase.

The digital divide has been observed across different demographics, with the biggest gap that
can be attributed to the economic status of subscribers. Only 48.6% low-income households
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had broadband access, as opposed to 99.1% of the households with an average and higher
income. A smaller gap exists between rural (78.9%) and urban (88.9%) areas, where both
percentages increased from those in 2022 (with 4% and 1.3% increase, respectively).

● Turkey

In 2023, 95.5% of the households in Turkey had access to the internet and internet usage
percentage per population increased 2.1% compared to 2022, from 85% to 87.1%. It was
reported that 90.3% of the users were male and 83.3% were female. E-government, e-commerce,
streaming and social media were the most commonly used services among the users. 73.9% of
the users used e-government, 49.5% used e-commerce services. Whatsapp was the most
popular social media platform with %84.9 of the users using it, followed by 69% by Youtube and
%61 by Instagram. [3]

Turkey is ranked 105 out of 193 countries, with an average download speed of 24.84 Mbps[6].
Share of fiber optic broadband connection is 22%.

LTE infrastructure made a fast progress, since it was deployed in Turkey in 2016. Currently,
96.8% percent of the population have access to LTE connection. However, Turkey is still one of
the few European countries without a 5G infrastructure yet. [7]

Internet censorship is a controversial topic in Turkey, where more than 40000 websites are
banned. ISP throttling, access blocking and content removal are widely used methods to limit
access to certain websites and contents. One of the most notable and recent examples was the
limitation of access to Twitter in 2023 earthquakes, where inadequacy of the rescue efforts
were widely criticised. Discussions about right of free speech and access to information often
happen in the parliament and appear in the media. [10]

● US

For the US, the FCC provides various reports on telecommunications aspects [20]. We take a
closer look at the most recent report on Internet Access Services as of 2021 [21], and the most
recent report on the Communications Marketplace from 2022 [22].

In 2021, we find ~126M fixed broadband subscriptions in the US. Of these subscriptions, the
vast majority were serviced with a downstream bandwidth of >=100mbps to <940mbps with
~57%, followed by >=25mbps to <100mbps with ~18%. Looking at the breakdown for access
technology, we find that ~64% of subscriptions used DOCSIS, followed by ~18% fiber, and ~14
DSL. Notably, Satellite had a penetration of ~1.6% of subscriptions. Conversely, ~52% of
inhabitants did have access to fiber technology, where DOCSIS was available for ~78% of
inhabitants.

Considering mobile, we find ~384M mobile broadband subscriptions as of 2021, of which the
monthly mobile data usage was found to be 12.1GB on average for smartphones. 5G coverage
was available in ~55% of the US area, covering ~98% of the inhabitants; 4G coverage was
available in ~73% of the US area, covering almost 100% of the inhabitants

● OECD (Organisation for Economic Co-operation and Development)
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Looking at the 38 OECD Countries, we find several data points on mobile data usage, mobile
broadband subscriptions, and fixed broadband subscriptions [8,9].

The mobile data usage grew 17% from 2021 to 2022, with an average annual growth of 29%
from 2017 to 2022 within the OECD countries.
In the same timeframe, the monthly mobile data usage increased from 4.7gb in 2017 to 10.4gb
in 2022 on average, and with this roughly doubled in 4 years. Yet, comparing data usage within
OECD countries, we observe a strong diversity with an average mobile data usage in Latvia and
Finland of ~40gb/month in comparison to Canada, New Zealand, Costa Rica, and Mexico with
only ~5gb/month at the other end of the spectrum. Analyzing mobile broadband subscriptions,
we observe a growth of 13% from 2019 to 2022 in OECD countries on average, where each
inhabitant subscribes to 1.27 mobile plans on average in 2022. The highest penetration of
mobile subscriptions plans can be found in Estonia and Japan (~200% of inhabitants), with the
lowest penetration with ~80% of inhabitants in Columbia and Türkiye. Regarding mobile access
technologies, we find that 37 out of the 38 OECD countries have deployed 5G networks. Yet, only
20 countries provided data for 5G-enabled mobile subscriptions; of these 20 countries, 21% of
subscriptions on average were 5G-enabled in 2022.

Considering fixed broadband subscriptions in the OECD, we observe an average of 35
subscriptions per 100 inhabitants in 2022, which is a growth of ~11% from 2019 to 2022. While
we again find Columbia at the low end of the spectrum with a penetration of ~17% of
inhabitants, France and Switzerland show the highest penetration with ~47% of inhabitants. Of
the OECD average of 35 subscriptions per 100 inhabitants in 2022, fiber is now the leading
technology with ~38% of subscriptions served with in 2022, followed by DOCSIS with ~32%, and
DSL with ~24%. Notably, Satellite has a penetration of ~0.5% of subscriptions.

● Latin America

The report in [28] shows that internet provision across Argentina, Brazil, Colombia, Costa Rica,
and Ecuador is not widespread. 7% of the population access the Internet. The report divides the
gap between usage, affordability, and the coverage gap. The coverage gap is concentrated in
remote areas or locations where making network deployments is economically challenging and
unviable. The affordability gap refers to those who live in areas with mobile internet coverage
but do not access internet services.

This is reflected in the lack of demand and is the main driver of internet connectivity across
Latin America. In urban and rural areas, 31% of the regional population (190 million people) live
in locations with mobile internet network coverage but do not access the internet [28]. The
coverage gap is relatively small in Latin America, accounting for 7% of the population. It
accounts for almost 40 million people. Hence, the affordability gap is the main reason why there
is a mobile internet connectivity gap in Latin America, accounting for 190 million of the 230
million unconnected [28].

4. Concluding remarks
The Internet as we know it has long been transformed in many key markets from an open global
communication fabric to a delivery infrastructure with high profit margins for (commercial)
services. However, as pointed out in our introduction, the Internet has measurably an enormous
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impact on economic development and the pursuit of societal goals like freedom of expression
and others.

While it is understandable that the optimization of those delivery capabilities has a strong focus
in the R&D of key market players, and consequently in the SDOs that align the solutions in an
interoperable manner, the goal of enabling communication AT ANY LEVEL of performance must
not be forgotten. We have observed, not just in this contribution, that the universal rollout of ever
improving broadband infrastructure has been and remains a key challenge. Digital divide has not
just been documented to exist but it is expected to widen, at least in the near to mid-term and is
thus a fact of (digital) life for the foreseeable future!

We thus call upon the industry as well as SDOs like the IETF to push more aggressively for
technologies catered to span this digital divide and thus effectively bridge it DESPITE its
existence. We believe that there are concrete steps that can be taken, providing here just three
examples for those:

1. Increase the span of content provisioning: Content must be usable across ALL
capabilities for delivery, thus for low bandwidth as much as the highest possible
connectivity option. Not just transcoding of videos (to lower bitrates) must be common
practise but also the rendering of website over lower-speed and capacity connections.
Best practises must be established for this increased span of content provisioning
without which services simply will be excluded from use by those without proper
connectivity choices. But further, we must also drive research (and consequently
following development) into improving on content generation, rendering, and
provisioning across the ranges of connectivity that span the existing digital divide.

2. Develop best practises for Internet rollout: While the commercially driven rollout (and its
economic benefits) has been well understood in many markets, particular in developed
countries, it is often not enough to bring the Internet to all, even in those developed
markets themselves (as documented in other parts of this document, we are far away
from truly ubiquitous broadband rollout even in the most developed regions of the
world). The GAIA RG community has gathered many insights from practitioners around
the world on how to overcome rollout challenges to bring connectivity to their
communities. Those insights have been documented by the community [53] but will
need a constant update to follow technological developments.

3. Drive best practises into day-to-day SDO work: It is needed, however, that the
aforementioned insights are fed back into suitable recommendations for technology
development to foster and improve on those alternative rollouts in order to complement
the market-driven models that exist. Key here will be the advocacy in the various
activities within the IETF. Those could include a dedicated section in drafts (and
ultimately RFCs) on considerations for global access (if suitable) as well as the
increased involvement of global access advocats in key WGs of the IETF to complement
those players currently driving the development of the high-profit ultra broadband
Internet many of us know. Attracting those advocats should become a key mission not
just of the IAB but also the IETF overall.

What is most important, however, is that we should not forget both aspects of the digital divide,
namely the use of Internet technologies under dimished conditions as well as the facilitation of
any connectivity AT ALL.
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