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Abstract

Thi s docunent outlines the use cases and requirenents for

i mpl ementing | ossl ess data transmi ssion techniques in Wde Area

Net wor ks (WANs), notivated by the increasing denand for high-

bandwi dth and reliable data transport in applications such as high-
performance computing (HPC), genetic sequencing, nultinedia content
production and distributed training. The challenges associated with
exi sting data transport protocols in WAN environnents are discussed,
along with the proposal of requirenents for enhancing | ossl ess
transm ssion capabilities to support energing data-intensive
appl i cations.
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1. I nt roduction

Wth the rapid devel opnment of big data and intelligent conputing, it
is getting nore clear that numerous fields need wi de area networks
(WANs) to provide high-throughput and hi gh-perfornmance transmn ssion
services to neet the needs for massive application data transm ssion
over long distance. These typical scenarios include HPC

hi gh- per f ormance conputing, genetic sequencing, nultinedia content
production and distributed training etc. Traditional network
protocols, designed in an era before these i nmense data denands,
struggle to keep up, particularly when it comes to ensuring extrenely
|l ow or zero data packet |oss over |ong distance.
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This docunent ainms to illustrate on the necessity for advanced

| ossl ess transm ssion technol ogies in WANs. By identifying the
limtations of current network protocols and outlining the

requi renents for new devel opnents, we hope to pave the way for a new
generation of WANs. These networks will not only neet the current
demands of data-intensive applications but will also support the next
wave of digital innovation.

2. Use Cases

The necessity for inplementing |ossless data transm ssion techni ques
in Wde Area Networks (WANs) is underscored by several critica
application areas. These use cases highlight the inperative for
reliable, high-throughput data transni ssion capabilities to support
the demandi ng requirenents of nodern data-intensive operations.



2.1. High-Performance Conputing (HPC) Services for Scientific Research

Hi gh- Per f ormance Conputing (HPC) services are fundanental to
scientific advancenents, where collaborative efforts across various
geogr aphi cal regions are commonpl ace. For instance, the study of
PSI'1 proteins, which are crucial for understandi ng how wat er

mol ecul es split to produce oxygen, generates between 30 to 120 hi gh-
resol ution images per second during experiments. This results in
60- 100 GB of data every five mnutes, necessitating rapid and

| ossl ess data transfer fromthe National Renewabl e Energy
Laboratory’s equi pnent back to anal ysis | abs such as the Lawence
Ber kel ey National Laboratory. The efficiency and reliability of WANs
in this context are not just beneficial but essential for
facilitating the seanml ess col | aborati on between scientists in
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different domains, enabling themto share and anal yze | arge datasets
effectively.

2.2. Rapid Transm ssion Services for Genetic Sequencing of Tinely
Medi cal Services

The field of genetic sequenci ng has seen exponential growth, driven
by the decreasing costs and w despread application of sequencing
technologies. This growh is matched by the burgeoning data vol unes
generated, which require efficient and | ossless transm ssion to cloud
or private data centers for analysis. For exanple, sequencing a

si ngl e human genone produces 100GB to 200GB of data. Wth daily data
production rates reaching 6TB to 12TB and annual data nanagenent
needs surpassing 1.6PB, the demand for high-speed, reliable data
transfer is evident. The existing network transfer efficiencies
present significant bottl enecks, extending the turnaround tinmes for
sequenci ng services and inpacting the tinely delivery of precision
medi ci ne.

2.3. Large-Scal e Audi o/ Video Data Mgration for Miltinedia Content
Producti on

The conpetitive | andscape of short video industry, the pronotion of 4K
ul tra-high-definition channel s, coupled with the i ndependence of

acqui sition and shooting, cloud-based post production, and term na
presentation. So that a | arge anmount of audio and video data need to
be transmtted across WANs. Traditional nethods of data
transportation, involving physical media and nanual transfer, are
time-consuning and inefficient. For instance, filmcrews generating
2TB of data daily resort to physically nmoving storage nedia to
processing |l ocations, the process that significantly |engthens the
production cycle and sl ows down the market response. The requirenent
for network infrastructure capability of handling such extensive data
transfers efficiently and without loss is critical for naintaining
the pace of production and ensuring the quality of the fina

mul ti medi a content.

2.4. Massive Data Transfer to Intelligent Conputing Center for
Di stributed Training

Transferring nmassive data to intelligent conputing centers is the
premi se for distributed training. For exanple, the securities
company has a batch of financial nodels that need to be transnitted



to the intelligent conputing center for training. The amount of data
is huge, and the data transmitted each tine reaches TB level. There
are usually two kinds of data transm ssion solutions. One is to use
the hi gh-speed dedicated Iine which is very expensive up to one
mllion yuan nonthly. The another is manual transportation of hard
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3.

3.

3.

copy, the round trip cycle of each data transferring can be as |ong
as several days and the |abor consunption is huge. The reason for
the high price of the existing high-speed dedicated |line service is
mai nl y because that network need to reserve sufficient bandw dth
resources, though the actual network utilization rate is low High-
t hroughput network is inmportant for distributed training.

Pr obl em Anal ysis and Goa
1. Problem Anal ysis

The primary objective of Wde Area Networks (WANs) is to

provide | ong-term stable, high-throughput and hi gh-performance
networ k services that can accomobdate the sudden surges in data
transm ssi on dermands, essential for data migration across diverse
geographi cal locations. This goal is predicated on |everaging the
i nherent statistical multiplexing advantage of | P networks, which
allows for cost-effective bandwi dth allocati on and enhanced over al
net wor k t hr oughput .

Despite the advantages of statistical nultiplexing in | P networks,
such as cost reduction and throughput optim zation, this node

i ntroduces significant challenges in ensuring absolute resource
guarantee and and extrenely | ow packet |oss especially when there are
m cro-bursts and congestion. The practice of over provisioning
bandwi dt h, common anong service providers, does not equate to

| ossl ess data transm ssion, which is a critical shortfall when
compared to dedicated |ight networks or resources with hard

i sol ati on.

1.1. Inpact of Packet Loss

In the scenarios outlined for data migration whether for high-
performance conputing services, genetic sequencing, or audi o/video
data migration the reliance on traditional transm ssion protocols
like TCP or RDVA [ RoCEv2] is common. However, both protocols are
adversely affected by packet |oss, especially over |ong distance
transm ssi ons.

For TCP, algorithms such as CUBIC, a | oss-based congestion contro
mechani sm see a dramatic throughput decline of up to 89.9% w th just
a 2% packet | oss when the Round-Trip Tine (RTT) is 30ns. BBR

anot her TCP congestion control that based on bandw dth and del ay,

al so suffers significantly when packet |o0ss exceeds 5% with

t hroughput plunmeting in scenarios where packet |oss reaches 20% The
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cost of retransm ssions in these conditions is notably high, with
slight packet loss (<1% scenarios showing a retransnission rate 6-10
times higher than CUBIC, and in severe packet |oss scenarios, the
rate can increase exponentially.

For RDMA, often used within data centers for inter-node data access over
UDP, relies on a go-Back-N retransni ssion nechanism |[|ts throughput
dramatically decreases with packet |oss rates greater than 0.1% and

a 2% packet loss rate effectively reduces throughput to zero. To

mai ntai n unaf f ected t hroughput, the packet |oss rate nmust be kept
bel ow one in a hundred thousand.

These chal | enges underscore a critical gap in the current
capabilities of IP networks to support the denmandi ng requirenents of
nmodern, data-intensive applications. The inability to ensure
extrenmely | ow or zero packet |oss across WANs not only inpacts
application performance but also linmts the potential for innovation
and col | aboration across key sectors reliant on rapid and reliable
data transm ssion.

3.2. Coal

The overarching goal in the evolution of Wde Area Networks (WANs) to
serve the nentioned use cases is to enable |ossless, extrenely

| ow or zero packet |oss transm ssion services custom zed for the
seam ess nigration of data across different geographical areas. In
an age where digital data’'s volune, velocity, and variety are
expandi ng exponentially, ensuring the | ossless transm ssion of this
data during inter-regional mgration activities becones

i ndi spensable. This is critically inportant for applications and
operations that rely on the integrity and tineliness of data, such as
Al / HPC conmputing and data backup and recovery.

4. Chal l enges and Requirements

The quest for |ossless data transm ssion in Wde Area Networks (WANs)
is confronted with significant challenges, notably the phenonmenon of
el ephant flows-large, bursty data transfers that can cause

i nst ant aneous congesti on and packet |oss within network device
queues. This not only increases application |latency but al so

di m ni shes throughput, adversely affecting application perfornmance.
In data centers, certain | ossless technol ogies are deployed to
enhance the performance of such applications:

1) Priority-based Flow Control (PFC): Wdely adopted for its
ability to manage traffic flow, PFC [PFC] works by halting the
transm ssi on of specific queues when downstream congestion is
detected, thereby achieving zero packet |oss. The foundationa

Han, et al. Expi res 3 January 2026 [ Page 6]

I nternet-Draft Lossl ess WAN Use Cases and Requirenents July 2025

fl ow control nechani sm defined by | EEE 802, involves sending a
pause frame froma receiving device to a sending device to
tenmporarily halt traffic, allowing tine for congestion to clear
bef ore resumi ng transm ssion.

2)Explicit Congestion Notification (ECN) with Data Center Quantized
Congestion Notification (DCQCN): DCQCN [ DCQCN], the nobst



ext ensi vel y used congestion control algorithmin RDVA networks,
requires network devices to support ECN functionality [ RFC3168],
with other protocol functionalities inplenmented on the network
card of the host machine. DCQCN ensures high throughput in RDVA
net wor ks needi ng zero packet | oss by signaling congestion through
ECN markers sent from congested nodes to the sender, pronpting a
reduction in sending rate.

However, the application of these data center-oriented | ossless
techni ques to WANs encounters obstacles due to the |arger scale and
| onger RTTs inherent in WAN environnents. Challenges and
correspondi ng requirements ari se such as:

1) Backpressure from PFC. The wi despread application of PFC in

| arge-scal e networks can | ead to head-of-line bl ocking, deadl ocks,
and congestion spreadi ng, which degrade network throughput. Such
chal | enges make the traditional PFC backpressure mechani sms poorly
suited for the high stability demands of WANs, necessitating

i nnovation in protocol design to alleviate issues |ike deadl ocks
and PFC storns.

Requi rement 1: Innovate and inprove upon the PFC

backpressure nmechani smfor WANs, addressing and nmitigating the
ri sk of deadl ocks and congesti on spreading to ensure stable and
| ossl ess data transm ssion

2) ECN- Based Congestion Control Limtations: Wile ECN facilitates
sender rate control through network collaboration, its

ef fecti veness di nini shes over |onger distances typical of WANs.
The del ayed congestion notifications result in prolonged contro

| oops, making it challenging to quickly alleviate congestion

Requirenent 2: Optimize the ECN control |oop for WANs, enhancing
the network’s ability to manage congestion through inproved

routing and control strategies, thereby ensuring efficient and

| ossl ess transm ssion across vast geographi cal distances.

These chal | enges underscore the need for tailored solutions that
address the uni que demands and conditions of WANs. By adapting and
i nnovating on existing |ossless transmni ssion technol ogi es from data
center networks, the goal of achieving extrenely |ow or zero packet

Il oss in WANs becones attainable, paving the way for enhanced data
mobil ity and application perfornmance.
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5. Security Considerations
Thi s docunent does not introduce any new security considerations.
6. | ANA Consi derations
Thi s document has no | ANA acti ons.
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