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Abst r act

Thi s docunent proposes a conprehensive framework to address the
chal l enges of efficient, reliable, and cost-effective [arge volune
data transm ssion over Wde Area Networks (WANs). The franmework
focuses on planning and nmanaging traffic paths, network slicing, and
utilizing multi-level network buffers. It introduces dynam c path
schedul i ng and advanced resource allocation techniques to optimze
network resouce and minim ze congestion. By |leveraging cross-device
buffer coordination and real -tinme adjustnments, the franework ensures
hi gh t hroughput and | ow | atency, meeting the denands of nodern, data-
i ntensive applications while providing a robust solution for |arge-
scal e data transmi ssion

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups nmay also distribute
wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft documents valid for a maxi mum of six nonths
and nay be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."

This Internet-Draft will expire on 23 COctober 2025
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I nt roducti on

In recent years, the demand for reliable and efficient transm ssion
of large volunmes of data across Wde Area Networks (WANs) has surged.
[1-D. huang-rtgwg-wan-| ossl ess-uc] highlighted several critical use
cases that enphasize the necessity of |ow packet |oss and high

t hroughput in WANs. These requirenments are driven by applications
that handl e massi ve datasets, such as scientific research, financia
transactions, and nmultimedia content delivery, while the |ocations of
data production and consunption differ, requiring efficient and
tinmely transm ssion across WANs. The characteristics and
requirenents of large data transmission are listed as foll ows:
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2

2. 1.

l“'e,

* Large Volune. The datasets involved in these transnissions often
reach terabyte levels. Traditional fixed bandw dth dedi cated
lines, while reliable, can be prohibitively expensive.
Enterpri ses nmust bal ance the need for high-capacity data
transm ssion with cost considerations. This necessitates
exploring nore flexible and econom cal solutions that can handl e
| arge-vol ume data without incurring excessive costs.

* Timeliness. Tineliness is a critical factor for data transm ssion
over WANs. For instance, in the field of genetic research, the
tinmely transmi ssion of genetic data can significantly influence
di agnostic and treatnment outcones. Delays in data transni ssion
can render the data obsolete, e.g., leading to incorrect results
and concl usions. Therefore, ensuring that data is transnitted
within a specific time windowis essential for maintaining its
utility and accuracy.

* Predictability. Large-volune data transm ssion tasks typically
have predictable patterns, allowi ng for better planning and
resource allocation. This predictability hel ps in designing
network solutions that can efficiently manage the antici pated data
| oad. By leveraging predictable traffic patterns, network
adm nistrators can optinize resource allocation, mnimze
congestion, and enhance overall network perfornance.

Thi s docunent proposes a conprehensive framework ai med at addressing
the chal | enges associated with | arge volunme data transm ssion over
WANs. The framework focuses on enhancing traffic nanagenent and
resource allocation strategies to ensure efficient, reliable, and
cost-effective data transnission. By inplenenting these strategies,
the framework ainms to nmeet the denmands of nodern, data-intensive
applications, providing a robust solution for large volune data
transm ssion in WAN environnents.

Net wor k Chal | enges Posed by Large Vol unme Data Transm ssion
Limted Network Capacity

WANs have finite carrying capacities. Wen a significant amount of
traffic enters the network sinmultaneously, it can lead to traffic
conflicts, resulting in queuing and jitter. These issues are
exacerbated by the continuous nature of |arge data transfers, which
can strain network resources over extended periods. Addressing these
chal | enges requires advanced traffic managenent techni ques that can
efficiently utilize avail abl e network capacity.

et al. Expi res 23 COctober 2025 [ Page 3]



I nternet-Draft Lossl ess WAN Fr anewor k April 2025

2.2. Congestion Hotspots

Packet | oss often occurs due to probabilistic simultaneous influxes
of large volunmes of traffic. This congestion is exacerbated by
mechani snms such as Equal - Cost Multi-Path (ECMP) routing, where
multiple flows conpete for certain bottleneck links, leading to
congestion and packet |oss. Packet loss in WANs does not lead to
per manent data | oss since | ost packets can be retransmtted.
However, retransmi ssions increase transm ssion |atency, causing

del ays in data delivery. Moreover, packet |oss can trigger
congestion control nechani sns, which reduce the network’s throughput
to prevent further congestion. This reduction in throughput can
significantly affect the performance of data-intensive applications,
making it critical to mnimze packet |oss.

2.3. Inefficient Buffer Wilization

The network itself has a certain buffer capacity to partially
mtigate short-term processing deficiencies. However, current

mechani sms only utilize the local device's buffer and do not fully
exploit the overall buffer capacity across nultiple devices. This
fragnmented buffer utilization |eads to inefficiencies in handling
bursty traffic. Advanced congestion nmanagenent strategies are
necessary to coordinate buffer usage across the network, naintaining
hi gh throughput and low | atency to ensure efficient and reliable data
transm ssi on.

3.  Framework

Thi s docunent proposes a conprehensive framework to address the
chal l enges of efficient, reliable, and cost-effective [arge volune
data transm ssion over Wde Area Networks (WANs). The franmework
focuses on the planning and managenent of traffic paths, network
slicing, and the use and managenent of multi-level network buffers.

3.1. Adaptive Planning and Managenent of Network Resouce

When users seek efficient transm ssion of |arge datasets, they can
rent tenporary network bandwidth in addition to their fixed |eased
lines (a.k.a guranteed bandwi dth). This tenporary bandwidth is
cheaper by sharing but offers weaker Service Level Agreenents (SLAs).
Due to the predictable nature of the traffic, users can pre-request
resource scheduling fromthe network, including traffic paths and
even network slices. The network can allocate resources based on
avail ability, avoiding prol onged congestion through effective

pl anning. |f serious congestion occurs, the network schedul er can
recal cul ate paths and slice resources. Network devices can flexibly
choose the best available path fromnmnultiple pre-allocated paths,
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3.1. 1.

particul arly when head-end devices detect |ocal or renote congestion
By adjusting the current and incoming traffic path sel ection, network
devices can optimze traffic distribution and all eviate congestion
dynami cal | y.

*

3. 2.

l“'e,

Speci fic Requirenents:

*Net wor k Resource Reporting and User Request*: Network devices
report attributes such as bandw dth, |atency through control plane
protocols like I1GP and BGP-LS. Users provide the overall needs of
bandwi dth and latency for |arge volune data transni ssion,

i ncl udi ng guarant eed dedi cated resources and flexible resources
with weaker guarantees. In addition to know network paraneters
such as bandwi dth and | atency, the system al so needs to know

whet her network forwardi ng nodes have the ability to share the
buffer with other devices,and confirmthe scope of the w de-area

| ossl ess network domain. In the centralized node, the centra
controller needs to know the network device's capability of buffer
and buffer size to do path planning. The information transferring
can be done through the BGP-LS protocol extension. |In distributed
nmode, the network forwarding nodes can realize multi-Ilevel network
buffering and path switching by knowi ng the nei ghbour’s capability
of buffer and buffer size. The information transferring can be
done through the I GP protocol extension.

*Net wor k Resource Allocation and Policy Distribution*: Controllers
cal cul ate out |P-based dedicated Iines (IP tunnels with segnent
routing) within the WAN domai n based on available flexible
bandwi dt h and buffers. Using SR-policy, data traffic is steering
into I P tunnels at ingress nodes and directed to dedi cated network
slicing. Configuration of buffer allocations are distributed via
protocols |ike BG and PCEP fromthe controller to the network
devi ces who are executing and enforcing these configurations.

*Net work State Measurenent and Tel enetry*: Real -tine bandw dth
measur enent based on neasurenent packets helps in sensing utilized
and avail abl e bandwi dth on network links. This information is
reported to the controller via telemetry nechani sns and used to
adj ust paths and slice resources. For exanple, when a link nears
its bandwidth limt, traffic can be rerouted to idle path
resources to inprove overall network bandwi dth utilization

Use and Managenent of Milti-Level Network Buffers

Since tenmporary bandwi dth is shared and not dedicated, it exhibits
weaker SLA guarantees. |If traffic experiences jitter during
transm ssi on, network device buffers can absorb packets to reduce
packet | oss.
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3. 2.

3. 3.
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1. Specific Requirenents:

* *Single Device Buffer Sharing and Management*: Single devices

shoul d i nmpl enent fine-grained buffer divisions based on traffic
priority and slice. These buffers should be isolated to avoid
mutual interference. Initial buffer resource allocation is
determined by the controller and configured across all devices in
the domain via control plane protocols.

* *Cross-Device Buffer Coordination*: Gven the nature of large data

transm ssions, a single device's buffer m ght be insufficient for
absorbing bursty traffic. Therefore, nultiple devices' buffers of
the sane fine-grained type (e.g., sanme priority and slice) should
be used collectively. For exanple, if device Cin the path
A->B->C is congested and its buffer is insufficient, it should
notify upstreamdevices B or Ato utilize their simlar buffers to
absorb sone traffic. This involves:

- Control Signaling: Using control signaling packets to notify
upstream devi ces to buffer packets, reducing the burden on the
congested device. |If upstreamdevice buffers also reach a
threshold, further notifications should be triggered upstream
Control signaling should include buffer index (e.g., slice ID),
control instructions, and paraneters. Controller configuration
or segnent routing can hel p deternine upstream device
addresses. Upon congestion relief, upstream devices should be
notified to release buffered traffic. This notification
mechani sm can be inspired by | EEE PFC nechani sns but requires
nmore granul ar backpressure.

- Trigger Conditions for Buffer Coordination: The | ocal device-
triggering cross-device buffer coordination requires pre-set
conditions. Controllers can configure device-specific
thresholds to custonize trigger conditions for each device,
slice, and priority.

Requesting Source Rate Contro

Net wor k devi ces can send rate control requests to the source via data
packet marking or separate control packets. This nmethod is usefu
during w despread network congestion, |everaging source rate
reduction to manage traffic. Al though this feedback mechani sm

i nvol ves a larger control | oop and slower adjustments, efficiency can
be inproved through fast reverse notifications.
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4.

Concl usi on

The proposed framework addresses the chall enges of |arge vol une data
transm ssi on over WANs by enhancing traffic managenent and resource
all ocation strategies. By inplenenting dynanic path scheduling,
advanced resource allocation, and efficient buffer managenent, the
framework ensures efficient, reliable, and cost-effective data
transm ssion. This approach neets the demands of data-intensive
applications, providing a robust solution for |arge volune data
transm ssion in WAN envi ronnents.

Security Considerations
TBD.
I ANA Consi derations
TBD.
I nformative References
[1-D. huang-rt gwg-wan- | ossl ess- uc]
Zhengxin, H, He, T., Huang, H, and T. Zhou, "Use Cases
and Requirenents for Inplenenting Lossless Techniques in
Wde Area Networks", Work in Progress, Internet-Draft,
dr aft - huang-rt gwg- wan- | ossl ess-uc-01, 8 July 2024,

<https://datatracker.ietf.org/doc/htm /draft-huang-rtgwg-
wan- | ossl ess-uc- 01>.

Acknowl edgenent s

TBD.

Contri butors

TBD.

Aut hors’ Addr esses

l“'e,

Tao He (editor)

Chi na Uni com

Beijing

Chi na

Emai | : het21@hi nauni com cn

et al. Expi res 23 COctober 2025 [ Page 7]



Internet-Draft Lossl ess WAN Fr amewor k

l“'e,

Hang Shi (editor)

Huawei

Bei j i ng

Chi na

Enmai | : shi hang9@wuawei . com

Zhengxi n Han
Chi na Uni com

Emai | : hanzx2l@hi nauni com cn
Xing Gao

Chi na Uni com

Emai | : gaox60@hi nauni com cn

Ti anran Zhou
Huawei
Emai | : zhouti anran@uawei . com

et al. Expi res 23 COctober 2025

April 2025

[ Page 8]



