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Abstract

This docunent defines a framework to enabl e the host-network

col l aboration for high-speed and hi gh-t hroughput data transni ssion,
coupled with fast conpletion tinme of Hi gh Perfornmance Wde Area

Net works (HP-WAN). It focuses on key congestion control functions to
facilitate host-to-network collaboration and performrate

negoti ati on, such as QS policy, adm ssion control, and traffic
schedul i ng.
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1. I nt roduction

Dat a-i ntensi ve applications always demand hi gh- speed data

transm ssion over WANs such as scientific research, academ a,
education as discussed in [I-D.kcrh-hpwan-state-of-art] and ot her
applications in public networks as per

[1-D. yx-hpwan-uc-requirenents-public-operator]. The specific

requi renents of HP-WANs applications nmainly focus on job-based
massi ve data transm ssion over |ong-distance WANs, with set
conpletion times. High, reliable and effective data throughput is
the fundamental requirement for HP-WAN. It is crucial to achieve
hi gh t hroughput while ensuring the efficient use of capacity as per
[1-D. xi ong- hpwan- probl em statenent]. Current technol ogy does not
guar antee these goals, and the issues may inpact performance rel ated
to existing transport protocols and congestion control nechanisns
such as poor convergence speed, |ong feedback | oop, and unschedul ed
traffic.

Hi gh-1evel requirenents for HPWAN can be summari zed as:
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3.

3.

*Multiple data transfer requests should be scheduled in ternms of
avai l abl e capacity and the requested conpletion time in terns of
transm ssi on performance;

*Fromthe routing aspect, the optinmal path and resources shoul d be
schedul ed based on the QoS policy for the high-speed flows to trave
through the network with the negotiated data transfer rate;

*Fromthe transport aspect, it ensures the reliable delivery of data
with traffic scheduling and adm ssion control to effectively handle
the flow of data during transm ssion, reducing congestion and
ensuring tinely delivery of data packets;

*The host shoul d consider signalling and collaborating with the
network to negotiate the rates of differentiated traffic (especially
when the traffic is encrypted) to avoid the congestion and optim ze
the overall efficiency of data transfer

Thi s docunent defines a franework for these requirenments, including
the signaling goals to enable the host-and-network col |l aboration for
the hi gh-speed and hi gh-t hroughput data transm ssion, coupled with
fast conpletion tinme in H gh Performance Wde Area Network (HP-WAN)
It particularly enhances the congestion control and facilitates the
functionalities for the host to collaborate with the network to
performrate negotiation, such as QS policy, adm ssion control and
traffic scheduling.

Definition of Terms

Thi s docunent uses the terns defined in [I|-D. kcrh-hpwan-state-of-art]
and [I-D. xi ong- hpwan- pr obl em st at enent ] :

Framewor k for HP- WAN
1. Overview

The framework is fornulated to enabl e the host-network coll aboration
upon nmore active network involvenment. The client and server could
adjust the rate efficiently and rapidly with the negoti ated rate-
based congestion control in a fine-grained way. The network could
enhance the capability to regulate the traffic and schedul e the
resources which could provide predictabl e network behavi our and
mtigate incast network congestion preenptively.

The following diagramillustrates the functionalities between Cient/
Server and WAN i ncl udi ng:

*Host - networ k col | aboration signalling or protoco
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*Active network-col |l aborated traffic enforcenent and scheduling

*Negot i at ed rat e-based congestion control algorithns

o m e e e e e e e aaao o +
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congestion control enforcenment and schedul i ng

al gorithns
Figure 1 HP-WAN framewor k
3.2. Woirkflow and Functions

The following diagramillustrates the workflows anmong client, server
and network nodes (e.g. edge nodes and transit nodes).

*The request of scheduled traffic will be signalled fromthe client
to the network based on the negotiated rate. Furthernore, the
traffic pattern and job-based requirenents, such as conpletion tineg,
shoul d be included in the request.

*The edge node will perform adm ssion control and acknow edge the
traffic, reserving the resource quota, but it will reject access when
the network capacity cannot guarantee the job’s conpletion tine.

*The acknow edgenent will be signalled back fromthe network to the
client, including the response with the negotiated rate and QS
policy for the client to send traffic.

*The notification will be signalled fromthe client to the network to
notify the completion of traffic, and the network will release the
resource quota and cancel the acknow edgenent of this job.

*The update may signal to the client fromthe network to update the

acknow edgenent of the negotiated rate when new traffic requests are
recei ved.
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Figure 2 The workfl ow of signalling between host and network

The client could send traffic according to the negotiated rate policy
to achieve a high throughput within the conpletion time. And the

edge node will

traffic rate does not apply to the network.

traffic when congestion occurs (e.qg.
threshol d of the server

send fast feedback with the advised rate when the

It could al so pause the

the traffic is exceeding the
the network performs the flow control).
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3. 2.

Figure 3 The workflow of traffic between ho

The functions are described in the sections bel ow i ncl udi ng
transport-rel ated technol ogi es such as rate negotiation, adniss
control, traffic scheduling and enforcenent and routing-rel ated
technol ogies like traffic engineering, resource scheduling and
bal anci ng.

1. Rate Negotiation
In HP-WAN, the host could negotiate the sending rate with the ne

due to the predictability of jobs. The client comunicates the
traffic patterns of high-speed flows to the network to negotiate

st and network

on

oad

t wor k

rate. The traffic patterns may cover traffic information such as job

ID, start time, conpletion time, data volume, traffic type and s
The network responds to the negotiated rate and QoS policy for t
client to send traffic. There are three kinds of rate policy as
fol | ows:

*Optimal rate or optimal rate range negotiation. The network
provi des resource reservation for high-speed data to guarantee t
transm ssion capacity and achieve optinmal rate transm ssion. Th
client could transmit flows according to the negotiated opti nal
or optimal rate range.

o on.
he

he
e
rate



*M nimumrate negotiation. The network provides the m ni mum resource
guarantee. The client could transmt at a rate not |less than the
negoti ated rate.
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*Maxi mumrate negotiation. The network provides an upper limt for
resource guarantee. The client could transmt at a rate not greater
than the negotiated rate.

3.2.2. Adm ssion Contro

The network node shoul d perform adm ssion and traffic control based
on negotiated QoS and rate. By conbining the adm ssion control wth
congestion control, it can provide high throughput associated with
conpletion tinme while efficiently using the avail abl e network
capacity. The strategies of admission control are different based on
the QoS policy. For exanple, one strategy is to imrediately grant or
reject adm ssion to a reservation request on its arrival tine, which
is called on-demand admi ssion control. |If a reservation request can
not be granted or rejected at the tine of its arrival, it will be put
in a queue, which is called queue-based adm ssion control

Furthernore, a time-slot based adm ssion control is used for
scheduling the elastic and flows requests.

3.2.3. Traffic Scheduling and Enforcenent

The network node (e.g.edge node) perforns rate-based traffic
schedul i ng and enforcenent. For exanple, traffic classification may
be needed based on the traffic type. |If it needs to prioritize
critical traffic for acceleration, it should upgrade the priority of
Q@S. Moreover, if the traffic needs a guaranteed QS, it should
provi de guaranteed bandwidth for this flow It also could perform
the aggregation of nouse flows or the fragnentation of an el ephant
flowif needed. Splitting data across nultiple paths for |oad

bal anci ng can increase the throughput and provide redundancy. |f one
pat h experiences congestion, alternate paths conpensate, ensuring
timely delivery. The traffic enforcenent at network edges can used
to regulate data flow to elimnate congestion and minimze the flow
conpletion tinme. For exanple, it could enforce the rate limts based
on the negotiated rate to access traffic.

3.2.4. Optinization of Congestion Control Al gorithns

The client should performthe inprovenent of congestion contro

al gorithms based on the negotiated-rate fromthe network. The
negoti ated-rate can be viewed as an initial congestion signal to
assist the client in selecting a suitable sending rate with the
networ k resource schedul i ng acknow edgenent. And it also needs to
turn off and on or adjust the rate reasonably and rapidly when
receiving the fast feedback fromthe node nearing the client.
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3.2.5. Negotiated Rate-based Traffic Engi neering

The negoti ated rate-based traffic engi neering should be provided by
routing technol ogies and the signaling fromclient will assist the
network operator’s traffic managenent and correspondi ng resource

pl anni ng and scheduling. The edge node may get information

(topol ogy, bottleneck link bandw dth, queue and buffer) froma
centralized controller or through | GP advertisenment. The network
shoul d provi de resource scheduling at nodes along the path and it is
not bandw dth allocation but quota reservation which can be used for
adm ssion control. The client and network can al so negotiate rate
based on the quota of each job. Quota is expressed as a vector of
resource quantities (bandw dth, buffer, queue, etc.) at a given
priority, for a time frame. The network can make dynani ¢ bandw dt h
reservation upon different time franmes defined by quota. It wll
differ based on the different QS policy. For exanple, it is
required to reserve the mni num bandwi dth quota for the mninumrate

pol i cy.
3.2.6. Fast Feedback

The fast feedback function is optional for HP-WAN. The edge node
will send fast feedback with the advised rate when the traffic rate
is not applicable to the network. It could also pause traffic when
congestion occurs and resunme it when congestion is nitigated.

3.2.7. Fl ow Control

The specific elenents along the path may be optional to provide
active and precise flow control to mtigate network congestion to
control the packet loss. Flow control refers to a nethod for
ensuring the data is transmtted efficiently and reliably and
controlling the rate of data transm ssion to prevent the fast sender
from overwhel m ng the slow recei ver and prevent packet loss in
congested situations. For exanple, the receiver node could signha
the sender node to control the traffic on or off to guarantee the
packet |oss. When the data sent by the client exceeds the threshold,
the network shoul d provide fast and accurate quantitative feedback to
control the traffic on or off.

4. Applicability of Host-network Collaboration Signalling
There are several existing signalling options for HP-WAN host - net wor k

col l aboration signalling such as RSVP and GRASP. There will be two
depl oynent scenarios in HP-WAN. The first one will be the centra

control |l er deploynent which will have a hierarchical planning and
resource reservation in the network |i ke CERN depl oynment and the
SENSE architecture. |In this case, the host-nework signalling
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(between client and edge node) may be peer-to-peer solution and both
GRASP and RSVP may be applicable. And the second case will be
distributed or hybrid deployment in the network which needs
distributed signalling along the path for resource reservation. In
this case, the host may signal fromthe client to the network nodes
along the path. RSVP nay be applicable but not GRASP

GRASP is peer-to-peer signalling and is designed for synchronization
and negoti ati on between autonom c service agents, which reduces the
need for hierarchy and allows the intelligence to be distributed
rather than centralized. However it is not applicable when the
signal li ng shoul d be performed al ong the end-to-end path.

Al t hough RSVP may not be depl oyable with conpl ex configuration and
managenment whi ch requires precise configuration across all network
devices along the path. It will also add adm nistrative conplexity
bet ween host and network in HP-WAN with operational issues. But SR
slicing, diffServ QS and SDN based approaches may be used to largely
i nprove RSVP in HP-WAN. Moreover, RSVP reservations often allocate
fixed resources in the nodes along the path, which can lead to
underutilization if the reserved resources are not fully used. The
extensions may be required to applied to HP-WAN that the bandwi dth
and rate vary over tinme and it requires scal abl e throughput, dynanic
bandwi dth reservation and efficient use of capacity.

5. Security Considerations
To be discussed in future versions of this docunent.
6. | ANA Consi derations
Currently this document does not nake an | ANA requests.
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