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Abst ract

This draft defines the Credit-based fl ow control mechani smfor WAN
based on the RSVP protocol. Wth the increasing demand for Al
conputing power, the conputing power of a single AIDC can no | onger
meet the needs of large nodel training. This has given rise to
cross-AlDC distributed nmodel training, driving the demand for
transmtti ng RDMA packets over WAN networks. Al training is
extrenely sensitive to network packet |oss, and even a small anount
of packet loss may lead to a significant decline in training
efficiency. 1In addition, the el ephant flow and extrene concurrent
traffic al so place higher demands on network performance. Credit-
based flow control is a Backpressure-based traffic nanagenent
technol ogy, which has high reliability and stability in practica
applications. It can provide high-throughput and zero-packet-1o0ss
transm ssion guarantees for RDVA traffic, effectively ensuring the
efficiency of cross-data center Al training.

This draft focuses on the scenario where RDVA packets are transmitted
through SRv6 tunnels in the WAN and further expands the capabilities
of the RSVP protocol in WAN. This draft introduces the Credit-based
flow control nechanisminto the RSVP protocol to achieve precise
traffic control and provides processing anal ysis.

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 (IETF). Note that other groups nmay also distribute

wor ki ng docunments as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.
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I nt roducti on

The exponential growth of Al computing power demands, especially for
| arge-scal e nodel training, has transfornmed the data center

| andscape. The current single AIDC can no | onger neet the needs of

| arge-scal e nodel training. The training paraneters of |arge nodels

have skyrocketed in the past five years, reaching the trillion |evel
and are expected to increase a hundred-fold in the next five years,
reaching the quadrillion level. This has led to the rise of cross-

Al DC distributed nodel training, which, in turn, drives the need to
transmt RDMA packets across WANs.

Al training is highly sensitive to network packet |loss. Even a snmall
anount of packet loss can significantly reduce training efficiency.
Additionally, the presence of elephant flow and extrene concurrent
traffic poses greater challenges to network perfornance. To address
these issues, this Draft focuses on a Credit-based flow control
mechani sm for WAN transm ssi on.

Credit-based flow control is a Backpressure-based traffic managenent
technology. It has denmonstrated high reliability and stability in
practical applications, capable of providing high-speed and zero-
packet -1 oss transm ssi on guarantees for RDVA traffic. This
effectively ensures the efficiency of cross-AIDC Al training.

This draft centers on the scenario where RDVA packets are transmtted
through SRv6 tunnels in the WAN. It ains to expand the capabilities
of the RSVP in WAN environnents. By introducing the Credit-based
flow control nechanisminto the RSVP protocol, the draft enables
precise traffic control and provides in-depth processing anal ysis.
The proposed sol ution redefines an RSVP option to inplenment the
Credit-based flow control, which is detailed in subsequent sections
through the initial process, data transm ssion process, and

term nation process.

Conventions Used in This Docunent

Requi renment s Language
The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunment are to be interpreted as described in BCP

14 [RFC2119] [RFCB174] when, and only when, they appear in al
capital s, as shown here
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2.2. Abbreviations

AIDC. Artificial Intelligence Data Center

RDVA: RDVA over Converged Ethernet version 2

RSVP: Resource Reservation Protoco

MB: Megabyt es
3. Scenarios for distributed Al training network and probl em st at enent
3.1. Transmitting parameter between multiple Al DCs

The conput ational scaling of individual Al Data Centers (AIDCs) faces
physical constraints (e.g., power/cooling limts). To neet ZFLOPS-
scal e demands for foundational nodel training, distributed

coordi nation across geographi cally di spersed Al DCs becones essenti al
This scenario enploys parallelization strategies (e.g., pipeline/data
parallelisn), requiring frequent synchronization of nodel paraneter
via RDVA protocols. [draft-hhz-fantel-sar-wan]

In this scenario, the synchronization traffic of the paraneter which
usual ly features sone el ephant flows. The characteristics of

el ephant flow are long duration and | arge data anount, which can
easily cause network congestion. Therefore, WAN needs to have a fl ow
control method in order to provide efficient and | ossl ess
transm ssi on of paraneter data.

3.2. Directly transmtting sanple data to Al servers

For customers with stringent data security requirenents, sanple data
must be streamed directly to training servers via RDVA protocol s
Current RDMA inplenmentations suffer severe performance degradation
(up to 50% t hroughput |oss at 0.1% packet | o0ss) due to their Co-
back-N retransm ssion mechani sm [draft-hhz-fantel-sar-wan]

In the scenario of transmtting sanple data to Al servers, even a
tiny data packet |oss can seriously disrupt the progress of training.
Therefore, efficient sanple data transm ssion and zero packet |oss
are of great inportance, which also places higher demands on the

net wor k.
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3.3. Coordi nated nodel inference

4.

4.

To address the grow ng demand for LLMinference while reducing
infrastructure costs, many custoners inplenent split-Iearning
architectures between their data centers and third-party AIDCs. This
solution can distribute conputational |oads (e.g., keeping prefil
phase | ocal while offl oadi ng decode phase to Al DCs) and nai ntains
data privacy by retaining input/output |ayers on-prem ses.

In the scenario of coordinated nodel inference, simlar to scenarios
menti on above, WAN need to have dynanic el ephant fl ow control and
fast network failure protection capabilities.

Control Plan Sol ution
1. RSVP protocol extension

RSVP is a signaling protocol that enables end systens and network
devices to reserve resources along a data path. [RFC2205] all ows
applications to request specific levels of QS, such as bandw dth,
del ay, and packet loss rate, for their data flows. However, it has
scalability issues as the nunber of reservations increases.
Additionally, RSVP assunes a static network topol ogy, and it may not
adapt well to highly dynanic networks. The follow ng RSVP common
header has been provided in [ RFC2205].

0 1 2 3
S S S S +
| Vers | Flags| Msg Type | RSVP Checksum |
N S N N +
| Send_TTL | (Reserved) | RSVP Length |
o m e e e oo - o m e e e oo - o m e e e oo - o m e e e oo - +

Figure 1. Comopn Header
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At the same tinme, in the resource reservation process of the RSVP,
even if the data flowis not successfully established in the end, the
reserved resources will not be released, resulting in resource waste.
The RSVP protocol relies on specific nodes for the nanagenent and

mai nt enance of resource reservation. |f these nodes fail, it may
lead to the interruption of the entire resource reservati on process.
In order to solve the problens of the RSVP protocol, such as its
inability to dynam cally adjust resource reservation and the service
guarantee issues that may occur due to possible failures, this draft
defines a new RSVP option, which is used to inplenment credit-based
flow control. The detail process is divided into three steps: the
initial process, the data transm ssion process, and the termnation
process.

The new nsg type fields in the common header are as foll ows:

28 = Credit-based Path initialization
29 = Credit-based Reserve
30 = Credit-based End

31 = Credit-based End ACK

The RSVP protocol defines the Object field for expansion for
different message types. Every object consists of one or nore 32-bit
words with a one-word header, and the format is as follows:

0 1 2 3
S S S S +
| Length (bytes) | dass-Num | C Type |
o m e e e oo - o m e e e oo - o m e e e oo - o m e e e oo - +
| |
/1 (Obj ect contents) /1
I I
S S S S +

Figure 2: (bject Formats

The object information in the "Credit-based Path initialization"
message is the same as that in the traditional PATH nmessage, but the
"Credit-based Reserve nessage" is different. There are newy defined
types in Cass-Num and C Type, the foll owi ng new cl asses are defined
in C ass-Num

Credit : It represents the initial buffer reserved by the device for
the forwarding task, with the unit being MB
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Initial process

Before transmitting RDVA fl ow between servers in different AIDC, a
transm ssion channel with service guarantee capabilities needs to be
establ i shed between the servers. The traditional RSVP can only
guarantee the quality of service in a fixed manner according to
specific service information. The RSVP based on credit is sinilar to
the traditional RSVP in initialization. The sender sends a "Credit-
based PATH' detection nessage to the receiver, this message wll
flood to every path that can reach the receiver, and this nessage
contains the data flow identifier. Wen the devices on the path
receive the RSVP nessage packet, they will all send a "Credit-based
Reserve" message to the upstreamdevice in the path with the credit
value. The credit value is stored in the object contents field of

the RSVP nmessage. It represents the buffer reserved by the device
for the forwarding task, and the credit value should be | ess than the
buffer. Initial process as shown in the follow ng figure:
e +
| Destination Servers
o e e e e e e oo - +
| AN
R + |
| DC Gateway | |
. + |
/ \ |
I e + [ S, + |
| | Leaf | | Leaf | |
S RS + S RS + |
I \ I I
w I I\ | |  Path
A +------- + - + | initialization
N | Spine | | Spine | | message
AR, + oo ---- + |
I \/ I I
I I\ I I
+o-o - - + +o-o - - + |
| | Leaf | | Leaf | |
I e + [ S, + |
\ / |
R + |
| DC Gateway | |
S +
I
oo o - +
| Source Servers
Fom e +
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Figure 3: Initial process

After confirmng the selected traffic control device, the receiver
initiates resource reservation through an RSVP nessage, when the

sel ected device receives the resource reservati on nessage, they wll
all send a "Credit-based Reserve" nessage to the previous sel ected
device in the path with the credit value. The credit value is stored
in the object contents field of the RSVP nessage. It represents the
buffer reserved by the device for the forwarding task, and the credit
val ue shoul d be |l ess than the buffer

4.3. Data transm ssion process

After the resource reservation initial process is conpleted, each
sel ected network device will maintain a credit value. This credit
value is equal to the credit value replied by the next-sel ected
device on the path during initialization. At this tine, the sender
server can start sending data. The forwardi ng devices in the path
randomy forward data packets snmaller than the credit val ue they

mai ntain. After sending, they subtract the size of the forwarded
data packet fromthe credit value they maintain. Wen the credit
value is not 0, they will continue to send; when the credit value is
0, they will stop sending.

In contrast, after the next-selected forwarding device receives the
data packet, according to the first in first out principle, the
device forwards the data block in the buffer, it will reply with a
Credit-based Reserve packet to the previous-sel ected forwarding
device. This packet carries a new credit value, which is the size of
the data packet it has just forwarded (indicating that a new buffer
space has becone avail abl e).

After each data transm ssion, the device should receive a nessage
carrying the credit value in reply fromthe next-sel ected device.
When a failure occurs in the link or the next-hop device, it will not
receive the reply message. |If the reply nessage is still not
received after the preset heartbeat tine el apses, it can be
considered that a failure has occurred in the next-hop device or the
link. The forwarding device will forward the traffic to the backup
pat h according to the acknow edgnent nessage received during the
initialization process, thereby ensuring the non-loss transm ssion of
the traffic. Data transm ssion process as shown in the follow ng
figure:
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L P +
| Destination Servers |
o e e e e e oo - +
| | Credit
R T + \Y;
| DC Gateway |
S + | Credit
/ \ \Y,
B e + R +
| | Leaf | | Leaf |
S RS + S RS + |
| \ | | Credit
w | I\ | \Y
A +------- +  ------- +
N | Spine | | Spine |
AR, + oo ---- + |
| \ | | Credit
| /I \ | \Y,
o-mm - + $o-mm - +
| | Leaf | | Leaf |
I e + [ S, + |
\ / | Credit
dommm o + \Y;
| DC Gateway |
. + |
| | Credit
o e + V

Figure 4: Data transm ssion process
4.4. Term nation process

After the data transmission is conpleted, the source device needs to
send a "Credit-based End" nmessage representing the end of the task to
flood along all reachable paths. Upon receiving this nessage, the
sel ected devices on the paths will term nate the correspondi ng
guarantee tasks and answer a "Credit-based End ACK' nessage to the

previ ous selected device. |f device not receive the "Credit-based
End ACK' message fromthe next-selected device in within the preset
time, it will repeatedly send 'Credit-based END nessages until it

receives a "Credit-based End ACK' message fromthe next-selected
device. Term nation process as shown in the follow ng figure:
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e +
| Destination Servers
o e e e e e oo - +
I I
R + |
| DC Gateway | |
. + |
/ \ |
I e + [ S, + |
| | Leaf | | Leaf | | M ssion
e + - + | term nation
| \ | | nmessage
w | I\ | |
A +------- + H------- + |
N | Spine | | Spine | |
AR, + oo ---- + |
I \/ I I
I I\ I I
+o-o - - + +o-o - - + |
| | Leaf | | Leaf | |
B + Fo-m - - - + |
\ / |
R + |
| DC Gateway | \%
S +
I
o e +
| Source Servers
Fom e +

Figure 5: Termnination process
5. | ANA Consi derations
TBC
6. Security Considerations
TBC
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