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Abst r act

Thi s docunent describes a solution for transparent forwarding of PFC
PAUSE frames in w de area networks, which does not require the nodes
in wide area networks to support PFC flow control capabilities.

Status of This Meno

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

Internet-Drafts are working docunments of the Internet Engineering
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Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunments valid for a maxi num of six nonths
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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 18 August 2026.
Copyri ght Notice

Copyright (c) 2026 | ETF Trust and the persons identified as the
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Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Documents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these docunents carefully, as they describe your rights
and restrictions with respect to this docunent. Code Conponents
extracted fromthis docunment nust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded wi thout warranty as described in the Revised BSD License.
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1. Introduction

Renote Direct Menory Access (RDMA) is a method of accessing nenory on
a renote systemwi thout interrupting the processing of the Central
Processing Unit (CPU on that system RDVA enables | ower |atency and
hi gher throughput on the network and | ower CPU utilization for the
servers and storage systens. Currently, RoCEv2 (RDVA over Converged
Et hernet Version 2) is widely deployed in | ossless networks in
intelligent conputing centers, providing packet |oss free data
transm ssi on services for high-perfornmance conputing (HPC) and Al
nmodel training and inference scenari os.

Wth the rapid growh in demand for conputing and storage resources
in Al big nodels and distributed storage, intelligent conputing
centers are interconnected through wi de area networks (WANs) to
provide multi-DCs coll aboration to conpensate for the limtations of
insufficient conputing and storage resources in a single DC. The
interconnection of artificial intelligence Data Centers (Al DCs)
through WANs are becom ng a new network structure gradually accepted
by the industry, providing wide area | ossless transm ssion for

emer gi ng application scenarios. Priority-based Fl ow

Control (PFC) [ | EEEB021Q 2022] technology is wi dely deployed in RoCEv2
networ ks to avi od packet |oss caused by congestion. However, the
depl oynent of PFC in WANs nay | ead to head-of-Iine bl ocking,

deadl ocks, and even congestion di ffusion over a wi der range, which
wi |l degrade network performance. On the other hand, WANs need to
provide differentiated services for various applications, and there
exist differences in buffering capacity fromdifferent nodes as well
as link delay netrics between two nodes, |eading to inconsistent
paraneters configuration of node, which makes network operation and
mai nt enance nore conplicated. Therefore, PFC nechanismis not
suitable for |arge-scale deployment in WANs.
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Thi s docunent describes a solution for transparent forwarding of PFC
PAUSE frames in w de area networks, which does not require the nodes
in WANs to support PFC flow control capabilities. As a result, end-
to-end flow control between Al DCs interconnected through MANs can be
realized with mnimal inpact on network perfornance.

2. Conventions

2.1. Requirements Language
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunment are to be interpreted as described in BCP
14 [ RFC2119] [RFC8174] when, and only when, they appear in all
capital s, as shown here.

2.2. Term nol ogy
Abbrevi ations used in this docunent:
Al: Artificial Intelligence
AIDC. Artificial Intelligence Data Center
DC. Data Center
MAC. Media Access Control
P: Provider
PE: Provi der Edge
PFC. Priority-based Fl ow Control
RDMA: Renote Direct Menory Access
RoCEv2: RDMVA over Converged Ethernet version 2
SR- MPLS: Segnent Routing Based on Multiprotocol Label Swtching
SRv6: Segnent Routing over |Pv6
VXLAN: Virtual Extensible Local Area Network
WAN: W de Area Network

3. Transparent Forwardi ng of PFC PAUSE Franes in WANs
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3. 1. Fl ow Control Mechani sm For PFC Frane

The PFC is referred to as cl assical stepw se back pressure with
dedi cat ed Et hernet pause frame, which is w dely deployed in RoCEv2
networ ks to avi od packet |oss caused by congestion. The PFC PAUSE
frame format is shown in Figure 1.

o e m e e e e e oo +
6Byt es | DVAC( 0180- C200- 0001) |
o e e e e e e e e oo s +
6Bytes | SMAC(Sender Port MAC) |
o e e e e e e oo o +
2Byt es | Et hert ype( 0x8808) |
o e m e e e e e oo +
2Bytes | Opcode(0x0101) | A L R R T +
oo + high 8bit | 0x00 |
2Bytes | Cl ass enabl e vector | --> L LR R R R +
R e + low 8bit | e[7]e[6]e[5]e[4]e[3]e[2]e[l]e[O] |
2Byt es | PAUSE Ti e[ O] | oo +
R + e[ n]corresponds to different priority class
2Byt es | PAUSE Ti me[ 1] | e[n] =1, PAUSE Tinme valid
e + e[ n] =0, PAUSE Time invalid
2Byt es | |
o e e e e e e oo o +
2Byt es | PAUSE Ti e[ 7] |
o e m e e e e e oo +
26Byt es| Pad |
o e e e e e e e e oo s +
4Byt es | CRC |
o e e e e e e oo o +

Figure 1. PFC PAUSE Frane Format

Wth this flow control nmechanism the congested node asks the
directly connected upstream network node to pause the data traffic by
a dedi cated Ethernet pause frane called PFC frame, and then the
upstream network node may stepw se ask its directly connected
upstream network node to pause the data traffic by a PFC frame, until
the nost upstream network node may ask the directly connected traffic
sender to pause the data traffic by a PFC frane. [I|EEE8021Q 2022]
details how this kind of flow control mechani sm works.

Typically, when two AIDCs are interconnected through WANs, VPN
tunnels (e.g., SR-MPLS, SRv6, VXLAN) are established between the

i ngress PE and egress PE to carry nassive RDVMA traffic between DCs,
as shown in Figure 2.
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- + - +
| AIDC1 | | AIDC 2 |
I I I I
N + N +
A I
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| %
B S, + +----+ B + +----+ B +
| bt N --> |PE1 | -->|P1...Pn| --> |PE2 | -->| DC2 GW|
E + E p—— E + E p—— E +
I I I I
| <o | <o | <o |
PFC Frane PFC Franme Forwardi ng PFC Frane

Figure 2: AIDCs Interconnected Through WANs
3.2. PFC PAUSE Frame Processing

When congestion occurs in the destination AIDC, the PFC frames are
stepwi se sent to the destination DC gateway. Simlarly, the
destination DC may stepw se ask its directly connected upstream
egress PE node to pause the data traffic by sending a PFC frane. In
Figure 2, AIDC 2 sends the PFC franes to DC2 gateway, and in turn,
DC2 gateway sends the PFC franmes to PE2 When congestion occurs at the
reci eved port.

When the egress PE node of WAN receives a PFC frane, it needs to
parse a PFC frane and determine that it is a legal PFC franme, that

is, besides its correct frane format, its destination MAC address
must be the multicast address: 0180-C200-0001 and the source MAC
address nmust be its directly connected downstream DC gat eway port MAC
address (sone vendors al so use device system MAC address).

O herwi se, the egress PE node nust discard this illegal PFC frane.

The egress PE node encapsul ates the PFC frane based on tunnel
encapsul ati on protocol, then forwards it to the imrediate transit
node, which in turn forwads it transparently to the upstream node
until it reaches the ingress PE node.

The ingress PE node decapsul ates the PFC frane and repl aces the
source MAC address in the original PFC frame with the MAC address of
its port directly connected to the source DC gateway, then forwards
it to the source DC gateway.
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In order to ensure that the PFC frames can be forwarded to the
ingress PE quickly, it is preferable to configure the highest
priority for the encapsul ated PFC frames such that the PFC franes are
not discarded in case of network congestion.

Sinmlarly, the source DC gateway needs to parse the forwarded PFC
frane and determine that it is a legal PFC frame, that is, besides
its correct frame format, its destination MAC address must be the
mul ti cast address: 0180-C200-0001 and the source MAC address nust be
its directly connected ingress PE port MAC address(sone vendors al so
use device system MAC address). O herwi se, the source DC gat eway
must discard this illegal PFC frane.

the source DC gateway sends the PFC frames to the source Al DC (Al DC1
in Figure 2) Wen congestion occurs at the recieved port.
Consequently, end-to-end fl ow control between AIDCs can be realized
across WANSs.

An example is that two AIDCs are interconnected through SRv6 tunnel
in WANs. The encapsul ated PFC frame format is depicted as foll ows:

e +
| | Pv6 Header |
T T TRy +
| 1Pv6 Extension Header (SRH) |
o e e e e e e e e e e aa o - +
| Original PFC Frame |
O +

Due to the much | onger transm ssion distance of WANs conpared to
Internal DCs , the PFC franes forwarded fromthe egress PE to the
ingress PE require a significant transm ssion delay. The destination
DC gateway still needs to receive the data traffic continuously sent
fromthe source DC gateway until the source DC gateway receives the
PFC frames and pauses sending the corresponding priority data
traffic. The anmount of data received by the destination DC gat eway
is positively correlated with the transm ssion delay of PFC frane.
To avoi d packet |oss caused by overflow in the receiving port queue,
the destinati on DC gateway needs to reserve nore buffer for the
corresponding priority queue of the receiving port based on WAN
transm ssi on delay of PFC frane.

The reserved buffer setting for the priority queue of the receiving

port at the destination DC gateway is required to neet the follow ng
condi tion.
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The buffer size of the priority queue reserved for the receiving port
> (the average receiving rate of the corresponding priority flow at
the receiving port - the average sending rate of the corresponding
priority flow at the sending port) * the forwardi ng delay of the PFC
franme fromthe destination DC gateway to the source DC gat eway.

4. |1 ANA Consi derations
Thi s docunent has no | ANA acti ons.
5. Security Considerations
Thi s docunent does not introduce any new security considerations.
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