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Abst ract

The demand for | ossless network transm ssion and the application of
fl ow control nechani sns have expanded from DCNs (Data Center

Net works) to WANs(W de Area Networks). To mitigate PFC - rel ated
issues in WANs, the fine - grained flow control is proposed. This
mechani sm ains to achi eve precise control at flow/ tenant |evels,
limts flow control to specified paths and slices, and provides
intelligent congestion backpressure. As current DCN al ready adopts
PFC mechani sms, the fine-grained flow control in WANs needs to work
with PFC in DCNs to achi eve end-to-end flow control. This docunent
descri bes the use cases and requirenents for the collaboration of
flow control nechani sns across DCNs and WANSs.

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 may 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 docunments valid for a maxi num of six nonths
and may 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 1 Septenber 2026.
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1. Introduction and Background {#i ntro and backg}

DCNs are typically characterized by a limted network scal e, short
path and predictable traffic patterns, so flow control mechani snms
like PFC (Priority Flow Control) and ECN (Explicit Congestion
Notification) operate effectively. Wth the growth of Al LLM
distributed training and inference, |ossless transm ssion of nassive
data between geographically separated data centers is required

[1-D. hs-rtgwg-wan-| ossl ess-uc], and the flow control mechani sms need
to be extended fromDCNs to WANs. Unli ke DCNs, WANs are | arge-scal e
wi th conpl ex topol ogies, |ong paths, and diverse traffic type. PFC
based on port-1level feedback ensures |ossless transm ssion of RDVA
protocol, by pausing/resum ng specific priority queues to prevent
congestion. Wen using it in the WANs, the backpressure from PFC

wi || cause head-of-1ine bl ocking, deadl ocks, and congestion
spreadi ng, which degrade network throughput. To mitigate these
issues in [I-D. dong-fantel -problemstatenent], the fine - grained
flow control is required for WANs.
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Fi ne-grained flow control inproves upon the coarse-grai ned port-based
PFC mechanism It enables precise control at the flow, tenant, or
other granular levels, linmts flow control to specified paths and
slices, and provides intelligent congestion backpressure with

granul ar paraneters (pausing tinme, backpressure bandw dth, flow
identifier etc.). These capabilities collectively contribute to
achieving efficient and refined flow control in WANs

[1-D. han-rtgwg-fi ne-grai ned- backpressure].

This draft focuses on the scenarios where PFC is enployed in DCNs and
the fine-grained flow control is utilized in WANs. Usecase and
requirenents for the interworking deployment of PFC and fi ne-grained
flow control nechani sns are described, achieving end-to-end flow
control through coordination and policy mappi ng bet ween DCNs and
WANS.

2. Term nol ogy
PFC. Priority-based Fl ow Control
DCN: Data Center Network
WAN: W de Area Network
RDMA: Renote Direct Menory Access
RoCE: RDVA over Converged Ethernet

3. Coll aboration depl oynent scenarios of PFC and fine-grai ned Fl ow

Cont r ol
Fomm e e e oo + Fomm e e e oo +
- Dat a | | Dat a | --
Nl center A | center B| ~
| +----a--- + S + |
I I I I
| PFC | | PFC|
I v v I
\% R T i SIS I i I S > I SRS \Y;
-- | RL| | R2 | | R3 | | R4 | | RS | --
+----+ +----+ +----+ +----+ +----+
I I
| o >|

fine-grained flow control over WAN

Figure 1: Codepl oynent of PFC and fine-grained flow control
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As shown in Figure 1, there are two data centers, A and B. The

i nternal nodes of data center A and data center B enploy the PFC
mechani sm  Because nost DCN NI Cs today are optim zed for |egacy
protocols (e.g., Ethernet, DCB) and | ack SRv6 processing
capabilities. This limtation prevents the direct extension for
refined flow control. Hardware/firmnare upgrades are needed to
enabl e fine-grained flow control depl oyment.

Al or some of the WAN nodes R1-R5 support fine-grained flow contro
[1-D. han-rtgwg-fine-grai ned-backpressure] to mtigate PFC
backpressure issues, enabling flow tenant-Ievel congestion handling
with granul ar paranmeters for precise and intelligent backpressure.
These nodes al so support HQS (Hierarchical Quality of Service)
queui ng mechani sms and sli ci ng.

Edge nodes R1 and R5 support both PFC and fine-grained flow

control [I-D. han-rt gwg-fi ne- grai ned- backpressure] , interworking DCN
and WAN fl ow control mnechani sms and ensuring seam ess end-to-end fl ow
control. The NNI ports of edge nodes R5 and Rl can establish
multiple slices, each corresponding to a tenant and supporting 1-8
gueues.

Based on factors such as distance, nunber of users, network topol ogy
and node capabilities in WAN, the interworking and coll aboration
scenarios of PFC and fine-grained flow control can be classified into
the follow ng two categori es.

1) Single-hop direct interconnection wthout internmedi ate node
participation

In this scenario, Data Center A and Data Center B are directly
connected through edge node R1 and R5 with a single hop, w thout any
i ntermedi ate devices in between, or internediate nodes (R2, R3, R4)
are | egacy network devices that whithout flow control capability. In
this case, internediate nodes do not participate in the flow contro
process, and a tunnel is established between RL and R5 to transmit
fine-grained flow control packet.

2) Multi-hop interconnection scenario with internmedi ate node
participation

In this scenario, Data Center A and Data Center B are connected by
WAN via nodes R1 -> R2 -> R3 -> R4 -> R5.Internmedi ate nodes R2, R3,
and R4 (or a subset of them) support fine-grained flow contro
capabilities. These internedi ate nodes actively participate in the
flow control process. The WAN nodes can adopt either hop-by-hop
backpressure or cross-hop Backpressure nechani sns
[1-D.ruan-spring-priority-flowcontrol-sid] to handl e congestion
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4. Interworking between PFC and fine-G ained Fl ow Control
4.1. PFCto fine-grained flow contro

tenant traffic

[--=---------- >
o e e o - +
| Slice ID=1|
R T + Congestion Cccurs
I I
I I
v v
----> +4--- 4+ -2/0/0 1/0/0- +----+ -2/0/0 3/0/0- A +
| RXx | ~---mmmmmae--- S B I R > | Dat a
| | | | | center B |
+----+ +----+ R +
S S
fine-grained fl ow control PFC backpressure
backpr essure packet frane
N
I
I
oo s +
| Slice ID=1|
o e e o - +
S +
| Slice ID=N|
R +

Figure 2. PFC to fine-grained flow contro

Edge node R5 responds to the PFC frane sent by the data center and
transmts fine - grained flow control packet

[1-D. han-rtgwg-fine-grai ned-backpressure] to the WAN. The process
foll ows these steps:

1) When congestion occurs at the inconming port 3/0/0 of data center
B

2) The data center B sends a PFC backpressure frane to the 2/0/0 port
of edge node R5. The PFC franme carries the queue priority of the
traffic to be backpressured, which is afl.

3) Edge node R5 needs to support responding to the PFC franme and

buffers the traffic with the priority afl through the 2/0/0 physica
port.
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4) The 1/0/0 port of edge device R5 has nultiple slices.

Req of PFC and fine-grained flow contro
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When t he

buf fer queue corresponding to the 2/0/0 port of edge device R5

reaches the buffer threshol d.

5) According to the port,
rel ati onshi p,
flow contro

tenant traffic,

and slice mapping

the 1/0/0 port of edge device R5 sends a fine - grained
backpressure packet to the network node Rx. Rx is the
upstream network node with fine-grained flow contro

capability, it

can be the internedi ate node or the edge node R1 in WAN for different

depl oynent scenarios nmentioned in clause 3.

The packet carries the

tenant traffic information to be backpressured, with the queue

priority afl1, slicelD, and pause tinme, etc.
6) Based on the congestion handling situation,

to resol ve the congesti on:

* For nmulti-hop scenario nentioned in clause 3 ,
ontrol packets to upstream WAN nodes as needed,;

* For the single-hop scenario nmentioned in clause 3, where RX is edge node R1,

node sends PFC franes to the DCN as needed.

if the RX node fails

the RX node sends fine-grained flow c

the RX

4.2. Fine-grained flow control to PFC
e +
| Slice ID=1|
o e e - +
| Congestion Cccurs
I I
v I
tenant traffic \Y
............................................. >
L + -3/0/0 2/0/0- +----+ -1/0/0- +o---+
| Data | =-------------- > | RL | --------- | Rx |
| Center A | | | | |
S + +-o---+ +-o---+
S <- - - - -]
PFC backpressure frame fine-grained flow
control backpressure
N
I
I
oo +
| Slice ID=1|
o e e - +
Figure 3: fine-grained flow control to PFC
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Edge node Rl responds to fine - grained flow contro
packet[|-D. han-rtgwg-fi ne-grai ned- backpressure] from WAN, then sends
PFC frame to the data center. The process follows these steps:

1) When congestion occurs in the traffic of queue afl with slicelD =
1 at the egress port of network node R2.

2) Network node Rx sends a fine - grained flow control backpressure
packet to edge node RL. This packet carries the tenant traffic
informati on to be backpressured, with the queue priority afl, slicelD
= 1, and the pause tined, etc.

3) Edge node Rl perforns traffic control and buffers the tenant
traffic with priority afl and slicelD =1

4) \When the buffer queue corresponding to port 1/0/0 of edge device
R1 reaches the buffer threshold, port 2/0/0 of edge node Rl sends
backpressure to the data center according to the standard PFC packet.

5) Data center A perforns standard PFC backpressure and stops al
traffic with priority afl destined for port 3/0/0.

5. Requirenent of coll aboration depl oynent
Requi rement 1: Edge node needs support the coordination and
bidirectional translation between the fine-grained flow contro
mechanismin the WAN and the PFC nechanismin the DCN, enabling
seam ess end-to-end flow control across WAN and DCN donai ns.

Requi renent 2: Edge node needs to respond to PFC franes fromthe DCN
It includes the followi ng capabilities:

1) Learn task flowto-port mappings to identify affected traffic;
2) Configure appropriate buffer threshol ds;

3) Cenerate and send fine-grained flow control nmessages to WAN nodes
wi th granul ar paraneters.

Requi renment 3: Edge nodes needs to respond to fine-grained flow
control nmessages fromthe WAN. It includes the follow ng
capabilities:

1) Use established flowto-port mappings to determ ne target DCN
ports;

2) Configure appropriate buffer threshol ds;
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3) Cenerate and send standard PFC franes to correspondi ng DCN ports.
6. Security Considerations

Thi s docunent does not introduce any new security considerations.
7. 1 ANA Consi derations

Thi s docurment has no | ANA acti ons.
8. Informative References

[1-D. hs-rtgwg-wan-1 ossl ess- uc]
Zhengxin, H., He, T., Shi, H, and T. Zhou, "Use Cases and
Requirements for Inplenmenting Lossl ess Techni ques in Wde
Area Networks", Wrk in Progress, Internet-Draft, draft-
hs-rtgwg-wan-| ossl ess-uc-01, 2 July 2025,
<https://datatracker.ietf.org/doc/htm/draft-hs-rtgwg-wan-
| ossl ess-uc-01>.

[1-D. dong-fantel -probl emstatenent]
Dong, J., McBride, M, dad, F., Zhang, Z J., Zhu, Y.,
Xu, X., Zhuang, R, Pang, R, Lu, H, Liu, Y., Contreras,
L. M, Mehnet, D., and R Rahman, "Fast Network
Notifications Problem Statement”, Work in Progress,
Internet-Draft, draft-dong-fantel-problemstatenent-05, 2
February 2026, <https://datatracker.ietf.org/doc/htm/
draft - dong- f ant el - probl em st at enent - 05>.

[1-D. han-rtgwg-fine-grai ned- backpressure]
Zhengxin, H., Pang, R, Ruan, Z., and X Yi, "Fine-Gained
Fl ow Control Backpressure Mechani smfor Wde Area
Net wor ks", Work in Progress, Internet-Draft, draft-han-
rt gwg-fine-grai ned- backpressure-00, 20 Cctober 2025,
<https://datatracker.ietf.org/doc/htn/draft-han-rtgwg-
fine-grai ned- backpressure-00>.

[1-D.ruan-spring-priority-flow control-sid]
Ruan, Z., Liu, Y., Han, M, Han, Z., and Y. Liu, "SRv6
behavi or extention for Flow Control in WAN', Work in
Progress, Internet-Draft, draft-ruan-spring-priority-flow
control -sid-03, 27 February 2026,
<https://datatracker.ietf.org/doc/htm/draft-ruan-spring-
priority-flow control-sid-03>.

Aut hors’ Addr esses

Han, et al. Expires 1 Septenber 2026 [ Page 8]



Internet-Draft

Zhengxin Han (editor)

Chi na Uni com

Bei j i ng

Chi na

Emai | : hanzx2l@hi nauni com cn

Ran Pang

Chi na Uni com

Bei jing

Chi na

Emai | : pangran@hi nauni com cn

Yi Yue

Chi na Uni com

Bei jing

Chi na

Emai | : yuey80@hi nauni com cn

Ji e Dong
Huawei Technol ogi es
Email: jie.dong@uawei.com

Zheng Ruan
Chi na Uni com
Emai | : ruanz6@hi nauni com cn

Quan Xi ong
ZTE Corporation
Enmai | : xiong. quan@te.comcn

Han, et al. Expires 1 Septenber 2026

Req of PFC and fine-grained flow control

February 2026

[ Page 9]



