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Abst r act

Thi s docunent describes the use of Segnment Routing over |Pv6 (SRv6)
pat h sel ection based on Queue Pair (QP) in Intelligent Conputing Wde
Area Network (WAN) for Data Center Interconnection (DCl), optimzing
| oad bal ancing for predictabl e workl oads.

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 docunents of the Internet Engineering
Task Force (I ETF). 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 docunents 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 17 Cctober 2026.
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Provisions Relating to | ETF Docunents (https://trustee.ietf.org/
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1. I nt roduction

The proliferation of RDVA technology in Intelligent Conputing Data
Center (DC) fabrics has revol utionized hi gh-performance conputing,
distributed storage, and nachi ne | earning workl oads.

These wor kl oads generate | arge, predictable flows that demand ultra-
| ow | atency, high bandwi dth, and precise congestion control to ensure
opti mal performance. Traditional networking nethods, |ike hash-based
Equal - Cost Multi-Path (ECWP) | oad bal ancing, struggle with
insufficient entropy due to the low diversity of RDVA (specifically
RDVA over Converged Ethernet v2, abbreviated as RoCEv2) [ BTA- SPEC]
flowidentifiers. This often results in fabric hotspots, network
congestion, and perfornmance degradati on.

The transm ssion process of RoCEv2 messages in intelligent conputing
Wde Area Network (WAN) used for Data Center Interconnection (DCl) is
the sane as inside the DC, and it will also generate el ephant
streans, which |leads to fabric hotspots, network congestion, and
performance degradati on.

Segnment Routing over |Pv6 (SRv6) [ RFC8986] provides flexible traffic
engi neering by supporting policy-based programmuability and explicit
path steering. SRv6 policy enables deterninistic path steering and
fine-grained traffic control for RoCEv2 flows, ensuring predictable
per f or mance.
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Thi s docunent details SRv6 path sel ection based on Queue Pair (QP) to
optinize | oad bal ancing for predictable RoCEv2 flows in intelligent
computi ng WAN by ensuring all packets within a QP follow the sane
pat h.

Ter mi nol ogy
The following terns are used in this docunent:

* QP (Queue Pair): A comunication endpoint in RDVA architecture,
identified by a 24-bit or 32-bit val ue.

* BTH (Base Transport Header): The RDMA transport header containing
QP informati on.

* SRv6 Policy: An ordered |ist of segments (SIDs) representing a
pat h through the SRv6 networKk.

* SL (Segrment List): An ordered list of SIDs in an Segnent Routing
Header (SRH) [ RFC8754].

* ECMP (Equal -Cost Multi-Path): A routing technique for |oad-
bal ancing traffic across nultiple best-path routes.

Requi renment s Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in BCP
14 [ RFC2119] [RFCB174] when, and only when, they appear in al
capital s, as shown here

Pr obl em St at enment

Traditional ECMP | oad bal anci ng faces several challenges with RoCEv2
fl ow

* Insufficient Entropy: The relatively static 5-tuple of RoCEv2
flows provides limted entropy, which | eads to poor |oad bal anci ng
of el ephant fl ows.

* Persistent Hotspots: Wen multiple elephant flows hash to the sane

path, they create persistent hotspots that cannot be resol ved
wi t hout manual intervention or flow term nation.
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4.

* Poor Failure Convergence: VWen a link fails, all flows previously
using that link are rehashed to remaining paths. This sudden
i nflux of elephant flows can overwhel mthe remaining |inks,
causi ng secondary congestion

* Lack of Application Awareness: ECMP operates purely on packet
header fields w thout understanding the application-Ieve
semantics of QPs.

QP-based SRv6 Path Sel ection

By encoding an ordered list of segments in the packet header, SRv6
(Policy) allows the ingress device to directly steer RoCEv2 workl oad
traffic through the fabric.

Fl owSpec, as a traffic scheduling tool, can guide RoCEv2 flows to
different SRv6 policies based on their characteristics (such as Dest
@), and forward them along different paths. QP-based Fl owSpec

prot ocol extensions are beyond the scope of this docunent.

QP-to- SRv6 Policy Mapping:

* Upon ingress, the RoCEv2 packet is parsed to extract the
destination QP identifier fromits Base Transport Header (BTH)

* \When nultiple SRv6 policies exist, the destination QP is mapped to
a corresponding SRv6 Policy via a pre-configured mapping table.
The mapping table can rely on |ocal configuration or the flowspec
nmechani sm

Enhanced Hash-Based Segnent List (SL) Scheduli ng:

* For the selected SRv6 Policy (which may contain nmultiple SLs), an
enhanced hash al gorithm using the QP as a key input,
determnistically selects one specific SL for use.

* The chosen SRv6 SL is applied to the RoCEv2 packet, which is then
forwarded accordingly.

Depl oyment Il lustration

A typical WAN topology for DCl is shown in the figure bel ow
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Figure 1. Reference Topol ogy

there are 2 DCs,

established to transmt RoCEv2 workl oads.

In the above topol ogy,

fromDCl to DC2.

all paths is bel ow

*  *Pat hl*:

*  *Pat h2*:

*  *Pat h3*:

*  *Pat h4*:
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5.1. SRv6 Policy Provisioning

During the Day-0 cluster fabric bring-up, the topology is provisioned
with SRv6 SIDs on the PE and P devices. These SIDs are statically
configured, nmaking themindependent of any dynami c routing protoco

st ate.

The PE1 could create two SRv6 Policies with PE2 as the endpoint.
Each SRv6 Policy contain two SLs. The followi ng is provisioned:

* SRv6 Policy 1 (lowlatency):
- *SL1*: PEl -> P1 -> PE2
- *SL2*: PEl -> P2 -> PE2
* SRv6 Policy 2 (high-bandwi dth):
- *SL1*: PEl -> P3 -> PE2
- *SL2*: PEl -> P4 -> PE2
5.2. QP-based SRv6 Path Orchestration
The fabric is now orchestrating four Al workloads. During this
orchestration, the collective communi cati on anong DCs necessitates

periodic data transm ssion fromDCL to DC2.

Bet ween DCl to DC2, each Al workload is divided into a separate QP
and QPs are QP1, QP2, QP3, and QP4.

During Al job computation, firstly, RoCEv2 packets are redirected to
different SRv6 policies based on QP to achi eve coarse-grained traffic
classification and isolation; secondly, within a single policy, QP is
used as a hash key for SL selection, distributing nultiple QP flows
evenly across nultiple candidate paths (SLs) contained in that policy
to achi eve fine-grained | oad bal anci ng.

5.2.1. (QP-based SRv6 Policy Mapping

Assunme that the Al training task traffic carried by each QP has
different requirenents for link quality. The traffic of Q21 and QP2
requires a lowlatency path (Policy 1), while the traffic of QP3 and
QP4 requires a high-bandwi dth path (Policy 2). On PE1l, the QP-to-
SRv6 Policy Mapping Table is created as shown bel ow
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| QP Range | SRv6 Policy Nane |
e el s ety
| QP1, QP2 | Policy 1 |
I I i T ) +
| QP3, QP4 | Policy 2 |
R I I I +

5.

2.

Table 1: Mapping Tabl e

2026

* During Al job conputation, for each Al job, DCl creates a RoCEv2

packet destined for DC2.

* Based on the destination QP contained in each ROCEv2 packet, each
RoCEv2 packet received by PE1 is mapped to its correspondi ng SRv6

Policy according to the table 1.
2. QP-based SL Ochestration

In selected SRv6 Policy for each RoCEv2 packet, QP-based hash

algorithmis used to select one specific SL for fowarding the RoCEv2

packet, as shown bel ow.

* @1 Packet: SRv6 Policy 1 -> SL1 (PEl->P1->PE2)

* QP2 Packet: SRv6 Policy 1 -> SL2 (PEl->P2->PE2)

* @QP3 Packet: SRv6 Policy 2 -> SL1 (PEl->P3->PE2)

* QP4 Packet: SRv6 Policy 2 -> SL2 (PE1l->P4->PE2)

PE1 will encapsul ate each RoCEv2 packet with an outer |Pv6 header

SRH using the selected SL, and then forward it to the appropriate
I'ink.

and

The PE1->P1 |link carries the traffic of QP1, the PE1L->P2 link carries
the traffic of QP2, the PE1->P3 link carries the traffic of QP3, and

the PEL->P4 link carries the traffic of QP4.

Qper ational Considerations

In ingress device, the control plane must support QP range to SRv6

Pol i cy mappi ng by protocol extension or |ocal configuration. For

non- ROCEv2 traffic, the system MJUST revert to the standard five-tuple

hash for SL sel ection.
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9.

The ingress devices require deep packet inspection capability to
parse BTH headers, programmabl e hash engi nes with configurabl e input
fields, sufficient TCAM SRAM for QP cl assification mapping tables,
and support for multiple active SRv6 policies with nultiple SLs.

When network congestion or failure occurs, operators can flexibly
configure QP range to SRv6 Policy mapping strategies on the ingress
device to guide RoCEv2 flows to the appropriate path.

Security Considerations

Mal i ci ous actors coul d spoof QP val ues to bypass nmappi ng poli cies,
cause hash col l'i sions, or exhaust specific network paths.
Mtigations may include cryptographic validation of RoCEv2 packets,
and QP whitelisting/blacklisting.

QP values may reveal application-level information, so QP val ues
SHOULD be anonymi zed or encrypt ed.

The additional packet processing (such as parsing BTH headers) could
be exploited for Denial of Service (DoS) attacks; therefore,

i mpl ement ati ons MJST support graceful degradation nechanisns (such as
rate limting) under attack.

I ANA Consi derations
Thi s docunment has no | ANA acti ons.
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