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Abstract

The Path Conputati on El enment Comuni cati on Protocol (PCEP) provides
nmechani sms for Path Conputation Elenents (PCEs) to perform path
conputations in response to Path Conputation Cients (PCCs) requests.
It is helpful for PCEs to cal cul ate nore reasonable path if PCCs can
provide information of traffic prediction. This nmeno specifies
extensions to PCEP that allow PCE to request prediction-rel ated

i nformati on.

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 (I ETF). Note that other groups may also distribute
wor ki ng docunents 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 mnum 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 July 7, 2018.
Copyright Notice

Copyright (c) 2018 I ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

This docunent is subject to BCP 78 and the I ETF Trust’s Legal
Provisions Relating to | ETF Docunents
(https://trustee.ietf.org/license-info) in effect on the date of
publication of this docunent. Please review these docunents
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as they describe your rights and restrictions with respect
Code Conponents extracted fromthis docunent nust

include Sinplified BSD License text as described in Section 4.e of
the Trust Legal Provisions and are provided w thout warranty as
described in the Sinplified BSD License.
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1. I nt roducti on

[ RFC5440] provides the Path Conputation El ement Communi cation
Protocol (PCEP). PCEP defines the conmuni cati on between a Path
Conputation Cient (PCC) and a Path Control Elenent (PCE), or between
PCE and PCE, enabling conputation of Miltiprotocol Label Sw tching
(MPLS) for Traffic Engineering Label Swi tched Path (TE LSP)
characteristics.

For cal cul ating proper path according to the tendency of traffic
distribution in specific network area, this neno introduce a

mechani smto nmake PCE able to get predicted information from PCC for
speci fic path conputation request.

2. Requirenents Language

The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in [RFC2119].

3. Term nol ogy

This nmeno uses the following terns defined in [ RFC5440]: PCC, PCE,
PCEP Speaker.

4. Mbti vati on

Al ong the network scal e expansion and increnental diversity of
networ k equi pnents, the network conplexity increases exponentially,
then the path conmputation in network becones harder. Consi dering
both traffic distribution at present and its trend in future in tine
di mensi on, PCE coul d make better decision to reduce network
congestion, and optim ze network performance. There are many

ef fective nethods which can conplete traffic prediction accurately,
however, the key point is where the past data set for prediction to
be saved. In sone scenarios, as a requester, PCC holds nuch nore
informati on than the responser PCE which can be used to do
prediction, and not limted within single informations such as
occupi ed bandw dth on specific network |inks.

Anot her reason for this neno is the tradeoff between PCCs and PCEs on
storage resource and conputing resource. |f vendor choose
conput ati onal resource intensive nmethods to predict, such as machine
| earni ng, there should be much nore conputing resource request.
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5. Overvi ew of Protocol Extensions
5.1. Capability Adverti senent

During PCEP Initialization Phase, PCEP Speakers (PCC or PCE)
advertise their support of extensions for traffic prediction. A PCEP
Speaker includes the "Traffic Prediction Capability" TLV, descri bed
in Section 7.1.1, in the OPEN (bject to advertise its support for
traffic prediction extensions. The Traffic Prediction Capability TLV
i ncludes the 'Prediction Capability’ Flag that indicates whether the
PCEP Speaker supports prediction operations, and other Flags

i ndi cates further capabilities.

The PCEP extensions for traffic prediction MUST NOT be used if one or
bot h PCEP Speakers have not included the Traffic Prediction
Capability TLV in their respective OPEN nessage. |f the PCEP Speaker
on the PCC supports the extensions of this neno but does not set this
flag as 1, then if the PCC receive TPReq nessage fromthe PCE, it
MUST generate a PCErr with error-type ..., error-value... and it
SHOULD term nate the PCEP session

this bl ock should describe the error condition!!!
5.2. New Messages
This meno define the followi ng new PCEP nessages:

Traffic Prediction Request Message for Path Conputation (TPReq): A
PCEP nessage sent by a PCE to a PCC to request prediction for subset
of whol e network which contains specific network el enents and networ k
links. Each TPReq nessage MJUST contain the predicted tinme sequence
and expired time, MAY contain the sub-network description to be

predi cted and requirenment for prediction accuracy, A PCE MAY send
traffic prediction request nessage to a PCC at any tinme as long as it
consideres this operation necessary. The details of TPReq nessage is
described in Section 6. 1.

Traffic Prediction Reply Message for Path Conputation (TPRep): A PCEP
nmessage sent by a PCCto a PCE to reply specific TPReq nessage, which
contains prediction results for specific sub-network. Each TPRep
message MUST contain predicted sub-network description, and rel ated
prediction informati on sequence. A PCC sends traffic prediction
reply message if and only if it received related TPReq nessage. The
details of TPRep nmessage is described in Section 6. 2.

Precdiction Attribute Update Message for Path Conputation (PAUpd): A

PCEP nessage sent by a PCCto a PCE to indicate the scope changes of
prediction attributes. Each PAUpd MAY contai n sub-network
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description, prediction tinme scope, and prediction accuracy scope. A
PCC MJST send prediction attribute update nessage to a PCE i medi atly
after OPEN nmessage defined in [ RFC5440], or sone attributes has been
changed. The details of PAUpd nmessage is described in Section 6.3.

5. 3. Nor mal Conmmuni cati on Procedure
5.3.1. Initialization Phase

In initialization phase of a PCEP session, the Traffic Prediction
Capability TLV in OPEN nessage sent by PCC indicates the capability
about traffic prediction that PCC can do, while the TLV sent by PCE

i ndi cates the requests about traffic prediction that PCE MAY nake.

If any flag in Traffic Prediction Capability TLV was set to 1 by both
sides, then they reached an agreenent about the function adverti sed
by this flag. However, if P flag was not set to 1 by both sides,
then all other flags SHOULD NOT be parsed; and if not, PCC MJST send
a PAUpd nessage to PCE to initialize the scope of variable prediction
attributes with TPS-ID (see Section 7.3.2) set to 1. After received
the first PAUpd nmessage from PCC, PCE MJST send a TPReq nessage to
confirmit with TPS-ID set to 1, too. The Initialization Phase is
shown in Figure 1.

+-+-+ +-+-+
| PCCl | PCE|
+- +- + +- +- +
I I
I Open nsg I
(Exchange Traffi c| \ Open nsg |
Predi ction | | |
Capabi i ty) | \/ |
I a I
| | eemeee-- >|
| / |
o |
| PAUpd nsg |
(Initialize | = - s >|
Scop of | |
Attributes) | TPReq nsg |
| <o |
|

Figure 1: Initialization Phase
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5. 3.

2. Traffic Prediction Request Sent by a PCE to a PCC

Once a PCE has sucessfully established a PCEP session with one or
nore PCEs, if a traffic prediction event is triggered that requires
the traffic prediction results of a subset of network, the PCE first
sel ects one or nore PCCs which have advertised they can predict
traffic for the subset.

Once the PCE has selected a PCC, it sends a TPReq nessage to the PCE
For exanple, "Predict the traffic in 5 mnutes with link=link id...".
Each request is uniquely identified by a tp-id (See Section 7.3.1)
nunber and PCC- PCE address pair. The process is shown in Figure 2.

Detai |l s about the TPReq nessage can be found in Section 6.1.

+- +- + +- +- +
| P | PCE
+-+- + +-+- +
| | 1)Traffic Prediction Event
| | 2)PCC Sel ection
| | 3)Traffic Prediction Request
| <--- TPReq nessage----| Sent to the Sel ected PCC
| |
| |

Figure 2: Traffic Prediction Request
.3. Traffic Prediction Reply Sent by a PCC to a PCE

After receiving a traffic prediction request forma PCE, the PCC
triggers a prediction conputation, If the PCC manages to predict
traffic in time that satisfies the set of required constraints, the
PCC returns the result to the requesting PCE. The process is shown
in Figure 3.

Yan, et al. Expires July 7, 2018 [ Page 6]



I nternet-Draft PCEP Extension for Traffic Prediction January 2018

+-+- + +-+- +
| P | PCE|
+ +-+- +

I

|

I

I

I

I

I

|

I

|

- +-+ -

+
I
|
|
| <--- TPReqg nessage----
1) Traffic Prediction |
Request Recei ved |
2) Predict Succefully |
3) Predicted Result |
Sent to the PCE |
|

---- TPRep nessage--->
Figure 3. Traffic Prediction Reply (Success)

However, if the PCC can not predict traffic in tinme, it SHOULD
provide the reason let to failure by sending a TPRep nessage w th No-
Predi ction object (See Section 7.2). Upon receiving a reply l|ike
this, a PCE MAY decide to resend a nodified request or take any other
appropriate action.

+-+-+ +-+-+
| P | PCE|
+ +- +- +

I

I

I

|

I

I

I

I

I

|

-4+ -

1) Traffic Prediction
Request Recei ved

2) Predict Unsuccefully

3) Cause of Failure

+
I
I
I
| <--- TPReq nessage----
|
I
|
Sent to the PCE |
I

---- TPRep nessage--->
Figure 4. Traffic Prediction Reply (Failure)
Det ai |l s about the TPRep nessage can be found in Section 6. 2.
5.4. Error Reporting

6. PCEP Messages
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6.1. The TPReq Message

<TPReq Message> ::= <Common Header >
<PCE- pr edi cti on-request >
Wer e:
<PCE- predi ction-request> ::= <prediction-tracker>

[ <predi ction-area>]
<pr edi cti on-requirenment >

6.2. The TPRep Message

<TPRep Message> ::= <Conmmon Header >
<PCC- prediction-reply>
VWher e:
<PCC-prediction-reply> ::= <prediction-tracker>
([<prediction-info-list>] | no-prediction)
<prediction-info-list> ::= <prediction-info>

[ <prediction-info-list>]
6.3. The PAUpd Message

<PAUpd Message> ::= <Common Header >
<prediction-tracker>

6.4. The PCErr Message

~

bj ect Formats
7.1. OPEN bj ect
7.1.1. Traffic Prediction Capability TLV

0 1 2 3

012345678901 23456789012345678901
I ik aie: ST S S I I i o ST I S S S I il st e S
| Type=[ TBD| | Lengt h=4 |
B B S T R S BB S A S S N S S S S
| Fl ags | Al S| P
T S S S S T S R R S S

Figure 5. The Traffic Prediction Capability TLV format
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The type (16 bits) of the TLV is to be assigned by 1ANA.  The length
field is 16 bit-l1ong and has a fixed val ue of 4.

The val ue conprises several field - Flags (32 bits)

A (PREDI CTlI ON- ACCURACY- CAPABI LITY - 1 bit): if set to 1 by a PCC, the
A Flag indicates that the PCC can neasure the accuracy of prediction
results; if set to 1 by a PCE, the A Flag indicates that the PCE is
capabl e of requesting prediction results satisfying the | owest
accuracy.

S (PREDI CTI ON- TI ME- SEQUENCE- CAPABI LITY - 1 bit): if set to 1 by a
PCC, the S Flag indicates that the PCC can provi de a sequence of
prediction in tinme dinmension; if set to 1 by a PCE, the S Fl ag
indicates that the PCE is capable of requesting a sequence prediction
results.

P (PREDI CTI ON- CAPABI LITY - 1 bit): if set to 1 by a PCC, the P Fl ag
indicates that the PCC can provide traffic prediction ability to PCE;
if set to 1 by a PCE, the P Flag indicates that the PCE is capabl e of
requesting traffic prediction. The PREDI CTI ON CAPABI LI TY Fl ag nust
be advertised by both a PCC and a PCE to all ow TPReq, TPRep, and
PAUpd nessages on a PCEP session. |If P Flag is set to O, other Flags
in this TLV don’t nake sense.

7.2. No Prediction Qbject
7.3. Prediction Tracker Qbject
7.3.1. Traffic Prediction Identifier TLV

0 1 2 3
01234567890123456789012345678901
I ik aie: ST S S I I i o ST I S S S I il st e S
| Type=[ TBD| | Lengt h=4 |
T T T S T S A T s
| TP-1D |
A P S S U I S S S S T S S SN T S S s

7.3.2. Traffic Prediction State TLV

0 1 2 3
01234567890123456789012345678901
T T 1 T TS T T S S EN H H S E RR RS
| Type=[ TBD] | Lengt h=4 |
B T I i T ST S T T o S e S T
| TPS-1 D |
S S S S S e Y N N S S S
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7.3.3. Prediction Attribute TLV
7.4. Prediction Requirenment Qbject
7.4.1. Prediction Sequence TLV

0 1 2 3
01234567890123456789012345678901
B I S I T i ai S i i S S
| Type=[ TBD| | Lengt h=8N |
i S S i T S i it S D ik SR IS SRS S S
Dat eti me

T T 1 T TS T T S SN S H H H A
Dat eti ne

—_—

|

|

+-

|

|

T S S i T S it S S S S ik SR S SR S S
| |

M I
T i S S T T s T S S i T SIS SRR S S
| Dat et i ne |

| |

+

e s i T S S e i R S S e

7.4.2. Prediction Expired Tinme TLV

0 1 2 3

01234567890123456789012345678901
S e i i e e e e o S o SR SR B
| Type=[ TBD| | Lengt h=4 |
i S e S s S S S ik o
| Dat et i ne |
| |

T T T S T T o S S S e e s S S S S S T =

7.5. Prediction Information Qbject

7.5.1. Li nk Prediction TLV

Yan, et al. Expires July 7, 2018 [ Page 10]
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0 1 2 3
01234567890123456789012345678901
B I S I T i ai S i i S S
| Type=[ TBD| | Lengt h=16 |
i S S i T S i it S D ik SR IS SRS S S
LS-1D

| |
| |
B T e e e S e i s ST o s s sl it S S S
| Dat eti ne |
I I
R i T e T e e i T I o S e e R el ot o R e e e ol I NI e o
| Predi ct ed Speed (kb/s) |
| |
+- +

T i S S e s I S i S i S e
7.6. Prediction Area (bject

0 1 2 3

01234567890123456789012345678901
s T S s e o S S T s i S S S S S S T o
bj ect-Cl ass | Or | Res|P|I| bj ect Length (bytes) |
B S T T o S S o T i S U SR S i ol S N o
Fl ag |
e S S S S e s i i w S R

I
/ Li nk TLvs [/

+
L
L
I
!I-- T i S S I e T o e S S e S e Tk i DI S S S S S

Figure 6: Prediction Area Object Format
7.6.1. Link TLV

0 1 2 3

01234567890123456789012345678901
T T S S S I e U S S S S ST sl S S S S S
| Type=[ TBD| | Lengt h=4 |
S S g A T S S S A T S S S T g
| LS-ID |
I I

R e i T e S S e i i S SR SR N SR S

Figure 7: Link TLV For mat
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