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Abst ract

The Pat h Conput ati on El enent Communi cati on Protocol (PCEP) provides
mechani sns for Path Conputation Elenments (PCEs) to perform path
conputations in response to Path Conputation Cients (PCCs) requests.

The Link bandwi dth utilization (the total bandwidth of a link in
current use for the forwarding) is an inportant factor to consider
during path conputation. [OSPF-TE-EXPRESS] and [I| SI S- TE- EXPRESS]

defi ne mechani snms that distribute this information via OSPF and | SIS
respectively. This docunent describes extensions to PCEP to use them
as new constraints during path conputation.

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 documents as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft documents valid for a maxi num of six nonths
and nmay be updated, replaced, or obsoleted 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 Decenber 26, 2014.

Copyright Notice

Copyright (c) 2014 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

Wi, et al. Expi res Decenber 26, 2014 [ Page 1]



Internet-Draft

Thi s docunent

TE Link BWUWilization

Provisions Relating to | ETF Documents

(http://trustee.ietf.org/license-info)
publication of this docunent.

Pl ease revi ew t hese docunents

June 2014

is subject to BCP 78 and the | ETF Trust’s Lega

in effect on the date of

careful ly,
to this docunent.

as they describe your rights and restrictions with respect
Code Conponents extracted fromthis docunent nust

include Sinplified BSD Li cense text as described in Section 4.e of

the Trust Legal

Provi sions and are provided wi thout warranty as

described in the Sinplified BSD License.

Tabl e of Contents

\Ma

1. Introduction . 3
.1. Requirenents Language . 3

2. Termnology . . 3
3. Link Bandw dth Utrlrzatron (LBU) . . 4
4. Link Reserved Bandwidth Uilization (LRBU) 4
5. PCEP Requirenments . . 5
6. PCEP Extensions . 5
.1.  BU bj ect . 5
6.1.1. Elenents of Procedure . 6

.2. New bj ective Functions . 7
.3. PCEP Message Extension 8

6. 3. 1 The PCReq nessage . 8

6. 3. The PCRep nessage . 9

7. CIhe Cbn5|derat|ons . 10
.1. Reoptimzation Cbnsrderatron 10
.2. Inter-domain Consideration 10
7.2.1. Inter-AS Link . 10

.3.  P2MP Consi deration 10
.4. Stateful PCE . . 10
7.4.1. PCEP Message Exten5|on 11
7.4.1.1. The PCRpt nessage . 11

8. | ANA Consi derations . 11
.1. New PCEP nject 11

2 BU bj ect . 12

.3. bjective Functrons . 12

9. Security Considerations . . 12
10. Manageability Considerations . 12
10.1. Control of Function and PoIrcy . 12
10.2. Information and Data Mdels 12
10.3. Liveness Detection and Monitoring 13
10.4. Verify Correct Operations 13
10.5. Requirements On O her Protocols 13
10.6. I npact On Network Cperatrons . 13
11. Acknow edgnents . . 13
12. References . . 13
12.1. Nornmative References . 13
et al. Expi res Decenber 26, 2014 [ Page 2]



Internet-Draft TE Link BWUWilization June 2014

1.1

\Ma

12.2. Informative References . . . . . . . . . . . . . . . . . 13
Appendi x A.  Contributor Addresses . . . . . . . . . . . . . . . 15

I ntroduction

The link bandwidth utilization based on real tine traffic along the
path is becom ng critical during path conmputation in some networKks.
Thus it is inmportant that the Iink bandwidth utilization is factored
in during path conputation. A PCC can request a PCE to provide a
path such that it selects under-utilized links. This docunent

ext ends PCEP [ RFC5440] for this purpose.

The Traffic Engi neering Database (TED) as popul ated by the Interior
Gat eway Protocol (1GP) contains the Maxi mum bandwi dth, the Maxi mum
reservabl e bandwi dt h and the Unreserved bandw dth ([ RFC3630] and
[ RFC3784]). [OSPF-TE- EXPRESS] and [| SI S- TE- EXPRESS] further popul ate
the Residual bandw dth, the Avail able bandwi dth and the Uilized
bandwi dt h.
The links in the path MAY be nonitored for changes in the link
bandwi dth utilization, re-optimzation of such path MAY be further
r equest ed.
[ OSPF- TE- EXPRESS] and [I| SI S- TE- EXPRESS] al so i nclude paraneters
related to link latency, |atency variation and packet | oss.
[ PCE- SERVI CE- AWARE] descri bes extensions to PCEP to consider them
Requi renents Language
The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in [RFC2119].
Ter m nol ogy
The following term nology is used in this docunent.
IGP: Interior Gateway Protocol. Either of the two routing
protocol s, Open Shortest Path First (OSPF) or Internediate System
to Internediate System (1S-19S).
LBU. Link Bandwidth Utilization. (See Section 3.)
LRBU: Link Reserved Bandwi dth Utilization. (See Section 4.)
MRUP:  Maxi mum Reserved Under-Utilized Path. (See Section 6.2.)

MUP:  Maxi mum Under-Utilized Path. (See Section 6.2.)
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OF:  (bjective Function. A set of one or nore optimization criteria
used for the conputation of a single path (e.g., path cost
m nimzation) or for the synchroni zed conputation of a set of
paths (e.g., aggregate bandw dth consunption nminimzation, etc).
(See [ RFC5541].)

PCC. Path Conputation Cient: any client application requesting a
pat h conputation to be performed by a Path Conputation El ement.

PCE: Path Conputation Elenent. An entity (conponent, application,
or the network node) that is capable of conputing a network path
or the route based on a network graph and appl yi ng conput ati onal
constrai nts.

PCEP: Path Computation El ement Conmuni cation Protocol.
RSVP: Resource Reservation Protocol
TE LSP: Traffic Engineering Label Swi tched Pat h.

Li nk Bandwi dth Utilization (LBU)

The bandwi dth utilization on a link, forwardi ng adjacency, or bundl ed
link is populated in the TED (Utilized Bandwi dth in [ OSPF- TE- EXPRESS]
and [I SIS -TE-EXPRESS]). For a link or forwarding adjacency, the
bandwi dth utilization represents the actual utilization of the link
(i.e., as neasured in the router). For a bundled link, the bandw dth
utilization is defined to be the sumof the conponent |ink bandw dth
utilization. This includes traffic for both RSVP and non- RSVP.

LBU Percentage is described as the (LBU / Maxi mum bandwi dth) * 100.
Li nk Reserved Bandwi dth Utilization (LRBU)

The reserved bandwidth utilization on a |link, forwarding adjacency,
or bundled link can be calculated fromthe TED. This includes
traffic for only RSVP-TE LSPs.

LRBU can be cal cul ated by using the Residual bandw dth, the Available
bandwi dth and LBU. The actual bandwi dth by non-RSVP TE traffic can
be cal cul ated by subtracting the Avail able Bandwi dth fromthe

Resi dual Bandwi dth. Once we have the actual bandw dth for non- RSVP
TE traffic, subtracting this fromLBU would result in LRBU.

LRBU Percentage is described as the (LRBU / (Maxi mumreservabl e
bandwi dth)) * 100.
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PCEP Requirenents

The follow ng requirenents associated with the bandwi dth utilization
are identified for PCEP:

1. The PCE supporting this docunent MJST have the capability to
compute end-to-end path with the bandwi dth utilization
constraints. It MJST al so support the combination of the
bandwi dth utilization constraint with the existing constraints
(cost, hop-limt...).

2. The PCC MUST be able to request for the bandwidth utilization

constraint in PCReq nessage as the upper lint that should not be
crossed for each link in the path.

3. The PCC MJST be able to request for the bandwi dth utilization
constraint in PCReq nessage as an (bjective function (OF)
[ RFC5541] to be optini zed.

4. PCEs are not required to support the bandwidth utilization
constraint. Therefore, it MJST be possible for a PCE to reject a

PCReq nessage with a reason code that indicates no support for
the bandwi dth utilization constraint.

5. PCEP SHOULD provide a nmechanismto handl e the bandw dth
utilization constraint in nmulti-domain (e.g., Inter-AS, Inter-
Area or Milti-Layer) environment.

PCEP Ext ensi ons

This section defines extensions to PCEP [ RFC5440] to neet

requirenents outlined in Section 5. The proposed solution is used to

consi der the bandwi dth utilization during path conputation.

BU Obj ect

The BU (the Bandwi dth Utilization) is used to indicate the upper
limt of the acceptable link bandwi dth utilization percentage.

The BU object nmay be carried within the PCReq nessage and PCRep
nessages.

BU Obj ect-C ass is TBD.
BU Obj ect-Type is 1.

The format of the BU object body is as follows:
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0 1 2 3
01234567890123456789012345678901
B i S S T s i S T st i S S S S S S S S i
[ Reserved [ Type [
i i i it S S S e it St M SN S S S i
[ Bandwi dth Utilization [
I I S T i i S i i i S O e ik Sk N e

BU Obj ect Body For mat

Reserved (24 bits): This field MIST be set to zero on transmi ssion
and MJST be ignored on receipt.

Type (8 bits): Represents the bandwidth utilization type. Link
Bandwi dth Utilization (LBU) Type is 1 and Link Reserved Bandwi dth
Utilization (LRBU) Type is 2

Bandwi dth utilization (32 bits): Represents the bandw dth
utilization quantified as a percentage (as described in Section 3
and Section 4). The basic unit is 0.000000023% w th the maxi mum
val ue 4,294,967, 295 representing 98. 784247785% ( 4, 294, 967, 295 *

0. 000000023% . This value is the maxi nrum Bandwi dth utilization
percentage that can be expressed.

The BU object body has a fixed length of 8 bytes.
1. Elenments of Procedure

A PCC SHOULD request the PCE to factor in the bandwi dth utilization
during path conputation by including a BU object in the PCReq
nessage

Mul tiple BU objects MAY be inserted in a PCReq or a PCRep nessage for
a given request but there MJST be at npst one instance of the BU
object for each type. |If, for a given request, two or nore instances
of a BU object with the sanme type are present, only the first

i nstance MJUST be consi dered and ot her instances MJST be ignored.

BU obj ect MAY be carried in a PCRep nessage in case of unsuccessfu
pat h conputation along with a NO PATH object to indicate the
constraints that could not be satisfied.

If the P bit is clear in the object header and PCE does not

under stand or does not support the bandwidth utilization during path
conputation it SHOULD sinply ignore BU object.
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If the PBit is set in the object header and PCE recei ves BU object
in path request and it understands the BU object, but the PCE is not
capabl e of the bandwi dth utilization check during path conputation,
the PCE MUST send a PCErr nessage with a PCEP- ERROR (bj ect Error-Type
= 4 (Not supported object) [ RFC5440]. The path conputation request
MUST t hen be cancel | ed.

If the PCE does not understand the BU object, then the PCE MUST send
a PCErr nmessage with a PCEP- ERROR hject Error-Type = 3 (Unknown

obj ect) [ RFC5440].

New Obj ective Functions

Thi s docunent defines two additional objective functions -- nanely,
MJP (the Maxi mum Under-Utilized Path) and MRUP (the Maxi mum Reserved
Under-UWUilized Path). Hence two new objective function codes have to
be defi ned.

oj ective functions are fornul ated using the follow ng term nol ogy:
0 A network comprises a set of Nlinks {Li, (i=1...N}.

o0 Apath Pis alist of Klinks {Lpi,(i=1...K}.

0 The Bandwidth Utilization on link L is denoted u(L).

0 The Reserved Bandwidth Utilization on link L is denoted ru(lL).

0 The Maxi mum bandwidth on Iink L is denoted ML).

0 The Maxi mum Reserved bandwidth on link L is denoted R(L).

The description of the two new objective functions is as foll ows.

bj ective Function Code: TBD

Nanme: Maxi num Under-Utilized Path (MJP)

Description: Find a path P such that (Mn {(MLpi)- u(Lpi)) /
MLpi), i=1...K} ) is maximzed.

bj ective Function Code: TBD

Nanme: Maxi mum Reserved Under-Utilized Path (MRUP)
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Description: Find a path P such that (Mn {(R(Lpi)- ru(Lpi)) /
R(Lpi), i=1...K} ) is maximzed.

These new obj ective functions are used to optim ze paths based on the
bandwi dth utilization as the optim zation criteria.

If the objective function defined in this docunment are unknown/
unsupported, the procedure as defined in [ RFC5541] is foll owed.

6.3. PCEP Message Extension
6.3.1. The PCReq nessage

The new optional BU objects MAY be specified in the PCReq nessage
As per [RFC5541], an OF object specifying a new objective function
MAY al so be specified.

The format of the PCReq nessage (with [RFC5541] as a base) is updated
as foll ows:

<PCReq Message> ::= <Common Header >
[ <svec-list>]
<request-list>

wher e:

<svec-list> ::= <SVEC

[ <OF>]
[<metric-list>]
[ <svec-list>]

<request-list> ::= <request> [<request-Ilist>]

<request> ::= <RP>
<END- PO NTS>
[ <LSPA>]
[ <BANDW DTH>]
[ <bu-1ist>]
[<metric-1list>]
[ <OF>]
[ <RRC>[ <BANDW DTH>] ]
[ <I RO>]
[ <LOAD- BALANCI NG>]

and where:

<bu-Ilist>;:=<BU>[ <bu-1i st >]
<metric-list> ::= <METRIC>[<netric-1|ist>]
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2. The PCRep nessage

The BU objects MAY be specified in the PCRep nessage, in case of an
unsuccessful path conputation, to indicate the bandwidth utilization
as a reason for failure. The OF object MAY be carried within a PCRep
nmessage to indicate the objective function used by the PCE during
pat h conput ati on.

The format of the PCRep nessage (with [RFC5541] as a base) is updated
as foll ows:

<PCRep Message> ::= <Common Header >
[ <svec-1list>]
<response-|list>

wher e:
<svec-list> ::= <SVEC

[ <OF>]

[<metric-list>]

[ <svec-list>]
<response-list> ::= <response> [ <response-|list>]
<response> ::= <RP>

[ <NO- PATH>]

[<attribute-list>]

[ <pat h-1ist>]
<path-list> ::= <path> [<path-list>]
<path> ::= <ERO>

<attribute-list>
and wher e:
<attribute-list> ::= [<OF>]

[ <LSPA>]

[ <BANDW DTH>]

[ <bu-1list>]
[<nmetric-list>]
[ <I RC>]

<bu-Ilist>;:=<BU>[ <bu-1i st >]
<metric-list> ::= <METRIC> [<netric-I|ist>]
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7. Oher Considerations
7.1. Reoptimzation Consideration

PCC can nonitor the link bandwidth utilization of an LSP by

noni toring changes in the bandwi dth utilization parameters of one or
nmore links on the path in the TED. 1In case of drastic change, it MAY
ask PCE for reoptimzation as per [RFC5440].

7.2. Inter-domain Consideration

[ RFC5441] describes the Backward- Recursive PCE-Based Conputation
(BRPC) procedure to conpute end to end optim zed inter-domain path by
cooperating PCEs. The new BU object defined in this docunent can be
applied to end to end path conputation, in simlar manner as existing
METRI C obj ect.

Al'l donai ns shoul d have the same understandi ng of the BU object for
end-to-end inter-domain path conmputation to make sense

7.2.1. I nter-AS Link

The 1 GP in each nei ghbor domain can advertise its inter-domain TE
link capabilities, this has been described in [ RFC5316] (ISI'S) and

[ RFC5392] (OSPF). The bandwi dth rel ated network performance |ink
properties are described in [ OSPF-TE- EXPRESS] and [ Sl S- TE- EXPRESS]
the sane properties nmust be advertised using the mechani sm descri bed
in [ RFC5392] (OSPF) and [ RFC5316] (ISIS)

7.3. P2MP Consideration
They are currently out of scope of this docunent.
7.4. Stateful PCE

[ STATEFUL- PCE] specifies a set of extensions to PCEP to enabl e
stateful control of MPLS-TE and GWLS LSPs via PCEP and nmai nt ai ni ng
of these LSPs at the stateful PCE. It further distinguishes between
an active and a passive stateful PCE. A passive stateful PCE uses
LSP state information |l earned fromPCCs to optinize path conputations
but does not actively update LSP state. In contrast, an active
stateful PCE utilizes the LSP del egation nmechanismto | et PCCs
relinquish control over some LSPs to the PCE

The passive stateful PCE inplenmentation MAY use the extension of

PCReq and PCRep nessages as defined in Section 6.3.1 and
Section 6.3.2 to enable the use of BU object.
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The additional objective functions defined in this docunent can al so
be used with stateful PCE

7.4.1. PCEP Message Extension

7.4.1.1. The PCRpt nessage
A Path Conputation LSP State Report nessage (also referred to as
PCRpt message) is a PCEP nessage sent by a PCCto a PCE to report the
current state or delegate control of an LSP. The PCRpt nessage is
extended to support BU object. This optional BU object can specify
the upper limt that should not be crossed.

As per [STATEFUL-PCE], the format of the PCRpt nessage is as follows:

<PCRpt Message> ::= <Common Header >
<state-report-list>
wher e:
<state-report-list> ::= <state-report> [<state-report-Ilist>]
<state-report> ::= [ <SRP>]
<LSP>
<pat h>
<path> ::= <ERO><attri bute-Ilist>] <RROC>]

Where <attribute-list> is extended as per Section 6.3.2 for BU
obj ect.

Thus a BU object can be used to specify the upper limt set at the
PCC at the tine of LSP delegation to an active stateful PCE

8. | ANA Consi derati ons

| ANA assigns values to PCEP paraneters in registries defined in
[ RFC5440]. | ANA has made the followi ng additional assignnents.

8.1. New PCEP bj ect

| ANA assignhed a new object class in the registry of PCEP Objects as

fol | ows.
hj ect oj ect Narme Ref er ence
Class Type
TBD 1 BU [This I.D.]
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8.2. BU bj ect

| ANA created a registry to manage the codespace of the Type field of
the METRI C Obj ect.

Codespace of the T field (Metric Object)

Type Narme Ref er ence

1 LBU (Li nk Bandw dt h [This I.D.]
Utilization

2 LRBU (Li nk Resi dual [This I.D.]

Bandwi dth Utili zation
8.3. (bjective Functions
Two new Obj ective Functions have been defined. |ANA has nmade the

followi ng allocations fromthe PCEP "(bjective Function" sub-
registry:

Code Narne Ref er ence

Poi nt

TBA Maxi mum Under-Utilized [This I.D.]
Pat h ( MJP)

TBA Maxi mum Reser ved [This 1.D.]

Under-Uilized Path ( MRUP)
9. Security Considerations

Thi s docunent defines a new BU object and OF codes which do not add
any new security concerns beyond those discussed in [ RFC5440].

10. Manageability Considerations

10.1. Control of Function and Policy
The only configurable itemis the support of the new constraints on a
PCE whi ch MAY be controlled by a policy nodule. [If the new
constraints are not supported/allowed on a PCE, it MJUST send a PCErr
message as specified in Section 6.1.1.

10.2. Information and Data Mdels

[ PCEP-M B] describes the PCEP M B, there are no new M B (bjects for
thi s docunent.
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3. Liveness Detection and Mnitoring

Mechani sns defined in this docunent do not inply any new |iveness
detection and nonitoring requirenents in addition to those already
listed in [ RFC5440].

4. Verify Correct Operations

Mechani sns defined in this docunent do not inply any new operation
verification requirenents in addition to those already listed in

[ RFC5440] .

5. Requirenments On Ot her Protocols

PCE requires the TED to be populated with the bandwi dth utilization.
This mechanismis described in [ OSPF- TE- EXPRESS] or

[1SI S TE- EXPRESS] .

6. Inpact On Network Operations

Mechani sns defined in this docunent do not have any inpact on network
operations in addition to those already listed in [ RFC5440].
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