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Thi s specification defines a new nobility option, the Quality-of-
Service (QoS) option, for Proxy Mbile IPv6. This option can be used
by the local nmobility anchor and the nobile access gateway for
negotiating Quality-of-Service paraneters for a nobile node’'s IP
flows. The negotiated QoS paraneters can be used for QS policing
and marking of packets to enforce QoS differentiation on the path
between the local mobility anchor and the mobil e access gateway.
Furt hernmore, nmaking QoS paraneters avail able on the nobil e access
gat eway enabl es mappi ng of these paraneters to QS rules that are
specific to the access technol ogy and all ows those rules to be
enforced on the access network using access-technol ogy-specific
appr oaches.

Status of This Meno
This is an Internet Standards Track docunent.

Thi s docunent is a product of the Internet Engineering Task Force
(IETF). It represents the consensus of the I ETF community. It has
recei ved public review and has been approved for publication by the
Internet Engineering Steering Goup (IESG. Further information on
Internet Standards is available in Section 2 of RFC 5741

I nformation about the current status of this docunent, any errata,

and how to provide feedback on it may be obtained at
http://ww. rfc-editor.org/info/rfc7222
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1. Introduction

Mobi | e operators depl oy Proxy Mobile IPv6 (PMPv6) [RFC5213] to
enabl e networ k-based nobility nanagenent for nobile nodes (M\s).
Users can access | P-based services fromtheir nobile device by using
various radi o access technologies. The currently supported nobile

st andards have adequate support for QS-based service differentiation
for subscriber traffic in cellular radio access networks. QoS
policies are typically controlled by a policy control function,
whereas the policies are enforced by one or nore gateways in the
infrastructure, such as the local mobility anchor (LMA) and the
mobi | e access gateway (MAG, as well as by access network el ements.
Policy control and in-band QoS differentiation for access to the
nmobi | e operator network through alternative non-cellular access
technol ogi es are not supported in the currently specified standards.
Al t hough support for | P session handovers and IP flow nobility across
access technol ogi es already exists in cellular standards [TS23.402],
QoS policy handovers across access technol ogi es has not received nuch
attention so far.

Based on the deploynment trends, Wreless LAN (W.AN) can be consi dered
as the domi nant alternative access technol ogy to conpl ement cellul ar
radi o access. Since the 802.11e extension [|EEE802. 11e-2005]

provi des QoS extensions to WLAN, it is beneficial to apply QS
policies to WLAN access, which enables QS classification of downlink
as well as uplink traffic between a nobile node and its |oca
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mobi l ity anchor. For realizing this capability, this specification
identifies three functional operations:

(a) Maintaining QS classification during a handover between
cellular radio access and WLAN access by nmeans of establishing QS
policies in the handover target access network,

(b) mappi ng of QoS cl asses and associ ated policies between
different access systens, and

(c) establishment of QoS policies for new data sessions/fl ows,
which are initiated while using WLAN access.

Thi s docunent specifies an extension to the PM Pv6 protocol [RFC5213]
to establish QoS policies for a nobile node’s data traffic on the

| ocal mobility anchor and the nobil e access gateway. QoS policies
are conveyed in-band with PM Pv6 signaling using the specified QS
option and are enforced on the local mobility anchor for downlink
traffic and on the nobile access gateway and its access network for
the uplink traffic. The specified option allows association between
I P session classification characteristics, such as a Differentiated
Servi ces Code Point (DSCP) [RFC2474], and the expected QS class for
the I P session. This docunent specifies fundanmental QoS attributes
that apply on a per-nobil e-node, per-nobility-session, or per-flow
basis. The specified attributes are not specific to any access
technol ogy but are conpatible with the Third Generation Partnership
Project (3GPP) and | EEE 802.11 Wrel ess LAN QoS specifications

[ 1 EEE802. 11-2012] .

Addi tional QoS attributes can be specified and used with the QS
option, e.g., to represent nore specific descriptions of |atency
constraints or jitter bounds. The specification of such additiona
QoS attributes as well as the handling of QoS policies between the
nmobi | e access gateway and the access network are out of the scope of
this specification.

Conventi ons and Ter m nol ogy
1. Conventions
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",

"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunment are to be interpreted as described in RFC 2119 [ RFC2119].
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2.2. Terminol ogy

Al the nobility-related terns used in this docunent are to be
interpreted as defined in the Proxy Mbile |Pv6 specifications

[ RFC5213], [RFC5844], and [ RFC7077]. Additionally, this docunent
uses the follow ng abbreviations:

Aggregate Maxi num Bit Rate (AMBR)

AMBR defines the upper linmt on the bit rate that can be provided
by the network for a set of IP flows. |P packets within the flows
exceeding the AMBR | imt may be di scarded by the rate-shaping
function where the AMBR paraneter is enforced. Variants of the
"AMBR' term can be defined by restricting the target set of IP
flows on which the AMBR is applied to a nobile node, nobility
session, or flow direction. For exanple, Per-NMbile-Node
Aggregat e Maxi mrum Downlink Bit Rate, Per-Mobil e-Node Aggregate
Maxi mum Uplink Bit Rate, Per-NMbility-Session Aggregate Maxi num
Downlink Bit Rate, and Per-Mbility-Session Aggregate Maxi mum
Uplink Bit Rate are used in this docunent.

Al

ocation and Retention Priority (AARP)

AARP is used in congestion situations when there are insufficient
resources for neeting all Service Requests. It is used primarily
by the Adm ssion Control function to determ ne whether a

particul ar Service Request nust be rejected due to | ack of
resources or honored by preenpting an existing lowpriority

servi ce.

Differentiated Services Code Point (DSCP)

In the Differentiated Services Architecture [ RFC2474], packets are
classified and marked to receive a particul ar per-hop forwarding
behavi or on nodes along their path based on the marki ng present on
the packet. This marking on |IPv4 and | Pv6 packets that defines a
speci fic per-hop behavior is known as DSCP. Refer to [RFC2474],

[ RFC2475], [RFCA594], and [ RFC2983] for a conplete explanation.

Downlink (DL) Traffic

The nobile node’s | P packets that the nobile access gateway
receives fromthe local nobility anchor are referred to as the
Downlink traffic. The "Downlink" termused in the QoS attribute
definition is always fromthe reference point of the nobile node,
and it inplies traffic heading towards the nobile node.
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Guaranteed Bit Rate (GBR)

GBR denotes the assured bit rate that will be provided by the
network for a set of IP flows. It is assumed that the network
reserves the resources for supporting the GBR paraneter. Variants
of the "GBR' termcan be defined by linting the scope of the
target IP flows on which the GBR is applied to a nobile node,
mobility session, or flow direction. For exanple, Guaranteed
Downlink Bit Rate and Guaranteed Uplink Bit Rate are used in this
docunent .

Mobility Session

The term"mobility session" is defined in [RFC5213]. It refers to
the creation or existence of state associated with the nobile
node’s nobility binding on the local nobility anchor and on the
nmobi | e access gat eway.

QS Servi ce Request

A QoS Service Request is a set of QoS paraneters that are defined
to be enforced on one or nore nobile node’s IP flows. The
paraneters at the mnimuminclude a DSCP marki ng and additionally
may include Guaranteed Bit Rate or Aggregate Maxi mum Bit Rate

The Quality-of-Service option defined in this docunent represents
a QS Service Request.

Service ldentifier

Up

In some nobility architectures, nultiple services within the sane
mobil ity service subscription are offered to a nobile node. Each
of those services provide a specific service (for exanple,
Internet Service and Voice Over |IP Service) and has an identifier
called "Service Identifier". 3GPP APN (Access Point Nanme) is an
exanple of a Service ldentifier. Refer to [RFC5149] for the
definition of the Service lIdentifier and the nobility option used
for carrying the Service ldentifier.

ink (UL) Traffic

The nobile node’s | P packets that the nobile access gateway
forwards to the |ocal nmobility anchor are referred to as the
Uplink traffic. The "Uplink" termused in the QoS attribute
definitions is based on the reference point of the nobile node,
and it inplies traffic originating fromthe nobil e node.
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3.

Overvi ew of QoS Support in Proxy Mbile |Pv6

The Quality-of-Service support in Proxy Mbile |IPv6 specified in this
docunent is based on the Differentiated Services Architecture

([ RFC2474] and [ RFC2475]). The access and the hone network in the
Proxy Mobile | Pv6 domain are assuned to be DiffServ-enabled, with
every network node in the forwarding path for the nobile node’'s IP
traffic being DiffServ-conpliant. The per-hop behavior for providing
differential treatnment based on the DiffServ marking in the packet is
assuned to be supported in the Proxy Mbile | Pv6 donain.

The local nobility anchor in the home network and the nobile access
gateway in the access network define the network boundary between the
access and the hone network. As the tunnel entry and exit points for
the mobile node’s IP traffic, these entities are the | ogical choice
for being chosen as the Q©S enforcenment points. The basic QS
functions such as marking, netering, policing, and rate-shaping on
the mobile node’s IP flows can be enforced at these nodes.

The local mobility anchor and the nobil e access gateway can negotiate
the Quality-of-Service paraneters for a nobile node’s IP fl ows based
on the signaling extensions defined in this docunent. The QS
services that can be enabled for a nobile node are for neeting both
the quantitative performance requirenents (such as Guaranteed Bit
Rate) as well as for realizing relative performance treatnent by way
of class-based differentiation. The subscriber’s policy and the
charging profile (for exanple, [TS22.115]) are key considerations for
the nmobility entities in the QoS service negotiation. The decision
on the type of QoS services that are to be enabled for a nobile node
i s based on the subscriber profile and based on avail abl e net work
resources. The negotiated QoS paraneters are used for providing QS
differentiation on the path between the |ocal mobility anchor and the
mobi | e access gateway. The signaling related to QoS services is
strictly between the nobility entities and does not result in per-
flow state or signaling to any other node in the network.
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Figure 1: QoS Support
Figure 1 illustrates the support of QoS services in a Proxy Mobile

I Pv6 domain. The local nmobility anchor and the nobil e access gat eway
have negoti ated QoS parameters for the nobility sessions belonging to
MN-1 and MN-2. The negotiated QoS paraneters include a Per-Session-
AMBR of 1 Mops and 2 Mips for M1 and MN-2 respectively.

Furthernore, different IP flows from M\-1 and MN-2 are given
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different QoS service treatnent, for exanple, a GBR of 64 Kbps for
Flow1 and Flow4 is assured, a DSCP marki ng enforcenent of "Z" on
Fl ow-6, and an MBR of 100 Kbps on Fl ow 5.

3.1. Quality-of-Service Option -- Usage Exanpl es

Use Case 1: Figure 2 illustrates a scenario where a local mobility
anchor initiates a QoS Service Request to a mobil e access gat eway.

+--m - - + +--m - - + +--m - - +

| WN | | MAG | | LMA |

S + S + S +
I I I
1) |---- MN Attach ----| |
2) | [------ PBU ------- >
3) | | <----- PBA -------- |
I I I
4) | | 0:::::::::::::::::0|
| | PM Pv6 Tunnel |
I I I
| (LMA initiates QoS Service Request) |
5) I I< ----- UPN(QoS)———I
| (MAG proposes a revised Q©S Request) |
6) I [------ UPA (QS')- >I
o |<----- UPN (Q0S')--|
8 | |------ UPA (QuS')->|
| QoS Rules - |
9) | Established <-| | QoS Rules -
10) | ---| Established <-| |
I I ---
11) S >| |

Figure 2: LMA-Initiated QoS Service Request

o (1) to (4): MAG detects the nobile node’s attachnent to the access
link and initiates the signaling with the I ocal nmobility anchor.
Upon conpleting the signaling, the LMA and MAG establish the
mobility session and the forwardi ng state.

0o (5) to (8): The LMA initiates a QoS Service Request to the nobile
access gateway. The trigger for this service can be based on a
trigger froma policy function, and the specific details of that
trigger are outside the scope of this docunent. The LMA sends an
Update Notification (UPN) nessage [ RFC7077] to the MAG  The
message i ncludes the QoS option (Section 4.1), which includes a
set of QoS paranmeters. On determining that it cannot support the
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requested QS Service Request for that nobile, the MAG sends an
Update Notificati on Acknow edgenent (UPA) nessage. The nessage
contains a revised QoS option with an updated set of QoS
attributes. The LMA accepts the revised QS Service Request by
sendi ng a new Update Notification nessage including the updated
QoS option.

o (9) to (11): Upon successfully negotiating a QoS Servi ce Request,
the MAG and the LMA install the QoS rules for that Service
Request. Furthernore, the MAG (using access-technol ogy-specific
mechani sns) installs the QS rules on the access network.

Use Case 2: Figure 3 illustrates a scenario where a nobile access

gateway initiates a QoS Service Request to a |ocal mobility anchor.

0

oo + oo + oo +
| MWN | | MAG | | LMA |
R + R + R +
I I
---- MN Attach ----| |
[------ PBU ------- >|
[ <----- PBA -------- |
I
I

[------ PBU (QS)-->
QS Rul es
QS Rul es

1
1
H
QO
=2
n
>
D
o
N
1
1

Figure 3: MAG Initiated QS Service Request

(1) to (4): MAG detects the nobile node’s attachnment to the access
link and initiates the signaling with the I ocal nobility anchor.
Upon conpleting the signaling, the LMA and MAG establish the
mobility session and the forwarding state.

(5) to (6): The MAG initiates a QoS Service Request to the |ocal
mobility anchor. The trigger for this service can be based on a
trigger fromthe nmobil e node using access-technol ogy-specific
mechani sns. The specific details of that trigger are outside the
scope of this docunent. The MAG sends a Proxy Binding Update
(PBU) nmessage [RFC5213] to the LMA. The nessage includes the QoS
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3.

2

option (Section 4.1), which includes a set of QS paraneters. The
LMA agrees to the proposed QS Service Request by sending a Proxy
Bi ndi ng Acknow edgenment (PBA) nessage.

(7) to (9): Upon successfully negotiating a QS Service Request,
the MAG and the LMA install the QoS rules for that Service
Request. Furthernore, the MAG usi ng access-technol ogy-specific
mechani sms installs the QoS rules on the access network.

Quality-of-Service Attributes -- Usage Exanpl es

This section identifies the use cases where the Quality-of-Service
option (Section 4.1) and its attributes (Section 4.2) defined in this
docunent are rel evant.

(0]

The subscription policy offered to a nobil e subscriber requires
the service provider to enforce Aggregate Maxi mum Bit Rate (AMBR)
limts on the subscriber’s IP traffic. The local nobility anchor
and the nobil e access gateway negotiate the uplink and the
downl i nk AMBR val ues for the nmobility session and enforce themin
the access and the hone network. The QoS option (Section 4.1)
with the QoS attributes Per-Session-Agg- Max-DL-Bit-Rate

(Section 4.2.3) and Per-Sessi on- Agg- Max- UL-Bi t - Rat e

(Section 4.2.4) is used for this purpose.

In Community W-Fi deploynments, the residential gateway
participating in the W-Fi service is shared between the hone user
and the community W-Fi users. |In order to ensure the hone user’s
W-Fi service is not inpacted because of the community W-Fi
service, the service provider enables Guaranteed Bit Rate (GBR)
for the home user’s traffic. The QoS option (Section 4.1) with
the QoS attributes Guaranteed-DL-Bit-Rate (Section 4.2.8) and
Guaranteed-UL-Bit-Rate (Section 4.2.9) is used for this purpose.

A nobil e user using the service provider’s Voice over |IP
infrastructure establishes a VolP call with sone other user in the
network. The negotiated call parameters for the VolP call require
a dedi cated bandwi dth of certain fixed value for the nedia flows
associated with that Vol P session. The application function in
the Vol P infrastructure notifies the local nmobility anchor to
enforce the GBR linmits on that IP flowidentified by the flow
definition. The QoS option (Section 4.1) with the QoS attributes
Guaranteed-DL-Bit-Rate (Section 4.2.8), CGuaranteed-UL-Bit-Rate
(Section 4.2.9), and QS-Traffic-Selector (Section 4.2.10) is used
for this purpose.
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0 An energency service may require network resources in conditions
when the network resources have been fully allocated to other
users and the network may be experiencing severe congestion. In
such cases, the service provider may want to revoke resources that
have been allocated and reassign themto energency services. The
| ocal mobility anchor and the nobil e access gateway negotiate
Al'l ocation and Retention Priority (AARP) values for the IP
sessions associated with the energency applications. The QS
option (Section 4.1) with the QoS attribute Allocation-Retention-
Priority (Section 4.2.5) is used for this purpose.

4. Protocol Messagi ng Extensions
4.1. (Quality-of-Service Option

The Quality-of-Service option is a nobility header option used by

| ocal mobility anchors and nobil e access gateways for negotiating QS
paraneters associated with a nobility session. This option can be
carried in Proxy Binding Update (PBU) [ RFC5213], Proxy Binding

Acknow edgenent (PBA) [RFC5213], Update Notification (UPN) [RFC7077]
and Update Notification Acknow edgenent (UPA) [ RFC7077] nessages
There can be nore than one instance of the Quality-of-Service option
in a single nessage. Each instance of the Quality-of-Service option
represents a specific QS Service Request.

The alignnent requirement for this option is 4n
0 1 2 3

01234567890123456789012345678901
T T S S e T o S U S SUp S SEp S SR S i

| Type | Length | SR-1D | TC |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| oC | Reserved |

B T S i T s i i e e SEI S
~ QS Attribute(s) ~
R i T I e T S S e S TR S T e i I S e S e e e e o o

Figure 4: QoS Option
o Type: 58

0 Length: 8-bit unsigned integer indicating the length of the option
in octets, excluding the Type and Length fi el ds.

0 Service Request Identifier (SR-ID): An 8-bit unsigned integer used
for identifying the QS Service Request. Its uniqueness is within
the scope of a nobility session. The |ocal nobility anchor always
al l ocates the Service Request Identifier. Wen a new QoS Service
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Request is initiated by a nobile access gateway, the Service
Request ldentifier in the initial request nessage is set to a
val ue of (0), and the local nobility anchor all ocates a Service
Request ldentifier and includes it in the response. For any new
QS Service Requests initiated by a local nobility anchor, the
Service Request ldentifier is set to the allocated val ue.

o Traffic Cass (TC: Traffic Cass consists of a 6-bit DSCP field
followed by a 2-bit reserved field.

Differentiated Services Code Point (DSCP)

A 6-bit unsigned integer indicating the code point value, as
defined in [ RFC2475] to be used for the nobile node’'s IP flows.
VWhen this DSCP marki ng needs to be applied only for a subset of
a nobile node’s IP flows, there will be a Traffic Sel ector
attribute (Section 4.2.10) in the option, which provides the
flow selectors. |In the absence of any such Traffic Sel ector
attribute, the DSCP marking applies to all the IP flows
associated with the mobility session

Reser ved

The last two bits in the Traffic Class field are currently
unused. These bits MJST be initialized by the sender to (0)
and MJST be ignored by the receiver.

0 Operational Code (OC): 1-octet Operational code indicates the type
of QoS request.

RESPONSE: (0)
Response to a QoS request

ALLOCATE: (1)
Request to allocate QoS resources

DE- ALLOCATE: (2)
Request to de-All ocate QoS resources

MODI FY: (3)
Request to nodify QoS paraneters for a previously negotiated
QS Servi ce Request

QUERY: (4)
Query to list the previously negotiated QoS Servi ce Requests
that are still active
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4. 2.

NEGOT| ATE: (5)
Response to a QoS Service Request with a counter QoS proposal

Reserved: (6) to (255)
Currently not used. Receiver MJST ignore the option received
with any value in this range.

0 Reserved: This field is unused for now. The value MJST be
initialized to a value of (0) by the sender and MJUST be ignored by
the receiver.

0 QoS Attribute(s): Zero or nore TLV-encoded QoS attributes. The
format of the QoS attribute is defined in Section 4.2. The
interpretation and usage of the QoS attribute is based on the
value in the Type field.

Quality-of-Service Attributes

This section identifies the format of a Quality-of-Service attribute.
A QoS attribute can be included in the Quality-of-Service option
defined in Section 4.1. This section identifies the QS attributes
defined by this specification.

0 1 2 3
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Figure 5: Format of a Quality-of-Service Attribute

o Type: 8-bit unsigned integer indicating the type of the QS
attribute. This specification reserves the follow ng val ues.

(0) - Reserved
This value is reserved and cannot be used

(1) - Per-M\-Agg- Max-DL-Bit-Rate
This QoS attribute, Per-Mbile-Node Aggregate Maxi mum Downl i nk
Bit Rate, is defined in Section 4.2.1.

(2) - Per-M\Agg- Max-UL-Bit-Rate
This QoS attribute, Per-Mbbil e-Node Aggregate Maxi mum Upli nk
Bit Rate, is defined in Section 4.2.2.

(3) - Per-Session-Agg- VMax-DL-Bit-Rate
This QoS attribute, Per-Mbility-Session Aggregate Maxi mum
Downlink Bit Rate, is defined in Section 4.2.3.
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(4) - Per-Session-Agg- Max-UL-Bit-Rate
This QoS attribute, Per-Mbility-Session Aggregate Maximum
Uplink Bit Rate, is defined in Section 4.2.4.

(5) - Allocation-Retention-Priority
This QS attribute, Allocation and Retention Priority, is
defined in Section 4.2.5.

(6) - Aggregate-Max-DL-Bit-Rate
This QoS attribute, Aggregate Maxi mum Downlink Bit Rate, is
defined in Section 4.2.6.

(7) - Aggregate-Max-UL-Bit-Rate
This QoS attribute, Aggregate Maxi mum Uplink Bit Rate, is
defined in Section 4.2.7.

(8) - Guaranteed-DL-Bit-Rate
This QoS attribute, Guaranteed Downlink Bit Rate, is defined in
Section 4.2.8.

(9) - CGuaranteed-UL-Bit-Rate
This QoS attribute, Guaranteed Uplink Bit Rate, is defined in
Section 4.2.9.

(10) - QoS-Traffic-Selector
This QoS attribute, QoS Traffic Selector, is defined in
Section 4.2.10.

(11) - QoS-Vendor-Specific-Attribute
This QS attribute, QS Vendor-Specific Attribute, is defined
in Section 4.2.11.

(12) to (254) - Reserved
These val ues are reserved for future allocation.

(255) - Reserved
This value is reserved and cannot be used.

0 Length: 8-bit unsigned integer indicating the nunber of octets
needed to encode the Val ue, excluding the Type and Length fields.

o Value: The format of this field is based on the Type val ue.
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4.2.1. Per-Mobil e-Node Aggregate Maxi mum Downlink Bit Rate

This attribute, Per-M\-Agg- Max-DL-Bit-Rate, represents the maxi mum
downlink bit rate for a nobile node. It is a variant of the "AMBR
termdefined in Section 2.2. This value is an aggregate across al
mobil ity sessions associated with that nobile node.

This attribute can be included in the Quality-of-Service option
defined in Section 4.1, and it is an optional attribute. There can
only be a single instance of this attribute present in a QS option

When this attribute is present in a Proxy Binding Update sent by a
mobi | e access gateway or in an Update Notificati on nessage sent by a
I ocal nmobility anchor, it indicates the maxi mum aggregate downlink
bit rate that is being requested for the nobile node at the peer

When this attribute is present in a Proxy Bindi ng Acknow edgenent
message or in an Update Notification Acknow edgenent nessage, it
i ndi cates the maxi mum aggregate downlink bit rate that the peer
agrees to offer.

If multiple nmobility sessions are established for a nobile node,
through nmultiple nobile access gateways with sessions anchored either
on a single local nobility anchor or spread out across multiple |oca
mobility anchors, then it depends on the operator’s policy and the
speci fic deployment as to how the total bandw dth for the nobile node
on each MAG LMA pair is conmputed

When a QoS option includes both the Per-M\- Agg- Max-DL-Bit-Rate
attribute and the QoS-Traffic-Selector attribute (Section 4.2.10),
then the QoS-Traffic-Selector attribute does not apply to this
attribute

0 1 2 3
01234567890123456789012345678901
R i T I e T S S e S TR S T e i I S e S e e e e o o
| Type | Length | Reserved |
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| Per - M\- Agg- Max- DL-Bit- Rat e |
el i I e i it T e e e e i i T o S e e S e T R R

o Type: 1

0 Length: The length in octets of the attribute, excluding the Type
and Length fields. This value is set to (6).
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4. 2.

0 Reserved: This field is unused for now. The value MJST be
initialized by the sender to 0 and MJST be ignored by the
recei ver.

0 Per-M\-Agg- Max-DL-Bit-Rate: This is a 32-bit unsigned integer that
i ndi cates the aggregate maxi mumdownlink bit rate that is
requested/all ocated for all the nobile node’s IP flows. The
measurenent units for Per-M\-Agg- Max-DL-Bit-Rate are bits per
second.

2. Per-Mobil e- Node Aggregate Maxi mum Uplink Bit Rate

This attribute, Per-M\-Agg- Max-UL-Bit-Rate, represents the nmaxi mum
uplink bit rate for the nobile node. It is a variant of the "AMBR'
termdefined in Section 2.2. This value is an aggregate across al
mobility sessions associated with that nobile node.

This attribute can be included in the Quality-of-Service option
defined in Section 4.1, and it is an optional attribute. There can
only be a single instance of this attribute present in a QS option

When this attribute is present in a Proxy Binding Update sent by a
nmobi | e access gateway or in an Update Notification nessage sent by
the local mobility anchor, it indicates the maxi mum aggregate uplink
bit rate that is being requested for the nobile node at the peer

VWhen this attribute is present in a Proxy Bi ndi ng Acknow edgenent
message or in an Update Notification Acknow edgenent nessage, it

i ndi cates the maxi mum aggregate uplink bit rate that the peer agrees
to offer for that nobile node.

If multiple nobility sessions are established for a nobile node,
through nultiple nmobil e access gateways with sessions anchored either
on a single local nobility anchor or spread out across multiple |oca
mobil ity anchors, then it depends on the operator’s policy and the
specific deploynment as to how the total bandw dth for the nobile node
on each MAG LMA pair is computed.

VWhen a QoS option includes both the Per-M\- Agg- Max-UL-Bit-Rate
attribute and the QoS-Traffic-Selector attribute (Section 4.2.10),
then the QoS-Traffic-Selector attribute does not apply to this
attribute.
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0 1 2 3
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o Type: 2

0 Length: The length in octets of the attribute, excluding the Type
and Length fields. This value is set to (6).

0 Reserved: This field is unused for now. The value MJST be
initialized by the sender to 0 and MJST be ignored by the
receiver.

0 Per-M\-Agg- Max-UL-Bit-Rate: This is a 32-bit unsigned integer that
i ndi cates the aggregate maxi mumuplink bit rate that is requested/
all ocated for the nobile node’s IP flows. The nmeasurenent units
for Per-M\-Agg-Max-UL-Bit-Rate are bits per second.

4.2.3. Per-Mbility-Session Aggregate Maxi num Downlink Bit Rate

This attribute, Per-Session-Agg-Max-DL-Bit-Rate, represents the
maxi mum downl i nk bit rate for the mobility session. It is a variant
of the "AMBR' termdefined in Section 2.2.

This attribute can be included in the Quality-of-Service option
defined in Section 4.1, and it is an optional attribute. There can
only be a single instance of this attribute present in a QS option.

When this attribute is present in a Proxy Binding Update sent by a
nmobi | e access gateway or in an Update Notification nessage sent by
the local mobility anchor, it indicates the maxi num aggregate
downlink bit rate that is being requested for that nobility session.

When this attribute is present in a Proxy Bindi ng Acknow edgenent
message or in an Update Notification Acknow edgenent nessage, it
i ndi cates the maxi num aggregate downlink bit rate that the peer
agrees to offer for that nobility session.

When a QoS option includes both the Per-Session-Agg- Max-DL-Bit-Rate
attribute and the QoS-Traffic-Selector attribute (Section 4.2.10),
then the QoS-Traffic-Selector attribute does not apply to this
attribute.
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0 1 2 3
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o Type: 3

0 Length: The length of the attribute in octets, excluding the Type
and Length fields. This value is set to (6).

0 Service (S) flag: This flag is used for extending the scope of the
target flows for Per-Session-Agg-Max-DL-Bit-Rate to the nobile
node’s other nmobility sessions sharing the same Service
Identifier. 3GPP Access Point Name (APN) is an exanple of a
Service ldentifier, and that identifier is carried using the
Service Selection nmobility option [ RFC5149].

* \Wen the (S) flag is set to a value of (1), then the Per-
Sessi on- Agg- Max-DL-Bit-Rate is neasured as an aggregate across
all the nobile node’s other nobility sessions sharing the sane
Service ldentifier associated with this mobility session

* \Wen the (S) flag is set to a value of (0), then the target
flows are limted to the current nobility session.

* The (S) flag MUST NOT be set to a value of (1) when there is no
Service ldentifier associated with the nobility session

0 Exclude (E) flag: This flag is used to request that the downlink
flows for which the network is providing Guaranteed-Bit-Rate
service be excluded fromthe target IP flows for which Per-

Sessi on- Agg- Max-DL-Bit-Rate is neasured

* When the (E) flag is set to a value of (1), then the request is
to exclude the IP flows for which Guaranteed-DL-Bit-Rate
(Section 4.2.8) is negotiated fromthe flows for which Per-
Sessi on- Agg- Max-DL-Bit-Rate is neasured

* \When the (E) flag is set to a value of (0), then the request is

not to exclude any IP flows fromthe target IP flows for which
Per - Sessi on- Agg- Max-DL-Bit-Rate i s measured
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* \Wen the (S) flag and (E) flag are both set to a value of (1),
then the request is to exclude all the IP flows sharing the
Service ldentifier associated with this nobility session from
the target flows for which Per-Session-Agg-Max-DL-Bit-Rate is
measur ed.

0 Reserved: This field is unused for now. The value MJST be
initialized by the sender to 0 and MJST be ignored by the
recei ver.

0 Per-Session-Agg-Max-DL-Bit-Rate: This is a 32-bit unsigned integer
that indicates the aggregate maxi num downlink bit rate that is
requested/allocated for all the IP flows associated with that
mobility session. The neasurenent units for Per-Session-Agg- Max-
DL-Bit-Rate are bits per second.

4.2.4. Per-Mobility-Session Aggregate Maxi num Uplink Bit Rate

This attribute, Per-Session-Agg-Max-UL-Bit-Rate, represents the
maxi mum uplink bit rate for the nobility session. It is a variant of
the "AMBR" termdefined in Section 2.2.

This attribute can be included in the Quality-of-Service option
defined in Section 4.1, and it is an optional attribute. There can
only be a single instance of this attribute present in a QS option.

When this attribute is present in a Proxy Binding Update sent by a
nmobi | e access gateway or in an Update Notification nessage [ RFC7077]
sent by the local nobility anchor, it indicates the maxi num aggregate
uplink bit rate that is being requested for that nobility session.

When this attribute is present in a Proxy Bindi ng Acknow edgenent
message or in an Update Notification Acknow edgenent [RFC7077]
message, it indicates the maxi num aggregate uplink bit rate that the
peer agrees to offer for that nobility session.

When a QoS option includes both the Per-Session-Agg- Max-UL-Bit-Rate
attribute and the QoS-Traffic-Selector attribute (Section 4.2.10),
then the QoS-Traffic-Selector attribute does not apply to this
attribute.

0 1 2 3
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o Type: 4

0 Length: The length of the attribute in octets, excluding the Type
and Length fields. This value is set to (6).

0 Service (S) flag: This flag is used for extending the scope of the
target flows for Per-Session-Agg-Max-UL-Bit-Rate to the nobile
node’s other mobility sessions sharing the same Service
Identifier. 3GPP Access Point Name (APN) is an exanple of a
Service ldentifier, and that identifier is carried using the
Service Selection nobility option [ RFC5149].

* Wien the (S) flag is set to a value of (1), then the Per-
Sessi on- Agg- Max- UL-Bit-Rate is neasured as an aggregate across
all the nobile node’s other mobility sessions sharing the sane
Service ldentifier associated with this nmobility session

* \When the (S) flag is set to a value of (0), then the target
flows are limted to the current nobility session.

* The (S) flag MIUST NOT be set to a value of (1) when there is no
Service ldentifier associated with the nobility session

o0 Exclude (E) flag: This flag is used to request that the uplink
flows for which the network is providing Guaranteed-Bit-Rate
service be excluded fromthe target IP flows for which Per-
Sessi on- Agg- Max- UL-Bit-Rate is measured

* \When the (E) flag is set to a value of (1), then the request is
to exclude the IP flows for which Guaranteed-UL-Bit-Rate
(Section 4.2.9) is negotiated fromthe flows for which Per-
Sessi on- Agg- Max- UL-Bit-Rate i s measured

* \When the (E) flag is set to a value of (0), then the request is
not to exclude any IP flows fromthe target IP flows for which
Per - Sessi on- Agg- Max- UL-Bi t-Rate i s nmeasur ed.

* \Wen the (S) flag and (E) flag are both set to a value of (1),
then the request is to exclude all the IP flows sharing the
Service ldentifier associated with this nmobility session from
the target flows for which Per-Session-Agg-Max-UL-Bit-Rate is
measur ed.

0 Reserved: This field is unused for now. The value MJST be

initialized by the sender to 0 and MJST be ignored by the
receiver.
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0 Per-Session-Agg-Max-UL-Bit-Rate: This is a 32-bit unsigned integer
that indicates the aggregate maxi mumuplink bit rate that is
requested/all ocated for all the IP flows associated with that
mobility session. The neasurenent units for Per-Session-Agg- Max-
UL-Bit-Rate are bits per second.

4.2.5. Allocation and Retention Priority

This attribute, Allocation-Retention-Priority, represents allocation
and retention priority for the nobility session or a set of IP flows.
It is defined in Section 2.2.

This attribute can be included in the Quality-of-Service option
defined in Section 4.1, and it is an optional attribute. There can
only be a single instance of this attribute present in a QS option

When the QoS option includes both the Allocation-Retention-Priority
attribute and the QoS-Traffic-Selector attribute (Section 4.2.10),
then the Allocation-Retention-Priority attribute is to be applied at
a flowlevel. The traffic selector in the QS-Traffic-Sel ector
attribute identifies the target fl ows.

When the QoS option including the Allocation-Retention-Priority
attribute does not include the QoS-Traffic-Selector attribute
(Section 4.2.10), then the Allocation-Retention-Priority attribute is
to be applied to all the IP flows associated with that nobility

sessi on.

0 1 2
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o Type: 5

0 Length: The length of the attribute in octets, excluding the Type
and Length fields. This value is set to (2).

0 Reserved: This field is unused for now. The val ue MJST be
initialized by the sender to 0 and MJST be ignored by the
receiver.

o Priority-Level (PL): This is a 4-bit unsigned integer value. It
is used to decide whether a nobility session establishnent or
nodi fi cation request can be accepted; this is typically used for
adm ssion control of Cuaranteed Bit Rate traffic in case of
resource limtations. The priority level can also be used to
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deci de which existing nobility session to preenpt during resource
limtations. The priority level defines the relative tineliness
of a resource request.

Values 1 to 15 are defined, with value 1 as the highest |evel of
priority.

Values 1 to 8 should only be assigned for services that are

aut horized to receive prioritized treatment within an operator
domain. Values 9 to 15 may be assigned to resources that are
aut hori zed by the home network and thus applicable when a nobile
node is roam ng.

0 Preemption-Capability (PC): This is a 2-bit unsigned integer
value. It defines whether a service data flow can get resources
that were already assigned to another service data flowwth a
|l ower priority level. The follow ng val ues are defi ned:

Enabl ed (0): This value indicates that the service data flowis
all owed to get resources that were already assigned to anot her
IP data flowwith a lower priority |evel

Di sabled (1): This value indicates that the service data flow
is not allowed to get resources that were already assigned to
another IP data flowwith a lower priority level. The values
(2) and (3) are reserved.

0 Preenmption-Vulnerability (PV): This is a 2-bit unsigned integer

value. It defines whether a service data flow can | ose the
resources assigned to it in order to adnit a service data fl ow
with a higher priority level. The follow ng values are defi ned:

Enabl ed (0): This value indicates that the resources assigned
to the IP data flow can be preenpted and allocated to a service
data flow with a higher priority |evel

Di sabl ed (1): This value indicates that the resources assigned
to the I P data flow shall not be preenpted and allocated to a
service data flowwith a higher priority level. The values (2)
and (3) are reserved.

4.2.6. Aggregate Maxi num Downlink Bit Rate
This attribute, Aggregate-Max-DL-Bit-Rate, represents the maxi mum

downlink bit rate for the nobility session. It is a variant of the
"AMBR' termdefined in Section 2.2.
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This attribute can be included in the Quality-of-Service option
defined in Section 4.1, and it is an optional attribute. There can
only be a single instance of this attribute present in a QS option

When this attribute is present in a Proxy Binding Update sent by a
mobi | e access gateway or in an Update Notificati on nessage sent by
the local mobility anchor, it indicates the maxi num aggregate bit
rate for dowmnlink IP flows that is being requested.

When this attribute is present in a Proxy Bi ndi ng Acknow edgenent
message or in an Update Notification Acknow edgenment nessage, it
i ndi cates the maxi mum aggregate downlink bit rate that the peer
agrees to offer.

VWhen a QS option includes both the Aggregate-Max-DL-Bit-Rate
attribute and the QoS-Traffic-Selector attribute (Section 4.2.10),
then the Aggregate-Max-DL-Bit-Rate attribute is to be enforced at a
flow level, and the traffic selectors present in the QS-Traffic-
Sel ector attribute identify those target flows.

When the QoS option that includes the Aggregate-Vax-DL-Bit-Rate
attribute does not include the QoS-Traffic-Selector attribute
(Section 4.2.10), then the Aggregate-Max-DL-Bit-Rate attribute is to
be applied to all the IP flows associated with the nobility session

0 1 2 3
01234567890123456789012345678901
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| Type | Length | Reserved |
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o Type: 6

0 Length: The length of the attribute in octets, excluding the Type
and Length fields. This value is set to (6).

0 Reserved: This field is unused for now. The value MJST be
initialized by the sender to 0 and MJST be ignored by the
receiver.

0 Aggregate-Max-DL-Bit-Rate: This is a 32-bit unsigned integer that
i ndi cates the aggregate maxi num downlink bit rate that is
requested/all ocated for downlink IP flows. The neasurenment units
for Aggregate-Max-DL-Bit-Rate are bits per second
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4.2.7. Aggregate Maxi mum Uplink Bit Rate

This attribute, Aggregate-Mux-UL-Bit-Rate, represents the maxi mum
uplink bit rate for the nobility session. It is a variant of the
"AMBR' termdefined in Section 2.2.

This attribute can be included in the Quality-of-Service option
defined in Section 4.1, and it is an optional attribute. There can
only be a single instance of this attribute present in a QS option

When this attribute is present in a Proxy Binding Update sent by a
mobi | e access gateway or in an Update Notificati on nessage sent by
the local mobility anchor, it indicates the maxi mum aggregate uplink
bit rate that is being requested.

When this attribute is present in a Proxy Bi ndi ng Acknow edgenent
message or in an Update Notification Acknow edgenment nessage, it

i ndi cates the maxi mum aggregate uplink bit rate that the peer agrees
to offer.

VWhen a QoS option includes both the Aggregate-Max-UL-Bit-Rate
attribute and the QoS-Traffic-Selector attribute (Section 4.2.10),
then the Aggregate-Max-UL-Bit-Rate attribute is to be enforced at a
flow level, and the traffic selectors present in the QS-Traffic-
Sel ector attribute identify those target flows.

When the QoS option that includes the Aggregate-Max-UL-Bit-Rate
attribute does not include the QoS-Traffic-Selector attribute
(Section 4.2.10), then the Aggregate-Max-UL-Bit-Rate attribute is to
be applied to all the IP flows associated with the nobility session

0 1 2 3
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o Type: 7

0 Length: The length of the attribute in octets, excluding the Type
and Length fields. This value is set to (6).

0 Reserved: This field is unused for now. The value MJST be

initialized by the sender to 0 and MJST be ignored by the
receiver.
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0 Aggregate-Max-UL-Bit-Rate: This is a 32-bit unsigned integer that
i ndi cates the aggregate maxi numuplink bit rate that is requested/
all ocated for all the IP flows associated with that mobility
session. The neasurenent units for Aggregate-Max-UL-Bit-Rate are
bits per second.

4.2.8. Cuaranteed Downlink Bit Rate

This attribute, Guaranteed-DL-Bit-Rate, represents the assured bit
rate on the downlink path that will be provided for a set of IP flows
associated with a nobility session. It is a variant of the "GBR"
termdefined in Section 2.2.

This attribute can be included in the Quality-of-Service option
defined in Section 4.1, and it is an optional attribute. There can
only be a single instance of this attribute present in a QS option.

When this attribute is present in a Proxy Binding Update sent by a
mobi | e access gateway or in an Update Notification nessage sent by
the local nmobility anchor, it indicates the guaranteed downlink bit
rate that is being requested.

When this attribute is present in a Proxy Bindi ng Acknow edgenent
message or in an Update Notification Acknow edgenent nessage, it

i ndi cates the guaranteed downlink bit rate that the peer agrees to
of fer.

When a QoS option includes both the Guaranteed-DL-Bit-Rate attribute
and the QoS-Traffic-Selector attribute (Section 4.2.10), then the
Guaranteed-DL-Bit-Rate attribute is to be enforced at a flow | evel,
and the traffic selectors present in the QoS-Traffic-Sel ector
attribute identify those target fl ows.

When the QoS option that includes the Guaranteed-DL-Bit-Rate
attribute does not include the QoS-Traffic-Selector attribute
(Section 4.2.10), then the Guaranteed-DL-Bit-Rate attribute is to be
applied to all the IP flows associated with the nobility session.
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o Type: 8
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4.

2

0 Length: The length of the attribute in octets, excluding the Type
and Length fields. This value is set to (6).

0 Reserved: This field is unused for now. The val ue MJST be
initialized by the sender to 0 and MJST be ignored by the
receiver.

0 Cuaranteed-DL-Bit-Rate: This is a 32-bit unsigned integer that
i ndi cates the guaranteed bandwi dth in bits per second for downlink
IP flows. The measurenment units for Guaranteed-DL-Bit-Rate are
bits per second.

9. CQuaranteed Uplink Bit Rate

This attribute, Guaranteed-UL-Bit-Rate, represents the assured bit
rate on the uplink path that will be provided for a set of IP flows
associated with a nobility session. It is a variant of the "GBR"
termdefined in Section 2.2.

This attribute can be included in the Quality-of-Service option
defined in Section 4.1, and it is an optional attribute. There can
only be a single instance of this attribute present in a QS option.

When this attribute is present in a Proxy Binding Update sent by a
mobi | e access gateway or in an Update Notification nessage sent by
the local mobility anchor, it indicates the guaranteed uplink bit
rate that is being requested.

When this attribute is present in a Proxy Bi ndi ng Acknow edgenent
message or in an Update Notification Acknow edgenent nessage, it
i ndi cates the guaranteed uplink bit rate that the peer agrees to
of fer.

When a QoS option includes both the Guaranteed-UL-Bit-Rate attribute
and the QoS- Traffic-Selector attribute (Section 4.2.10), then the
Guaranteed-UL-Bit-Rate attribute is to be enforced at a flow | evel,
and the traffic selectors present in the QoS-Traffic-Sel ector
attribute identify those target fl ows.

When the QoS option that includes the Guaranteed-UL-Bit-Rate
attribute does not include the QoS-Traffic-Selector attribute
(Section 4.2.10), then the CGuaranteed-UL-Bit-Rate attribute is to be
applied to all the IP flows associated with the nobility session.
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0 1 2 3
01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type | Lengt h | Reserved |
i i i T i I S i e s o o i i
| Guar ant eed- UL-Bit- Rat e |
R et e s i o e s i i

o Type: 9

0 Length: The length of the attribute in octets, excluding the Type
and Length fields. This value is set to (6).

0 Reserved: This field is unused for now. The value MJST be
initialized by the sender to 0 and MJST be ignored by the
receiver.

0 Guaranteed-UL-Bit-Rate: This is a 32-bit unsigned integer that
i ndi cates the guaranteed bandwi dth in bits per second for uplink
IP flows. The neasurenment units for Quaranteed-UL-Bit-Rate are
bits per second.

4.2.10. QoS Traffic Selector

This attribute, QS-Traffic-Selector, includes the paraneters used to
mat ch packets for a set of IP flows.

This attribute can be included in the Quality-of-Service option
defined in Section 4.1, and it is an optional attribute.

When a QoS option that includes the QoS-Traffic-Sel ector also

i ncludes any one or nore of the attributes Allocation-Retention-
Priority (Section 4.2.5), Aggregate-Max-DL-Bit-Rate (Section 4.2.6)
Aggregat e- Max-UL-Bit-Rate (Section 4.2.7), Guaranteed-DL-Bit-Rate
(Section 4.2.8), and Guaranteed-UL-Bit-Rate (Section 4.2.9), then
those included attributes are to be enforced at a flow |l evel, and the
traffic selectors present in the QS-Traffic-Selector attribute
identify those target flows. Furthernore, the DSCP marking in the
QoS option is to be applied only to a partial set of the nobile
node’'s IP flows, and the traffic selectors present in the QS
Traffic-Selector attribute identify those target flows.
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| Type | Lengt h | Reserved | TS For mat
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~ Traffic Selector ... ~
T e L o o o e i i s it NN R SR S B S

o Type: 10

0 Length: The length of the attribute in octets, excluding the Type
and Length fields.

0 Reserved: This field is unused for now. The value MJST be
initialized by the sender to 0 and MJST be ignored by the
receiver.

o0 TS Format: An 8-bit unsigned integer indicating the Traffic
Sel ector Format. The values are allocated fromthe "Traffic
Sel ector Format" namespace for the traffic sel ector sub-option
defined in [ RFC6089]; those defined in [RFC6089] are repeated here
for clarity. Value (0) is reserved and MUST NOT be used. Wen
the value of the TS Format field is set to (1), the fornmat that
follows is the IPv4d Binary Traffic Selector specified in
Section 3.1 of [RFC6088], and when the value of TS Format field is
set to (2), the format that follows is the IPv6 Binary Traffic
Sel ector specified in Section 3.2 of [RFC6088].

o Traffic Selector: variable-length field for including the traffic
specification identified by the TS format fi el d.

4.2.11. QoS Vendor-Specific Attribute

This attribute is used for carrying vendor-specific QS attributes.
The interpretation and the handling of this option are specific to
the vendor inpl enentati on.

This attribute can be included in the Quality-of-Service option
defined in Section 4.1, and it is an optional attribute. There can
be multiple instances of this attribute with different sub-type

val ues present in a single QS option
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01234567890123456789012345678901
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| Type | Lengt h | Reserved |
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| Sub- Type | ~
B i s T T i i o S o T Ji I

o Type: 11

0 Length: The length of the attribute in octets, excluding the Type

and Length fields.

0 Reserved: This field is unused for now. The val ue MJST be
initialized by the sender to 0 and MJST be ignored by the
receiver.

o0 Vendor ID: The Vendor IDis the SM (Structure of Manhagenent
I nformati on) Network Management Private Enterprise Code of the
I ANA-mai ntai ned "Private Enterprise Nunmbers" registry [SM].

0 Sub-Type: An 8-bit field indicating the type of vendor-specific
information carried in the option. The namespace for this sub-
type i s managed by the vendor identified by the Vendor ID field.

4.3. New Status Code for Proxy Binding Acknow edgenent

Thi s docunent defines the follow ng new status code value for use in

Proxy Bi ndi ng Acknow edgement nessage.

CANNOT_MEET_QOS_SERVI CE_REQUEST (Cannot neet QoS Service Request):
179

.4. New Notification Reason for Update Notification Message

Thi s docunent defines the follow ng new Notification Reason val ue for

use in Update Notification nmessage.

QOS_SERVI CE_REQUEST ( QS Service Requested): 5

Li ebsch, et al. St andards Track [ Page 30]



RFC 7222 QS Support for Proxy Mbile |IPv6 May 2014

4.5. New Status Code for Update Notification Acknow edgenent Message

Thi s docunent defines the follow ng new status code value for use in
Update Notificati on Acknow edgenent nessage.

CANNOT_MEET _QOS SERVI CE_REQUEST (Cannot neet QoS Service Request):
130

5. Protocol Considerations
5.1. Local Mdbility Anchor Consi derations

o0 The conceptual Binding Cache entry data structure maintained by
the Il ocal mobility anchor, described in Section 5.1 of [RFC5213],
can be extended to store a |list of negotiated Quality-of-Service
requests to be enforced. There can be nultiple such entries, and
each entry nust include the Service Request ldentifier, DSCP
val ue, and the attributes defined in Section 4.2.

LMA Receiving a QoS Service Request:

0 On receiving a Proxy Binding Update nessage with an instance of
the Quality-of-Service option included in the nessage and the
QOperational Code field of the Quality-of-Service option set to
QUERY, then the local mobility anchor includes all the Quality-of-
Service option(s) reflecting the currently negotiated QoS Service
Requests for that nobility session in the response nessage. The
Qperational Code field in each of the Quality-of-Service
option(s), which is included in the response nessage, is set to
RESPONSE

0 On receiving a Proxy Binding Update nmessage with one or nore
instances of the Quality-of-Service option included in the nessage
and the Qperational Code field set to ALLOCATE, the local mohility
anchor processes the option(s) and determnes if the QS Service
Request for the proposed QoS Service Request(s) can be nmet. Each
instance of the Quality-of-Service option represents a specific
QoS Service Request. This determination to accept the request(s)
can be based on policy configured on the | ocal nmobility anchor,
avai | abl e network resources, or other considerations.

o If the local mobility anchor can support the proposed QS Service
Requests in entirety, then it sends a Proxy Binding
Acknow edgenent nessage with a status code value of (0).

* The message includes all the Quality-of-Service option

i nstances copied (including all the option content) fromthe
recei ved Proxy Bi nding Update nessage. The local mobility
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(o]

anchor assigns a Service Request Identifier to each Service
Request and sets the SR-I1D field of each included Quality-of-
Servi ce option accordingly.

* The Qperational Code field in each of the Quality-of-Service
option(s) is set to RESPONSE

* The local nobility anchor should enforce the Quality-of-Service
rules for all the negotiated QS Service Requests on the nobile
node’s uplink and downlink traffic.

If the local nobility anchor cannot support any of the requested
QS Service Requests in entirety, it rejects the request and sends
a Proxy Bindi ng Acknow edgenent nessage with the status code val ue
set to CANNOT_MEET_QOS _SERVI CE_REQUEST (Cannot neet QS Service
Request) .

* Since the local nobility anchor cannot support the requested
QoS services for that nobile node, the Proxy Binding
Acknowl edgenent nessage will not include any Quality-of-Service
options. This serves as an indication to the nmobile access
gateway that QoS services are not supported for that nobile
node.

* The denial of a QS Service Request MJST NOT result in renoval
of the mobility session for that nobile node.

If the local nobility anchor can support QoS services for the
nmobi | e node, but only with |lower quality values than indicated in
the QoS attributes of a received QS option or only for sone of
the recei ved QoS Service Requests, the local nobility anchor

i ncludes the QoS option for the supported QS Service Requests in
the Proxy Bindi ng Acknow edgenent nessage wi th an updated set of
QoS attributes

* |f the local mobility anchor cannot support sonme of the

recei ved QoS Service Requests for that nobile node, then the
Quality-of -Service option for these QoS Service Requests is not
included in the Proxy Binding Acknow edgenent nessage. This
serves as an indication to the nobile access gateway that a
particul ar QS Service Request is not supported for that nobile
node. This includes the case where the attributes in a QS
option have conflicting requirenments, for exanple, Per-Session-
Agg- Max- UL-Bit-Rate is | ower than Guaranteed-UL-Bit-Rate.

* The local nobility anchor includes only QoS options in the
Proxy Bi ndi ng Acknow edgenent nessage for supported QS
attributes. The contents of each option (including the QS
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attributes) reflect the QoS service paraneters that the | ocal
mobil ity anchor can support for that nobile node. The | ocal
mobil ity anchor sets the val ues of each supported QoS attribute
according to the level of QS it can support for the nobile
node. The Service Request ldentifier in each of the included
QS options is set to a value of (0). The Operational Code
field in each of the included Quality-of-Service option(s) is
set to NEGOTI ATE. This serves as an indication for the nobile
access gateway to resend the Proxy Binding Update nessage with
the revi sed Q@S paraneters.

LMA Sending a QoS Service Request:

o The local nobility anchor, at any time, can initiate a QoS Service
Request for a nobile node by sending an Update Notification
message [ RFC7077]. The Notification Reason in the Update
Notification nessage is set to a value of QOS SERVI CE REQUEST, and
the Acknow edgenent Requested (A) flag is set to a value of (1).

*

Li ebsch,

New Q©S Servi ce Request:

+ The nessage includes one or nore instances of the Quality-
of - Service option. Each instance of the option will include
one or nore QoS attributes.

+ The Operational Code field in the Quality-of-Service option
is set to ALLOCATE.

+ The Service Request ldentifier is set to the allocated
val ue.

+ The DSCP field in the Traffic Cass (TC) field is set to the
request ed DSCP val ue.

Modi fication of an existing QS Service Request:

+ The nessage includes one or nore instances of the Quality-
of -Service option with the QoS attributes reflecting the
updated values in the attributes and the updated |ist of
attri butes.

+ The Operational Code field in the Quality-of-Service option
is set to MODI FY.

+ The Service Request ldentifier is set to a value that was
al l ocated for that QS Service Request.
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+ The DSCP field in the Traffic Cass (TC) field is set to the
request ed DSCP val ue.
Del etion of an existing QS Service Request:

+ The nessage includes the Quality-of-Service option(s) with
the relevant QoS attributes.

+ The Operational Code field in the Quality-of-Service option
is set to DE- ALLOCATE.

+ The Service Request ldentifier is set to a value that was
all ocated for that QoS Service Request.

+ The DSCP field in the Traffic Cass (TC) field is set to the
DSCP val ue associated with that request.

Query for the previously negotiated QS Service Requests:

+ The nessage includes a single instance of the Quality-of-
Service option wi thout including any QoS attri butes.

+ The Operational Code field in the Quality-of-Service option
is set to QUERY.

+ The Service Request ldentifier is set to a value of (0).

+ The DSCP field in the Traffic Cass (TC) field is set to a
val ue of (0).

o Handling a Response to the QoS Service Request:

*

Li ebsch,

If the received Update Notificati on Acknow edgenent [ RFC7077]
message has the Status Code field set to a value (0), the |ocal
mobi l ity anchor should enforce the Quality-of-Service rules for
the negoti ated QS paraneters on the nobile node's uplink and
downlink traffic.

If the received Update Notificati on Acknow edgenent nessage has
the Status Code field set to a val ue

CANNOT_MEET _QOS_SERVI CE_REQUEST, the local nobility anchor
applies the foll owi ng considerations:

+ The denial of a QoS Service Request results in removal of
any QoS state associated with that request.
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5

+ |If the nessage did not include any Quality-of-Service
option(s), then it is an indication fromthe nobile access
gateway that QoS services are not enabled for the nobile
node.

+ |If the Operational Code field in the Quality-of-Service
option is set to a value of NEGOTI ATE and the nessage
i ncludes one or nore instances of the Quality-of-Service
option, but the option contents reflect a downgraded/revised
set of QoS paraneters, then the local nobility anchor MAY
choose to agree to proposed QS Service Request by resending
a new Update Notification nessage with the updated Quality-
of - Servi ce option(s).

Ceneral Consi derati ons:

(o]

2

Any tine the local nobility anchor renpbves a nobile node’'s

mobil ity session by renoving a Binding Cache entry [ RFC5213] for
whi ch QoS resources have been previously allocated, those

al |l ocated resources are rel eased.

Any tinme the local nobility anchor receives a Proxy Binding Update
with H hint = 3 (inter-MAG handover), the local nobility anchor
when sending a Proxy Bi nding Acknow edgenent nessage incl udes the
QS option(s) for each of the QoS Service Requests that are active
for that nmobile node. This allows the nobile access gateway to

al | ocate QoS resources on the current path. This is relevant for
the scenario where a nobil e node perforns a handover to a new
mobi | e access gateway that is unaware of the previously negotiated
QoS services

Mobi | e Access Gat eway Consi derations

The conceptual Binding Update List entry data structure naintained
by the nobil e access gateway, described in Section 6.1 of

[ RFC5213], can be extended to store a list of negotiated Quality-
of - Service requests to be enforced. There can be multiple such
entries, and each entry nust include the Service Request
Identifier, DSCP value and the attributes defined in Section 4. 2.

MAG Recei ving a QoS Service Request:

(]

On receiving an Update Notification nessage with one or nore

i nstances of the Quality-of-Service option included in the
message, the mobile access gateway processes the option(s) and
determnes if the QS Service Request for the proposed QS Service
Request (s) can be net. Each instance of the Quality-of-Service
option represents a specific QS Service Request. This
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determnation to accept the request(s) can be based on policy
configured on the nobil e access gateway, avail abl e network
resources, or other considerations.

o |If

the nobil e access gateway can support the proposed QoS Service

Requests in entirety, then it sends an Update Notification
Acknowl edgenent nessage with a status code val ue of (0).

*

o |If

The nessage includes all the Quality-of-Service option

i nstances copied (including all the option content) fromthe
received Update Notification nessage. However, if the
Operational Code field in the request is a QUERY, then the
message i ncludes all the Quality-of-Service option(s)
reflecting the currently negotiated QoS Service Requests for
that nobility session.

The Operational Code field in each of the Quality-of-Service
option(s) is set to RESPONSE

The nobil e access gateway should enforce the Quality-of-Service
rules for all the negotiated QS Service Requests on the nobile
node’s uplink and downlink traffic.

the nmobil e access gateway cannot support any of the requested

QS Service Requests in entirety, then it rejects the request and
sends an Update Notification Acknow edgenent message with the
status code set to CANNOT_MEET_QOS SERVI CE_REQUEST (Cannot neet
QS Service Request).

*

Li ebsch,

The denial for QoS Service Request MJST NOT result in renoval
of the nmobility session for that nobile node.

The Update Notificati on Acknow edgenent nessage may incl ude the
Qual ity-of -Service option(s) based on the follow ng
consi derati ons.

+ |f the nobile access gateway cannot support QS services for
that nobil e node, then the Quality-of-Service option is not
included in the Update Notification Acknow edgement message.
This serves as an indication to the local nobility anchor
that QoS services are not supported for that nobile node

+ |If the nobile access gateway can support QoS services for
the mobil e node, but only with lower quality values than
indicated in the QoS attributes of a received QS option,
the nobil e access gateway includes the QS option in the
Update Notificati on Acknow edgenent nessage with an updated
set of QoS attributes. The nobile access gateway sets the
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val ues of each QoS attribute according to the level of QS
it can support for the nobile node. The nobile access
gateway includes only QoS options in the Update Notification
Acknowl edgenent nessage for supported QoS attributes. |If
the nobil e access gateway receives one or nultiple QS
options, whose QoS attributes are not supported, it omts
these QoS options in the Update Notificati on Acknow edgenent
message. This includes the case where the attributes in a
QoS option have conflicting requirenents, for exanple, Per-
Sessi on- Agg- Max- UL-Bit-Rate is | ower than Guaranteed-UL-Bit-
Rate. The contents of each option (including the QS
attributes) reflect the QoS service paraneters that the

mobi | e access gateway can support for that nobile node. The
Operational Code field in each of the Quality-of-Service
option(s) is set to NEGOTI ATE. This serves as an indication
to the local nobility anchor to resend the Update
Notification nessage with the revised QoS paraneters.

MAG Sending a QoS Servi ce Request:

o The mobile access gateway, at any tinme, can initiate a QoS Service
Request for a nobile node by sending a Proxy Binding Update
message. The QoS Service Request can be initiated as part of the
initial Binding registration or during Binding re-registrations.

*

Li ebsch,

New Q©S Servi ce Request:

+

The nessage includes one or nore instances of the Quality-
of - Service option. Each instance of the option will include
one or nore QoS attributes.

The Operational Code field in each of the Quality-of-Service
option is set to ALLOCATE.

The Service Request ldentifier is set to a value of (0).

The DSCP value in the Traffic Cass field reflects the
request ed DSCP val ue.

Modi fication of an existing QS Service Request:

+

et

The nmessage includes one or nore instances of the Quality-
of -Service option with the QoS attributes reflecting the
updated values in the attributes and the updated |ist of
attributes.

The Operational Code field in the Quality-of-Service option
is set to MO FY.
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+ The Service Request ldentifier is set to a value that was
all ocated for that QoS Service Request.

+ The DSCP field in the Traffic Cass (TC) field is set to the
request ed DSCP val ue.

¥

etion of an existing QoS Service Request:

+ The nessage includes the Quality-of-Service option(s) with
the relevant QoS attri butes.

+ The Operational Code field in the Quality-of-Service option
is set to DE- ALLCCATE.

+ The Service Request ldentifier is set to a value that was
al l ocated for that QoS Service Request.

+ The DSCP field in the Traffic Cass (TC) field is set to the
DSCP val ue associated with that request.

Query for the previously negotiated QoS Service Requests:

+ The nessage includes a single instance of the Quality-of-
Service option w thout including any QoS attributes.

+ The Operational Code field in the Quality-of-Service option
is set to QUERY.

+ The Service Request ldentifier is set to a value of (0).

+ The DSCP field in the Traffic Cass (TC) field is set to a
val ue of (0).

0 Handling a Response to the QoS Service Request:

*

Li ebsch,

If the received Proxy Binding Acknow edgenent nessage has the
Status Code field set to a value of (0), the nobile access
gateway should enforce the Quality-of-Service rules for the
negoti ated QoS paraneters on the nobile node’s uplink and
downlink traffic.

If the received Proxy Binding Acknow edgenent nessage has the
Status Code field set to a val ue of

CANNOT_MEET_QOS_SERVI CE_REQUEST, the nobil e access gat eway
applies the foll owi ng considerations.

+ The denial of a QS Service Request results in renpval of
any QoS state associated with that request.
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+ |If the nessage did not include any Quality-of-Service
option(s), then it is an indication fromthe local nobility
anchor that QoS services are not enabled for the nobile
node.

+ |If the Operational Code field in the Quality-of-Service
option is set to a value of NEGOTI ATE and the nessage
i ncludes one or nore instances of the Quality-of-Service
option, but the option contents reflect a downgraded/revised
set of QoS paraneters, then the nobil e access gateway MAY
choose to agree to proposed QS Service Request by resending
a new Proxy Binding Update nessage with the updated Quality-
of - Servi ce option

* General Considerations:

+ There can be nore than one QS Service Request in a single
message. |If so, the nessage includes an instance of a
Quality-of -Service option for each of those Service
Requests. Furthernore, the DSCP value is different in each
of those requests.

+ Any tine the nobile access gateway renoves a nohbile node’s
mobility session by renoving a Binding Update List entry
[ RFC5213] for which QoS resources have been previously
al l ocated, those allocated resources are rel eased.

6. QoS Services in Integrated W.AN-3GPP Net wor ks
6.1. Technical Scope and Procedure

The QoS option specified in this docunent can provide the equival ent
|l evel of QoS information defined in 3GPP, which is used to enforce
QoS policies for IP flows that have been established while the nobile
node is attached to WLAN access or noved from 3G°PP to W.AN access.
The QoS classification defined by the 3GPP specification [TS23.207]
[ TS29.212] is provided by Differentiated Services techniques in the
I P transport network. The QoS classification used in the IP
transport network is further translated to WLAN QoS-specific

techni ques in the WLAN access using appropriate W.AN QoS
specifications [| EEEB02. 11laa-2012] [WWML.2.0]. The details are
descri bed in Appendi x A and Appendix B

Figure 6 illustrates a generalized architecture where the QS option
can be used. The QoS policies could be retrieved froma Policy
Control Function (PCF), such as defined in current cellular nobile
conmuni cati on standards, which ains to assign an appropriate QS
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class to a nobile node’s individual flows. Alternatively, nore
static and default QoS rules could be nade |locally available, e.g.,
on a local mobility anchor, through adninistration

Non-cel | ul ar access Cel | ul ar Core Network Cel | ul ar

I
(e.g., WAN) | (e.g., EPC Access
I (e.g.,
| R + EUTRAN)
| | PCF |
I | (e.g., PCRF)|
+----+ | +--mna +--mna +
| WFi | (1) I I
| AP [--ot e | | ((0)
+----+ | |WFi AR | PMPv6 +o-m-- + +--- 4+
dem -t ([\/AG) +:| ::::::::::::l LMVA |:::::| |\/AG+——|
| | WC | | tunnel +o- oo - + oot
SR | S + | /1
|WFi|---+ | /1
| AP | | /1
o+ (rn) | /1
R - + | /1
oo+ dommmm - + |WFi AR | 11
|WF| +----4+ WC +------ + ([\/AG) |: =======//
| AP | I I ||
+----+ e + e + |
N N |
| | |
e +

QS inter-working

Figure 6: Architecture for QoS Inter-Wrking between Cellular Access
and Non-Cel | ul ar Access

During a nobile node’s handover fromcellular access to non-cellul ar
access, e.g., a wireless LAN (WAN) radi o access network, the nobile
node’s QoS policy rules, as previously established on the |oca

mobi ity anchor for the mobile node’s communi cation through the
cellul ar access network, are noved to the handover target nobile
access gateway serving the non-cellular access network. Such a non-
cellular nobile access gateway can have an access-technol ogy-specific
controller or function co-located, e.g., a Wreless LAN Controller
(W.C), as depicted in option (1) of Figure 6. Alternatively, the
access-specific architecture can be distributed, and the access-
technol ogy-specific control function is |ocated external to the
mobi | e access gateway, as depicted in option (I1). 1In this case, the
nmobi | e access gateway and the access-technol ogy-specific contro
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function (e.g., the W.C) nust provide sone protocol for QS inter-
working. Details of such inter-working are out of the scope of this
speci fication.

6.2. Relevant QoS Attributes
The QoS Option shall at |east contain a DSCP val ue being associ at ed
with I[P flows of a nobility session. The DSCP val ue shoul d
correspond to the 3GPP S C ass Index (QCl), which identifies the
type of service in terns of QoS characteristics (e.g., conversational
voi ce, streami ng video, signaling, and best effort); nore details on
DSCP and QClI nmapping are given in Appendix A. Optional QS
i nformati on could al so be added. For instance, in order to conply
with the bearer nodel defined in 3GPP [TS23.203], the follow ng QS
paraneters are conveyed for each PM Pv6 nobility session:
0 Default, non-GBR bearer (QCl=5-9)
* DSCP=(BE, AF11, AF21, AF31, AF32)
*  Per-MN AMBR- UL/ DL
*  Per-Session AMBR- UL/ DL {S=1, E=1}
*  AARP
APN (Access Point Nane) is provided via the Service Selection ID
defined in [RFC5149]. If APNis not interpreted by W-Fi AP, the
latter will police only based on Per-MN AMBR- UL/ DL (wi t hout Per-
Session AMBR-UL/DL) on the W-Fi |ink.
0 Dedicated, GBR bearer (QCl=1-4)
*  DSCP=(EF, AF41)

*  GBR- UL/ DL

*  MBR- UL/ DL

*  AARP

* TS

W-Fi AP will performthe policy enforcenent with the mninum bit

rate=@EBR and the maxi mum bit rate=MBR
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0 Dedicated, non-GBR bearer (QCl=5-9)
*  DSCP=(BE, AF11, AF21, AF31, AF32)
*  Per-MN AMBR- UL/ DL
*  Per-Session AMBR-UL/DL {S=1, E=1}
*  AARP
* TS

If APNis not interpreted by W-Fi AP, it will police based only
on Per-MN AMBR-UL/DL (w thout Per-Session AVBR-UL/DL) on the W-Fi
I'ink.

I f DSCP val ues follow the 3GPP specification and depl oynent, the code
point can carry intrinsically additional attributes according to
Figure 7 in Appendi x A

For some optional QoS attributes, the signaling can differentiate
enforcement per mobility session and per IP flow. For the latter, as
|l ong as the AMBR constraints are net, the rule associated with the
identified flow(s) overrules the aggregated rules that apply per
nmobi | e node or per nobility session. Additional attributes can be
appended to the QoS option, but their definition and specification is
out of scope of this docunent and are left as considerations for
actual depl oynent.

7. 1 ANA Consi derations
| ANA has compl eted the foll owi ng actions:

0 Action-1: This specification defines a new nobility option, the
Quality-of-Service (QS) option. The format of this option is
described in Section 4.1. The type value 58 for this mobility
option has been allocated fromthe "Mbility Options" registry at
<http://ww. i ana. or g/ assi gnment s/ nobi | i t y- par anet er s>

0 Action-2: This specification defines a new nobility attribute
format, the Quality-of-Service attribute. The fornmat of this
attribute is described in Section 4.2. This attribute can be
carried in the Quality-of-Service nobility option. The type
values for this attribute are managed by I ANA in a new registry,
the "Quality-of-Service Attribute Registry". This registry is
mai nt ai ned under the "Mbhbile | Pv6 paraneters" registry at
<http://ww.iana. org/assi gnments/nobility-paraneters>. This
specification reserves the type values listed below. Al other
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val ues (12 - 254) are unassigned and nay be assigned by | ANA using
the Specification Required policy [RFC5226]. The Designated
Expert review ng the value assignnent is expected to verify that
the protocol extension follows the Proxy Mbile IPv6 architecture
and does not raise backward-conpatibility issues with existing
depl oynent s.

| Val ue| Descri ption | Ref er ence |
[} gt el s o
| O | Reserved | RFC 7222 |
| 1 | Per-M\- Agg- Max-DL-Bit-Rate | RFC 7222 |
| 2 | Per-M\-Agg- Max-UL-Bit-Rate | RFC 7222 |
[§ bbbt oo e s s s U
| 3 | Per-Session-Agg- Max-DL-Bit-Rate | RFC 7222 |
| 4 | Per-Session-Agg- Max-UL-Bit-Rate | RFC 7222 |
| 5 | Allocation-Retention-Priority | RFC 7222 |
[§ bbbt oo e s s s U
| 6 | Aggregate-Max-DL-Bit-Rate | RFC 7222 |
| 7 | Aggregate-Max-UL-Bit-Rate | RFC 7222 |
| 8 | Guaranteed-DL-Bit-Rate | RFC 7222 |
[§ bbbt oo e s s s U
| 9 | GQuaranteed-UL-Bit-Rate | RFC 7222 |
| 10 | QoS-Traffic-Selector | RFC 7222 |
| 11 | QoS-Vendor-Specific-Attribute | RFC 7222 |
[§ bbbt oo e s s s U
| 255 | Reserved | RFC 7222 |

0 Action-3: This docunent defines a new status code,
CANNOT_MEET_QOS_SERVI CE_REQUEST (179), for use in Proxy Binding
Acknowl edgenent nessages, as described in Section 4.3. This value
has been assigned fromthe "Status Codes" registry at
<http://ww.iana. org/ assi gnment s/ nobi | i ty-paranet er s>.

o0 Action-4: This docunent defines a new Notification Reason,
QOS_SERVI CE_REQUEST (5), for use in Update Notificati on nessages
[ RFC7077] as described in Section 4.4. This val ue has been
assigned fromthe "Update Notification Reasons Registry" at
<http://ww.iana. org/ assi gnment s/ nobi | i ty-paranet er s>.
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8.

10.

10.

0 Action-5: This docunent defines a new status code,
CANNOT_MEET_QOS_SERVI CE_REQUEST (130), for use in Update
Notificati on Acknow edgenment nessages [RFC7077] as described in
Section 4.5. This value has been assigned fromthe "Update
Notification Acknow edgenment Status Registry" at
<http://ww. iana. org/ assi gnment s/ nobi | i ty-paranet ers>

Security Consi derations

The Quality-of-Service option defined in this specification is for
use in Proxy Binding Update, Proxy Binding Acknow edgenent, Update
Notification, and Update Notificati on Acknow edgenent nessages. This
option is carried in these nessages |ike any other nobility header
option. [RFC5213] and [RFC7077] identify the security considerations
for these signaling nmessages. When included in these signaling
messages, the Quality-of-Service option does not require additiona
security considerations.
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Appendi x A.  Information Wen Inplenmenting 3GPP QoS in | P Transport

Net wor k
A.1. Mapping Tables

Mappi ng between 3GPP QCI val ues and DSCP is defined in [ GSMA. | R 34]
as foll ows.

[ ettty e —————— Ll —p—_——————————————————— _p—p—p———r
| @ | Traffic Cass | DiffServ Per-Hop-Behavior | DSCP |
F =t -+t —————————————+{——————+
| 1 | Conversational | EF | 101110|
| 2 | Conversational | EF | 101110|
[} gttt s p—p—p—p—_—(———————————————————(—(—(—(—————
| 3 | Conversational | EF | 101110|
[ bt e sty o}
| 4 | St ream ng | AF41 | 200010|
| 5 | Interactive | AF31 | 011010]
[} gttt s p—p—p—p—_—(———————————————————(—(—(—(—————
| 6 | Interactive | AF32 | 011100]|
[ bt e sty o}
| 7 | Interactive | AF21 | 010010|
| 8 | Interactive | AF11 | 001010|
[} gttt s p—p—p—p—_—(———————————————————(—(—(—(—————
| 9 | Backgr ound | BE | 000000|
[ bt e sty o}

Figure 7: QClI/DSCP Mapping Table

Mappi ng between QoS attributes defined in this document and 3GPP QoS
paraneters is as foll ows.
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| Secti on]| PM Pv6 QoS | 3GPP QS |
| | Attribute | Parameter |
[} gttty S———(————————————(—————————————— e o
| 4.2.1 | Per - M\ Agg- Max-DL-Bit-Rate | UE AMBR-DL |
Fomm o - o m e e e e e e aaao o S +
| 4.2.2 | Per - MN- Agg- Max- UL-Bit-Rate | UE AVBR-UL |
B S, o mm e e e e e e e e e e e memmao-- o e e e e oo o +

| 4.2.3 | Per-Session-Agg- Max-DL-Bit-Rate| APN AVBR-DL |
| | Fl ags: (S=1, E=1) | |

| 4.2.4 | Per-Session-Agg- Max- UL-Bit-Rate| APN AVMBR- UL |
| | Fl ags: (S=1, E=1) | |

N o e e e e e e e meme oo o m e e e oo - +
| 4.2.5 | Allocation-Retention-Priority | ARP |
AR, o mm e e e e e e a— oo oo S +
| 4.2.6 | Aggr egat e- Max-DL-Bi t - Rat e | MBR- DL |
S o m oo S +
| 4.2.7 | Aggr egat e- Max- UL-Bi t - Rat e | MBR- UL |
N o e e e e e e e meme oo o m e e e oo - +
| 4.2.8 | Guar anteed-DL-Bit-Rate | GBR- DL |
AR, o mm e e e e e e a— oo oo S +
| 4.2.9 | Guar ant eed- UL-Bi t- Rat e | GBR- UL |
S o m oo S +
| 4.2.10]| QoS- Traf fic-Sel ect or | TFT |
N o e e e e e e e meme oo o m e e e oo - +

Figure 8: QoS Attributes and 3GPP QS Paraneters Mappi ng Tabl e
A. 2. Use Cases and Protocol Operations

The foll owi ng subsections provide exanpl e message flow charts for
scenari os where the QoS option extensions will apply as described in
Section 6.1 to the protocol operation for QS rul es establishnent
(Appendices A 2.1 and A 2.2) and to nodification (Appendix A 2.3).

A.2.1. Handover of Existing QS Rules

In Figure 9, the MNis first connected to the LTE network with a
mul ti medi a session, such as a video call, with appropriate QS
paraneters set by the Policy Control Function. Then, the M\

di scovers a W-Fi AP (e.g., at home or in a cafe) and switches to it,
provided that W-Fi access has a higher priority when avail able. Not
only is the session continued, but the QS is also maintained after
moving to the W-Fi access. In order for that to happen, the LMA
delivers the QS paraneters according to the bearer type on the 3GPP
access to the MAGvia the PMPv6 signaling with the QS option
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(OC=ALLOCATE, SR-ID, QoS attributes, etc.). The equival ent QS
treatment is provided by the W-Fi AP toward the MN on the W-Fi

I'ink.
Fommmmm - +
| Policy |
| Control |
| Functi on]|
oo oo+

+----+ +------- + +———!|'————+

+--+ |LTE|___ |  SGW | |  PGW |

| NNl ----| eNB | | | ::::::::::::::l (LNA) |

+--t Ao+ R + []+-----e-- +

: /1

: I

Vo 4o P + PMPV6 [/

oo+ |WF|| _______ | W.C |:::::::::

| M| ~~| AP | | (MAG | tunnel

Foot -+ Fommemm +

Fi gure 9: Handover Scenario (fromLTE to W.AN)
Figure 10 shows an exanple of how the QS rul es can be conveyed and

enforced between the LMA and MN in the case of a handover from 3GPP
access to WLAN access.
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+- -+ +- -+ +---+ +---+
| MN| | AP | MAG | LVA
+- -+ +- -+ +---+ +---+

| | To | dat a

| +- - det ach | | cellul ar<-==dat a[ DSCP] ==-| <- - - -

+----attach----- + | access [ QS rul es]

-1 NF MNat t ach] - >| |

<-I NFg QoSrul es] - | |

I
| |
| | <--PBA[ QoS option(0OC=1 )]--]|
I
I I

I
Apply Est abl i sh Updat e

I

I

|

I

I

|

| mapped MN' s uplink MN' s downl i nk
| QS rules DSCP rul es DSCP rul es
| | B bbb s peet, o)

I I I I

I | (B) | (A) | dat a
| <--data[ Q] ----]| <---data[ DSCP] - - - | <- ======dat a[ DSCP] ========- | <- - - -
I I I I

| | | dat a
| ---data[ QC] --->| -->dat a[ DSCP] - - - >| - =======dat a[ DSCP] =======->| - - - >
I | (O | (D) I

Apply DSCP at link to AP

Enf orce mapped QoS rules to access technol ogy

Map M\-indicated QoS Class (QC) to DSCP on the AP-MAG link, or
val idate M\-indicated QC and apply DSCP on the AP-MAG |ink
according to QS rules

(D): Validate received DSCP and apply DSCP according to QoS rul es

NN N
QRN

Fi gure 10: Handover of QoS Rul es
A.2.2. Establishnment of QS Rul es

A singl e operator has deployed both a fixed access network and a
mobi | e access network. |In this scenario, the operator may wi sh a

har noni zed Q©S managenent on both accesses, but the fixed access

net wor k does not inplenent a QS control framework. So, the operator
chooses to rely on the 3GPP policy control function, which is a
standard franmework to provide a QoS control, and to enforce the 3GPP
QS policy on the W-Fi access network. The PMP interface is used
to realize this QoS policy provisioning.

The use case is depicted on Figure 11. The MN first attaches to the

W-Fi network. During the attachnent process, the LMA, which may
communi cate with Policy Control Function (using procedures outside
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the scope of this docunment), provides the QoS paraneters to the MAG
via the QoS option (OC=ALLOCATE) in the PMP signaling (i.e., PBA).
Subsequently, an application on the MN may trigger the request for
alternative QS resources, e.g., by use of the WM API (W-Fi
Multinedia - API). The MN may request that traffic resources be
reserved using L2 signaling, e.g., sending an Add Traffic System
(ADDTS) message [l EEE802.11-2012]. The request is relayed to the
MAG whi ch includes the QoS paranmeters in the QoS option
(OC=ALLOCCATE) on the PMP signaling (i.e., the PBU initiated upon
flow creation). The LMA, in coordination with the PCF, can then
aut hori ze the enforcenment of such QS policy. Then, the QS
parameters are provided to the MAG via the QS option (OC=ALLCCATE,
SR- 1D, QoS attributes, etc.) in the PMP signaling, and the

equi val ent QoS treatnment is provided towards the MN on the W-Fi

i nk.

I
I

| +-------- +

| |Policy |

| | Control |

| | Functi on|

| +---4----+

I I

| +---4----+

+----+ e + PMPv6 | | PGN |

+- -+ |WF|| _______ | W.C |::::::::|: (LI\/A) |

| M\| ~~| AP | | (MG | tunnel | +-------- +
+--+  H----+ S R + |
I
W -Fi Access |

Net wor k | Cel | ul ar

| Net wor k
I

Figure 11: QoS Policy Provisioning
Figure 12 shows an exanple of how the QoS rul es can be conveyed and

enforced between the LMA and MN in the case of initial attachnment to
WLAN access.
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+--+ +--+ +-- -+ +-- -+
| MN | AP| - - ee e | MAG| - o - oo | LM

+- -+ +- -+ +---+ +---+

I I I I

I I I I
+----attached---+ | [ QS rul es]
I I I I

new sessi on | (B) | (F) | dat a
| ----data] QC] - ->| - - - dat a[ DSCPa] - - >| - ======dat a[ DSCPb] =======->| - - - >

| - - PBU updat e, QoS option]-->|
| (ReReg) (0OC=1) Validate and

---data[ QC] - - - >| - - >dat a[ DSCP] - - - >| - =======dat a[ DSCP| =======->| - - - >
I I I
| | |

(E): AP may enforce uplink QS rules according to priority class
set by the MN

(F): MAG can enforce a default QoS class until the local nobility
anchor classifies the new flow (notified with PBA) or the nobile
access gateway cl assifies new fl ow and proposes the associ at ed
QS class to the local nobility anchor for validation (proposed
with PBU, notification of validation result with PBA)

I I

| | | add QS rul e
| | | <----PBA] QoS option]----|

| | <- 1 NFQ QoSrul es] - | (OC=1, SR ID)[QS rules’]
I I I

| Appl y Establ i sh |

| adapt ed WMN' s uplink |

| QS rules DSCP rul es |

I I I I

I I I I

| | | | dat a
| <- - dat a[ (x:] ---- | <---dat a[ DSCP] - | <- ======(at a[ DSCP] ————=—=—=—=—- | <o -
I I I I

| | | | dat a
I

I

I

Fi gure 12: Addi ng New QoS Service Request for M\-Initiated Fl ow
A.2.3. Dynamic Update to QoS Policy

A nobile node is attached to the WLAN access and has obtai ned QS
paraneters fromthe LMA for that nobility session. Having obtained
the QoS paraneters, a new application, e.g., IP Miltinedia Subsystens
(I'V5) application, gets launched on the nobil e node that requires
certain QoS support.
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The application on the nobile node initiates the communications via a
dedi cated network function (e.g., IMs Call Session Control Function).
Once the comunication is established, the application network
function notifies the PCF about the new IP flow. The PCF function in
turn notifies the LMA about the needed QoS paraneters identifying the
IP flow and QoS paraneters. LMA sends an Update Notificati on nessage
[ RFC7077] to the MAG with the Notification Reason value set to
QOS_SERVI CE_ REQUEST. On receiving the Update Notification nessage,
the MAG conpl etes the PBU PBA signaling for obtaining the new QS
paraneters via the QS options (OC=MODI FY, SR-ID, QoS attributes,
etc.). The MAG provisions the newWy obtai ned QS paraneters on the
access network to ensure the newWy established IP flow gets its
requested network resources.

Upon ternmination of the established IP flow, the application function
again notifies the PCF function to renove the established QS
paraneters. The PCF notifies the LMA to wi thdraw the QoS resources
established for that voice flow. The LMA sends an Update
Notification nessage to the MMAGwith the "Notification Reason" val ue
set to "FORCE- REREG STRATION'. On receiving this Update Notification
Acknowl edgenent nessage, the MAG conpl etes the PBU PBA signaling for
renovi ng the existing QS rules (OC=DE- ALLOCATE, SR-1D). The MAG
then renoves the QS paraneters fromthe corresponding IP fl ow and
rel eases the dedi cated network resources on the access network.

Appendi x B. Information Wen | nplementing PM P-Based QoS Support with
| EEE 802. 11le

This section shows, as an exanple, the end-to-end QoS managenent with
a 802. 1le-capabl e WLAN access |ink and a PM P-based QoS support.

The 802.11e, or W-Fi Miltinedia (WM, specification provides
prioritization of packets for four types of traffic, or access
categories (ACs):

Voice (AC VO : Very high-priority queue with nmini mumdelay. Tine-
sensitive data such as Vol P and streaning node are automatically
sent to this queue.

Video (AC VI): High-priority queue with I ow delay. Tinme-sensitive
video data is automatically sent to this queue.

Best effort (AC BE): Mediumpriority queue with medi umthroughput
and delay. Most traditional IP data is sent to this queue.

Background (AC BK): Lowest-priority queue with high throughput.

Bul k data that requires maxi numthroughput but is not tinme-
sensitive (for exanple, FTP data) is sent to the queue.
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The access point uses the 802.11le indicator to prioritize traffic on

the WLAN i nterface

802. 1p priority tag and DSCP

both wireless and wired interfaces,
802. 11e specification,

On the wired side,

the access point uses the

To all ow consi stent QoS managenent on

the access point

relies on the

whi ch defines mappi ng between the 802. 11e
access categories and the | EEE 802. 1D priority (802.1p tag).

The

end-to-end QoS architecture is depicted in Figure 13, and the 802. 11le
/802.1D priority mapping is shown in the follow ng table:

oo oo +
| 802.1e AC | 802.1D priority
o o +
| AC VO | 7,6 I
o o - +
|  AC.VI | 5,4 |
oo oo +
| ACBE | 0,3 |
o o +
| ACBK | 2,1 |
o o - +
R ey o +- - +
DSCP/ 802. 1p | PDP |
mappi ng tabl e +----- +
+=============+ PEP |
L o - o - - -+ |
‘. |WF AR PM Pv6 Feoemes +
-+ (I\/AG) +:::::::::::::::| Ll\/Al
| WC | t unnel +--- - +
P - PEP
|
==Vi deo== 802. 1p/ DSCP
==Voi ce== |
== B.E. == T—
T | WLAN| PEP
| M |- J1le----| AP |
o+ o+
Figure 13: End-to-End QS Managenment with 802.1le

When receiving a
contai ns 802. 11e
the DSCP field.

the access point

802. 1D priority as per the table above.
contain 802.11e marKki ng,

Li ebsch, et al

packet fromthe M
markings in the L2 header.

If not,

t he AP checks whet her the frane
t he AP checks

If the uplink packet contains the 802.11e marking,
maps the access categories to the correspondi ng

St andards Track

If the frame does not
the access point exanines the DSCP field.
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If DSCP is present, the AP maps DSCP val ues to a 802.1p value (i.e.,
802. 1D priority). This mapping is not standardized and nmay differ
bet ween operators; a mapping exanple is given in the follow ng table.

R S S +
| Type of traffic | 802.1p | DSCP val ue

R T Fommmma - S ISRy +
| Network Control | 7 | 56 |
o e e e o Fomm oo R +
| Voice | 6 | 46 (EF) |
S TRy S I S TR +
| Video | 5 | 34 (AF 41) |
I IR Fommmaa - S ISRy +
| Voice Control | 4 | 26 (AF 31)

o e e e o Fomm oo R +
| Background Gold | 2 | 18 (AF 21)

S TRy S I S TR +
| Background Silver | 1 | 10 (AF 11) |
T I Fommmaa - S ISRy +
| Best Effort | 0,3 | O (BE) |
o e e e o Fomm oo R +

The access point prioritizes ingress traffic on the Ethernet port
based on the 802.1p tag or the DSCP value. |If the 802.1p priority
tag is not present, the access point checks the DSCP/802. 1p mappi ng
table. The next step is to map the 802.1p priority to the
appropri ate egress queue. Wen 802.11e support is enabled on the
wireless link, the access point uses the | EEE standardi zed 802. 1p/
802. 11e correspondence table to map the traffic to the appropriate
har dwar e queues.

When the 802. 11le-capable client sends traffic to the AP, it usually
mar ks packets with a DSCP value. |In that case, the MAG LMA can cone
into play for QS renegotiation and call flows depicted in Appendix A
apply. Sonetines, when communication is initiated on the W.AN
access, the application does not mark upstream packets. |f the
upl i nk packet does not contain any QS narking, the AP/ MAG coul d
determne the DSCP field according to traffic selectors received from
the LMA. Figure 14 gives the call flow corresponding to that use
case and shows where QS tags nappi ng does cone into play. The main
steps are as foll ows:

(A): During the MN attachnment process, the MAG fetches QS

policies fromthe LMA. After this step, both the MAG and LMA are
provi sioned with QoS policies.
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(B): The MN starts a new | P comuni cation w thout making I P
packets with DSCP tags. The MAG uses the traffic selector to
determ ne the DSCP value; it then marks the I P packet and forwards
within the PM P tunnel.

(O : The LMA checks the DSCP value with respect to the traffic
selector. |If the QS policies are valid, the LMA forwards the
packet wi thout renegotiating the QoS rul es.

(D): Wen receiving a marked packet, the MAG the AP, and the WN
use 802.11e (or WM, 802.1p tags, and DSCP values to prioritize

| [802.1p/DSCP] |
| |

Figure 14: Prioritization of a Flow Created on the WLAN Access

the traffic.
+- -+ +- -+ +---+ +---+
| M | AP| | MG | LA
+- -+ + -+ +---+ +---+
(A)]----attach----- R D PBU---------- >|
I I | <----PBA[ QS option]----- |
. [ QS rul es] [ QS rul es]
(B). _ . . |
new sessi on | | |
|----data[]---->|----data[]------ >| - ======dat a[ DSCP] ======- >|
I I I
(O] | | Validate QoS rule
I I I |--->
| | | <======¢at a[ DSCP] ::::::::l <o oo -
| | | |
I I nappi ng I
(D) | | DSCP/ 802. 1p |
I | <----data-------- I I
| | [802.1p/ DSCP] | |
I I I I
| mappi ng | |
| 802. 1p/ 802. 11e | |
I<——data[V\M\/]———I I I
|---data[ WM -->|------ data------ >| =======dat a[ DSCP] =======>| - - - >
I I
| |
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I nformation When I nplenmenting with a Broadband Networ k

QS interworki ng between the PM Pv6
The Broadband Network Gateway (BNG

or

the CPE (Customer Prem se Equipnent) or

connected via the broadband access network.

the RGvia, e.g., W-Fi AP in the broad
segnent of the broadband access network
Pol i cy Enforcenent Point (PEP) for the

respectively. The QS information is d
BNG via the PM Pv6 with the QoS option

Based on the received QS paraneters (e
br oadband access network and the RG pro
to the downlink and uplink traffic to/f

PEP
E +
| BNG |
| BRAS +
| (MAG |
B S, +
Br oadband ( | )
Access ( DSCP
Net wor k ( | )
+o-m o - +
+----t | CPE |
I | IRG |
+----+ Broadband +----- +

Home Net wor k

Fi gure 15: End-to-End QoS Managenent
Net wor k

In the segnent of the broadband access

3GPP Cl val ues and DSCP described in Section 6.2 is applied.

segnent of the broadband hone network,

RG via W-Fi, the sane QoS nmapping as d
appl i ed.
Li ebsch, et al. St andards Tra

Br oadband Renpte Access Server (BRAS) has the MAG functi on,

and
Resi dential Gateway (RG is
The MN is attached to
band honme network. 1In the

, the BNG and RG are the
downlink and uplink traffic,
ownl oaded fromthe LMA to the
defined in this docunent.

.g., DSCP val ues), the

vi de appropriate QS treatnent
romthe WN

FE— +
| PDP |
Fommn- +
|
|
PMPVE +-----+
:::::::::::::::l LIVA |
t unnel t----- +
PEP
)
PEP

with the Broadband Access

net wor k, QoS mappi ng bet ween
In the
if the MNis attached to the
escribed in Appendix B can be
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