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Abst r act

Thi s docunent presents a distributed mechanismto enforce strict
del ay bounds for some network flows in |arge scale networks. It

| everages on the capacity of nmodern network devices to adapt their
queue’ s capacities to bound the maxi mumtinme spent by packets in
those devices. It is using a reservation protocol to guarantee the
availability of the resources in the devices' queues to serve packets
bel onging to specific flows while enforcing an end-to-end del ay
constraint.
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1. Introduction

Wil e constraining both the latency and the jitter nakes sense for

m ssion-critical real-tinme applications, sone applications can
acconmpdate a relaxation of the jitter constraint provided a bound on
the end-to-end latency is respected in order to operate over |onger

di stances. Such use cases conprise online nultiplayer gam ng,
augnented reality (AR) or virtual reality (VR), presented in

[ TS23501], as well as synchroni zed stream pl ayback or wi de-area

nmoni toring and control systens, presented in [RFC8578]. In those use
cases, packets may be buffered and reordered at the receiving end
provided the data they carry can be delivered on tinme to the
appl i cati on.
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Thi s docunent presents a networked system designed to enforce strict
del ay bounds for sone network flows in large scale networks. It is
usi ng both a dynam c mechani smto adapt queue capacity in network
devices and a distributed signaling mechani sm

In this system the network devices have a set of queues which are
served for a anpbunt of tinme on a regular period, using a round robin
strategy or one of its variants. By controlling the amount of data
packets that can be stored in each queue, the devices can control the
maxi mum anount of tine spent by packets in each queue, and comit on
a maximumtime spent to route packets belonging to a given flow. As
each device can adjust the size of its various queues, the network
can adapt to the demand for |atency-bound traffic.

Then, in a network connecting such devices, it becones possible to
buil d end-to-end paths on which the maxi mum delay is bounded. A
distributed signaling protocol is used to allow end devices to
reserve capacity slots in the network devices queues in order to send
traffic respecting end-to-end delay bounds to other end devices.

2. Bounding delay at the switches
[ RFC9320] gives a detail ed description of the timng nodel for relay
nodes involved in a deternministic network. In this docunment, using
the sane notations and nunmbering, the transit tinme froma gi ven node
to its successor on the path is the sum of:
1. An output del ay.
2. A link del ay;
3. A frane preenption delay (according to [|EEE8023]);
4. A processing del ay;
5. A regul ator queuei ng del ay;
6. A queuei ng subsystem del ay;
Conponents 1 to 4 in this per hop delay conputation can be bounded by
a non-queui ng del ay upper bound, while conponents 5 and 6 constitute
a queui ng del ay dependi ng on the queui ng strategy.
In modern network equi pnent, several queues are used to park packets
depending on a set of criteria. 1In sone architecture, such as the
Prot ocol | ndependent Switch Architecture (see Figure 1), the queues

are | ocated before the egress processing pipeline. The tine spent by
a packet in an equi prent depends on the tinme spent in the processing
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pi pelines, on the tine it stays in a queue and on potential packet
reordering in the queue. Considering a round robin service of those
queues, if no packet reordering operation is done in the queues, the
time spent by packets in a queue depends on the queue’'s capacity.
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Figure 1: A schematic view of the PISA architecture

If the queues are served as FIFQ then, according to
[ LeBoudecTheory], the worst node delay, i.e. the maxi mumtine spent
by a packet in transit (MD.) in a given node can be expressed as:

MD. =TO + Cp/ CR
Wher e:

* TO is the upper bound of the non-queuing del ay experienced by a
packet in the node,

* Cpis the buffer capacity (in bits),

* CIRis the Coonmtted Infornation Rate, i.e. the service rate of
the queue (in bits per second (bps)).

According to this fornula, it is possible to bound the time spent by
a packet in an equi prent by assigning it to a queue of the proper
size. Besides, the maximumtine spent by packets in the equi pnent
can be adjusted by changing the buffer size, i.e. the nunber of
packets in the queue. Thus, if each packet’'s size is bounded by the
MIU, it is possible to express the buffer sizes as capacity reserved
for specific network fl ows.

In the described system end nodes conmmit to respect a strict
threshold on the bandwi dth they consune for data flows for which they
want the end-to-end delay to be bound. 1ndeed, hosts are allowed to
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send bursts of traffic violating the maxi mum bandwi dth they are

all oned to consume, the maxi mum del ay experienced by packets in the
various network nodes will not be bounded, as space in the various
queues mght be illegitimately allocated. To respect this
constraint, end hosts are forced to strictly respect the threshold
they are allocated for their delay-bound flow, and reject every
packet violating this cap at the network’s ingress.

In this system the capacity of the various queues in the equi pnent
is steered, and end host can reserve capacity in those queues by
means of a reservation protocol able to carry queue reservation
paraneters in reservation request and reply nessages.

3. Setting up an end-to-end path with a del ay bound

To describe how a path with strict delay bounds can be set up, let us
consi der as an exanple the network presented in Figure 2. This
network consists in a source node A a destination node F, and four
(4) internediate nodes A, B, C and D. Each of these four

i nt ermedi at e nodes have 2 guaranteed service queues, characterized by
the Maxi num node transit Delay they offer (MD, in ns) and their
capacity (Cp, in Mits), and a best effort queue. Those queues are
served in a round robin fashion, in such a way that their service
time is guaranteed. In this network, A wants to send traffic to F in
a data flow, with a maxi num capacity of 2Miits and a end-to-end del ay
limt of 85 ns.
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Figure 2: Exanpl e network

To set the path, A wll use the resource reservation protocol to send
a reservation request to F carrying the end-to-end del ay bound and
the maxi mum capacity of the data flowit is willing to send. This
message is denoted Req.[I D = Nonce; FlowID = f-1D;, max-E2E-del ay =
85ms; E2E-delay-commit. = Ons; MC = 2Miits; Record-route = [A]].

It contains six (6) parameters of interest for the reservation

pr ocedur e:

* anonce ID (ID) that identifies the request;
* aflowID (FlowlID) which follows the requirements stated in

Section 5.1 of [RFC8939] to identify the flow for which the
resource reservation i s done;
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* a maxi mum end-t o-end del ay (max- E2E-delay) to be respected on the
path fromthe source to the destination;

* an end-to-end delay conmtnent (E2E-del ay-commit.) which
represents the sum of the maxi num del ays that nodes traversed by
the packet comit to respect;

* a maxi mum capacity (M C.) which is the upper bound of the capacity
required to serve the data flow on the path;

* a recorded route (Record-route) that is used to determ ne which
nodes the nmessage has traversed.

The nessage is sent to B and C

When B receives the nessage, it checks that it can participate in the
pat h by checki ng whether it can accept packets with the requested
capacity in one of its queues while respecting the end-to-end del ay.
It can place packets associated to this flowin its queue QL. Then,
before forwardi ng the packet, it sets a temporary reservation in its
queue Ql, adds Ql's maxi mum delay (20nms) to the end-to-end del ay
conmmitnment in the reservation request nmessage, and adds itself in the
Record-route stack in the nessage: Req.[ID = Nonce; FlowID = f-ID
max- E2E- del ay = 85ms; E2E-del ay-commit. = 20nms; M C. = 2Mits;
Record-route = [A, B]]. Then it relays the packet to D and E

At the same tinme, C proceeds in a simlar way, assigns a temporary
reservation to its queue QL and sends nessages Req.[|D = Nonce; Fl ow
ID = f-1D;, max- E2E-del ay = 85ns; E2E-del ay-commit. = 50n8; MC =
2Miits; Record-route = [A (C]] to D and E

When D receives both nessages Req.[I D = Nonce; FlowID = f-1D; nax-
E2E-del ay = 85nms; E2E-del ay-commit. = 20ms; M C. = 2Miits; Record-
route = [A B]] and Req.[ID = Nonce; FlowID = f-1D; nmax- E2E-del ay =
85ns; E2E-del ay-commit. = 50nms; M C. = 2Moits; Record-route = [A
Cl], it knows fromthe nonce ID that they are associated to the sane
request. Looking at the first nessage, it determines that it can
serve this flow by reserving sonme capacity in its queue QL. It thus
creates a message Req.[ID = Nonce; FlowID = f-1D;, max- E2E-del ay =
85ns; E2E-delay-commit. = 60ns; M C. = 2Miits; Record-route = [A B
D] by adding Ql's maxi num delay to the end-to-end del ay commi t nent
and recording itself in the Record-Route, and forwards it to F. Yet,
| ooki ng at the second nessage, it realizes that it cannot answer the
request given that the maxi mum delay of its fastest queue is higher
than the end-to-end delay value requested in the nessage. Then, it
silently refrains fromrelaying the nessage
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At the same tinme, E processes both messages Req.[I D = Nonce; FlowID
= f-1D;, max- E2E-del ay = 85ms; E2E-del ay-commit. = 20ms; M C. =
2Moits; Record-route = [A B]] and Req.[ID = Nonce; Flow 1D = f-ID;
max- E2E-del ay = 85ns; E2E-del ay-commit. = 50ns; M C. = 2Miits;
Record-route = [A, C]], nmakes a tenporary reservation in its queue QL
and rel ays nessages Req.[ID = Nonce; FlowID = f-1D; nmax-E2E-delay =
85ms; E2E-del ay-commit. = 50ms; M C. = 2Miits; Record-route = [A B
E]] and Req.[ID = Nonce; FlowID = f-1D; max- E2E-del ay = 85ms; E2E-
del ay-commit. = 80nms; MC = 2Miits; Record-route = [A C, E]] to F.

F, the destination, receives 3 nessages dealing with the sane end-to-
end resource reservation request from A

* Req.[ID = Nonce; Flow1D = f-1D; max- E2E-del ay = 85ns; E2E-del ay-
commit. = 60nms; MC. = 2Miits; Record-route = [A B, DO];

* Req.[ID = Nonce; FlowID = f-I1D;, max- E2E-del ay = 85ns; E2E-del ay-
commit. = 50ms; MC = 2Miits; Record-route = [A B, E];

* Req.[ID = Nonce; Flow1D = f-1D; max- E2E-del ay = 85ns; E2E-del ay-
commit. = 80nms; MC. = 2Miits; Record-route = [A C, E].

Fromthis set, F chooses a path. The specific policy used to nmake a
sel ection anong several possible paths is out of the scope of this
docunent. In this exanple, F selects the path on which the end-to-
end delay commitment value is the | owest, and answers the resource
reservation request with a response containing six (6) paraneters:

* the nonce ID that identifies the request;

* the identifier of the flow for which the resource reservation is
done;

* the maxi mum end-to-end delay to be respected on the path fromthe
source to the destination

* a delay contract value, which is the end-to-end delay commit nent
recei ved by the destination on the path;

* a capacity;

* aroute that is used to deternine which nodes the nessage has
traversed

F sets the route to [A, B, E, F] inits response, and sets the del ay
contract to 50ns, and sends to E the nessage Res.[ID = Nonce; FlowID
= f-1 D, max- E2E-del ay = 85ns; E2E-del ay-commit. = 50nms; M C =
2Moits; Route = [A B, E, F]]. This response is relayed to A through
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E and B following the information in the Route paraneter (see for

i nstance the behavior presented in Section 5.4 and Section 5.5).

When they receive the message, both E and B confirmthe tenporary
reservation they set for the request in their QL queues. Wen A
receives the response, it knows that an end-to-end path going through
B and E to reach F has been set, and that it respects the end-to-end
del ay constraint.

4. Adapting the queues capacities

Inthe lifetine of a network, the demand for del ay-bound traffic can
change: the distribution of the delay bound requests can shift,
requiring the nodes to adapt the size of their various buffers.
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Figure 3: Influence of buffer size on capacity and maxi mum del ay

A node participating in this systemmintains a list of the currently
active reservations in its queues, associated with their
characteristics (i.e. the flowidentifier, the requested capacities
and the delay bound conmitnent to respect at the node).

The queues’ capacities are not fixed, and can evolve with time. In
the reservation protocol’s operations, tw types of events can |lead a
node to adapt the capacity of one of its queues:

* |f a node receives a reservation request it can not serve because
the requested delay is too | ow, and the occupation of one of its
queues i s bel ow an occupation threshold (20% of the current queue
capacity for instance), then the node can reduce the buffer size
to be able to enforce a |ower delay for flows assigned to the
queue and thus accept the request (see nmiddle of Figure 3).
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* |f a node receives a reservation request it can not serve because
the requested capacity is too high, then the node can observe the
occupation and the m ni mum del ay of active flow reservations in
its queues. |If one of its queues’ mninmal delay is under the
m ni mum active flow delay conmitnent, the node can | ook whet her
augnmenting the queue’'s delay to neet this mnimumconmm tnent can
help it accept the request (see bottomof Figure 3). In a
proactive way, the node can set an occupation threshold (80 % for
i nstance) above which it inspects the m ni mum del ay conmtnent for
active flows in a queue to see whether it can enlarge the queue’'s
size to accept nore flows.

Those buffer size adaptation operations can be perforned

i ndependently by each node. |ndeed, as presented in Section 3, when
a source reserves resources to respect an end-to-end | atency bound,
each internedi ate node takes a |l ocal comm tnent about a per node
maxi mum delay it ainms at respecting. |If, at a given tine, the
Maxi mum node transit Delay of a queue is smaller that the mininum
delay conmitnment for active reservations in this queue, then the node
can adapt this queue’s size without interfering with any of the
commitnents it has taken. Thus, as long as the queue size adaptation
respects ongoing commtnents, this procedure do not require

addi tional signalling.

End-to-end ressource reservation protocol operations
1. Using the RSVP protocol

The RSVP protocol is used to allow an end device to reserve a path in
a network consisting in devices able to steer their queues depth.
Both the RSVP Path message and the RSVP Resv nmessage are exchanged to
set a queue capacity reservation on a path and acknow edge it.

To reserve capacity to serve a flow respecting a delay bound, the
Pat h nessage carries a set of objects to carry the request
informati on presented in the exanple described in Section 3. The
acknow edgenment of the resource reservation is made by using a Resv
message. It carries the request information presented in the exanple
described in Section 3.

2. Information encoding in RSVP nessages

The RSVP nessages used in the protocol’s operations need to convey
the information listed in Section 5.1. Previous RFCs, nanely

[ RFC2210], [RFC2212] and [RFC2215], present data objects that can be
used to carry this information
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According to [ RFC2210], it is needed to use RSVP to agree on a
guaranteed service to enforce a | atency bound between the source and
destination. This will influence the data provided in the various
objects carried by both the Path and Resv nessages.

The reservation ID and the identifier associated with the flow for
which the reservation is done are carried in the SESSION data object.
[ RFC2205] nentions that in the RSVP SESSI ON object, the flowis
identified by the destination address and optionally by the
destination port, the protocol ID and a 1-byte flags field. This
limts the nunber of Detnet flows that can be identified conpared to
the requirenents of [RFC8939] Section 5.1. Route and record route
elements lists are carried by EXPLI Cl T_ROUTE and ROUTE_RECORD obj ects
(see [RFC3209]).

The rest of the information carried by the Path and Resv nessages
deal with the characterization of the data flow. According to

[ RFC2210], the end to end QoS characteristics of the flow should be
carried either by a SENDER TSPEC object in the Path nmessage or by a
FLOANSPEC object in the Resv nessage. The information given by either
the source or destination in those objects is not changed by on path
nodes. For the reservation procedure described in this docunment, it
means that the naxi mum end-to-end delay and the Capacity val ues need
to be conveyed by those objects. On the contrary, the end-to-end
del ay commitnent val ue needs to be nodified by on path nodes. To
carry this piece of information, both RSVP Path and Resv nessage can
use an ADSPEC obj ect.

According to [ RFC2210], the SENDER TSPEC and t he FLOANSPEC obj ects
need to include both a general token bucket TSpec paraneter and a
guarant eed servi ce RSpec paraneter. Those paranmeters consist in
words characterizing the desired properties of the end-to-end fl ow
The token bucket TSPEC contains five (5) words: (1) a token bucket
rate r, (2) a token bucket size b, (3) a peak data rate p, (4) a

m ni mum policed unit mand (5) a nmaxi rum packet size M The
guar ant eed service RSpec contains two (2) words: (1) a rate R and (2)
a slack termS. Those paraneters’ words are used to characterized
the desired end-to-end delay bound (Dreq). According to [RFC2212],
it is given by the formula:

Dreq = S + b/r

when p=r=R in the parameters carried by the SENDER TSPEC and the
FLONSPEC obj ect s.
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Fromthis formula, a sender node can fornalize its end to end del ay
contract by conputing b/r and substracting this value fromthe
desired end-to-end delay to obtain the value of the slack termSto
be added as a word in the guaranteed service RSpec.

0 4 89 15 31
S oo o +
1 | A(O) | Unused | B (10) |
R, R, R U o e e e e e e e e e e aa o - +
2 | C (2 | 0] Reserved | D (9 |
Fom e e o m oo +
3 | E (127) | F (0) I G (9 I
oo Fom e o m oo +
4 | Token Bucket Rate [r] (32-bit IEEE floating point nunber) |
o m m m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmmmem o +

5 | Token Bucket Size [b] (32-bit IEEE floating point nunber)
o m o m o o oo +
6 | Peak Data Rate [p] (32-bit IEEE floating point nunber) |
Fo m o oo oo +
7 | MninmmPoliced Unit [n] (32-bit integer) |
o m m m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmmmem o +
8 | Maximum Packet Size [M (32-bit integer) |
Fom e Fom e e +
9 | H (130) | I (0) I J (2 I
oo Fom e o m oo +
10 | Rate [Rl (32-bit IEEE floating point nunber) |
o m m m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmmmem o +
11 | Slack Term [ S] (32-bit integer) |
o m o m o o oo +

Message format version nurmber (0)

Overall length (9 words excl udi ng header)

Servi ce header, service nunber 2 (CGuaranteed)

Per-service data length, (9 words excluding per-service header)
Paraneter | D, paraneter 127 (Token Bucket TSpec)

Paraneter 127 flags (none set)

Paraneter 127 length, 5 words excl udi ng paraneter header
Parameter I D, paraneter 130 (Guaranteed Service RSpec)

Par anmeter 130 flags (none set)

Paraneter 130 length, 2 words excludi ng paraneter header

CTIOTMMOO®>

Figure 4. Token bucket TSpec and guaranteed service RSpec
paraneters carried by the SENDER TSPEC and t he FLOASPEC obj ects

The ADSPEC object carried by the Path and the Resv nessages needs to
include a set of default general paraneters as well as a fragnent
carrying guaranteed service paraneters. There are five (5) default
paraneters to include: (1) The global break bit, (2) the IS hop
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count, (3) the path bandwi dth, (4) the mininmumpath |atency and (5)
the conposed path MIU. The guaranteed service fragment needs to
include four (4) parameters: (1) the end-to-end conposed val ue of the
rat e-dependent error term Cot, (2) the end-to-end conposed val ue of
the rate-independent error termDtot, (3) the value of the rate-
dependent error termsince the |ast conposition point Csum and (4)
the value of the rate-independent error termsince the |ast
composition point Dsum In the reservation procedure, the nininmm
path latency is set to the undeterm ned value specified in [ RFC2215],
i.e. (2**32)-1, to signal that the propagation delay is not
considered. The on path node provide their contribution to the end-
to-end del ay comm tnent by addi ng the delay bound they comrit to
respect to both the Diot and the Dsum paraneters, while keeping the
Ctot and the Csum paraneters with a zero value. Oher paraneters
appearing in the ADSPEC object are set and nodified according to the
procedure described in [ RFC2210].
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10 |
11 |
12 |
13 |
14 |
15 |
16 |
17 |
18 |

19 |
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0 4 8 9 15
....... o
A (0) | Unused | B (19)
------- T Ty
C (1 | x| D (reserved)| E (8)
--------------- o e o e e e e e e et e e e e e e e e e e e e eee— oo oo
F (4 I G I H (1)
............... e
I'S hop count (16-bit unsigned)
_______________ e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e ———— - - -
I (6) I J I K (1)
_______________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e —m .= -
Path b/w estinmate (32-bit I EEE floating point nunber)
............... e
L (18) | M | N (1)
_______________ e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e ———— - - -
M ni mum pat h | at ency (set to 2**32-1)
_______________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e —m .= -
o (10) | P Q (1)
............... e
Conposed MrU (16-bit unsigned)
--------------- T
R (2) | Xx] S (reserved)| T (8)
--------------- o e o e e e e e e et e e e e e e e e e e e e eee— oo oo
U (133) | Y, | W (1)
............... e
End-t o-end conposed value for C [Cot] (set to 0)
_______________ e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e ———— - - -
X (134) | Y | Z (1)
_______________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e —m .= -
End-t o- end conposed value for D [Dtot] (32-bit integer)
............... e
AA (135) | BB | CC (1)
_______________ e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e ———— - - -
Si nce- | ast-reshapi ng poi nt conposed C [ Csunj (set to 0)
_______________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e —m .= -
DD (136) | EE | FF (1)
............... e

Si nce-| ast-reshapi ng point conmposed D [ Dsunm (32-bit integer)

_______________ o

GG (5) | x HH (0) | I (0)

Figure 5: ADSPEC object format
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. Message Header:
Message header and versi on number
Message | ength (19 words excl udi ng header)

2-7. Default general characterization paraneters
Per - Servi ce header, service nunber 1
(Default Ceneral Paraneters)

2025

G obal Break bit (NON_IS HOP general paraneter 2) (marked x)

Length of General Parameters data bl ock (8 words)

Paraneter | D, paraneter 4 (NUVBER OF IS HOPS general paraneter)

Paraneter 4 flag byte

Paraneter 4 length (1 word excl udi ng header)
Parameter | D, paraneter 6

(AVAI LABLE_PATH_BANDW DTH gener al paraneter)
Paraneter 6 flag byte

Paranmeter 6 length (1 word excl udi ng header)
Parameter 1D, paraneter 8

(M NI MUM_PATH_LATENCY general paraneter)
Paraneter 8 flag byte

Paranmeter 8 length (1 word excl udi ng header)
Paraneter | D, paraneter 10 (PATH_MIU general paraneter)
Paraneter 10 flag byte

Paraneter 10 length (1 word excl udi ng header)

11-19: Cuaranteed service paraneters

Per - Servi ce header, service nunber 2 (CGuaranteed)
Break bit

Length of per-service data (8 words excl udi ng header)
Paraneter | D, paraneter 133 (Conposed Ctot)
Conposed Ctot flag byte

Conposed Ctot length (1 word excl udi ng header)
Paraneter | D, paraneter 134 (Conposed Dtot)
Conposed Dtot flag byte

Conposed Dtot length (1 word excl udi ng header)
Paraneter | D, paraneter 135 (Conposed Csunj.
Conposed Csum fl ag byte

Conposed Csum length (1 word excl udi ng header)
Paraneter | D, paraneter 136 (Conposed Dsunj.
Conposed Dsum fl ag byte

Conposed Dsum |l ength (1 word excl udi ng header)

0: Controlled-Load paraneters

Per - Servi ce header, service nunber 5 (Controll ed-Load)
Break bit

Length of controlled-load data (0 words excl udi ng header)

Figure 6: Caption for ADSPEC object fornat
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5.3. Operations at the source

The source is the end host willing to send traffic to a destination
in a data flowwith a delay guarantee. To do so, it sends a RSVP
Path nessage to the destination. This RSVP Path nessage encodes the
information listed in the reservation request described in Section 3
according to the encoding method described in Section 5.1. The Path
message triggers a RSVP Resv nessage that answers to the according
del ay- bound path request. At the reception of a Resv nessage
replying to a pending request, the source waits for a bit in order to
give time to other potential answers to arrive. |If a single answer
is received, then the source starts using the path received in the
EXPLI Cl T_ROUTE obj ect of the Resv nessage. |If nultiple answers have
been received, then the source chooses a path, and sends a RSVP

Pat hTear nmessage to the paths that have not been sel ected.

5.4. (Qperations at internediate nodes

At the reception of a Path nmessage carrying an end-to-end del ay
request, it first checks that the message is not duplicated by

| ooking at its ID. Then, it |ooks at both the Delay and Capacity
val ues, and determ nes whether it can accept the request or not.

If it can accept the request, then the internediate node rel ays the
RSVP Path nessage to the destination. Before relaying the nessage,
it substracts the maxi mum delay he commts to respect fromthe end-
to-end delay, and adds its identifier in the ROUTE_RECORD object. If
it knows several paths to the destination, it can duplicate the
message and relay it on the appropriate egress paths.

At the reception of a Resv nessage carrying a reply to an end-to-end
del ay request, it first checks that the nessage is not duplicated.
Then, it verifies that it has a pending tenporary capacity
reservation associated with the reply for one of its queues. If it
is the case, then it acknow edges the reservation, and all ocates the
dedi cated capacity to the data flow. It check the next hop for the
Resv nessage in the EXPLICI T_ROUTE object carried by the nessage, and
relays it to the next node. |If several Resv nessages for the sane
data flow arrive at the internmedi ate node, the internedi ate node
relays all of them as they might refer to different paths in the
network from which the source end host needs to choose from
Tenporary reservations following the reception of a Path nessage that
are not confirned by a Resv message are cancelled by the reception of
a Pat hErr message for this flow or by the expiration of a timer set
to one RSVP tinmeout period. Confirmed reservations may be teared
down by a Pat hTear nessage or by the expiration of a cleanout tiner
set to the value of the RSVP cl eanout peri od.
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5.5. (Qperations at the destination

The destination node is in charge of building the RSVP Resv nessage
fromthe RSVP path nessage it received fromthe source.

In case several Path nessages have been sent or duplicated along the
path to the destination, the destination can behave in tw ways:
either it chooses which path is the nost appropriate froma set of
Pat h nessage containing the sanme originating end-to-end del ay
request, or it replies to each request nessage and |lets the source
choose which path it will use

If the destination is responsible for the choice of the path, then
when it receives a Path nessage carrying an end-to-end del ay request,
it waits for a bit in order to give tine to potential Path nessages
associated to the same request to arrive. |If several Path nmessages
have been received, the destination chooses one of the Path nessage
(for instance the nmessage carrying the highest Delay val ue, or the
one carrying the shortest path in terms of hops), and forges a RSVP
Resv nessage to answer this request. This Resv nessage carries the
request ed maxi mum end-to-end delay, the final end-to-end del ay
conmitnment received in the Path nessage, and a Route |ist containing
the Record-route list received in the Path nmessage to which the
destination's IDis added at the end. It also sends a set of PathErr
messages for the Path nessages that have not been selected to

wi thdraw the reservation at the invol ved nodes.

If the destination lets the source choose, then, for each Path
nmessage carrying an end-to-end del ay request object, the destination
creates a Resv nmessage in which the requested nmaxi mum end-to-end
delay and the final end-to-end delay commitment are set to the val ues
received in the Path message, and in which the Route list is set to
the Record-route list received in the request message, with the
destination's identifier added at the end of the list.

Fol  owi ng [ RFC3209], if the Path nessage received by the destination
contai ns a ROUTE_RECORD obj ect, then the destination adds an
EXPLI Cl T_ROUTE object to the Resv nessage giving the list of nodes
that have been crossed by the Path nmessage. This EXPLICl T_ROUTE
object tells internedi ate nodes how they need to forward the Resv
nessage

6. Positioning in the Datapl ane Enhancenment Taxonony
[1-D.joung-detnet-taxonomny-datapl ane] presents a taxonony of
dat apl ane enhancenents proposed in the Detnet working group. The

mechani sm presented in this docunment targets the sane goals as those
proposals. Here is how this work can be positionned.
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*  *Per Hop Domi nant Factor for Latency Bound: Category 3.* In
category 3, the per hop dominant factor is the sum of Max Burst
Si zes/ Capacity: the nechanismpresented in this draft assunes
strict control of the naxi mum capacity for flows it deals with
and focuses on the repect of a maxi num |l atency bound in this
regard

* *Periodicity: Non-periodic.* The proposed nechani sm does not
assune packets are transmitted in a periodic pattern

* *Network Synchroni zation: Asynchronous.* No synchroni zation
bet ween nodes is assunmed in the presented nmechani sm

* *Traffic Granularity: Flow level.* In the nechani smpresented in
this document, each packet is controlled based on its specific
flow.

* *Work Conserving: Yes.* Queues in equipnments are served in a round
robin fashion, whatever their |ength.

* *Target Transm ssion Tine: In-time.* The mechani sm presented in
this docunment ains at respecting a bounded end to end del ay,
what ever the jitter.

* *Service Order: Rate-based.* In the nmechani smdescribed in this
docunent, packets belonging to a flow are assigned to queues
dependi ng on the per hop del ay bound that the node has commited to
respect for packets belonging to this specific flow.

7. Security Considerations

A detailled analysis of the security aspects of the current draft

will be presented in a future version of the draft. Yet, the current

docunent is not adding additional threats to the ones identified for

RSVP and presented in Section 2.8 of [RFC2205].

8. | ANA Consi derati ons
Thi s docunent has no | ANA acti ons.
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