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Abst r act

The current | oss recovery in QU C provides reliable delivery but is
not optim zed for latency, potentially hindering tine-sensitive
applications. The document anal yzes the issues caused by the current
QUI C recovery scheme during live video stream ng and then proposes an
enhanced QUI C recovery nechanismthat |everages additional |oss
retransm ssions for optimzing client-side QE. At a high |evel, the
QUI C sender perforns additional recovery |ogic when transport runs
into application limted state, which is for the lost data that has
been retransmtted before but has not been acknow edged yet. This
mechani sm can act as a supplement to the existing recovery scheme
that perforns i mMmediate | oss retransm ssions once a packet is
detected | ost.

Status of This Meno

\M,

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute

wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunments valid for a maxi num of six nonths
and nmay be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."

This Internet-Draft will expire on 12 May 2026.
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Requi renent s Language
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",

"SHOULD', "SHOULD NOT", "RECOWMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [ RFC2119].
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Pr obl em St at enent

QUI C-powered traffic transm ssion introduces an obvi ous optim zation
for the performance of live video streaming. The existing design
logic of QU C recovery enables to performdata retransm ssion once a
packet is detected lost while ignoring the quality of |oss recovery,
whi ch can not well adapt to the tineliness requirenent of |ive video
services. Specially, if a piece of data is detected | ost nore than
once, e.g., due to network congestions, the QU C client has to keep
waiting until the retransmtted |ost data is successfully received.
During this tinme, the followup data of this video streamcan not be
upl oaded to the player buffer even though the rel ated packets have
already arrived at the QU Cclient. |In this case, the client-side
QQE can be further deteriorated (e.g., video freezing occurs) when
the data in application queue is consumed. The root cause of the
above issue is the existing | oss recovery schene actually provide few
optinizations for retransmission quality so that the | ost data m ght
not be received by clients in tine.

Overvi ew of Standards on QUI C Loss Recovery

QUIC is an UDP-based reliable transport protocol, which can provide
secure and quick traffic transnissions for general -purpose |Internet
services [ RFC9000]. Simlar to common TCP designs, QU C senders
shoul d al so perform | oss detections and recovery froml oss of data
whi | e taki ng appropriate congestion control action. Once a packet is
detected lost, a QU C sender requires to i mediately recover from
that lost in another packet with a new and increased packet nunber,
whi ch can be used to accurately distinguish whether the potentia

| ost data is caused by transnitted or retransmtted packets.

The exist |1 oss recovery scheme of QU C protocol is detailed in

[ RFC9002], in which acknow edgnents can be used to detect | ost
packets and a PTO (probe tinmeout) will be enployed to ensure
acknow edgnents are received. Besides, the spirits of TCP' s Fast
Retransmit [RFC5681], Early Retransmit [RFC5827], Forward

Acknowl edgenent [ FACK], SACK | oss recovery [RFC6675] and RACK- TLP
[ RFC8985] are also inplemented during QU C recovery for the | ost
dat a.

Even though the i mediate | oss recovery can reduce the waiting tine
of receivers for the lost data, the retransnitted packets m ght fai
to reach the clients in tinme due to changeabl e network status. For
exanple, if the resent data is |lost again during its retransm ssion,
the QU C receiver has to wait for at |east another 1 RTT and ni ght
suffer fromthe deteriorated QoE such as video freezing. This is
because the followup data of this streamcan not be delivered to the
application layer while the renaining data previously cached in
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pl ayer buffer is actually continuously consuned. Once the remaining
data is exhausted after a long waiting time, deteriorated QoE wl|l
occur on the QU C receiver side. The current QUI C recovery schene

| acks further optim zations for the quality of |oss recovery, which
m ght introduce a long waiting tine for the |ost data, especially
when the retransmtted packet is |lost again. This docunent mainly
focuses on desi gning an enhanced | oss recovery nechanismto reduce
the receiver-side waiting time for the lost data, which can be

| everaged to optimze the tineliness of live video stream ng.

Optim zed Loss Recovery for Live Stream ng
Requi rement s
1. Endpoint and Network Changes

Thi s mechanismonly requires to nake sonme changes on QUI C sender side
that should performs additional |oss recovery when application
limted. There is no need to nake sone nodifications for QU C
receivers that still obeys the logic declared in comon QU C designs.

The existing network equi pnents (e.g., routers and switches) and the
format of QUI C packets do not require any changes to natch the
enhanced | oss recovery proposed in this docunent.

2. Conpatibility and Suitability

This nmechanismis conpatible with the existing | oss detection and
recovery scheme, in which supplenental |oss recoveries are enpl oyed
to optimize the receiver-side waiting tine for the | ost data.

This mechanismis suitable for optim zing the receiver-side QE of
live video streamng that has the follow ng characteristics

1. Tinmeliness requirenent: the live video services have nore strict
requirenents for the tineliness of traffic data, in which the
| ost data should be successfully transmitted to its receiver
within a period of tine. Qherw se, the deteriorated QOE such as
video freezing will occur on the receiver side.

2. Application limtation: the live video stream ng often nakes
senders becone application-limted, i.e., there is no data to
send. This is because the data of live video is encoded with a
configured frane rate, which actually introduces a certain tine
i nterval between adjacent frames. When a frame has been sent and
next frame has not yet been generated, the sender will becone
application-linted.
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Thi s mechani sm supports the existing | oss recovery scheme that relies
on retransmtting | ost data, sending an updated frame or discarding
the frame, see Section 13.3 of [RFC9000].

Application Limt Identification

During live video streaming, QU C senders will frequently becone
application-limted, in which no data can be obtained tenporarily for
continuous transm ssions. This is because the time interva
(T_interval) between the generations of two adjacent franmes is

ubi qui tous, which is introduced by the configured frame rate (F _rate)
for frame encodi ng:

Tinterval =1/ F_rate

Fromthe perspective of senders, T interval reflects the sending tine
interval between two adjacent franes.

The cost tine (T_cost) that a QU C sender takes to send the current
frame and recovers from previous | oss can be cal cul ated using the
valide transport speed (S trans) and the size of each encoded frane
(S frame):

T cost = S frane / S trans

The QUIC sender will becone application-limted if the foll ow ng
condition is satisfied:

T cost < T_interval

Note that S trans is bounded by the current naxi mum avail abl e
bandwi dth (max_bw) and S frane can be obtained fromvideo bitrate
(B_video) and F_rate, as follows:

S frame = B video / F rate

Therefore, the followi ng condition can al so cause QU C senders to be
application-linmted:

B video < S trans

For exanple, 60-fps F rate will introduce a new video frane every
16.7 ms (i.e., T_interval = 16.7 ns) on average, where the val ue of

B video is assuned as 2 Mips. If S trans is larger than 2 Mps, QU C
senders will frequently step to the application-limted status, in
which they only keep waiting for the next newy encoded frane.
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In this docurment, QUI C sender can identify whether it has becone
application-limted, which has already been supported in the existing
QUI C sol utions, such as [RFCO002] and [ RATE_ESTI MATI ON] .

Unacked Lost Packet Queue

In this nmechanism a QU C sender requires to record the lost data for
each connection, which has already been retransmitted but not been
acknow edged by its receiver. To achieve the above function, an

addi tional data queue (called Queue_unack | oss) should be established
and naintai ned by QU C senders. The data in Queue_unack |loss will be
| everaged to enhance the perfornmance of QU C recovery and optim ze
recei ver-side QoE of tineliness-sensitive |live stream ng.

1. Queue_unack_l oss Establishnment and Rel ease

The Queue_unack | oss for each QUI C connection will be established and
rel eased by QUIC senders if it neets one of the follow ng conditions:

1. A QU C sender will establish Queue unack | oss when a QU C
connection is created, and release this queue after closing this
connecti on.

2. A QUC sender will establish Queue_unack | oss when any packet
|l oss is detected and no Queue_unack | oss for this QU C connection
has al ready been established at the current noment. |If there is
no | ost data that has not been acknow edged by QUI C receiver
(i.e., Queue_unack loss is enpty), the Queue_unack | oss created
previously will be rel eased by the QU C sender

2.  Queue_unack_l oss Mi nt enance

The Queue_unack | oss for a QUIC connection will be maintained on the
QUI C-sender side if any lost data is newWy detected or any | oss
retransm ssion is acknow edged. Overall, the data in
Queue_unack_| oss shoul d be updated when it neets one of the follow ng
condi tions:

1. If a packet is detected |ost and the packet data has not existed
in Queue_unack |l oss, the resent data will be added to the end of
Queue_unack | oss after its retransm ssion.

2. |If a packet is detected |ost and the packet data has already
existed in Queue_unack | oss, the resent data will be added to the
end of Queue _unack loss after its retransmi ssion. At the sane
time, this lost data of this packet will be deleted from
Queue_unack_| oss.
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3. If the lost data recorded in Queue_unack loss is retransmitted by
QU C sender, it will be noved (fromthe mddle or the head) to
the end of Queue_unack_|oss. Note that the data |ocation changes
in Queue_unack | oss can be achi eved by del eting and addi ng
operati ons.

4. 1f the lost data is successfully recovered (i.e., acknow edged by
its QUCreceiver), it will be deleted from Queue_unack_| oss that
is operated by its QU C sender

As Figure 1 shows, Queue_unack |oss records four |lost data (i.e.,
Loss O ~ 3) with the location of 0 ~ 3. Wen Loss O is retransnitted
again, the QU C sender will renpove it fromlocation 1 to 4. At the
same time, if a retransmtted packet is acknow edged by receiver, the
data in this packet will be deleted from Queue_unack_| oss.

Location 4 3 2 1 0 Head
R N e NN . +
| E - +  -------- +  -------- +  -------- +  -------- + |
| | Loss 0] | Loss 3| | Loss 2| | Loss 1| | | |
| B S S . S S . S S S R S |
S SRR I e e R [------- +
R I T T T T I IS yy—— +

Figure 1: Queue_unack_l| oss update

In this nmechanism any two packets (e.g., packet A and B) are
strongly correlated if packet B acts as an recovery packet for the

| oss of packet A In QU C protocol, the data of packet B night
differ fromthe data of packet A, as their sender could send an
updat ed frame packeted in packet B for recovering the | oss of packet
A

The key rules for Queue_unack | oss nai ntenance can be described as
fol |l ows:

1. Queue_unack_loss only records the resent but unacknow edged dat a.

2. The data in Queue_unack |loss is different fromeach other, whose
correspondi ng packets can not be strongly correl ated.

3. The data in Queue_unack | oss is sorted based on the tinme of their

nost recent retransnissions, in which the |latest resent data is
at the end of this queue.
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Sender - si de Operations
1. Additional Loss Recovery

In this nechanism the existing QU C based traffic transm ssion

[ RFC9000] and | oss recovery scheme [RFCO002] will be perfornmed as
usual, in which the lost data will be retransnitted i medi ately once
it is detected lost. Meanwhile, QU C senders continuously naintain
the status of Queue_unack_| oss and keep identifying whether it
becones application-limted during live video streami ng in each
connection. If application-linted, a QU C sender will actively
retransmt the lost data in the order of data locations in
Queue_unack_loss. Specially, the lost data at the head of
Queue_unack _loss will be fetched to perform an additional |oss
recovery and then be moved to the end of Queue_unack_| oss. Wen not
application limted (app_unlimted), the QU C sender will enploy the
existing QU C protocol to send (or resend) the next traffic (lost)
data of live video services

The workfl ow of this mechanismis shown in Figure 2

Fom e Fom e +
Traffic (re)transni ssion | <--+
. . + |
I I
S oo o - + |
+-->| Mai nt ai n Queue_unack_| oss | | No
S U + |
I I
. . + |
| Application-linmted ? | ---+
T o e +
| Yes
Fom e Fom e +

I

I

I

I

|

|

| | Fetch lost data fromthe head |
| | of the head of Queue_unack_| oss
I

|

I

I

I

I

o m e e e oo - oo o - +
S S +
| Addi tional |oss recovery
o o a o +

o e e e e oo oo +

Fi gure 2: The Mechani sm Wor kf | ow
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2. No Lost Data

VWhen application limted, QU C senders firstly check whether
Queue_unack | oss is established or whether any | ost and

unacknow edged data exists in this queue. |If there is no data
recorded in this queue or this queue has not been established, QU C
senders will not perfrom additional recoveries for data | oss.

4.4.3. Additional Recovery Tines

In this nmechanism the QUI C sender perforns additional |oss recovery
at nost once for each lost data every time this sender is application
limted. 1In other words, the lost data recorded in Queue_unack | oss
will be retransmitted only once or not be retransmtted between two
adj acent tinestanps when a QUI C sender starts and ends to becomne
application-limted (app limted). As Figure 3 shows, the QUC
sender keeps application-limted fromtl to t2. |In this duration,
the data can be taken fromthe head of Queue_unack_| oss and then be
used to perfromfurther recovery fromthe loss. |If all data has been
retransmtted once during this tine, QU C sender will wait for

anot her newWy detected | oss or being not application-limted. |If
there is remaining data in Queue_unack | oss that has not been
retransmtted when not application-limted, these data will be

| everaged to | oss recovery when the sender becones application-
limted again.

T +
| Queue_unack_| oss [------- +
o + |
Fom e e o - S +
| Additional |oss recovery |
Fomm e oo - o m e e e oo - +
o e e e e e e oo - + | o e e e e e e oo - +
| App_unlimted | | | App_unlimted |
T T JE ey TRy Femmm o - >
to t1 t2 t3 tine

Figure 3: The Tinming for Additional Loss Recovery

4.4.4. Flow Control and Congestion Control

\M,

The additional |oss recovery conplies with the flow control schene in
the existing QU C protocol

The additional |oss recovery scheme enploys the data in
Queue_unack |l oss for optimzing the tineliness of |live video
streaming. This could introduce worse network congestions on traffic
forwardi ng path, which will |lower the transmni ssion perfornmance of
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next video streaming. 1In order to avoid the above issue, this
mechani sm enabl es additional |oss recovery to obey the congestion
control of the current QU C connection. For exanple, the congestion
wi ndow (cwnd) and pacing rate should not exceed the correspondi ng
val ues when the QUI C sender begins to be application-limted.

Security Considerations

Thi s proposal does not introduce any changes to the security of the
exi sting QUIC solutions or congestion control schene.

I ANA Consi derations
No request of IANA is made in this docunents.

Note to RFC Editor: this section may be renoved on publication as an
RFC.
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