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Abstract

5G End-to-End Network Slice QS is an essential aspect of network
slicing, as described in both | ETF drafts and the 3GPP
specifications. Network slicing allows for the creation of nmultiple
| ogi cal networks on top of a shared physical infrastructure, tailored
to support specific use cases or services. The primary goal of QS
in network slicing is to ensure that the specific perfornmance
requirenents of each slice are nmet, including latency, reliability,
and t hroughput .
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1. Introduction

5G End-to-End Network Slice QoS is an essential aspect of network
slicing, as described in both | ETF drafts and the 3GPP
specifications. Network slicing allows for the creation of multiple
| ogi cal networks on top of a shared physical infrastructure, tailored
to support specific use cases or services. The primary goal of QS
in network slicing is to ensure that the specific perfornmance
requirenents of each slice are nmet, including latency, reliability,
and t hroughput .

Thi s docunent focuses specifically on the QoS aspect of overal
network slice realization nodel. The prinmary goal of QS in network
slicing is to ensure that the specific performance requirenments of
each slice are met, including latency, reliability, and throughput.
As such, this document provides an exanpl e of possible grouping of
5Q values to DSCP marking that can be used as one of the building

bl ock in overall network slice realization nodel to aid the
enforcement of the 5G Network Slice end-to-end. The grouping
described are provided for illustration purposes only, and shoul d not
be considered as depl oynent guidance. It is not intended to
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i nfluence the way in which external systens (e.g., 3GPP or O RAN
identify their traffic types. At the time of grouping, different
criteria can be followed according to the network operator interests.

The current draft explores the inpact of 3GPP traffic nmapped to 5Q,
bei ng marked wi th DSCP val ues, considering scenarios involving
multiple slices as well as a single slice.

For details regarding the mapping of 3GPP Network Slices to Transport
Network Slices, please refer to the Network Slice Realization
docunent [I-D.ietf-teas-5g-ns-ip-npls], which describes an overal
Network Slice realization nodel for |P/MPLS networks with a focus on
the Transport Network fulfilling 5G slicing connectivity service

obj ectives, and the Network Slice Application docunent
[I-D.ietf-teas-5g-network-slice-application], which describes the
overall Network Slice relationship between 3GPP and Transport Network
donmai ns.

The support of L4S [RFC9331] is being introduced in 5G systens as an
operational capability for I P ECN marking and remarking. This
docunent is focused on DSCP to 5Q nmapping, |eaving L4S out of scope

2. Term nol ogy
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this document are to be interpreted as described in
BCP 14 [ RFC2119] [ RFCB174] when, and only when, they appear in all
capitals, as shown here

The foll owi ng abbreviations are used in this docunent:
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3.

5GC. 5G Core Network
5Q: 5G QS Identifier
QFl: QS Flow Identifier
ARP: Allocation and Retention Priority
S-NSSAl: Single Network Slice Selection Assistance Information
RAN: Radi o Access Network
TN: Transport Network
CN: Mobil e Core Network
DSCP: Differentiated Services Code Point
5G QoS

In the context of 5G the 5Q is a scalar value used to differentiate
QoS characteristics in the 5G System (5GS). It indicates the QS
that a specific data flow nust receive. As nentioned in [TS- 23.501],
the 50 to QS mapping is provided by the 5G QS profile, which

i ncludes parameters such as priority level, packet delay budget,
packet error rate, etc.

[ RFC9543] focuses on how network slices can be instantiated, nanaged,
and nonitored by utilizing existing | ETF protocols and nodels. It

i ntroduces the concept of the |ETF Network Slice Controller (NSO,
which interacts with higher-1level Network Managenent Systens (NVSs)
and orchestrates network resources to create network slices. The NSC
may interact with other network controllers (including Path

Conput ati on El enent (PCE)), to nanage and optim ze the underlying

net wor k.

[I-D.ietf-teas-5g-ns-ip-npls] discusses the nappi hg between the 5G
QS franmework and the Differentiated Services (D ffServ) nodel. The
DiffServ nodel uses the DSCP, a 6-bit field in the IPv4 or |IPv6
packet header, to classify and prioritize traffic. The mapping

bet ween 5Q and DSCP enabl es the proper handling and forwardi ng of
packets based on their correspondi ng QS requirenents.

To achieve this mapping, the 5G system shoul d have a pre-configured
mappi ng tabl e that associates each 5Q value with a specific DSCP
val ue. Wen a User Plane Function (UPF) in the 5G systemreceives
packets froma data flowwith a specific 5Q, it will consult the
mappi ng table and mark the packets with the appropriate DSCP val ue
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4.

4.

4.

before delivering the flowto the network. This marking allows the
network to treat and forward the packets according to their QS
requi renents based on the DiffServ nodel.

In summary, QS in the context of network slicing ensures that each
slice neets its specific performance requirenents. The 5Q is used
to differentiate QoS characteristics in 5G systens, and its mapping
to DSCP enables the network to classify and prioritize traffic
according to their QoS requirenents based on the DiffServ nodel.

5G user traffic classes types
1. Scope of the Transport Network

The 5G System | everages on the transport network to deliver the
traffic flows and interconnect its conponents. The connectivity
bet ween the radi o base station (i.e., gNB) and the UPF is tunneled
using GTP. It is at the UPF where the GIP tunnel is term nated and
where the different 5G fl ows can be handl ed according to its
corresponding 5Qq. Thus, traffic to and from other UPF or an
external Data Network (DN) can be marked accordingly by neans of
correspondi ng DSCP val ues.

Assumi ng that both segments, i.e. gNB to UPF, and UPF to DN, can be
i mpl erent ed by neans of an | ETF Network Slice Service, this inplies
that forwarding of the 5G flows can be aware or not of the expected
service Q©S. [I-D.ietf-teas-5g-ns-ip-npls] provides nore details
about 5Q -aware and -unaware connectivity nodels.

2. Exanpl e of grouping

In order to handle of the variety of 5Q (and/or QCl) types in the
network, it is necessary to associate some 5Q values to the limted
nunber of queue classes present in the network el enents. An strategy
to do so is to group different 5Q types in classes based on their
mai n Service Level bjectives, nomnally the correspondi ng expected

| at ency, packet loss requirenent and traffic type (i.e., guaranteed
or non-guaranteed bit rate).

For exanple, the follow ng grouping could be considered:

* 5Q/QClI Goup 1: flows with 5 s showing |low latency (< 20 ns) and
packet loss in the range 10-4 to 10"-6, corresponding to 5Q s 80,
82, 83, 84, 85, 86.

* B5Q/QCI Goup 2: flows with 5Q s showi ng noderate | atency val ues
(< 100 ns) with diverse packet |oss levels, corresponding to 5Qs
3, 65, 69, 75, 79.
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* 5Q/QCI Goup 3:
* 5Q/QCl Goup 4:

As result,
in terms of concerned 5Q / QCI val ues.
f ront haul
related to 5Q / QCs.
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traffic as the highest priotiy one,
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rest of 5Q of GBR type.
rest of 5Q s of non-GBR type.

the followi ng tabl e shows the resulting grouping exanple

The tabl e al so considers
bei ng fronthaul not

r———— T T T I
_______________________________ -
Queue | 5Q 5Q | DSCP | Traffic flow exanpl e
G oup | |
I U R E +—— e +——
—_— 4
PQ | | ( DSCPXX) | CPRI (RoE), eCPRI CU-P
- . F+——
NPQ 6 80 1 CS5 ( DSCP40) Low Lat ency eMBB, AR/ VR
NPQ- 6 82 1 EF (DSCP46) Di screte Automation small packets
NPQ- 6 83 1 EF (DSCP46) Di screte Automation big packets
NPQ- 6 84 1 EF (DSCP46) Intelligent Transport Systens
NPQ- 6 85 1 EF (DSCP46) El ectricity Distribution
NPQ- 6 86 1 CS5 (DSCP40) V2x Col l'i si on Avoi dance
————— e, A S B
NPQ 3 3 2 AF41 ( DSCP34) Real Time Gam ng, V2X
NPQ 3 65 2 AF42 ( DSCP36) M ssion Critical PTT (MCPTT)
NPQ- 3 69 2 AF43 ( DSCP38) M ssion critical delay sensitive
NPQ 3 75 2 AF42 ( DSCP36) V2X nmessages over MBMS bearer
NPQ 3 79 2 AF41 ( DSCP34) V2x Messages
_____ —_—t— e ——— e ————
—_— 4
NPQ- 2 1 3 AF32 ( DSCP28) Conver sati onal Voice
NPQ- 2 2 3 AF32 ( DSCP28) Conver sati onal Video
NPQ- 2 4 3 AF33 ( DSCP30) Non- Conver sati onal Vi deo
NPQ 2 66 3 AF31 (DSCP26) Mssion Critical PTT Voice
NPQ- 2 67 3 AF31 ( DSCP26) M ssion Critical Video UP
NPQ- 2 87 3 AF32 ( DSCP28) Interactive Service Mtion Track Data
NPQ- 2 88 3 AF32 ( DSCP28) Int. Ser. Al/M inmage recognition
NPQ- 2 89 3 AF33 ( DSCP30) Visual content rendering small pck
NPQ- 2 90 3 AF33 ( DSCP30) Visual content rendering big pck
_____ T e
——— .
NPQ- 0 5 3 AF11 ( DSCP10) I MS Signalling
NPQ- 0 6 3 AF11 ( DSCP10) TCP- Based signal ling, buffered
NPQ- 0 7 3 AF11 ( DSCP10) Voi ce, 100nms Vi deo streani ng, Gam ng
NPQ- 0 8 3 AF12 (DSCP12) 300nms Vi deo streani ng, Gami ng
NPQ- 0 9 3 AF12 ( DSCP12) 300ms Vi deo streani ng, Ganing
NPQ- 0 10 3 AF13 ( DSCP14) 1100ms Vi deo stream ng, Gam ng
NPQ- 0 70 3 AF11 ( DSCP10) M ssion critical Data
I N SR B 8 4
_______________________________ J
Figure 1: 5Q and (O-RAN traffic groupi ng exanpl e
Contreras, et al. Expires 6 January 2026 [ Page 6]




Internet-Draft 5Q to DiffServ DSCP Mappi ng Exanple for July 2025

This strategy has been al so proposed in [ ORAN- W] .

It should be noted that the grouping exercise above is just sinply an
exanpl e on how this methodol ogy could be exploit by network operators
at the tine of handling traffic of different types entering the
network. It is not intended to influence the way in which externa
systens (e.g., 3GPP or ORAN) identify their traffic types. At the
time of grouping, different criteria can be followed according to the
networ k operator interests.

5. 5G user, service traffic classes co-existence in Miulti-service

net wor k
Servi ce provider networks are nowadays typically nmultiservice. It
means, they carry different categories of traffic, |like, for exanple,

business traffic, residential traffic, nobile traffic, and so on

Mor eover, each category of the traffic m ght further have different
flow types. Again, exanples are residential voice (residential phone
service inplenmented via VolP - voice over IP), IPTV, best effort
Internet, etc.

Therefore, it is expected that 5G nohile traffic, and other traffic
m ght be m xed over the same transport infrastructure. Appropriate
resource allocation and QS strategy is required to ensure that SLOs
for traffic with nore denanding requirenents are met. This is
especially inportant during network failures and traffic rerouting.
Such events should not negatively inpact priority traffic (e.g. voice
or nmobile signaling), but nmay inpact less inportant traffic (e.g.

best effort Internet)

Typi cal router hardware has 8 queues. Thus, the |arge nunber of
flows, with various SLO requirenments nust be squeezed into maxi num 8
queues. In addition to 5G user plane 5Q grouping discussed in
Section 4.2, other flows occurring in the network nust be taken into
account. Table 1 provides an exanple of typical flows - together
with their very high level latency/jitter requirenents - that can be
observed in the multiservice transport network used to transport

4G 5G fl ows, and residential /bussi nes services.
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Fl ow type Per - hop | atency Per-hop jitter
Cl PRI (RoE) ~1-20 s ~1-20 s
eCPRI CU- pl ane ~1-20 s ~1-20 s
OAM wi t h aggressive tiners ~1 ns ~1 ns
5Q/QCI Goup 1 ~1 ns ~1 ns
Low latency traffic ~1 s ~1 s
Net wor k Cont r ol ~5 ns ~1-3 s
4G 5G C-pl ane and M pl ane ~5 ns ~1-3 s
50/ Q1 Goup 2 ~5 e ~1-3 s
5Q/QCl Goup 3 ~10 ns ~5 ns
Guar ant eed business traffic ~10 s ~5 s
5Q/QCI Goup 4 ~10-50 ns ~5-25 ns
Best effort none none

Figure 2: Hi gh-level latency estimations

Note: Per-hop latency includes all latency contributors of the
transport node, which includes frame transm ssion delay, self-
queuei ng del ay, queui ng delay, store-and-forward delay, etc. Values
specified in the table are very raw, high-level sanple estimations.
Exact per-hop requirenents depend on the overall network budget,
nunber of hops, budget allocated to fibers, etc. The table intends
to enphasi ze only relative order of magnitude for per-hop | atency/
jitter to illustrate the process of assigning traffic to QoS queues.

Both Comon Public Radio Interface (CPRI), transmitted in Ethernet
frames using Radi o over Ethernet (RoE) encapsul ation, as well as
eCPRI Control and User plane (CU- plane), which uses Ethernet franes
or | P packets, have very strict latency/jitter requirenents,
expressed in mcroseconds.

Next are low | atency (lower mliseconds) flows, |ike Operations,

Adm ni stration and Miintenance (OAM wi th aggressive (mliseconds)
timers. Typical exanples here are single-hop Bidirectional Forwardig
Detection (BFD) sessions with, e.g., 3x10 niliseconds (or |ower) end-
to-end tiners to nonitor reachability between directly connected | GP
nei ghbors, or, CFM (Connectivity Fault Managenent) franes, again with
few mliseconds timers, nonitoring direct connections. 5Q/QC G oup
1, as well as residential/business low latency traffic has simlar

| at ency requirenents.

Traffic with medium |l atency requirenents is network control (OSPF,
IS-1S, BGP, LDP, PTP aware-npde, ...), nobile control and managenent
pl ane (C-plane, Mplane), 5Q/QCl Goup 2 traffic, as well as OAM
with relaxed (100ms to seconds) tiners. Typical exanple of QAMwith
relaxed tinmers are multi-hop BFD packets, with e.g., 3x100

m | iseconds (or higher) end-to-end tiners to nonitor reachability of
mul ti-hop BGP sessions. Alos, worth to note is, that only PTP with
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physical layer tine stanping is reconmended for 5G applications, as
PTP wi t hout physical layer time stanping accommpdates to nuch jitter
on the end-to-end path between grand master and the client. Jitter
of PTP packets with physical layer time stanping is properly
accounted based on tinme stanps, without the need to treat PTP as
strict priority traffic. However, QS features should ensure that
PTP packets are not dropped during congesti on.

Traffic sustaining higher latency is guaranteed business traffic, as
well 5Q@/QCI Goup 3 traffic.

And, finally, 5Q/QC G oup 4 and other best effort traffic does not
have any specific latency requirenments - it is sinply served as best
effort, if the resources are still available after serving higher
priority traffic flows discussed earlier

Dependi ng on the hardware support, there are many QoS nodel s
available in the transport nodes. It is out-of-scope for this
docunent to discuss traffic flow mappings to QoS queues in all
possi bl e QS nmodel s. However, exanples of two nmpbst conmon nodel s are
reviewed for reference

5.1. QoS nodel with single priority queue

In this nodel, one of the queues is a priority queue, and renaining
gqueues are non-priority queues. Non-priority queues are served only,
if the priority queue is enpty, which gives strict precedence to
priority queue. Non-priority queues are served in a round robin (RR)
fashi on. Depending on the queueing inplenentation this can be plain
round robin, or weighted round robing (WRR), where non-priority queue
wi th higher weight is served nore frequently than non-priority queue
with lower weight. This results in |ower congestion probability for
the queue with higher weight. Mre advanced scheduling schenes for
non-priority queues include weighted deficit round robin (WDRR), or
wei ghted nodi fied deficit round robin (WWDRR). It is out of scope
for this docunent to discuss all possible queue scheduling al goritns.
However, the reader is encouraged to read [ RFC7806] for nore

i nformati on.

In single priority queue nodel, exanple flow to queue mapping is
outlined in Figure 3.
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———
_____________ .
| PQ| CPR (RoE), eCPRI CU-P | Max BW
T
S
A —_— ... -
************** |
\ ‘\ 100 | NPQ- 6 | aggressive OAM 5Q Goup 1, |ow |atency | Max BW
—————————————— 1 |
\ ‘\ VEH NPQ 5 | relaxed OAM network control (1GP, PTP, ...) |
************** 4 |
| |  Wi| NPQ 4 | 5G CMP, other managenent \
W _______________________________________
————————————— 1 |
| R WB| NPQ3 | 5Q Goup 2, nediumlatency \
R _______________________________________
************* 4 |
\ ‘\ W2 | NPQ 2 | 5 Goup 3, guaranteed business traffic \
—————————————— 1|
\ ‘\ 0| NPQ 1 | unused |
************** 4 |
| oL\ NPQ O | 5Q Goup 4, best effort \
v ______________________________________

Figure 3: Flow mapping with single priority queue

Not e: The nunbers and flow grouping indicated in Figure 3 are
provided for illustration purposes only and should not be considered
as depl oynent gui dance.

Priority queue is used to serve strict priority traffic, with

m croseconds | atency requirenents. Therefore, CPRI/RoE and eCPR
control and user plane is mapped to priority queue. This queue is

al ways served before non-priority queues, and only when this queue is
enpty, non-priority queues are served. This has two inplications:

* the | atency of packets served via priority queue is |ower (| owest
possible in given hardware platform, conpared to |atency of the
packets served by non-priority queue

* priority queue can starve non-priority queues, if the traffic
vol ume served by priority queue reaches |ink capacity.

The first characteristic of priority scheduling is anticipated.
However, the second characteristics mght cause full drops in non-
priority queues. Therefore, when priority queue is used, follow ng
two measures nust be consi dered:

* network capacity nust be dinensioned in such a way, so that
expected nmaxi mum CPRI/eCPRI traffic volune does not take entire
link capacity. For exanple, good practice is to dinension the
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network so that expected maxi nrum CPRI/eCPRI traffic volume do not
exceed certain percentage of link capacity, and perform network
upgrade, if the limt is crossed.

* priority queue is policed/rate-limted to the expected maxi num
CPRI/eCPRI traffic volune plus sonme small (10-20% additiona
threshold (Max BWin Figure 3)

Wth these neasures CPRI/eCPRI traffic can be served w thout drops
and extra |latency, while sone capacity resources on the link are
guaranteed for non-priority traffic.

Non-priority queues are served in WRR (or sone sort of nore advanced
wei ght ed scheduling) manner. Traffic with low latency (mliseconds)
range should be served via non-priority queue with considerably
(order of magnitude) higher weight conparing to other non-priority
queues. This causes very frequent queue servicing, which mninzes
the delay of the packets served via this queue, as packets do not
need to stay to long in the queue. This is the scheduling behavior
simlar to priority scheduling, therefore policing/rate-limting of
this queue is strongly recommended to avoid nearly starvation of
other non-priority queues.

Remai ning traffic fl ows m ght be distributed across renai ni ng non-
priority queues, grouping the flows with simlar characteristics in
the sane queue, and providi ng wei ghts based on network di mensi oni ng,
taking into account expected traffic volumes. Queue buffer sizes in
all cases nust be aligned to maxi mum | atency requirenents of the
traffic fl ows assigned to the queue. Non-priority queue for the best
effort traffic shoul d have | owest possible weight, so that it is
served only in the case there is no packet waiting in any other
queue.

5.2. QS nodel with nultiple priority queues
In this nodel, there are multiple priority queues, serviced strictly
in priority order. Remmining, non-priority queues, are serviced in

WRR (or some enhanced version of WRR) manner. Exanple flow to queue
mappi ng using multiple priority QS nodel is outlined in Figure 4.
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e
_____________ .
| | PQ 1| CPR (RoE), eCPR CU-P | Max BW
L I
T
\ | PQO | aggressive OAM 5Q Goup 1, |ow |latency | Max BW
N
A
A e
—————————————— ~ |
\ ‘\ VB | NPQ 5 | relaxed OAM network control (1GP, PTP, ) |
—————————————— 1 |
\ ‘\ W | NPQ- 4 | 5G CM P, other nanagenent \
—————————————— 1 |
| W WB| NPQ3 | 5Q Goup 2, nediumlatency \
R _______________________________________
————————————— 1 |
\ ‘R W2 | NPQ 2 | 5Q Goup 3, guaranteed business traffic \
—————————————— 1 |
| ‘\ 0| NPQ 1 | unused |
—————————————— 1 |
| 0| NPQ O | 50 Goup 4, best effort \
v -
______________ J
L

Figure 4. Flow mapping with nultiple priority queues

Not e: The numbers and fl ow grouping indicated in Figure 3 are
provided for illustration purposes only and should not be considered
as depl oynent gui dance.

The main difference conparing to the previous exanple is the 2nd
priority queue (PQ 0), dedicated to low |latency flows, like OAMwi th
aggressive timers, or 5@ Goup 1 flows. PQO0 queue is only served,
when the PQ 1 queue is enpty. Thus, while both PQ 1 and PQ O queues
are used to serve traffic with low |l atency requirenents, traffic
served via PQ 1 will observe snaller |atency conpared to traffic
served via PQ 0. As already discussed previously, rate-limter/
policer should be used on both priority queues to avoid conpl ete
starvation of non-priority queues.
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