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Description

Communication system and method for operating a communication

system

The present disclosure relates to communilication systems and

methods for operating a communication system.

In a communication network such as a 5G mobile radio
communlication network 1t may be desilrable to i1ntroduce and
implement limlitatlions or quota with respect to the data rate 1in

—

uplink and downlink of a certaln network slice on a per User

Equipment (UE) basis, 1.e. the maximum data rate used by

sessions provided by the network slice for a single UE.

According to one embodlment, a communilication system 1s provided

including a data rate quota storage component configured to

— —

store, for a mobile terminal, a specilification of a limit of the

total data rate over the communilication sessions provided 1n a

network slice for the mobile terminal, a data rate management

component and a notilification component configured to notify the

data rate management component about the limit, wherein the data

rate management component 1s configured to monitor and control

o~

the data rate of one or more communication connections of the

moblle termlinal 1n the communication system such that the total

data rate over the communlcatlion sessions provided 1n the

r—

network slice for the mobile terminal does not exceed the 1imit.

In the drawings, like reference characters generally refer to

—

the same parts throughout the different views. The drawings are

not necessarlly to scale, emphasis 1nstead generally being
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—

placed upon 1llustrating the principles of the 1nvention. In the

"ollowlng description, various aspects are described with

reference to the followling drawlngs, 1n which:

Figure 1 shows a radio communication system, for example

configured according to 5G (Fifth Generation) as

specified by 3GPP (Third Generation Partnership

Project) .

o~

Figure 2 1llustrates the definition of rate limits for a UE.

L]

)

Figure 3 shows a flow diagram illustrating the propagation of

AMBR 1nformation (1n particular UE-Slice-AMBR

L]

information) 1in 5GS (5G communication system) during U:

reglstration and PDU Session establishment.

I

Figure 4 shows a flow diagram illustrating the propagation of

AMBR 1nformation (1n particular UE-Slice-AMBR

L]

information) 1in 5GS (5G communication system) during U:

reglstration and PDU Session establishment according to

another embodiment.

Figure 5 1llustrates a NEST (Network Slice Type) for a network

slice having a first network slice 1nstance and a

second network slice 1nstance.

Figure 6 shows a communication system accordling to an

embodiment.

Figure 7 shows a flow diagram 1llustrating a method for

operating a communication system.
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The followlng detailed description refers to the accompanying

—

drawings that show, by way of illustration, specific details and

—

aspects of this disclosure 1n which the invention may be

practiced. Other aspects may be utilized and structural,

logical, and electrical changes may be made without departing

— —

"rom the scope of the i1nvention. The various aspects of this

disclosure are not necessarily mutually exclusive, as some

—

aspects of this disclosure can be comblned wlth one or more

o~

other aspects of thils disclosure to form new aspects.

—

Various examples corresponding to aspects of thils disclosure are

described below:

Example 1 1s a communicatlion system comprising a data rate quota

storage component configured to store, for a mobile terminal, a

— —

speclfication of a limit of the total data rate over the

communlication sessions provided 1n a network slice for the

mobilile termlinal, a data rate management component; and a

notlification component configured to notify the data rate

management component about the limit, wherein the data rate

management component 1s configured to monltor and control the

— —

data rate of one or more communication connections of the mobile

terminal 1n the communication system such that the total data

rate over the communication sessions provided 1n the network

slice for the mobile terminal does not exceed the limit.

—
=

Example Z 1s the communication system of Example 1, wherein the

notification component 1s configured to notify the data rate

—

management component during a reglstration procedure for

reglstering the moblle terminal 1n the communlicatlon system.
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—
-

Example 3 1s the communication system of Example 1 or 2, whereln

the notification component 1s conflgured to notify the data rate

—

management component during a reglstration procedure for

reglstering the moblle terminal 1n the network slice.

— —
_—

Example 4 1s the communication system of any one of Examples 1

to 3, wherein the notification component 1s configured to notify

the data rate management component durlng a session

establishment procedure for establishing a communicatlion session

"O0r The mobille terminal 1n the network slice.

— —
—

Example 5 1s the communilication system of any one of Examples 1

to 4, whereln the data rate quota storage component stores a

maxlimum data rate or maxilmum throughput per mobile terminal for

the network slice to specify the limit.

— —
—

Example 6 1s the communilication system of any one of Examples 1

to 5, whereln the data rate quota storage component 1s

—

configured to store subscription 1nformation of the mobile

—

terminal, whereiln the specification of the limit 1s part of the

subscription 1nformation.

— —
_—

Example 7 1s the communication system of any one of Examples 1

to 6, whereln the data rate quota storage component 1s a Unifiled

Data Management.

—

Example 8 1s the communication system of any one of Examples 1

to 7, wherein the data rate management component 1s a radio

— —

access network component of a communilication network of the

communlication system.
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Example 9 1s the communication system of

to 7/,

—

—

any one of

wherein the data rate management component 1s

PCT/EP2020/080787

—
_—

network component of a communication network of the

communication system,

management function,
Control Function,

Analvytics Function.

to 9,

Mobi1ility Management Function,

Policy Control Function or a Network

to 10,

the communicatlion sessions provided 1n the network slice

mobille terminal over the core network 1nstances o:

slice.

to 11,

a Session Management Function,

Example 10 1s the communication system of

Example 11 1s the communication system oO:

Example 12 1s the communication system oO:

a User Plane Function or a Network

o~

any one of

—
=

any one of

—

1)

any one of

whereln the data rate 1s an average data rate

certaln period of time or an 1nstant data rate.

to 12,

communication network acting as home communica

Example 13 1s the communication system of

any one of

wherein the communication system comprilses a

Examples 1

da COore

1n particular an Access and Mobility

)

a Policy
Data

Examples 1

whereln the notiflcation component 1s an Access and

a Sessilion Management Functlion or a

Data Analvtics Function.

Examples 1

whereln the l1imit 1s a limit of the total data rate over

for the

- The network

Examples 1

over d

Examples 1

first

c1lon ne

CWOrk of

the mobile terminal and a second communilication network acting as

vislited communication network of the mobile terminal and whereiln

the data rate quota storage component 1s a part of the

communlication network,

first

and the notification component 1s a part
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o~

communication network,

—

PCT/EP2020/080787

of the first communication network and/or a part of the second

and the data rate management component 1s

part of the second communilication network.

— o~

Example 14 1s the communication system of any one of Examples 1

—

to 13, whereiln the limit comprises a limit of the total downlink

data rate over the communlcation sessions provided 1n the

network slice

"or the mobile terminal and/or a limit of the

total uplink data rate over the communlication sessions provided

1n the network slice

to 14, whereiln the communilication system comprises a plurality of

for the mobile terminal.

— —
=

Example 15 1s the communication system of any one of Examples 1

—
—

network slices and wherein the data rate management component 1s

"urther con:

P~

"1gured to monilitor and control the data rate of one

—

Or more communication connections of the mobile terminal 1n the

communilication system such that the total data rate over the

communlication sessions provided

for the mobile terminal over the

network slices does not exceed a first further l1limit and/or the

—
e

data rate o:

not exceed a respective second

cach session provided for the mobile terminal does

further limit.

— o~

Example 16 1s the communication system of any one of Examples 1

to 15, whereln the data rate management component 1s configured

to check, for a communication session establishment request by

the mobile terminal,

segsion would exceed the 1limi

Wt

whether establishing a communication

and to reject the communication

—

session establishment request 1f establishing the session would

exceed the limit.
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— o~

Example 17 1s the communication system of any one of Examples 1

to 16, wherein the data rate storage component 1s 1mplemented by

an Operatlion, Administration and Malntenance entlty or by a

—

memory of the data rate management component configured to store

— —

the specilification of the limit as part of a local configuration

or network operator policy.

Example 18 1s a method for operating a communication system

)

comprising storing, for a mobile terminal, a specification of a

r—

limi1t of the total data rate over the communication sessions

provided 1n a network slice for the mobile terminal, notifying a

data rate management component about the limit and the data rate

—
—

management component monitoring and controlling the data rate of

—

one Oor more communication connections of the mobile terminal 1n

the communication system such that the total data rate over the

communlication sessions provided 1n the network slice for the

mobille terminal does not exceed the limit.

—

Example 19 1s the method of Example 18, comprising notifying the

data rate management component durlng a reglstration procedure

‘or reglstering the moblle terminal 1n the communicatlion system.

—

Example 20 1s the method of Example 18 or 19, comprising

notifying the data rate management component during a

reglstration procedure for registering the mobile terminal 1n

the network slice.

— o~
_—

Example 21 1s the method of any one of Examples 18 to 20,

comprising notifying the data rate management component durlng a

sesslion establishment procedure for establishing a communication

session for the mobile terminal 1n the network slice.
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Example 22 1s the method of

o~

any one of

PCT/EP2020/080787

Examples 18 to 21,

comprising storilng a maximum data rate or maximum throughput per

moblle terminal

Example 23 1s the method of

for the network slice to speci:

o~

any one of

comprising storing subscription 1nform

terminal,

whereiln the spec]

fication of

o~

subscription 1nformation.

comprlsing storing the spec:

Management.

Example 24 1s the method of

Example 25 1s the method of

o~

any one of

o~

any one of

"1cation by a Unai

—

ation of

the limit 1s part o:

fied

Examples

'y the limit.

Examples 18 to 22,
the mobile

)

the

Examples 18 to 23,

Data

18 to 24,

wherein the data rate management component 1s a radlo access

—

network component otf

communlcation system.

Example 26 1s the method of

a communication network of

—
=

any one of

—

the

Examples 13 to 24,

wherein the data rate management component 1s a core network

—

component oI

a communication network o3

—

the communication

system, 1n partilicular an Access and Mobllity management
‘unction, a Session Management Function, a Policy Control
Function, a User Plane Function or a Network Data Analytics
Function.

Example 27 1s the me

comprisiling per

Management Function,

Control Function or a Network

hod of

"orming the noti:

any one of

Examples 13

O 20,

"ving by an Access and Mobility

a Session Management Function or a Policy

Data Analytics Function.
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—

Example 28 1s the method of any one of Examples 18 to 27,

whereln the limit 1s a limit of the total data rate over the

communlication sessions provided 1n the network slice for the

—

moblile terminal over the core network 1nstances of the network

slice.

— o~
_—

Example 29 1s the method of any one of Examples 18 to 28,

wherein the data rate 1s an average data rate over a certaln

period of time or an 1nstant data rate.

—

Example 30 1s the method of any one of Examples 18 to 29,

wherein the communication system comprilises a first communication

network acting as home communilcation network of the mobile
terminal and a second communilication network acting as visited

communication network of the mobile terminal and wherein the

storing 1s performed by a part of the first communication

network, and the notifyving 1s performed by a a part of the first

communication network and/or a part of the second communication

network, and the data rate management component 1s part of the

second communication network.

—

Example 31 1s the method of any one of Examples 18 to 30,

wherein the limit comprises a limit of the total downlink data

rate over the communilcation sessions provided 1n the network

slice for the mobile terminal and/or a limit of the total uplink

data rate over the communlcatlion sessions provided 1n the

r—

network slice for the mobile terminal.

—

Example 32 1s the method of any one of Examples 18 to 31,

—
—

whereln the communication system comprises a plurality of

network slices and wherein the data rate management component
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—

"urther monitors and controls the data rate of one or more

—

communilication connections of the mobile terminal 1n the

communlcation system such that the total data rate over the

communilication sessions provided for the mobile terminal over the

network slices does not exceed a first further l1limit and/or the

pr— r—

data rate of each session provided for the moblle terminal does

not exceed a respective second further limit.

— —
—

Example 33 1s the method of any one of Examples 18 to 32,

wherein the data rate management component 1s confligured to

check, for a communicatlon session establishment request by the
moblle terminal, whether establishling a communication sesslion
would exceed the limit and to reject the communication session

—

establlishment request 1f establishing the session would exceed

the limit.

—~— —
—

Example 34 1s the method of any one of Examples 18 to 33,

wherein the data rate storage component 1s 1mplemented by an

Operation, Adminilistration and Malntenance entity or by a memory

o~

of the data rate management component storing the specification

— —

of the limit as part of a local configuration or network

operator policy.

o~ —
-

It should be noted that one or more of the features of any of

I

the examples above may be combined with any one of the other

examples.

According to further embodiments, a computer program and a

computer readable medium 1ncluding 1nstructions, which, when

executed by a computer, make the computer perform the method otf

—

any one of the above Examples are provided.
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In the following, varilous examples willl be described 1n more

detail.

Figure 1 shows a radlo communication system 100, for example

configured according to 5G (Fifth Generatilion) as specified by

3GPP (Thilird Generation Partnership Project).

The radlio communication system 100 1ncludes a moblle radio

L]

terminal device 102 such as a UE (user equlpment), a nano

equlpment (NE), and the like. The mobile radio terminal device

102, also referred to as subscriber terminal, forms the terminal

—

side while the other components of the radio communilcation

syvstem 100 described 1n the followlng are part of the mobille

—

radio communication network side, 1.e. part of a mobile radio

communication network (e.g. a Public Land Mobille Network PLMN) .

Furthermore, the radio communilication system 100 i1includes a radilo

—

access network 103, which may 1nclude a plurality of radio

access network nodes, 1.e. base stations configured to provide

radio access 1n accordance with a 5G (Fifth Generation) radio

access technology (5G New Radio). It should be noted that the

radio communication system 100 may also be configured 1in

L+

accordance with LTE (Long Term Evolution) or another mobile

radio communication standard but 5G 1s herein used as an

example. Each radio access network node may provide a radio

communication with the mobile radio terminal device 102 over an

alr 1nterface. It should be noted that the radio access network

—

radio access network nodes.

103 may i1nclude any number O
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The radio communication system 100 further 1ncludes a core

network (5GC) 118 1ncluding an Access and Mobility Management
Function (AMF) 101 connected to the RAN 103, a Unified Data

Management (UDM) 104 and a Network Slice Selection Function

(NSSF') 105. Here and 1in the followlng examples, the UDM may

—

‘urther consist of the actual UE’s subscription database, which

1s known as, for example, the UDR (Unified Data Repository). The

core network 118 further 1ncludes an AUSF (Authentication Server

Function) 114 and a PCF (Policy Control Function) 115.

The core network 118 may have multiple network slices 106, 107

and for each network slice 106, 107, the operator (also referred

to MNO for Moblle Network Operator) may create multiple network

slice 1nstances (NSIs) 108, 109. For example, the core network

118 1ncludes a first core network slice 106 with three core

network slice 1nstances (CNIs) 108 for providing Enhanced Mobile

Broadband (eMBR) and a second core network slice 107 with three

core network slice i1nstances (CNIs) 109 for providiling Vehicle-

to-Evervthing (V2X).

Typically, when a network slice 1s deployed, network functions

—

(NF's) are i1nstantilated, or (1f already 1nstantiated) referenced

to form a network slice 1nstance (NSI) and network functions

that belong to a network slice 1nstance are configured with a

network slice 1nstance i1dentification.

Specifically, 1n the shown example, each 1nstance 108 of the

First core network slice 106 includes a first Session Management

Function (SMF) 110 and a first User Plane Function (UPF) 111 and

—

cach 1nstance 109 of the second core network slice 107 i1ncludes

a second Session Management Function (SMF) 112 and a second User
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Plane Function (UPF) 113. The SMFs 110, 112 are for handling PDU

(Protocol Data Unit) sessions, 1l.e. for creating, updatling and

removing PDU sessions and managlng session context with the User

Plane Function (UPF).

An S-NSSAI (Single Network Slice Selection Asslstance

1nformation) 1dentifies a network slice and 1s 1ncluded of:

- A Slice/Service type (SST), which refers to the expected

—
—

Network Slice behaviour 1n terms of

features and services;

- A Slice Differentiator (SD) which 1s optional i1nformation that

complements the slice/service type(s) to differentiate amongst

—

multiple network slices of the same slice/service type.

NSSAI may 1nclude one or more S-NSSAIs.

Allowed NSSATI 1s NSSAI provided by the serving PLMN (Public Land

Mobile Network) during e.g. a reglstration procedure, 1ndlcatiling

the S-NSSAI values allowed by the network for a UE 1n the

serving PLMN for the current registration area.

Configured NSSAI 1s NSSAI that has been provisioned 1n the UE.

L]

It may be applicable to one or more PLMNs.

Requested NSSAI 1s NSSAI that the UE provides to the network

during reglstration 1n order to establish a PDU session to the

requested network slice.

The core network 118 may further include a Network Data

Analytics Function (NWDAF) 117. The NWDAF 1s responsible for

providing network analysls 1nformation upon request Ifrom network

unctions. For example, a network function may request specific
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—

analysis 1nformation on the load level of a particular network

slice. Alternatively, the network function can use the subscribe

-

service to ensure that 1t 1s notified by the NWDAF 1f the load

— C L]

level of a network slice changes or reaches a specific

threshold. The NWDAF 117 may have an 1nterface to wvarilious

network functions on the mobile radio communication network

side, e.g. to the AMF 101, the SMFs 110, 112 and the PCF 115.

For simplicity, only the 1nterface between the NWDAF 117 and the
AMEF 101 1s depicted.

The radlio communication system 100 may further include an OAM

(Operation, Administration and Malntenance) function (or entity)
116, e.g. 1mplemented by one or more OAM servers which 1s

connected to the RAN 103 and the core network 118 (connections

are not shown for simplicity).

According to various embodiment, 1n a 5G radio communlcation

syvstem like the radio communication system 100, network slice

related quota are defined. Thilis means that for example the data

rate provided by a network slice 106, 107, 1.e. the total data

—
-]

rate of all PDU sessions for a single UE being served 1n a

network 1s limited.

For example, the GST (Generic Network Slice Template) for a
network slice 106, 107 may have an attribute “"Maximum downlink

throughput” which describes the maximum data rate supported by

-1

che network slice 106, 107 per UE 102 1n downlink. These

— —

"er different contract qualities

parameters could be used to o

like gold, silver and bronze. An example 1s glven 1n table 1.

Parameters
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Value Integer
Measurement unit kpbs
Example Bronze: 50.000 kbps
Silver: 400.000 kbps
Gold: 1.000.000 kbps
Tags Character
attribute/Performance KPI
(key performance
1denticator)
Table 1
Similarly, the GST (Generic Network Slice Template) for a

network slice 106, 107 may have (possibly 1n addition to the

“"Maximum downlink throughput”) an attribute “"Maximum uplink

throughput” which describes the maximum data rate supported by

L]

the network slice 106, 107 per UE 102 1n uplink. These

—

parameters could be used 1n order to offer di

—

"erent contract

qualities like gold, silver and bronze. An example may be

simllar to the one of table 1 for the downlink case.

It should be noted that GSMA (GSM Associliation) has defined a

)

Generic Slice Template (GST) to provide standardised list o:

attributes to characterise network slilice type.

In the following, embodiments are described which allow

implementing maxilmum data rates (also referred to as

throughputs) per network slice as the ones glven above. In

— —
-

particular, they relate to the limitation of the data rate of

UEs (1.e. provided for UEs) for a network slice, ensuring that

o~

the aggregate of the PDU sessions that use the slice are rate

limited to the rate defined for the network slice in DL and UL.
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This 1ncludes ways to signal the rate limits (e.g. propagating

L]

such rate limitation per slice per UE to the RAN) and a possible

impact on subscription data.

o~

Figure 2 1llustrates the definition of rate limits for a U

201.

L]

The UE 200 for example corresponds to the UE 107. It 1is

11llustrated as using three network slices 201, 202, 203.

The UDM 104 stores subscription data for the UE 200. According

to various embodiments, thils subscription data 1ncludes

Subscribed UE-AMBR, Subscribed Session-AMBR and Subscribed

Slice-UE-AMBR (whereln AMBR stands for “aggregate maxilmum bilt

rate”) .

The Subscribed UE-AMBR 1s the maxlmum aggregated uplink and

downlink MBRs (maximum bit rates) tTo be shared across all Non-

GBR (Guaranteed) QoS (Quality of Service) Flows according to the

102) .

P~

1

L+

subscription of the user (of U

The Subscribed Session-AMBR 1s the maximum aggregated uplink and

downlink MBRs to be shared across all Non-GRBRR QoS flows 1n each

PDU Session, which 1s established for a respective DNN (data

network name) and S-NSSAT (1.e. network slice 201, 202, 203).

The Subscribed Slice-UE-AMBR 1s the Maximum Aggregated uplink

and downlink MBRs to be shared across all Non-GBR QoS Flows for

all PDU Sessions, whilich are each established for a respective

DNN and S-NSSAT.
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Figure 3 shows a flow diagram 300 1llustrating the propagation

in

of AMBR information (in particular UE-Slice-AMBR i1nformation)

5GS (5G communication system) during UE registration and PDU

Sessi1on establishment.

L]

A UE 301, e.g. correspondlng to UE 102, a RAN 302, e.d.

corresponding to RAN 103, an AMF 303, e.g. corresponding to AMF

101, an SMF 304, e.g. correspondlng to one of SMFs 110, 112, a

UDM 305, e.g. corresponding to UDM 104, and a PCF 306, e.dq.

corresponding to PCF 115 are 1nvolved 1in the flow.

message exchanges or operations relatling to

In figure 3,
reglstration are 1ndilcated with an ‘R’ and message exchanges or

DU session establishment are i1ndilicated

operations relating to P

with a ‘P’ . Message exchanges or operations relating to both are

indicated with ‘RP’.

followlng a reglstration request

In the reglstration case (1.e.
301), 1n 307R, the AMF 303 gets the UE-AMBR and the

L]

by the U
Slice-UE-AMBR during the registration process. The AMF 303

stores the UE-AMBR and the Slice-UE-AMBR as a part of the U

L]

context 1n 308R.

In the PDU session establishment case (1.e. following a PDU
301), 1in 307P, the AMF

L]

sesslion establishment request by the U

303 gets the UE-AMBR and the Slice-UE-AMBR during the PDU

cabllishment procedure. The SMF 304 stores the Sessilon-

ISessl1on es

AMBR and/or Slice-UE-AMBR 308P as a part of session management

for example.

L]

context for the U

4
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In 309P, the AMF 303 may provide the Slice-UE-AMBR to the SMF

304 1f the AMF has the Slice-UE-AMBR i1nformation avallable

during the registration procedure, and the SMF 304 provides the

Session-AMBR to the AMF 303 durling PDU Session establishment

procedure.

provide an update of UE-AMI

based on operator policy

In 310R, the PCF 306 gets the Subscribed UE-AMBR and the Slice-

UE-AMBR during AMPolilicy Association Establishment. PCFEF may

—

BR and even an update of Slice-UE-AMBR

—

(1f anvy) .

In 310P, the PCF 306 gets the Subscribed Session-AMBR during

SMPolilcy Assoclation Establishment.

the AMF 303 provides the U

In both the registration case and the PDU establishment case,

—-AMBR, the Slice-UE-AMBR and the

Sessi1on—-AMBR to the RAN 1n 311RP.

The RAN 302 stores the
Segssion-AMBR 1n 312RP.

L]

In 313RP, the U

UE-AMBR, the Slice-UE-AMBR and the

301 receilives the UE-AMBR, the Slice-UE-AMBR and

the Session-AMBR 1nformation (from the AMF 303 and the SMF 304,

respectively) .

It should be noted that although figure 3 shows that the AMF 303

L]

propagates the Slice-U.

. -
—AM
- .

BR 1n the 5GS 1ncluding RAN 302 and Ul

301, this can also be done by the SMF 304, e.g., the SMF 304

. -
—AM
- .

RR from the UDM 305 and then

retrieves such Slice-TU.

propagates thils further to the AMF 303, RAN 302, PCF 306 and U

301.

L+
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It should further be noted that the Slice-UE-AMBR may also be

communlcated to the RAN (or generally a component configured to

enforce the data rate gquota) 1n a roamlng scenarlio (e.g. 1n a

Home-routed scenario). In such a case, the Home PLMN (H-PLMN)

may communicate a data rate quota to the Visited (V-PLMN) of a

moblle terminal. For example, the V-PLMN AMF retrieves a UE’s

subscription 1ncluding the Slice-UE-AMBR from the H-PLMN UDM

during the registration procedure. Alternatively, a H-PLMN SMF

provides the Slice-UE-AMBR to the V-PLMN SMF 1n a

Nsmf PDUSession Create Response message (l1.e. 1n a response

message to a PDU session establishment request).

Additionally, it should be noted that a Slice-UE-AMBR and/or

Session-AMBR may be provided and/or updated by the DN-AAA (Data

Network-Authentication, Authorization and Accounting) during the

PDU Session establishment.

Further, the NRM (Network Resource Model) 1n an OAM (e.g. OAM

—

116) may be enhanced for AMF, SMF and RAN with an attribute for

L+

maxlmum data rate per slice per UE.

Figure 4 shows a flow diagram 400 1llustrating the propagation

of AMBR information (in particular UE-Slice-AMBR information) 1n

5GS (5G communication system) during UE registration and PDU

Session establishment according to another embodiment.

—
=

Simllarly to the embodiment of figure 4, a U

L]

401, e.q.

102, a RAN 402, e.g. corresponding to RAN

L]

corresponding to U

103, an AMF 403, e.g. corresponding to AMF 101, an SMF 404, e.qg.

corresponding to one of SMFs 110, 112, a UDM 405, e.d.
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corresponding to UDM 104, and a PCF 406, e.g. correspondlng to

PCF 115 are involved 1n the flow.

However, 1n addition, an NSSF 416, e.g. corresponding to NSSF

105, 1s 1nvolved 1in the flow.

—

Instead of 307/R and 307P, the NSSF 416 gets the Slice-UE-AMEBR
"rom the UDM 405 1in 407.

In 408, the AMF 403 gets the Slice-UE-AMBR when 1nvoking

—

Nnssf NSSelection Get service operation during registration.

Then, 409, 410, 411, 412, 413, 414, 415 are performed similarly

to 308R, 309P, 308P, 310R, 311RP, 312RP and 313RP, respectively.

—
-

f a NEST) may have multiple network slice

A network slice (0

instances. In the followlng, approaches for handling aspects o:

1)

having multiple network slice i1nstances for a NEST a provided.

Based on an operator's operational or deployment needs, a

Network Slice 1nstance can be assoclated with one or more S-

NSSATs, and an S-NSSAT can be associated with one or more

Network Slice 1nstances. Multiple Network Slice 1nstances

assoclated wilth the same S-NSSAI may be deployed 1n the same or

r—

1n different Tracking Areas.

A NEST (Network Slice Type) 1s applied to a Network Slice even
when supported by multiple Network Slice i1nstances

r— r—

That means, for example, 1f a “"maximum number of terminals” 1s

speclfied for a network slice to support in NEST, and there are

multiple network slice 1nstances that are associated with this
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—

network slice (S-NSSAT), then the total number of terminals

—

supported by all network slice i1nstances of this network slice

—

shall not be more than the maximum number of termilinals specified

1n NEST. It should be noted that a NEST 1s a GST filled with

values.

Figure 5 1llustrates a NEST 501, 502 for a network slice 503

having a first network slice 1nstance 504 and a second network

slice 1nstance 505.

The NEST 501 specifies that the maximum downlink throughput per

for the network slice 503 1s 1IMbps. This maximum downlink

L+

U.

throughput may for example be distributed over the two network

slice 1nstances 504, 505 such that, for example, the maximum

downlink throughput for the first network slice 1nstance 504 1s

400kps and the maximum downllink throughput for the second

network slice 1nstance 505 1s 600kps. The NEST may specilify this

1n detail as 1llustrated by a second NEST wversion 502.

While figure 5 relates to a downlink throughput limit, this may

analogously applied to an uplink throughput limit.

In summary, according to various embodiments, a communicatilion

system is provided as illustrated in figure 6.

Figure 6 shows a communication system 600 according to an

embodiment.

The communilication system 600 i1ncludes a data rate quota storage

component 601 configured to store, for a moblle terminal 602, a

— —

speclfication of a limit of the total data rate over the




WO 2021/089527 PCT/EP2020/080787

22

communlication sessions provided 1n a network slice for the

moblle terminal.

The communication system 600 further i1ncludes a data rate

management component 603 and a notification component 604

configured to notify the data rate management component 603

about the limit.

The data rate management component 603 1s configured to monitor

—

and control the data rate of one or more communication

—

connections of the mobilile terminal 602 1n the communication

system such that the total data rate over the communication

sessions provided 1n the network slice for the mobile terminal

does not exceed the limit. Even when the total data rate over

the communilication sessions provided 1n the network slice for the

moblle terminal has not yvet exceeded the limit, the data rate

management component 603 may also reject a new PDU Establishment

for establish a new communicatlion session

L]

Request sent by the U

within the network slice 1n addition to the existing

I

communication session(s) already established priori, e.g., 1t
the data rate management component would know that the total
data over the communication sessions 1ncludling both the existing

ones and the new one would result 1n exceedling the limit.

Accordlng to various embodlments, 1n other words, an 1nformation

about a maximum data rate (also referred to as throughput) per

network slice per moblle termlinal, 1.e. a data rate limit per

— 1

network slice per moblle terminal (which may be specific for the

moblle terminal, e.g. may be subscription-dependent) 1s

communlicated by the notification component 604 to a component
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which enforces the limit, 1.e. ensures that the limit 1s not

exceed (for the mobile terminal for the network slice).

This maximum data rate may refer to the upllink data rate, the

—

downlink data rate, each of uplink and downlink data rate (1.e.

the limit may be a limit pair 1ncluding a limit for the downlink

—
-

data rate and a limit for the uplink data rate) or the sum of

uplink data rate and downlink data rate.

The component which enforces the limit may be a component of the

—

RAN. For example, the component may be a component of the MAC

(Medlum Access Control) layer which performs packet scheduliling

"or connections between the communication network and the mobile

such that the resulting data rate does not exceed the limit.

Alternatively, the component which enforces the limit may be a

network function within the mobile core network such as the AMF

or the SMFE or the PCF, or the NWDAF or even a network component

—

in the OAM, which may have an i1nformation of what 1s the current

total data rate over the communication sessions provided 1n the

network slice for the mobile termlinal, which 1s not yet exceeded

the limit. Later on, 1f a UE sends a request for establishing a

new PDU Session whilich may requlre a certaln data rate to be

served, and would then result to exceedling the limit, 1n this

case, the network function 1n the mobile core network rejects

I

L]

the new PDU Establishment Request sent by the UE.

Otherwise, 1f

sti1ll under the rate limit, the network function i1in the mobile

core network accepts the new PDU Establishment Request.

The component which monitors the current total data rate over

the communicatlion sessions provided 1n the network slice for the

—

moblle terminal may be a component of the RAN or a network
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‘unction within the mobile core network such as the UPF. The

—

current data rate of the communication sessions, which are then

used to calculate the total data rate over all communication

sessilons provided 1n the network slice for the moblle terminal,

o~

may be an average data rate from a certaln period of time, or an

instant data rate. These one or more monlitorlng components may

—
e

then further provide such data rate information of a

communication session to another network function within the

moblle core network such as the SMF, PCF or NWDAF, which ask for

getting such data rate 1nformation eilther on a subscription

basis (e.g., via a Subscribe/Notify method) or on an on-demand

basis (e.g., Reqguest/Response). The OAM may also collect such

data rate i1information from these one or more monitoring

components.

The communication system may i1nclude one or more communlication
networks and the one or more communlicatlon connections may be
communlication connections between the moblle terminal and one

—

(or more) of the communication networks.

The approach of figure 6 allows performing rate/throughput

1

limitation per network slice per UE 1n a 5GS 1ncludlng roaming

scenario. For example, an operator may enforce a rate/throughput

limitation (which may include a maximum downlink and/or a uplink

data rate) per network slice per UE, e.g. 1n a 5G communication

system (5GS).

—
=

Besides a roaming scenario, the approach of figure 6 may also be

applied 1n a scenario with a PNI-NPN (Public Network Integrated

— Non-Public Network), where some 5GC network functions may be
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managed by a PNI-NPN, and some 5GC network functions are

provided by a PLMN.

The communication system 600 for example carries out a method as

11llustrated 1n figure 7.

Figure 7 shows a flow diagram 700 1llustrating a method for

operatlng a communlcatlon system.

— o~

In 701, a specification of a limit of the total data rate over

—

the communication sessions provided 1n a network slice for a

mobile terminal 1s stored.

In 702, a data rate management component 1s notlfied about the

limit.

In 703, the data rate management component controls the data

—

rate of one or more communication connections of the mobile

terminal 1n the communication system such that the total data
rate over the communilcation sessions provided 1n the network

slice for the mobile terminal does not exceed the l1imit.

The components of the communication system (e.g. the data rate

storage component, the notification component and the data rate

management component) may for example be 1mplemented by one or

—

more clrcults. A "cilrcult" may be understood as any kind of a

loglc 1mplementing entity, which may be specilal purpose

clrcultry or a processor executing software stored 1n a memory,

—

lrmware, Or any combination thereof. Thus a "circult" may be a

hard-wired logilc circult or a programmable logic cilrcult such as

a programmable processor, e.d. a microprocessor. A "cilrculit" may
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—

also be a processor executing software, e.g. any kind of

— —

computer program. Any other kind of 1mplementation of the

respectlive functions described above may also be understood as a

"circulit".

According to another example, a communicatlion network

I

arrangement 1s provided 1ncluding one or more network slices of

L]

a communilication network, a UE subscription data component

configured to specify the maximum rate/throughput in a network

—
-

slice per UE and a management component supported 1n a network

L]

slice configured to retrieve, from the UE subscription data

component, the maximum rate/throughput in the network slice and

—

to ensure that such limit 1s kept wilthin the network slice for

L]

the UE.

The management component may 1nclude a network function 1n the

core network, e.g., AMF, SMF or PCF.

The management component may 1nclude a function i1n the radio

access network (RAN).

The information related to the maximum rate/throughput in a

—
-

network slice per UE may also be shared across PLMNs for roaming

support. In such a case the authorized maximum rate/throughput

—

may be different from the subscribed one depending on the policy

—

of the serving network (V-PLMN), as the serving network 1s the

one which decides what to enforce for a roaming UE.

While specific aspects have been described, 1t should be

understood by those skilled i1n the art that various changes 1n

"orm and detaill may be made therein wilithout departing from the
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— —

splrit and scope of the aspects of this disclosure as deflned by

the appended claims. The scope 1s thus 1ndicated by the appended

claims and all changes which come within the meaning and range

—

of equivalency of the claims are therefore 1Intended to be

embraced.
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Claims
1. A communication system (100) comprising:

a data rate quota storage component (601) configured to

store, for a network slice (106, 107, 201, 202, 203) and

for a mobile terminal (102, 200, 301, 401, 602), a

— —

speclfication of a limit of the total data rate over all

—

communicatlion sessions provided 1n sald network slice for

sald mobile terminal;

a data rate management component (603); and

a notification component (604) configured to notify the

data rate management component about the limit,

whereln the data rate management component (603) 1s

—

configured to monitor and control the data rate of one or

—

more communication connections of said mobile terminal 1n

the communication system such that the total data rate over

all communicatlion sessions provided 1n the network slice

for the mobile terminal does not exceed the limit.

2 . The communication system (100) of claim 1, wherein the

notification component (604) 1s configured to notify the

data rate management component (603) durlng a reglistration

procedure for registering the mobille terminal (102, 200,

301, 401, 602) 1n the communilication system.

—

3. The communication system (100) of claim 1 or 2, wherein the

— 1

notification component (604) 1s configured to notify the

data rate management component (603) durlng a reglistration

procedure for reglstering the mobile terminal (102, 200,

301, 401, ©602) 1in the network slice (106, 107, 201, 202,
203) .
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—

The communication system (100) of any one of claims 1 to 3,

whereln the notification component (604) 1s configured to

noti1fy the data rate management component (603) during a

sesslion establishment procedure for establishing a

communication session for the mobilile terminal (102, 200,
301, 401, 602) 1in the network slice (106, 107, 201, 202,
203) .

—

The communication system (100) of any one of claims 1 to 4,

wherein the data rate management component (603) 1s a radlio

access network component (103, 302, 402) of a communication

—

network of the communilication system.

—

The communication system (100) of any one of claims 1 to 5,

wherein the data rate management component (603) 1s a core

—

network component of a communication network of the

communilication system, 1n particular an Access and Mobillity

management function (101, 303, 403), a Session Management

Function (110, 112, 304, 404), a Policy Control Function

(115, 306, 406), a User Plane Function (111, 113) or a

Network Data Analytics Function (117).

—

The communication system (100) of any one of claims 1 to 6,

wherein the notification component (604) 1s an Access and

Mobility Management Function (101, 303, 403), a Session

Management Function (110, 112, 304, 404), a Policy Control

Function (115, 306, 406), or a Network Data Analytics

Function (117).
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The communication system (100) of any one of claims 1 to 7,

—

wherelin the limit 1s a limit of the total data rate over

all communilication sessions provilided 1n the network slice

1)

the network slice.

—

for the mobile terminal over the core network 1nstances of

The communication system (100) of any one of claims 1 to &,

wherein the data rate 1s an average data rate over a

—

certaln period of time or an 1nstant data rate.

—

The communication system (100) of any one of claims 1 to 9,

wherein the communlcation system comprlses a first

communlication network acting as home communication network

of the mobile terminal (102, 200, 301, 401, 602) and a

second communication network acting as vislted

—

the mobile terminal and whereiln

communication network o

I

the data rate quota storage component (601) 1s a part of

the first communication network, and the notification

—

component (604) 1s a part of the first communication

network and/or a part of the second communication network,

and the data rate management component (603) 1s part of the

second communication network.

—

The communication system (100) of any one of claims 1 to

10, wherein the limit comprises a limit of the total

downlink data rate over the communlcation sessions provided

in the network slice (106, 107, 201, 202, 203) for the

mobile terminal (102, 200, 301, 401, 602) and/or a limit of

I

the total uplink data rate over the communication sessions

provided 1n the network slice for the mobile terminal.
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o~ —

The communication system (100) of any one of claims 1 to

11, wherein the communlcation system comprises a plurality

of network slices (106, 107, 201, 202, 203) and wherein the

data rate management component (603) 1s further configured

r—

to monitor and control the data rate of one or more

—

communication connections of the mobilile terminal (102, 200,

301, 401, ©602) 1n the communilication system such that

the total data rate over the communicatlion sessions

provided for the mobilile terminal over the network

slices does not exceed a first further limit and/or

—

the data rate of each session provided for the mobile

terminal does not exceed a respective second further

limit.

—

The communication system (100) of any one of claims 1 to

12, wherein the data rate management component (603) 1s

configured to check, for a communicatlon session
establishment request by the mobille terminal (102, 200,
301, 401, ©02), whether establishling a communilcation
sesslion would exceed the limit and to reject the

—

communication session establishment request 1f establishing

the session would exceed the limit.

—

The communication system (100) of any one of claims 1 to

13, whereln the data rate storage component (601) 1is

implemented by an Operation, Adminlistration and Maintenance

entity (116) or by a memory of the data rate management

I

component (603) conflgured to store the specification of

—

the limit as part of a local configuration or network

operator policy.
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15. A method for operating a communication system (100)

comprising:

Storing (701), for a network slice (106, 107, 201, 202,

203) and for a mobile terminal (102, 200, 301, 401, 602), a

— —

speclification of a limit of the total data rate over all

—

communilication sessions provided 1n said network slice for

sald mobile terminal;

notifving (702) a data rate management component (603)

about the limit; and

the data rate management component (603) monitoring and

controlling (703) the data rate of one or more communilication

r—

connections of the mobile terminal 1n the communication system

such that the total data rate over all communication sessions

provided 1n sald network slice for sailid mobile terminal does not

exceed the 1limit.
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FIG 7 o0

701

Store a limit of the total data rate over the
communication sessions provided In a network slice
for a mobile terminal

702

Notify a data rate management component about the
limit

703

Control the data rate of one or more communication
connections of the mobile terminal in the
communication system such that the total data rate
over the communication sessions provided In the
network slice for the mobile terminal does not exceed
the [imit
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