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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.



1
Scope


The objective of this Technical Report is to study enhancements of 5GS architecture that has been defined in Rel15 about the topology of SMF and UPF, and:
1. investigate mechanisms to enable the 3GPP system to support deployments where a SMF is not able / allowed to control UPF(s) throughout the same PLMN.

2. Study whether it is needed to enhance the capability of 5GS architecture for a UPF to be controlled by multiple SMF’s (and many UPF’s to be controlled by many SMFs) and, if yes, define such enhancements.

For these objectives, use cases will be defined
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
3GPP TS 23.501 "System Architecture for the 5G System; Stage 2".

[3]
3GPP TS 23.502 “Procedures for the 5G system, Stage 2”

3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1], TS 23.501 [2] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1], TS 23.501 [2] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

KI
Key Issue

4
Architecture Requirements, Assumptions and principles 

Editor’s Note: This clause will document high-level architectural requirements. 

4.1
Architectural requirements

Editor’s Note: This clause will document the architectural requirements considered during the study. 
4.2
Architectural assumptions and Principles

Editor's note:
This clause will document the identified architecture principles. 

5
Use cases and Key Issues 
5.1
 Use Cases

5.1.1
 Use Case #1: deployments where a SMF is not able / allowed to control UPF(s) throughout the whole PLMN

In large countries the network may be divided into "regions" that each are locally ("regionally") managed and where it is required that UPF deployed in a "region" are only "controlled" (via N4) by SMF(s) in the same "region". This is called a "regional control" of UPF.

The SMF may be not able to control UPFs throughout the whole PLMN. When the UE moves to a new area, there will be no UPF under the SMF control can connect the target NG-RAN.
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Figure 5.1.1-1: Use case 1: Mobility across 2 regions within a PLMN

5.1.2
 Use Case #2: inter PLMN mobility
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Figure 5.1.2-1: Use case 2: inter PLMN mobility

5.1.3
 Use Case #3: Third party (corporate)

For some DNN(s) the SMF controlling the PSA is dedicated to a Third party (corporate) for some DNN(s) where for such DNN(s):

-
The dedicated SMF controls UPF deployed within the corporate premises (e.g. UPF that serve UE(s) using a non 3GPP access to reach the 5GC)

-
The UPF(s) that serve UE using 5G-AN not operated by the Third party are operated by the MNO and should be controlled by another SMF (of the MNO) 

Editor's note:
Whether the SMF that controls the PDU Session and the PDU Session Anchor (PSA) is under control of the Third party is FFS.
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Figure 5.1.3-1: Use case 3: Corporate case

5.2
 Key Issues

5.2.1
 Key Issue #1: IP address preservation and Control of UPFs in use cases #1,2,3
(IP type) PDU sessions in SSC mode 1 need IP address preservation even though the UE moves between regions or between different 5G-AN corresponding to different domains. Hence, after UE mobility, while the (I-)UPF connected to the 5G-AN serving the UE is now in a different region / administrative domain, the PSA needs to remain in its initial location and controlled by an SMF in the same region or administrative domain. Thus, the SMF controlling the PSA needs to remain despite the UE mobility.
The KI is to investigate mechanisms to enable the 3GPP system to support deployments where for a PDU Session each UPF is only controlled by a single SMF and the SMF that controls the main PSA cannot control all UPF serving the PDU Session. Depending on the use case, the mechanisms studied may be based on solutions to objective 1 and/or objective 2.

The solutions shall take into account and/or define:

· UE’s should not be aware of the split of SMF & UPF in different regional / administrative areas.

· The solutions shall define SMF area and their Granularity (TAI?, Others?)

· Impact of the UE mobility within 5GS (mobility between different SMF areas) but also mobility with EPS, e.g. the case where an UE moves from 5GS, to EPS and then back to 5GS but in a different region / administrative area 

-
Especially the solutions shall describe how to detect mobility between different SMF areas

· If in a solution (within HPLMN or within VPLMN), a PDU Session may be simultaneously controlled by multiple SMF, the solution shall describe:

-
Which NF is responsible for SMF selection or reselection, and how is it enforced

-
How to take into account slicing

-
Is there any impact to NRF? Are dedicated NRF needed or assumed?

-
How to insert an UPF supporting UL-CL/BP (IPv6 multi-homing) which is not controlled by the SMF that controls the main PSA of the PDU Session. The UL-CL/BP to be inserted may be at the same or different regional / administrative areas.

NOTE:
Mobility aspects are described in Key Issue #4
· How to ensure proper data collection to support charging.

· Home Routed roaming deployments where the VPLMN may support regional control of UPF.

-
Is the H-SMF aware / involved when multiple SMF are used (possibly not simultaneously) in the VPLMN?

-
Impacts to Rel-15 procedures, including MM and SM procedure, e.g. Mobility procedures and PDU Session Establishment / Modification / Release procedures, the support of LADN, the support of the different SSC modes, the activation / deactivation of the UP of the PDU Session (e.g. because the UE moves between CM-IDLE and CM-CONNECTED).

-
Potentials relationship with the different SSC modes and with AF influence on traffic routing (23.501 § 5.6.7).

-
Any impacts to UPF selection.

-
Potential security impacts.
5.2.2 
Key Issue #2: IP Address and IP Address Prefix Allocation for Complex SMF/UPF Topologies

Some of the capabilities of 5G imply that UPF functions will be required to be greatly de-centralized (e.g. Mobile Edge Computing enablers) and in these cases the number of UPF’s will “exponentially” increase, further complicating management.  Also as address allocation is in response to UE demand, which is not evenly distributed, areas of high demand may exhaust IP Address / Prefixes allocation in one function while low demand elsewhere in the network may leave unused IP Addresses / Prefixes in other functions – this is especially exacerbated when small, highly distributed functions are used.

As virtualization brings a lot of flexibility for deploying (scale in/out) NF (e.g. SMF) instances due to (signaling) traffic variation, there may be a big and varying number of SMF instances using the same UPF as PSA (PDU Session Anchor) and thus needing IP addresses / Prefixes pointing to this UPF.

Solutions to this key issue will investigate alternatives to the basic SMF allocation methods, described in the existing specifications, to address networks that have complex relationships between SMFs and UPFs. 

Solutions to this key should describe the following:

· Allocation of IP addresses / Prefixes to UE PDU Session (of type IPv4 and IPv6) for topologies where multiple SMF control the same UPF or UPFs.

· Co-ordination of IP addresses / Prefixes such that the same IP address / Prefix is not mistakenly allocated to 2 different PDU sessions of different UEs

· Impacts to the solution when SMF and UPF resources grow, and/or contract, due to load or other dynamic events (e.g. Scale In/Scale Out, Scale Up/Scale Down.

· Evaluation of these solutions should include comparison to the existing SMF allocation methods (i.e. IP Address pools, DHCP, or RADIUS).

· UE’s should not be aware or impacted by the allocation method.

· If possible how are network deployments able to mix the allocation methods for different DNN or 5GC slices including following cases. 

· Support for deployments where the IP address / Prefix allocation is to be done by the DN

· The same UPF acting as PSA may serve different DNN / DNAI with different (possibly overlapping) IPv4 address spaces.

· Suitability for supporting massive scale deployments of UPF’s located near (R)AN resources (e.g. MEC)

· How to effectively summarize routes in the network.

· How to support Policies received by the SMF from the PCF that relate with IP address / Prefix allocation

5.2.3
 Key Issue #3: UPF resource management impact when UPF shared by multiple SMFs

Per TS 23.501, a CN Tunnel Info is the Core Network address of the N3/N9 tunnel corresponding to the PDU Session. It comprises the TEID and the IP address which is used by the UPF for the PDU Session.

Allocation, modification and release of the CN Tunnel Info is performed when a new PDU Session is established, existing UPF is reallocated during the PDU session or existing PDU session is released. This functionality is supported either by SMF or UPF, based on operator's configuration on the SMF. If this functionality is supported by the SMFs and the UPF is controlled by multiple SMFs, the following should be considered: 

· Study impact of resource management of UPF shared by multiple SMFs during UPF relocation and UPF recovery when UPF is shared by multiple SMFs.

5.2.4
Key issues #4: Intermediate SMF Insert/Relocation due to UE Mobility

The issues related to SMF and UPF Insert/Relocation due to UE Mobility includes:

· How the network determines the serving SMF cannot serve the new UE location

· If in a solution (within HPLMN or within VPLMN), a PDU Session may be simultaneously controlled by multiple SMFs, the solution shall describe:

-
Which NF is responsible for SMF selection or reselection

-
How to relocate the intermediate SMF which control the UPF terminated the N3 interface, if reallocation is needed;

-
Which SMF selects the additional UPF (the UPF to be inserted) when there is more than one SMF?

-
Impact of the UE mobility within 5GS (mobility between different SMF areas) but also mobility with EPS, e.g. the case where an UE moves from 5GS, to EPS and then back to 5GS but in a different region / administrative area.

-
Which SMF(s) (if there is more than one) support(s) the interfaces with the AMF, with the UDM, with the PCF, with charging, the Event exposure, etc.. and which of these SMF is to be considered for EPS interworking.

· If there is an interface between SMF(s) (if there is more than one), the nature of the information exchanged on this interface.

5.2.X
 Key Issue #X:

Editor's note:
This clause will document the key issue X; a specific title should be provided for easier identification of the Key Issue

6
Solutions 

Editor's note:
This clause will document solutions for key issues ; a specific title should be provided for each solution for easier identification of the solution.
6.X
Solution #X:

6.X.1
Overview

Editor's note:
it is expected that the overview clearly indicates which key issue(s) are addressed by the proposed solution.
6.X.2
Description of the solution

6.X.3
Impact of the solution to existing entities

6.X.4
Evaluation of the solution

7
Conclusions 

Editor's note:
This clause is intended to list interim or/and final conclusions, which have been agreed during the course of the study item activities.
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