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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 investigate scenarios for co-existence of subscription data pertaining to legacy system (EPS) with data pertaining to the 5G system, when the HSS+UDM defined in Rel-15 is separated and both UDM and HSS are independent, and will propose solutions to support this deployment where necessary.

NOTE 1:
The subscription data referred to by this Technical Report comprises both static as well as dynamic data, including IMS, LCS, SMS data.

-
study diverse scenarios related to the storage of subscription data including, but not limited to, those of common repository for subscription data from EPS and 5GS, as well as separate repositories for EPS and 5GS subscription data,

-
investigate the relevant procedures in TSs 23.502 (for e.g. authentication, mobility, handover and procedures for IMS and SMS handling in interworking between 5G system and EPS),

-
determine if there is a need for interaction between the consumers of EPS and 5GS data, in the different interworking cases and deployment scenarios.

Existing procedures in 23.502 shall not be impacted.

Provisioning aspects are outside this study.
Direct interactions between the EPS UDR and the 5GS UDR are out of the scope of this TR (i.e. it is assumed that there is no direct interaction between these two repositories).
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 23.502: "Procedures for the 5G System".

[3]
3GPP TS 23.335: "User Data Convergence (UDC); Technical realization and information flows; Stage 2".

[4]
3GPP TS 29.335: "User Data Convergence (UDC); User data repository access protocol over the Ud interface; Stage 3".

[5]
3GPP TS 23.002: "Network architecture".
[6]
3GPP TS 23.501: “System Architecture for the 5G System”.

[7]
3GPP TS 23.228: “IP Multimedia Subsystem”.

[8]
3GPP TS 23.380: “IMS Restoration Procedures”.
[9]
3GPP TS 29.505: “5G System; Usage of the Unified Data Repository services for Subscription Data”.
3
Definitions, symbols and abbreviations
3.1
Definitions

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

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

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

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
Architectural Assumptions and Principles
Editor's note:
This clause will list general architectural assumptions and principles for this study.
4.1
Architectural Assumptions

-
The 5GS data storage architecture defined in TS 23.501 [6], for structured data, is used as the baseline network architecture.

-
The User Data Convergence concept specified in TS 23.335 [3], is used for reference to EPS/legacy system architecture for data storage, when layered architecture is deployed (i.e. application front-end decoupled from data repository using the standard interface Ud defined in TS 29.335 [4]).

-
The Home Subscriber Server (HSS) architecture specified in clause 4.1.1 of TS 23.002 [5], is used for reference to EPS/legacy system architecture for data storage, when non-layered HSS architecture is deployed (i.e. monolithic deployment where user data are stored within the entity itself (or in an external entity via non standard interfaces)).
4.2
Architectural Principles

In the UDC concept used for reference, HSS FE and EPS UDR defined in TS 23.335 [3] are assumed to interact for any data required by the study: no standardization will be considered for the interface between HSS FE and EPS UDR.
5
Key Issues
5.1
Key Issue 1: Interaction between UDM and HSS with separate repositories
5.1.1
Description

This key issue, which assumes the HSS is deployed using the UDC architecture in TS 23.335 [3], is to study how the UDM and HSS with separate repositories interact in the scenario that the HSS FE and UDM are separately deployed and the user data of 5G and 4G/3G/2G are also stored separately in different repositories (i.e. EPS UDR storing user data for 4G/3G/2G and IMS domains and 5GS UDR storing user data for 5G domain).

The interaction between UDM and HSS FE with separate repositories should be based on specific procedures that require data from one to the other.

The solutions to this key issue need to:

-
Clarify what user data is involved for the interaction between UDM and HSS FE with separate repositories;

-
Study the scenarios of interaction between UDM and HSS FE with separate repositories, specifically:
· IMS and 5GS interworking required for the following cases: 

-
Terminating Access Domain Selection (T-ADS).

When requested by IMS, the HSS+UDM shall be able to query the serving AMF for T-ADS related information (see section 5.16.3.6 in 3GPP TS 23.501 [6]).

- 
P-CSCF Restoration

As defined in section 5.8.4 in 3GPP TS 23.380 [8], upon request by IMS when P-CSCF failure is detected, the HSS+UDM shall send a P-CSCF restoration indication to either the SMF serving the IMS PDU session for the UE or to the AMF serving the UE. 
- 
Network Provided Location Information (NPLI). 

As defined in section Y.6 in 3GPP TS 23.228 [7], an IMS AS can trigger the retrieval of the user location and/or UE Time Zone information from the AMF via the HSS+UDM

· EPS and 5GS interworking required for mobility cases from EPS to 5GS and from 5GS to EPS 
-
Avoid the impact on existing procedures between HSS/UDM and the rest of the network.


5.2
Key Issue 2: Supporting a common repository for both HSS and UDM

5.2.1
Description
This key issue studies network deployments where a common repository (acting as EPS UDR and 5GS UDR) is shared between HSS and UDM, analyses the interactions between the HSS, UDM, & common repository, and examines the potential of shared data fields in the repository.
The solutions to this key issue need to:

· Study the scenarios of interaction between UDM and HSS FE with common repository, specifically:
· IMS and 5GS interworking required for the following cases: 
-
Terminating Access Domain Selection (T-ADS).

When requested by IMS, the HSS+UDM shall be able to query the serving AMF for T-ADS related information (see section 5.16.3.6 in 3GPP TS 23.501 [6]).

- 
P-CSCF Restoration

As defined in section 5.8.4 in 3GPP TS 23.380 [8], upon request by IMS when P-CSCF failure is detected, the HSS+UDM shall send a P-CSCF restoration indication to either the SMF serving the IMS PDU session for the UE or to the AMF serving the UE. 
- 
Network Provided Location Information (NPLI). 

As defined in section Y.6 in 3GPP TS 23.228 [7], an IMS AS can trigger the retrieval of the user location and/or UE Time Zone information from the AMF via the HSS+UDM

· EPS and 5GS interworking required for mobility cases from EPS to 5GS and from 5GS to EPS 
6
Solutions

6.1
Solution #1: Retrieving subscription data from separate UDR repositories for EPS and 5GS subscription data using a UDR Translation Function (UTF)
6.1.1
Introduction

Solution #1 addresses Key Issue 1
6.1.2
High-level Description


It is proposed to introduce a UTF (UDR Translation Function) to allow subscription data exchange between the HSS FE and the UDM when each function has a separate UDR repository. The UTF is a logical function that can be standalone or collocated with the UDM or HSS FE. 

The UTF function contains a translation table that allows conversion of an Nudr to a Ud request and vice versa. If the UDM requires information from the UDR of the HSS FE, the UTF allows facilitating translation of an Nudr request to Ud request. If the HSS FE requires information from the UDR of the UDM the UTF is responsible to convert the Ud request to an Nudr request targeting specific subscription data based on the semantics defined in 3GPP TS 29.505 [9].
NOTE: The UTF would require to implement a translation table supporting the HSS FE vendor specific Ud implementation.  

The architecture is illustrated below:
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Figure 6.1.2-1: UDM/HSS FE interworking architecture

6.1.3
Services and Illustrated Procedures


When the HSS FE or UDM determine that subscription data needs to be fetched from a different UDR an Ud or Nudr message requesting subscription details is sent to UTF. The UTF translates the message into the corresponding message towards the HSS FE (Ud message) or UDM (Nudr message) that is proxied towards the UDR (Option 1). The UTF may also provide the translated message directly to the target UDR repository bypassing the target HSS FE or UDM (Option 2). 

An example procedure is illustrated below:
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Figure 6.x.3-1: Procedure to retrieve subscription data from separate UDR repository
The following cases have been identified where subscription data are retrieved from different UDR

· 5G to EPS interworking when no N26 is supported: The HSS FE retrieves from the UDR of the UDM the PGW-C+SMF ID in order to establish a UE requested PDN connection

· Support of T-ADS: When IMS core interfaces with the HSS FE and the UE is camped on a 5G network the HSS FE retrieves from the UDR of the UDM the IMS over PS support and current RAT type.

Editor's note:
Additional use cases are FFS
Editor's Note: 
For each interworking use case it needs to be identified how does the UDM or HSS FE know where the requested subscription data is stored in the respective UDR database.

Editor's Note: 
It is FFS how the HSS or UDM determines that the MME or AMF needs to be contacted to obtain specific subscription information if the UDR repository does not have the requested information. For example, for T-ADS, if the homogeneous IMS voice over PS supported indication is not stored at the UDR it needs to be clarified how the UDM or HSS determines that the AMF or MME need to be contacted.
6.1.4
Impacts on existing services and interfaces


The impacts are as follows:

· HSS FE

· Identifies that subscription information is stored on a UDR repository containing 5GS subscription data

· For option 1: proxies a Ud request/answer from the UTF/UDR respectively

· UDM 

· Identifies that subscription information is stored on a UDR repository containing EPS subscription data

· For Option 1: proxies an Nudr request/answer from the UTF/UDR respectively.

6.1.5
Evaluation

Editor's note:
This clause provides an evaluation of the solution.
6.2
Solution #2: Direct SBA UDM-HSS Interworking
6.2.1
Introduction
This solution is applicable to key issues 1 and 2.

This solution proposes a new Service Based Interface between UDM and HSS. 

6.2.2
High-level Description

This contribution proposes a service based interface between HSS and UDM. The architecture for this solution is outlined in the following figure:
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Figure 6.2.2-1 Architecture for Direct UDM-HSS Interworking with independent UDRs 
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Figure 6.2.2-2 Architecture for Direct UDM-HSS Interworking with a common repository 

A new reference point between UDM and HSS within the combined HSS/UDM (i.e. Nxx as depicted in Figures 6.2.2-1 and 6.2.2-2) is proposed. The new interface for interworking between HSS and UDM is proposed to be based on SBI principles. 

6.2.3
Services and Illustrated Procedures

Figure 6.2.3 -1 shows a high-level illustration of the EPS/IMS and 5GS interworking procedures that requires interworking via HSS/UDM for procedures triggered from the EPS/IMS.
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 Figure 6.2.3-1 High Level Illustration of HSS-UDM Interworking 

1.- 
IMS/EPC interacts with HSS over existing interfaces for the purpose of e.g. Updating Location of an MME in HSS, and/or requesting HSS to execute some actions in the access network (e.g. P-CSCF restoration) or retrieve some information from the access network (e.g. TADS or NPLI information). 

2.- 
Depending on the type of request, the HSS may be able to serve the request and reply to the request with no interaction with UDM (e.g. for ULR from MME or P-CSCF restoration request from S-CSCF). In this case, the HSS resplies the request as in step 6. 

Otherwise, the HSS interacts with UDM over the new Nxx reference point proposed in this solution using new service operations under the Nudm service set. The definition of these new service operations is out of the scope of the description of this solution. 

In either case, in a layered architecture, the HSS interacts with the 4G/IMS UDR (using Ud). The HSS does not need to retrieve any subscription data belonging to the 5G subscription profile. 

3.- 
UDM receives the request from HSS over the new Nxx reference point and interacts with the 5GC as needed using existing defined procedures. UDM interacts with the 5G UDR (using Nudr). The UDM does not need to retrieve any subscription data belonging to the 4G/IMS subscription profile.

Editor’s Note:
Analysis on the existing defined procedures in UDM that are used is FFS.

Depending on the request, UDM may omit the request to the 5GC and reply to HSS as in step 5 based on information stored under the 5GC subscription profile (e.g. in case of a TADS requests for which the AMF has already informed UDM that “Homogeneous support for Voice over IP” is supported). 

In case of P-CSCF restoration or AMF deregistration, the UDM does not wait for the acknowledgement from 5GC, it sends the response back like in step 5.
4.- 
5GC replies the request from UDM including the requested information (e.g. TADS, NPLI) or confirming the execution of the requested action (e.g. P-CSCF restoration, deregistration of the UE from the AMF). 

5.- 
UDM responds to HSS including the requested information (e.g. TADS, NPLI) or confirming the execution of the requested action (e.g. for the P-CSCF restoration request, it confirms the deregistration of the UE from the AMF). 

6.- 
HSS responds to EPC/IMS. Depending on the request, the response from HSS will include information received from 5GC via UDM (e.g. TADS, NPLI). 

Figure 6.2.3-2 shows a high-level illustration of the 5GS and EPS/IMS interworking procedures that requires interworking via HSS/UDM for procedures triggered from the 5GC.
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 Figure 6.2.3-2 High Level Illustration of UDM-HSS Interworking 

In this case, an interaction between the 5GC and the UDM (e.g. an AMF registration in UDM in the context of a mobility scenario from EPC to 5GC using interworking with N26 procedures) triggers a request from UDM to HSS over the new Nxx reference point proposed in this solution using new service operations under a new service set offered by the HSS, e.g. Nhss service set. The definition of these new service operations is out of the scope of the description of this solution. 

Similar interactions as described for the HSS-UDM interworking for procedures triggered from the EPC/IMS apply here too. Depending on the procedure, the interactions between the UDM and the 5GC, the UDM and HSS and HSS and the EPS, may be executed asynchronously (e.g. the UDM may not wait to the response from HSS, not even to trigger the request to HSS to send a response to the 5GC). 

6.2.4
Impacts on existing services and interfaces

Following impacts are identified:

a) Impacts in HSS:

New SBA service at least with one operation Request/Response, at described in figure 6.2.3-2.

This SBA service has to follow registration/discovery/selection procedures (by means of interaction with NRF or by configuration) as defined for Rel-15 or its evolution/adaptation to Rel-16.

No impacts to existing interfaces or procedures.

b) Impacts in UDM

New SBA service at least with one operation Request/Response, at described in figure 6.2.3-1.

Editor’s Note: work in progress, further impacts could be identified

6.2.5
Evaluation
Editor's note:
This clause provides an evaluation of the solution.
6.3
Solution #3: UDM/HSS FE interaction reusing legacy protocol
6.3.1
Introduction
This solution addresses Key Issue #1: Interaction between UDM and HSS with separate repositories.
The assumption of this solution is that 5GS UDR and EPS UDR are separate, between which there is no interface for direct interactions. The EPS profile is stored in EPS UDR and the 5GS profile is stored in 5GS UDR.
UDM and HSS FE interacts to retrieve or update the required user data for the following procedures:

· Authentication procedure, i.e., initial attach/registration;

· Network Provided Location Information (NPLI). 

· Procedure on IP address continuity of interworking.
Editor’s note:
it is FFS to identify IMS related procedures on UDM and HSS FE interacts. 

To avoid the impact on legacy HSS, the interactions for retrieving or updating user data are initiated by UDM through reusing existing HSS supported protocol and procedures, i.e. this solution only requires UDM to retrieve or update user data stored in EPS UDR via HSS FE. The interface between HSS FE and EPS UDR is also not impacted.
6.3.2
Solution on Authentication Procedure
6.3.2.1
Architecture

A new interface, Shu, between UDM and HSS FE is introduced, by which UDM initiates interactions with HSS FE to retrieve or update user data stored in EPS UDR. Shu is a Point-to-Point reference point.
UDM is the only access point both to 5GC and EPC.
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Figure 6.3.2.1.1
Solution architecture
In some 5G deployment, when a 4G subscriber is updated to 5G subscriber, the 4G subscription profile keeps stored in EPS UDR while the new 5G subscription data is provisioned in 5GS UDR. In this case it is assumed that the authentication data is only stored in EPS UDR and is reused by 5GS authentication.

Editor’s note:
it is FFS if the authentication data is fully valid for 5GS. 

For new 5G subscriber, all the subscription data is stored in 5GS UDR. Therefore, the solution described in this section does not applies.
In this scenario, when a UE with 5GS subscription registers on 5GS, the UDM needs to interact with HSS FE to retrieve authentication information data stored in EPS UDR.

6.3.2.2
Illustrated procedure

The procedure of the interaction between UDM and HSS FE is shown in Figure 6.3.2.2.1.
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Figure 6.3.2.2-1
Registration Procedure between UDM and HSS FE
1a.
when the UE attaches from EPS, MME sends Authentication-Information-Request to UDM to get authentication information for the UE. The MME message is sent to UDM by DRA routing (i.e., based on IMSI range).
1b.
when the UE registers from 5GS, AMF invokes Nausf_UEAuthentication_authenticate service operation to AUSF to get authentication information for the UE.

1b’. AUSF invokes Nudm_UEAuthentication_Get service operation.

2.
When UDM receives Nudm_UEAuthentication_Get, it sends S6a Authentication-Information-Request message to HSS-FE, if the authentication information is in EPS UDR.

Editor's note:
Whether there are HSS logics in UDM and how UDM identifies the need to rout to HSS-FE is FFS.
3.
HSS FE interacts with EPS UDR to retrieve authentication information of the UE via legacy UDC architecture.

4.
HSS FE returns Authentication-Information-Answer with authentication vectors to UDM.

5a.
UDM forwards Authentication-Information-Answer with authentication vectors to MME.

5b’. UDM generates the respond to Nudm_UEAuthentication_Get service operation invocation with authentication vectors received in Authentication-Information-Answer, and sends the respond to AUSF.

5b.
AUSF response the AMF invoked Nausf_UEAuthentication_authenticate service.

6.3.2.3
Impacts on existing services and interfaces

UDM  supports:
· generating Diameter S6a Authentication-Information-Request message based on Nudm_UEAuthentication_Get service operation;

· forwarding Diameter S6a Authentication-Information-Answer  message with authentication vectors to MME;

· generating the respond to Nudm_UEAuthentication_Get service operation invocation with authentication vectors received in Authentication-Information-Answer, and sends the respond to AMF.

HSS FE: No impact.

5GS UDR: No impact.

EPS UDR: No impact.
6.3.2.4
Evaluation
Editor's note:
This clause provides an evaluation of the solution.
7
Evaluation
Editor's note:
This clause will provide a general evaluation of the solutions.
8
Conclusions

Editor's note:
This clause will capture conclusions from the study.
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