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[bookmark: foreword][bookmark: _Toc81491936]
Foreword
[bookmark: spectype3]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.
In the present document, modal verbs have the following meanings:
shall		indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should		indicates a recommendation to do something
should not	indicates a recommendation not to do something
may		indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can		indicates that something is possible
cannot		indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: scope][bookmark: _Toc81491937]
1	Scope
The aim of this Technical Report is to study and specify potential enhancements to the IMS architecture to enable IMS FE to integrate with the 5GC network functions to enable IMS applications to directly leverage the features and capabilities of 5GC.
The specific capabilities of 5GC included in this study:
-	In regard to 5GC network slicing; what enhancements (if any) are necessary for IMS and IP-CAN aspects of the IMS to efficiently support devices and networks with multiple slices and different services offered by the IMS network per slice?
-	How to route IMS traffic via a localized UPF.
-	How to place IMS application server in localized environments.
-	How can IMS utilize services provided by 5GC NFs other than PCF and HSS.
Editor's note:	Additional scope needs to be studied.
[bookmark: references][bookmark: _Toc81491938]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 TR 23.700-11: "Study on enhanced IP Multimedia Subsystem (IMS) to 5GC integration Phase 2; CT WG3 aspects".
[bookmark: definitions][bookmark: _Toc81491939]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc81491940]3.1	Terms
For the purposes of the present document, the terms given in 3GPP 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 3GPP TR 21.905 [1].
[bookmark: _Toc81491941]3.2	Symbols
For the purposes of the present document, the following symbols apply:
[bookmark: _Toc81491942]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP 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 3GPP TR 21.905 [1].
DNN	Data Network Name
IMPI	IM Private Identity
ISIM	IM Services Identity Module
MCC	Mobile Country Code
MNC	Mobile Network Code
NSSAI	Network Slice Selection Assistance Information
S-NSSAI	Single NSSAI
SUPI	Subscription Permanent Identifier
URSP	UE Route Selection Policy
USIM	Universal Subscriber Identity Module
[bookmark: clause4][bookmark: _Toc81491943]4	Architecture Assumptions
[bookmark: _Toc503272506][bookmark: _Toc81491944]5	Key Issues
[bookmark: _Toc3469482][bookmark: _Toc25656774][bookmark: _Toc26287025][bookmark: _Toc27897789][bookmark: _Toc503272507][bookmark: _Toc81491945]5.1	Key issue 1: Network Slicing and IMS
In release 16, 5GC developed capabilities to divide the network into slices to better offer services to users and devices - in many cases the details of network slicing do not impact IMS, however if the IMS domain offers different services to different 5GC network slices or one 5GC network slice there may be some impacts. This key issue investigates the impacts to the IMS domain due to 5GC network slicing, and how a IMS network can ensure a user or device with multiple 5GC network slices and multiple services offered by IMS from utilizing the appropriate 5GC network slice for each service on IMS and prevent inappropriate services been used from the incorrect 5GC network slice.
Examples of the use cases that solutions to this key issue will enable include:
Use Case A: Different 5GC slices optimized for different services on IMS
In this use case each 5GC slice supports a different services offered by IMS and the 5GC slice is optimized for the media type associated with the service on IMS. It is possible that either a shared or separate IMS network provides the services for each slice (scenario 1 or scenario 2 described below).
Figure 5.1.1 shows an example implementation of this use case where 3 5GC slices are used, one for IMS service #1, one for IMS service #2, and one for IMS service #3. The diagram shows the association of the services on IMS to their appropriate slice, the services on IMS may be supported by a shared IMS network (i.e. Scenario 2), in which case the 5GC slices will connect to through the common IMS network.


Figure 5.1.1: Example use case with different 5GC slices optimized for different services on IMS
Editor's note:	The definition of IMS service in the figure is FFS.
Use Case B: Different 3rd party 5GC slices with support for 3rd party services on IMS
In this use case separate 5GC slices are operated by different parties (some separate from the network operator); each 5GC slice is used to support services on IMS according to the 5GC slice operator's service needs; these services on IMS may be different or duplicated per slice according to service requirements. Additionally, some 5GC slices may provide non-IMS services. While it is possible that a shared IMS network provides the services for each slice (as per scenario 2 described below), this is an unlikely implementation and it is assumed each party has their own IMS network (as per scenario 1 described below).
Figure 5.1.2 shows an example implementation of this use case where 3 5GC slices are provided, one provided by an automobile manufacturer, one provided by an automotive entertainment service provider, and one provided by a network operator. A different mix of IMS and connectivity services are provided by each 5GC slice. The diagram shows the association of the services on IMS to their appropriate slice, however as each slice is provided by different parties it is unlikely that the services on IMS share an IMS network (as in Scenario 2), or different IMS services provided via one 5GC slice (as in Scenario 3); thus each 5GC slice would be associated with a different IMS network supporting the services on IMS associated with the 5GC slice.


Figure 5.1.2: Example use case with different 3rd party 5GC slices providing services on IMS
Editor's note:	The definition of IMS service in the figure is FFS.
Three scenarios are possible (and may be mixed when more than 2 slices are considered):
Scenario 1 - Each 5GC network slice is associated with a separate and distinct IMS network


Figure 5.1-3 UE connects to two IMS networks through two 5GC network slices
Scenario 2 - Each 5GC slice is associated with a common IMS network


Figure 5.1-4: UE connects to common IMS network through two 5GC network slices
[bookmark: OLE_LINK63][bookmark: OLE_LINK66]Scenario 3 - One common 5GC network slice is associated with multiple IMS networks.


Figure 5.1-5: Two UEs connect to separate IMS network through one common 5GC network slice
In this scenario, multiple IMS services are provided by IMS networks belonging to separate IMS domains. Different UEs accesses to IMS services via the same/shared 5GC slice to corresponding IMS networks using independent IMS registrations.
NOTE:	The different IMS networks can belong to different operators or hosts.
Solutions may relate to one, two or all, of these scenarios.
The following is a partial list of what aspects the solutions to this key issue need to address:
-	What information the UE needs to be able to select an appropriate slice.
-	How the IMS network handles unavailability of a slice.
-	When the IMS FEs and UE are in different PLMNs (i.e. roaming), how the two networks interact.
-	Whether the service offered by the IMS network is aware of the 5GC slice information.
-	If additional information is needed in the IMS signalling between the IMS network and the UE
-	Any changes to the P-CSCF discovery procedures due to 5GC slicing.
-	If any additional information is needed for the UE and IMS network to identify services supported by the IMS network.
-	IMS backward compatibility to Rel-16.
-	How an appropriate slice for a user initiating or upgrading to Multimedia Priority Service (MPS) is selected.
-	How the UE access to different IMS network independently via same 5GC slice.
Editor's note:	It is FFS which scenario each aspect relates to.
[bookmark: _Toc81491946]5.2	Key issue 2: Routing of IMS traffic via a localized UPF
[bookmark: _Toc81491947]5.2.1	Description
The 5GC enables traffic to route via localized UPF close to the edge of the network (in some cases adjacent to the RAN nodes). Some services offered by the IMS network may be able to benefit from the lower latency and/or lower backhaul requirements that such deployments can enable, however current IMS applications and services are not able to leverage these capabilities. This key issue investigates the interactions required to leverage localized routing of IMS media and signalling traffic, the changes to enable effective control and management of such routing, and impacts of mobility and roaming.
[bookmark: _Toc81491948]5.2.2	Requirements
Example Use Case A:
Routing of IMS traffic (e.g. video) between two (or more) users using an efficient UP path.
Example Use Case B:
A "best effort video service" where the IMS video traffic from UE is offloaded at a UPF closer to the UE to minimize the backhaul resource usage based on a decision by the IMS.
The following is a partial list of the issues to be addressed:
-	How can the IMS network influence or control how the 5GC selects the UP path.
-	Which IMS node interacts with the 5GC (i.e. IMS AS, S-CSCF, or other IMS node).
-	How does an AS request traffic to route using a local UPF.
-	How does IMS request traffic to route using (or prevent routing using) a local UPF.
-	How is the mobility of the UE considered, and how is service continuity ensured.
-	If the UE is roaming, how can the localized routing be extended into the VPLMN (if supported).
-	How does IMS request Data channel media to route using (or prevent using) a local UPF.
[bookmark: _Toc81491949]5.3	Key issue 3: Placement of IMS application server in localized environments
[bookmark: _Toc81491950]5.3.1	Description
The 5GC in release 15 defined some functionality to enable "mobile edge computing" (i.e. computing resources located close to the edge of the network) to enable enhanced services to users. The functionality defined in release 15 focused on general compute applications, and did not analyse the special case of IMS applications. This key issue investigates the enhancements to current capabilities of IMS and 5GC to enable the operation of IMS servers in the mobile edge space.
Editor's note:	It is FFS which functionality defined in release 16 should also be considered.
[bookmark: _Toc81491951]5.3.2	Requirements
Example Use Case A:
For a given venue (e.g. stadium) IMS videos may be stored and retrieved locally for playback only on UE's that are located on a group of small cells that serve the venue.
Example Use Case B:
Mission critical services that require optimization of signalling traffic as well as media may require, placement of P-CSCF and AGW (or other IMS FE) close to AN.
The following is a partial list of the issues to be addressed:
-	How can IMS leverage 5G support for edge computing.
-	What additions to IMS and 5G support for edge computing capabilities are required.
-	What restrictions are there (if any) on IMS applications in the edge network.
-	How are the localized IMS applications identified.
-	How are IMS applications outside the local PLMN impacted (e.g. roaming).
-	What impacts does the solution have on mobility.
-	What impacts does the solution have on service, and application continuity.
-	Is there any further impact on routing of IMS media (including Data channel media) and IMS signalling.
[bookmark: _Toc27897794][bookmark: _Toc26287030][bookmark: _Toc25656779][bookmark: _Toc3469487][bookmark: _Toc81491952]5.4	Key issue #4: IMS utilizing services provided by 5GC NFs other than PCF and HSS
[bookmark: _Toc81491953]5.4.1	Description
All of the 5GC control plane NFs are specified as service based and any NF can be consumer of the services provided by other NFs, if supported by the procedures. In 3GPP Rel-16, it has been already defined how the IMS can utilize services provided by the PCF and HSS via Npcf and Nhss_ims interfaces, respectively.
In IMS network, the P-CSCF needs to be notified of some events related to access network. This information can be used in IMS network e.g., for emergency services, billing, LI, service trigger, etc.
[bookmark: _Toc81491954]5.4.2	Requirements
An example of such an event related to the access network is the retrieval of the UE location information. For the purpose of UE location information retrieval in VoLTE case, the P-CSCF subscribes to notification of such events over Rx interface. Since 5GC supports SBI, IMS network can use directly the SBI provided by AMF to subscribe to notification of these events.
This key issue addresses the following aspects:
-	Which services provided by which 5GC NFs other than PCF and HSS are needed to be utilized by IMS.
-	Whether and how IMS can utilize services provided by 5GC NFs other than PCF and HSS.
-	For UE location information retrieval, how IMS can determine the UE location entities with service operations (e.g. determination of the visited PLMN ID in case of Home-Routed VoLTE roaming).
[bookmark: _Toc81491955]5.x	Key issue #X: <Key Issue Title>
[bookmark: _Toc503272508][bookmark: _Toc81491956]5.x.1	Description
[bookmark: _Toc503272509][bookmark: _Toc81491957]5.x.2	Requirements
[bookmark: _Toc503272510][bookmark: _Toc81491958]6	Solutions
[bookmark: _Toc49174029][bookmark: _Toc503272511][bookmark: _Toc81491959]6.1	Solution 1: 5GC network slice selection for IMS traffic route via dedicated slice(s)
[bookmark: _Toc49174030][bookmark: _Toc81491960]6.1.1	Description
[bookmark: _Toc81491961]6.1.1.1	General
This solution addresses scenario 2 of key issue#1 (Network Slicing and IMS) to ensure IMS service uses specific slice(s) in the 5GC.
The solution describes how the UE selects S-NSSAI(s) for IMS service including SIP signalling and media.
It is proposed that all IMS signalling related information is conveyed to the IMS network via a dedicated 5GC network slice and that media associated to a particular IMS session can be routed via different 5G network slice(s) based on the application's requirements.
When establishing a 5GS PDU session for IMS service, the UE selects an S-NSSAI from list of S-NSSAIs included in Allowed NSSAI based on URSP rules.
A URSP rule can e.g. contain an S-NSSAI for IMS service with associated registration area. If the current registration area associated to an S-NSSAI in Allowed NSSAI is available in the registration area associated to the S-NSSAI for IMS service in URSP rules, then UE selects the S-NSSAI for IMS service at current registration area. At IMS session setup, URSP rule(s) can also be used to establish dedicated 5GS PDU session(s) over the same or new S-NSSAI(s).
[bookmark: _Toc81491962]6.1.1.2	Procedure
The following flow describes the procedure for the UE selecting an S-NSSAI for IMS service.


Figure 6.1.1.2: Procedure to select an S-NSSAI for IMS service
The steps required are as follows:
1.	The UE performs registration procedure as described in clause 4.2.2 of 3GPP TS 23.502 [2]. Here, the registration accept message includes for example S-NSSAI #1.
2.	The AMF and PCF performs UE Policy Association Establishment as described in clause 4.16.11 of 3GPP TS 23.502 [2].
3.	Along with step 2, the PCF performs UE Configuration Update procedure as described in clause 4.2.4.3 of 3GPP TS 23.502 [2]. The MANAGE UE POLICY COMMAND message contains a URSP and the URSP contains for example S-NSSAI #1 for IMS service with available registration area and S-NSSAI #2 for other traffic.
4.	When UE requests to establish a 5GS PDU session for IMS service, if the UE determines S-NSSAI #1 in Allowed NSSAI is usable in the current registration area based on the URSP in which S-NSSAI #1 is associated to available registration area, then the UE selects S-NSSAI #1 for IMS service.
[bookmark: _Toc49174031][bookmark: _Toc81491963]6.1.2	Impacts on existing nodes and functions
Editor's note:	This clause describes impacts to existing entities and interfaces.
[bookmark: _Toc49174032][bookmark: _Toc81491964]6.1.3	Solution Evaluation
The solution does not clarify how the IMS network can provide IMS services to a UE registered with multiple IP addresses. Therefore, the solution does not qualify as a basis for the normative work.
[bookmark: _Toc81491965]6.2	Solution 2:	P-CSCF discovery support with one slice connecting to multiple IMS network
[bookmark: _Toc81491966]6.2.1	Description
This solution addresses scenario 3 of Key Issue #1 Network Slicing and IMS to support P-CSCF discovery for one slice connecting to different IMS network.
In scenario 3 as discussed in clause 5.1, different UEs may be connected to their home IMS networks via the same single slice instance using the same DNN, e.g. well-known IMS DNN, which means the P-CSCF discovery mechanism needs the same SMF to return different P-CSCFs addresses to UEs belonging to different home IMS network using information other than DNN and S-NSSAI.
To fulfil the requirement above, the IMS network domain information of the UE home IMS network or IMS service additional to DNN and S-NSSAI is provided to SMF and is taken into account during P-CSCF discovery. The IMS network domain information indicates what IMS domain the UE is connecting to. It can be the IMS home domain name used for IMS registration, e.g. domain name derived from UICC as specified in 23.003, or other type of IMS network domain information which is configured in the UE and can be recognized by serving 5GC. If the domain name is derived from UICC, it is assumed that UEs belongs to different HPLMNs.
When the UE initiates the PDU session establishment for IMS after the slice for IMS is selected, the UE includes IMS network domain information in PDU SESSION ESTABLISHMENT REQUEST message, along with S-NSSAI and DNN. After receiving network domain information from the UE, the SMF returns P-CSCF addresses to the UE accordingly, taking into account the information.
NOTE 1:	How the SMF discovers P-CSCF addresses based on the information related to home IMS network is specified in 23.700-12 as solution #6.
The following flow describes the procedure for P-CSCF discovery taking into account IMS network domain information provided by the UE.

 
Figure 6.2.1-1: P-CSCF discovery with IMS network domain information provided by the UE
0.	The UE derives or is configured with IMS network domain information.
1.	The UE initiates PDU session establishment procedure to create a PDU session for IMS by sending PDU SESSION ESTABLISHMENT REQUEST, including IMS network domain information.
2.	The AMF selects SMF.
3.	The AMF invokes Nsmf_PDUSession_CreateSMContext service operation to create a PDU session for IMS, including IMS network domain information received from the UE.
4.	The SMF discovers P-CSCF taking IMS network domain information into account, as specified in solution #6 of TR 23.700-12.
5.	The SMF returns the discovered P-CSCF address to the UE following existing procedure.
[bookmark: _Toc81491967]6.2.2	Impacts on existing nodes and functions
The UE initiated PDU session establishment procedure in TS 24.501 is impacted as follows:
-	The UE derives IMS network domain information from UICC or from local configuration; and
-	The UE includes IMS network domain information in PDU SESSION ESTABLISHMENT REQUEST.
The P-CSCF selection functionality in the SMF is impacted. The SMF supports receiving new parameter of IMS network domain information and taking it into account when discovering P-CSCF address.
[bookmark: _Toc81491968]6.2.3	Solution Evaluation
Editor's note:	This clause provides an evaluation of the solution.
[bookmark: _Toc81491969]6.3	Solution 3: Selecting an appropriate slice by IMS subscription
[bookmark: _Toc3469576][bookmark: _Toc25656868][bookmark: _Toc26287119][bookmark: _Toc27897883][bookmark: _Toc81491970]6.3.1	Description
This solution addresses Key Issue #1 for scenario 1.
In scenario 1, the IMS traffic of the UE to the separate IMS networks is routed to different 5G network slices. For the separate IMS networks, the UE has corresponding IMS subscriptions which can be differentiated by the information retrieved from ISIM, derived from USIM, configured in the ME or provided by IMS applications.
NOTE 1:	IMPI may be considered to differentiate the IMS subscriptions. In this case, multiple IMPIs need to be configured instead of only being derived from USIM by the SUPI (e.g. "<SUPI>@ims.mnc<MNC>.mcc<MCC>.3gppnetwork.org").
Case#1: The information of IMS subscriptions can be provided by IMS applications
In this case, when the URSP is used to provide the UE with NSSP to route the IMS services to the separate IMS networks via appropriate slices, IMS applications need to provide the corresponding information of IMS subscriptions which matches the URSP rule.
Case#2: The information of IMS subscriptions retrieved from ISIM, derived from USIM or configured in the ME
In this case, when the URSP is used to provide the UE with NSSP to route the IMS services to the separate IMS networks via appropriate slices, while the separate IMS networks deployed in same DNN, defining the information of IMS subscriptions as a Traffic Descriptor needs to be considered.
The examples of URSP rules are as follows:
URSP rule 1:
-	Traffic Descriptor:
-	Service Type: IMS.signalling
-	[new Type for IMS subscription]: IMPI x
-	Route Selection Descriptor:
-	Network Slice Selection: S-NSSAI x (dedicated slice for SIP message of IMS network 1).
-	DNN selection: DNN1.
URSP rule 2:
-	Traffic Descriptor:
-	Service Type: IMS.media.Audio
-	[new Type for IMS subscription]: IMPI y
-	Route Selection Descriptor:
-	Network Slice Selection: S-NSSAI y (dedicated slice for IMS audio media of IMS network 2).
-	DNN selection: DNN1.
NOTE 2:	In the scenario of combined case#1 and #2, both requirements need to be considered.
[bookmark: _Toc81491971]6.3.2	Impacts on existing nodes and functions
The PCF and the UE need to support the extended URSP in the case#2.
NOTE:	For impacts on PCF, see 3GPP TR 23.700-11 [3].
[bookmark: _Toc81491972]6.3.3	Solution Evaluation
Editor's note:	This clause provides an evaluation of the solution.
[bookmark: _Toc81491973]6.x	Solution #X: <Solution Title>
[bookmark: _Toc503272512][bookmark: _Toc81491974]6.x.1	Description
[bookmark: _Toc503272513][bookmark: _Toc81491975]6.x.2	Impacts on existing nodes and functions
[bookmark: _Toc503272514][bookmark: _Toc81491976]6.x.3	Solution Evaluation
[bookmark: _Toc503272515][bookmark: _Toc81491977]7	Overall Evaluation
For Key Issue #1:
Scenario 1
Editor's note:	The evaluation for Scenario 1 is FFS.
Scenario 2
Editor's note:	The evaluation for Scenario 2 is FFS.
Scenario 3
Editor's note:	The evaluation for Scenario 3 is FFS.
For Key Issue #2, there is no solution to evaluate.
For Key Issue #3, there is no solution to evaluate.
For Key Issue #4, there is no solution to evaluate.
[bookmark: _Toc503272516][bookmark: _Toc81491978]8	Conclusions
For Key Issue #2, no solutions within CT1 responsibility was provided, i.e. no work in the normative phase will happen.
For Key Issue #3, no solutions within CT1 responsibility was provided, i.e. no work in the normative phase will happen.
For Key Issue #4, no solutions within CT1 responsibility was provided, i.e. no work in the normative phase will happen.
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