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Abstract: This paper proposes a solution to Key Issue 1: Routing of IMS traffic via a localized UPF, targeting the Use Case A: Routing IMS traffic between two (or more) users using an efficient UP path.
Discussion
In some IMS scenarios, a group of UEs perform communications that are correlated in nature, for example, when two or more UEs communicate with each other directly or via an IMS application (e.g. a multiplayer AR/VR game application) deployed close to the edge. In order to route IMS traffic between the two (or more) UEs efficiently, the UP paths of the PDU Sessions carrying the IMS traffic should be optimized from the end-to-end point of view. In the former case, the optimization should take into account location of these UEs and other necessary information. In the latter case, the UP paths should connect to the same DNAI (i.e. location of the application), and the DNAI should be selected according to location of these UEs and other necessary information. These optimizations require the 5GC to know about the correlation and perform joint UP path selection across the correlated PDU Sessions. 
In Rel-15 5GC, there is no concept of PDU Session correlation, and PDU Sessions are managed independently. As a result, for example, the 5GC may choose to route IMS traffic to a local UPF/DNAI as soon as possible in view of support for edge computing. The independently managed UP paths may not be efficient from the end-to-end point of view and may have the following weaknesses as illustrated in Figure 1.

-
It may cause the IMS traffic to be routed into a local DN that do not necessarily have connectivity with other UEs or with the DN that is hosting the application server. In Figure 1, when the UE-1 is located at position X2, its traffic is routed via local UPF A4 to the local DN, which has no connectivity to the UE-2.
-
In the presence of UE mobility, it may result in frequent UPF relocation and frequent IP address change, leading to large mobility management overhead in the application side for dealing with IP address change. In Figure 1, as UE-1 moves from potion X1 to X2, its PSA relocates frequently from A1, to A2, to A3, and to A4. 
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Figure 1: Illustration of inefficient UP path due to independent UP path management
Regarding the second weakness given above, it may be argued that a more centralized, instead of extremely localized, UPF should be selected at the first place. Then, the questions to ask is how to determine such a UPF is needed and how to evaluate the adequateness of centrality of the UPF. The Rel-15 5GC does not have an answer to these questions.
Hence, this paper proposes to enhance the 5GC to enable joint UP path management for correlated PDU Sessions. This is achieved by enhancing the Rel-15 AF influence. The AF can indicates to the 5GC that the traffic of the two UEs are correlated and joint UPF (re)selection is needed. Knowing correlation of PDU Sessions, the 5GC can determine to optimize UP efficiency between two or more UEs as needed. It is FFS how the 5GC utilizes the correlation information. With the proposed solution, in the example scenario shown in Figure 1, an optimal UPF C can be selected by the 5GC for both UEs' PDU Sessions and the aforementioned problems no longer exist. 
The proposal solution addresses Key Issue 1: Routing of IMS traffic via a localized UPF and targets the Use Case A: Routing of IMS traffic (e.g. video) between two (or more) users using an efficient UP path.
Proposal
It is proposed to include the following solution in TR 23.794.
**** Start of Change (all new) ****
6.X
Solution X: Optimize UP Paths between Two or More UEs
6.X.1
Description
6.x.1.1
General
This solution addresses Key Issue 1: Routing of IMS traffic via a localized UPF, and it targets the Example Use Case A: Routing of IMS traffic (e.g. video) between two (or more) users using an efficient UP path.
In some scenarios, a group of UEs can perform communications that are correlated in nature, for example, when two or more UEs communicate with each other or with an IMS application (e.g. a multiplayer game application). There is however a lack of corresponding correlation among the PDU Sessions carrying the UE traffic, and the UP paths of these PDU Sessions are managed independently from each other. Due to lack of joint UP path management, it is very likely that the UP paths of these naturally-correlated PDU Sessions are not efficient from end-to-end point of view, e.g. improper UPF/DNAI selection. This often means large end-to-end delay, large management overhead in the upper layer and degraded user experience. 

This solution enhances the 5GC to enable joint UP path management for correlated PDU Sessions for IMS traffic. It assumes that an IMS AS (e.g. an AR/VR application) determines the need of joint UP path optimization for two or more UEs for IMS traffic and initiates the optimization.

6.X.1.2
Architecture
The AF influence (TS 23.501, clause 5.6.7) is enhanced such that the AF can indicate PDU Session correlation and correlation type in the AF request sent to the PCF for influencing traffic routing. The correlation indication implies that the PDU Sessions identified in the AF request are correlated. This means the UP paths of these PDU Sessions should be jointly (re)selected for the traffic identified in the AF request (e.g. by an application ID or a traffic filter). The correlation type indicates whether joint DNAI (re)selection or joint UPF (re)selection is requested for the joint UP path (re)selection.
Joint DNAI (re)selection implies that the DNAI (re)selection decision for the correlated PDU Sessions should be made jointly, e.g. selecting a common DNAI, for the traffic identified in the AF request. Joint UPF (re)selection implies the UPF selection decision for the correlated PDU Sessions should be made jointly, e.g. selecting a common UPF as PDU Session Anchor for the traffic identified in the AF request.
When the correlation type indicates joint UPF (re)selection, the UP paths of correlated PDU Sessions are connected through direct connection between UPFs. The directly connected UPFs are viewed as virtual DNAIs to each other, the direct connection between them are N6 connections.
The AF provides the AF request to the PCF via the NEF using the technique described in TS 23.501, clause 6.3.7.2. The PCF includes the information of correlation into the PCC rules generated according to the AF request and sent to the SMF. The SMF retrieves the correlation information from the PCC rules, and optimize UP paths for correlated PDU Sessions. 
Editor's note: It is FFS how the SMF performs joint UP path optimization for correlated PDU Sessions.

6.X.1.3
Procedures

6.X.1.3.1
Enhancement to AF influence
Figure 6.x.1.3.1-1 illustrates the procedure of AF influence on traffic routing for correlated PDU Sessions.
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Figure 6.x.1.3.1-1: Procedure of Enhanced AF influence on traffic routing
1. The AF requests to influence traffic routing for multiple UEs, as described in TS 23.501, clause 5.6.7. The AF request includes an indication of correlation and an indication of correlation type.
The correlation indication implies that the PDU Sessions identified in the AF request are correlated for joint UP path (re)selection for the traffic identified in the AF request; the correlation type indicates whether joint DNAI (re)selection or joint UPF (re)selection is requested as joint UP path (re)selection. The AF sends the AF request to the NEF.
2. The NEF transports the AF request to the PCF after potential information mapping, directly or via UDR as described in TS 23.501, clause 6.3.7.2.
3. The NEF responds to the AF to acknowledge the receipt of the AF request.

4. The PCF generates or update policy rules according to the AF request received in step 3. The policy rules include the correlation information received in step 2.
5. The PCF notifies the SMF of the generated or updated policy rules according to a subscription from the SMF.

6. The SMF optimizes UP paths for correlated PDU Sessions according to the policy rules received in step 5. 
Editor's note: It is FFS how the SMF performs such joint optimization.

6.X.1.3.2
UP path optimization between two or more UEs for IMS
Figure 6.x.1.3.2-1 illustrates the procedure of optimizing UP paths between two or more UEs for IMS traffic.
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Figure 6.x.1.3.2-1: Procedure of optimizing UP paths between two or more UEs
1.
After IMS media sessions are established for a group of UEs (two or more UEs), the IMS-AS decides to initiate joint UP path optimization for the group of UEs. The UEs may be served by different P-CSCFs.

2.
The IMS-AS sends a request to a selected P-CSCF, for joint UP path optimization for the group of UEs. The P-CSCF is one of the serving P-CSCF of the group of UEs.


The request includes identity information of the UEs and information identifying the IMS traffic. It also indicates correlation of the IMS traffic for joint UP path optimization and type of correlation (i.e. joint UPF selection or joint DNAI selection).
3.
The P-CSCF initiates AF influence on traffic routing by acting as an AF. The P-CSCF creates an AF request for joint UP path optimization. The AF request includes the information received in the step 2. The AF request includes a list of DNAIs if the correlation type is joint DNAI selection. The P-CSCF sends the AF request to the 5GC, which then jointly reselects UP paths accordingly for the PDU Sessions identified in the AF request for the traffic identified in the AF request. 


If the correlation type implies joint UPF selection, the 5GC configures the UPF to route the IMS traffic identified in the AF request between UPs of these PDU Sessions without involving any DNAI.

If the correlation type implies joint DNAI selection, the 5GC configures the UPF to route IMS traffic identified in the AF request to selected DNAI(s).

The following steps are optional if the correlation type in the AF request in the step 3 is joint UPF selection.

4.
The P-CSCF receives from the 5GC an early notification of UP path management event for one of UEs within the UE group. The notification includes selected DNAI and UE identity information.
5.
The P-CSCF takes proper action upon receipt of the early notification.

-
(a) If the P-CSCF is the serving the UE identified in the notification, the P-CSCF identifies the IMS-AGW using the DNAI information in the notification and, if the identified IMS-AGW is different from the one currently being used for the UE, configures the IMS-AGW for the UE.
-
(b) Otherwise, the P-CSCF forwards via the signalling plane the notification to the media controller that is serving the UE. The media controller then identifies the media gateway using the DNAI information in the notification and, if the identified media gateway is different from the one currently being used for the UE, configures the media gateway for the UE.
NOTE: 
The media controller and the media gateway are respectively a P-CSCF and an IMS-AGW when the UE is within the IMS domain, or counterpart CS network functions when the UE is within the CS domain, e.g. an MGCF and MGW in PSTN.

6.
The P-CSCF receives from the 5GC a late notification of UP path management event for the UE.

7.
The P-CSCF takes proper action upon receipt of the late notification.

-
(a) If the P-CSCF is serving the UE identified in the notification and if the P-CSCF has configured a new IMS-AGW for the UE in step 5a, the P-CSCF sends a SIP REINVITE message to the UE.
-
(b) If the P-CSCF is not serving the UE identified in the notification, the P-CSCF forwards via the signalling plane the notification to the media controller that is serving the UE. If the media controller has configured a new media gateway for the UE in step 5b, the media controller sends a SIP REINVITE message to the UE according to the notification.
6.X.2
Impacts on existing entities and interfaces

In the AF:

-
The AF needs to indicate correlation of PDU Sessions and correlation type for joint UP path optimization in AF request.
In the P-CSCF:
-
The P-CSCF needs to receive joint UP optimization request and performs AF influence with the 5GC by acting as AF. The P-CSCF needs to forward early/late notifications of UP path management events received from the 5GC.
6.X.3
Solution Evaluation

Editor's note:
This clause provides an evaluation of the solution.
**** End of Changes ****
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