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Abstract of the contribution: The contribution proposes a solution to the key issue #3 (session continuity during UE mobility).
1
Discussion
This contribution focuses on the topic of session continuity where, due to UE mobility, the intermediate UPF with Uplink Classifier needs to be relocated, which also implies relocation of the local PDU Session Anchor.

Some support for session continuity has been defined as 5G System Phase 1, however, it is not sufficient. We first describe the current support in Rel-15 specifications and then clarify why it is not sufficient.

TS 23.502 clause 4.3.5.7 describes a call flow for simultaneous change of UL CL (or Branching Point) and PDU Session Anchor for local Data Network. Here below we present a simplified description of the text in TS 23.502 clause 4.3.5.7 so that it focuses only on the UL CL part (i.e. all text and details related to the “Branching Point” have been removed, which also explains the removal of steps 7 and 8 in Figure 1:

Intermediate UPF re-allocation procedures have been described in Xn based handover (clause 4.9.1.2), N2 based handover (clause 4.9.1.3) and Service Request procedures (clause 4.2.3), where the I-UPF can be regarded as UL CL in case the PSA provides local access to a DN. UL CL and additional PSA can be changed simultaneously during Xn based handover, N2 based handover and Service Request procedures.

The following procedure (just an example call flow triggered by Xn based handover) is triggered by SMF in order to change the UL CL and additional PSA serving a PDU Session for a UE.
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Figure 1: Simultaneous change of UL CL and additional PSA for a PDU Session (based on TS 23.502 Figure 4.3.5.7-1)

UE has an established PDU Session with a UPF including the PDU Session Anchor (Remote UPF). The PDU Session user plane involves at least the Source (R)AN, Source UL CL, local Source UPF (PSA2) and the Remote UPF (PDU Session Anchor, PSA1), where Source UL CL and PSA2 can be co-located.

1.
At some point SMF decides to change the UL CL due to UE mobility. This may be e.g. the AMF notifying the SMF that the target (R)AN has sent an N2 Path Switch Request message to an AMF. For more detail on Xn based inter-5G handover refer to clause 4.9.1.2.

2.
The SMF selects a local Target UPF (PSA3) and using N4 establishes the local Target UPF for the PDU Session.

3.
The SMF selects a UPF and using N4 establishes the Target UL CL for the PDU Session. SMF provides the necessary uplink forwarding rules towards the PSA3 and PSA1 including the Tunnel Info for each UPF. In addition, the AN Tunnel Info to target (R)AN is provided for downlink forwarding. The SMF provides traffic filters indicating what traffic shall be forwarded towards PSA3 and PSA1, respectively. Target UL CL provides the CN Tunnel Info for downlink traffic.

NOTE 1:
In case the Target UL CL and the PSA3 are co-located in a single UPF then steps 2 and 3 can be merged.

4.
The SMF updates the PSA1 via N4. It provides the PDU Session CN Tunnel Info for the downlink traffic.

5.
The SMF updates the PSA3. It provides the CN Tunnel Info for downlink traffic.

NOTE 2:
In case the Target UL CL and the PSA3 are co-located in a single UPF then step 5 is not needed.

6.
The SMF updates (R)AN via N2 SM information over N11. It provides the new CN Tunnel Info corresponding to the Target UL CL. If there is an existing UPF between the Target (R)AN and Target UL CL, the SMF updates the existing UPF via N4 instead of updating the (R)AN.

9.
The SMF releases via N4 the PSA2.

10.
The SMF releases the Source UL CL.

For easier understanding of the call flow in Figure 1 we illustrate the corresponding scenario in Figure 2:
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Figure 2: Architecture illustrating the call flow in Figure 1
Initially (i.e. before the mobility event) the traffic exchanged between UE and the Source Application Function (S-AF) in the local DN goes via Source RAN (S-RAN), Source UL CL (S-ULCL) and PSA-2, as depicted with a solid blue line in Figure 2.

After handover completion (step 1 in Figure 1) the traffic between UE and the S-AF is temporarily exchanged via Target RAN (T-RAN), S-ULCL and PSA-2, as depicted with red dashed line in Figure 2.

After step 6 in Figure 1 the traffic is brutally diverted from T-RAN towards the Target UL CL (T-ULCL) and from thereon to PSA-3 and towards a Target Application Function (T-AF), as illustrated with dash-dotted green line.

When the traffic is diverted to T-ULCL (step 6 in Figure 1), any ongoing sessions between UE and S-AF will be interrupted. It is noted that a typical use case for edge computing is where UE fetches content from a content distribution server located close to the network edge (e.g. S-AF in Figure 2 being in the role of content distribution server). Content fetching is typically based on HTTPS, which means there is an established TLS session between the UE and the content distribution server.

After the disruption, the UE can perform a new DNS resolution request in order to determine the IP address of the new content distribution server (T-AF in Figure 2), establish a TLS session with the new server and continue fetching the content. The data flow between UE and T-AF will then continue flowing as illustrated with the green dash-dotted line in Figure 2. Nevertheless, the user experience will suffer because of the disruption which is likely to occur upon every handover.

TS 23.502 clause 4.3.6.3 defines a Notification procedure for user plane management event allowing the SMF to notify the AF that e.g. the “DNAI” has been changed (Note that “DNAI” in this context can be understood as the entry point to a local DN; specifically, in reference to Figure 2, a distinct DNAI is associated with PSA2 and PSA3): 
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Figure 3: Notification of user plane management event (TS 23.502 Figure 4.3.6.3-1)
1.
A condition for an AF notification has been met as described above.

2. In case of early notification requested by the AF, the SMF notifies the intended AF of the target DNAI of the PDU Session by invoking Nsmf_EventExposure_Notify service operation.

3.
The SMF enforces the change of DNAI or addition, change, or removal of a UPF.

4.
In case of late notification requested by the AF, the SMF notifies the AF of the selected target DNAI of the PDU Session by invoking Nsmf_EventExposure_Notify service operation.

In reference to Figure 3 (which is identical to TS 23.502 Figure 4.3.6.3-1) step 3 can correspond to the event described in Figure 2 where the PSA2 is being relocated to PSA3. The Late Notification in step 4 of Figure 3 can then inform the AF (i.e. S-AF in Figure 2) that the “DNAI” has been relocated. However, this is just a post mortem notification because the brutal interruption (step 6 in Figure 1) has already taken place.

The issue of brutal interruption in networks with UL CL described been acknowledged in SA2#127 as Key Issue 3 in TR 23.725. This contribution proposes a solution to this issue.
2
Proposal

It is proposed to agree the solution to Key Issue #3 described below for inclusion in TR 23.725.
######################## START CHANGE in TR 23.725 ###############################
6.X
Solution for Key Issue #3: Forwarding tunnel between source and target UL CL
6.X.1
Description

Consider the architecture depicted in Figure 6.X.1-1. Initially UE is connected to Source RAN (S-RAN) and has a PDU Session established with a remote PDU Session Anchor (PSA1). The network has inserted an Uplink Classifier (S-ULCL) that directs selected traffic to a local PDU Session Anchor (PSA2). The traffic flows exchanged via PSA-2 are terminated in a Source Application Server (S-AS) which is a user plane entity (e.g. content distribution server) that is controlled by an AF via an interface that is outside of 3GPP scope (e.g. ETSI MEC architecture as defined in ETSI ISG MEC GS MEC-003  “Framework and Reference Architecture” [x] is an example illustrating the split into a control and user plane entity in the context of edge computing; other architectures are also possible).
At some point UE is handed over to the Target RAN (T-RAN). This solution proposes that upon instantiation of the Target Uplink Classifier (T-ULCL) a N9 forwarding tunnel is created between the Source Uplink Classifier (S-ULCL) and the T-ULCL, as depicted in Figure 6.X.1-1.
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Figure 6.X.1-1: Architecture with N9 forwarding tunnel between source and target ULCL

The N9 forwarding tunnel is maintained until all active traffic flowing on it ceases to exist for a configurable period of time.

T-ULCL is configured with packet filters that:

-
force uplink traffic from existing sessions (between UE and Source AS) on the following path: T-RAN – T-ULCL – S-ULCL - PSA2. Similarly, S-ULCL is configured to forward all downlink traffic for this UE coming from S-AS into the N9 forwarding tunnel towards T-ULCL.

-
force any new DNS requests (relating to the local DN) to go to the new local DN (via PSA3).

-
force any traffic related to the Target Application Server (T-AS) in the new local DN (e.g. identified by a match between the destination IP address of uplink packets and the IP address of T-AS) to go to the new local DN (via PSA3).

-
let any remaining traffic go to the remote PDU Session Anchor (PSA1).

SMF may send a Late Notification to AF to inform it about the DNAI change (i.e. change of local PSA). Based on this notification the AF triggers the S-AS to use upper layer (e.g. IP level or HTTP level) mechanisms to redirect the ongoing traffic sessions towards a server in the new local DN (i.e. towards Target AS).

6.X.2
Procedures

Depicted in Figure 6.X.2-1 is an example call flow illustrating how the overall solution works.
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Figure 6.X.2-1: Overall call flow

1.
At some point SMF decides to change the UL CL due to UE mobility. This may be e.g. the AMF notifying the SMF that the target (R)AN has sent an N2 Path Switch Request message to an AMF. The SMF selects a UPF and using N4 establishes the Target UL CL for the PDU Session and also establishes an N9 forwarding tunnel towards S-AS via the UPF acting as Source UL CL. SMF provides the T-ULCL with the necessary uplink forwarding rules towards PSA1, PSA3 and the N9 forwarding tunnel (i.e. towards S-ULCL), including the Tunnel Info for each UPF. In addition, the AN Tunnel Info to target (R)AN is provided to T-ULCL for downlink forwarding. The SMF provides traffic filters indicating what traffic shall be forwarded towards PSA1, PSA3 and S-ULCL, respectively. SMF provides the CN Tunnel Info to Source ULCL for downlink traffic. At this point, the downlink traffic goes through S-ULCL, T-ULCL and Target (R)AN.

2.
The SMF updates (R)AN via N2 SM information over N11. It provides the new CN Tunnel Info corresponding to the Target UL CL. At this point all uplink and downlink traffic between UE and PSA2, as well as between UE and PSA1, is forwarded via the N9 forwarding tunnel between S-ULCL and T-ULCL.

NOTE 1:
Alternatively, an N9 interface can be established directly between UPF acting as T-ULCL and PSA-2.
3.
The SMF updates the PSA1 via N4. It provides the PDU Session CN Tunnel Info for the downlink traffic. At this point all uplink and downlink traffic between UE and PSA1 are exchanged on the direct path between T-ULCL and PSA1.

NOTE 2:
At this stage, the UPF acting as S-ULCL only acts as an intermediate UPF.

4.
The SMF selects a local Target UPF (PSA3) and using N4 establishes the local Target UPF for the PDU Session.

NOTE 3:
In case the Target UL CL and the PSA3 are co-located in a single UPF then step 4 is merged into step 1.

5.
The SMF sends a Late Notification to the AF indicating a change of DNAI (i.e. a change of the local PSA). The message may optionally include an identifier (IP address or FQDN) pointing to a Target AS. Alternatively the target AS IP address can be configured at the AF and the AF can include T-AS address using the Application Function influence on traffic routing described in clause 4.3.6 in TS 23.502, which help the SMF generate the routing rule on the T-ULCL to PSA3 (i.e. towards target AS).
6.
The AF triggers S-AS to redirect the UE towards a Target AS using upper layer (e.g. IP-level or HTTP-level) redirection mechanisms that are out of the scope of 3GPP. The redirection may point to a specific Target AS as indicated in step 5. Based on this redirection the UE starts using a new destination IP address (with or without prior DNS resolution) which leads the T-ULCL to force the traffic towards PSA3.

7.
Detection of no active traffic over the N9 forwarding tunnel during a preconfigured time interval. The detection can be done by either S-ULCL or T-ULCL, either of which can notify the SMF.

8.
The SMF releases the UPF acting as Source UL CL and the Source UPF (PSA2).

NOTE 4:
As an alternative to the detection of no active traffic in step 7, the AF can send an explicit notification to the SMF when traffic to/from this UE ceases to exist, leading the SMF to release the Source UL CL and the Source UPF (PSA2).

6.X.3
Impacts on Existing Nodes and Functionality
UPF is impacted so that the UL CL function needs to support temporary N9 tunnel forwarding to/from another UL CL, in addition to forwarding packets to/from the local PSA and to/from the remote PSA. 
6.X.4
Solution Evaluation

Editor's note:
This clause provides an evaluation of this solution.
######################## END OF CHANGES ###############################
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