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Abstract: Based on UPF-level N4 sessions, this solution enables on-board local data switch for IP type communications of non 5G VN group member UEs.
1. Introduction
This solution solves the KI#3:
· How to support local data switch for UEs in a communication when they are served by UPF on-board, e.g., to reduce end to end delay comparing with existing 5G LAN local switch at PSA on the ground?
This contribution focus on non 5G VN group type communication scenarios and proposes to enable on-board local data switch based on UPF-level N4 sessions.
2. Discussion
Besides 5G VN Group communications, there are other scenarios that OTT application wants to establish direct IP type communications, such as teleconferencing and multiplayer online gaming. These OTT applications usually deploy Point-to-Point protocols to make users communicate their peers directly and avoid all user plane traffic going through a central server. 
In current terrestrial networks, as shown in figure 1, the switch or routing of these P2P data plane traffic occurs in the DN, not in the 3GPP domain. Except that it may face NAT traversal problems, there is no big performance decline issues of this detour paradigm, as the delay increase caused by detour is trivial.
However, with the introduce of GEO-based satellite backhaul, this detour cannot be ignored, as the propagation delay contribution introduced by GEO can be more than 200ms and even over 500ms, as presented in TR 38.821. Extending the DN on GEO satellites to perform local data switch may help solve this problem, however, as the IP address of UEs are usually private and assigned by 5GC, it needs the coordination between 3GPP domain and DN domain to make sure packets are correctly routed, which introduces complexity and cost.


Fig.1: UEs communicates with each other directly via DN 
A straightforward way to solve this problem is to make the on-board UPF perform local data switch for these OTT applications. As shown in figure 2, after UEs know IP addresses of their peers based on the P2P protocols, they can seed traffic to peers using the obtained IP addresses. Then, when an on-board UPF receive this traffic, it forwards them to target UEs directly or to another on-board UPF serving target UEs.


Fig.2: UEs communicates with each other directly via On-board UPF local data switch
As power and bandwidth resources of satellites are limited and not stable as ground, to avoid frequent signalling between on-board UPF and SMF, we propose to implement UPF-level N4 session to realize on-board local data switch, which contains rules for local loopback and traffic routing between UPFs.
3. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-27.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc96690116][bookmark: _Toc23317648][bookmark: _Toc22286587][bookmark: _Toc326248709][bookmark: _Toc324232213][bookmark: OLE_LINK71][bookmark: OLE_LINK68][bookmark: OLE_LINK70]6.X	Solution for Key Issue #3: Enable on-board local data switch based on UPF-level N4 session
[bookmark: _Toc326248710][bookmark: _Toc96690117][bookmark: _Toc23317649][bookmark: _Toc22286588]6.X.1	Description
[bookmark: _Toc22286589][bookmark: _Toc509905232][bookmark: _Toc509873782]This solution resolves the Key Issue #3 to support local data switch for UEs in a communication when they are served by UPF on-board.
For the case a UE communicates with another UE directly via 5GC without preconfigured VN Group association, e.g. via point-to-point application and protocols, the existing 5G LAN local switch cannot be reused. In this case, especially for the scenario that UPF is deployed on GEO satellite with gNB on the ground, on-board local data switch would be very beneficial to reduce end-to-end latency. This solution proposes a UPF-level session based approach to support local data switch.
In this solution, the on-board UPF is a PSA UPF. UE establishes a PDU Session with the GEO UPF acting as PSA.
UE initiates PDU Session Establishment procedure based on URSP rules and sends DNN/S-NSSAI to AMF as described in clause 4.3.2 of TS 23.502 [3]. SMF selects GEO UPF as the PDU Session anchor based on the DNN/S-NSSAI sent by AMF. PCF determines the URSP rules based on GEO satellite backhaul category from AMF and send it to the UE including DNN/S-NSSAI for services deployed in GEO satellite or UE-to-UE services. The N4 rules of the UPF-level session applies to the DNN/S-NSSAI.
[bookmark: _Toc96690118][bookmark: _Toc23317650]6.X.2	Procedures


Figure 6.X.2-1: high-level procedure for UPF-level N4 session solution
[bookmark: OLE_LINK113][bookmark: OLE_LINK110]1. The SMF gets all on-board UPFs' address pools information and creates address mapping information based on these on-board UPFs' address pools information. The address mapping information is for traffic routing between on-board UPFs. The address mapping information include address range and next UPF information corresponding to the address range.
[bookmark: OLE_LINK111][bookmark: OLE_LINK64]2. The SMF creates a UPF-level N4 session on the on-board UPFs, i.e. UPF1 and UPF2. During the corresponding UPF-level N4 sessions establishment, the SMF provides N4 rules, which including two PDR and FAR pairs. 
One PDR and FAR pair includes:
-  A PDR detecting that the destination address is in the current UPF address pool; and
-  A FAR instructing the UPF to forward the traffic to the UPF internal interface.
Another PDR and FAR pair includes:
-  A PDR detecting that the destination address is out of the current UPF address pool; and
-  A FAR, which includes address mapping information, instructing the UPF to add an outer header (e.g. address information of next UPF) based on the included address mapping information and forward the traffic to the next UPF.
3. The UE1, UE2 and UE3 establish PDU sessions. The UE1 and UE2 are served by UPF1. The UE3 is served by UPF2. During corresponding N4 sessions establishment, the SMF provides N4 rules to instruct the UPF forwarding the user plane packet from UPF internal interface to the target UE. 
4. The UE1 sends data to the UE2. Upon receipt of a user plane packet, the UPF1 forwards the packet based the UPF1 address pool and the destination address of the packet. The UPF1 handles the packet as follows:
[bookmark: OLE_LINK62]-  Identify the UPF-level N4 session is the first N4 session to which the packet corresponds;
[bookmark: OLE_LINK63][bookmark: OLE_LINK65]-  Determines that the destination address is in the UPF1 address pool and then forward the packet to the UPF internal interface;
-  The packet will match the N4 session corresponding to the UE2's PDU session; and
-  The packet is then forwarded to the UE2.
5. The UE1 sends data to the UE3. Upon receipt of a user plane packet, the UPF1 forwards the packet based the UPF1 address pool and the destination address of the packet. The packet would be handled as follows:
-  The UPF1 identifies the UPF-level N4 session is the first N4 session to which the packet corresponds;
[bookmark: OLE_LINK114]-  The UPF2 determines that the destination address is out of the UPF1 address pool and then forwards the packet to UPF2 based on the address mapping information in the corresponding FAR, in which case the destination address is in the address range of one term of address mapping information and the corresponding next UPF is the UPF2; and
-  The UPF2 identifies the UPF-level N4 session is the first N4 session to which the packet corresponds;
-  The UPF2 determines that the destination address is in the UPF2 address pool and then forward the packet to the UPF internal interface;
-  The packet will match the N4 session corresponding to the UE3's PDU session; and
-  The packet is then forwarded to the UE3.
[bookmark: _Toc23317651][bookmark: _Toc96690119]6.X.3	Impacts on services, entities and interfaces
This solution impacts the following system entities.
AMF:
-	Send satellite backhaul category to PCF.
PCF:
-	Determine UE policy based on satellite backhaul category.
SMF:
-	Request UPF to establish UPF-level N4 session;
-	Provides UPF N4 rules to enable local data switch.
UPF:
-	Establish a UPF-level N4 session;
-	Implement local data switch based on received N4 rules.
* * * * End of changes * * * *
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