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1. Reason for Change

3GPP SA2 has concluded several Rel-16 stage 2 studies and started corresponding normative work (SA2#130).   
New architectural requirements have been specified for the User Plane: 
  1) Enhancements to Topology of SMF and UPF (ETSUN):

For non-roaming or LBO roaming cases, an I-SMF may be inserted to control the UPF terminating the N3 interface for PDU sessions (not using SSC mode 2 or 3) where the SMF cannot control the UPF terminating the N3 interface. The SMF communicates via the N16a interface with an I-SMF that is inserted to control the UPF(s) that the SMF cannot directly control.  

Based on PCC rules received from PCF and DNAI list reported by the I-SMF, the SMF provides the I-SMF with information that allows the I-SMF to make traffic routing related decisions and I-UPF selection decisions (among others), e.g. to add, replace or remove a UPF in the data path
2)	Ultra Reliable Low Latency Communication: 

Redundant transmission may be supported on N9 (and N3) via two independent tunnels associated with a single PDU session, for Ultra Reliable Low Latency Communications (URLLC). If the SMF decides to perform redundant transmission for one or more Qos flows of a PDU session, the SMF allocates two CN tunnels and indicate the UPF to perform redundant transmission (DL) or to eliminate duplicate packets for the Qos flow in the uplink direction via the N4 interface. 
The PSA UPF duplicates the downlink packet of the QoS Flow from the DN and assigns the same GTP-U sequence number to them. The NG-RAN eliminates the duplicated packet based on the GTP-U sequence number. In case of uplink traffic, the NG-RAN duplicates the packet of the QoS Flow for the UE and the UPF eliminates the duplicated packet based on the GTP-U sequence number.
Corresponding requirements need to be captured in clause 5 of the TR. 

2. Proposal
It is proposed to agree the following changes to 3GPP TR 29.892 v0.4.0.

 
* * * First Change * * * *
[bookmark: _Toc531937999][bookmark: _Toc531938001]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].
BP	Branching Point
I-UPF	Intermediate UPF
I-SMF	Intermediate SMF
SR	Segment Routing
SRv6	Segment Routing IPv6
SRH	Segment Routing Header
SID	Segment ID
DA	Destination Address
NPU	Network Processing Unit
PSA	PDU Session Anchor
UL CL	Uplink Classifier
UP	User Plane
UPF	User Plane Function
URLLC	Ultra Reliable Low Latency Communication
VM	Virtual Machine

* * * Next Change * * * *

5	User Plane Architecture in 5GC
This clause will describe overview of user plane in 5GC followed by architectural requirements and key issues for user plane protocol.
[bookmark: _Toc531938002]5.1	Architectural Requirements for User Plane
This clause will identify architectural requirements for user plane including UPF and the protocols. Those requirements could be given prerequisites which the candidate protocols should satisfy, or substituted. 
[bookmark: _Toc531938003]5.1.1	General
The system architecture requirements specified in 3GPP TS 23.501 [7] and 3GPP TS 23.502 [8] shall apply. 
Editor's Note: the stage 2 work for Rel-16 is on-going in 3GPP SA2. The following requirements are derived from the Rel-15 stage 2 specifications and the Rel-16 stage 2 requirements that are currently available. More requirements may be captured in this clause based on the outcomes of the Rel-16 stage 2 work.  
Figure 5.1.1-1 depicts the 5G System architecture, where N3, N6 and N9 are user plane interfaces, and N4 is the control plane interface to control the user plane functionalities in the UPF. 


Figure 5.1.1-1: 5G System architecture
Figure 5.1.1-2 depicts the 5G System architecture (non-roaming architecture) with the insertion of an I-SMF and UL-CL/BP, for PDU sessions where the SMF cannot control the UPF terminating the N3 interface and communicate via the N16a interface with an I-SMF that is inserted to control the UPF(s) that the SMF cannot directly control. 


Figure 5.1.1-2: 5G System architecture with I-SMF insertion and UL-CL/BP.
The following architectural requirements apply to the user plane:
1)	IPv4, IPv6, IPv4v6, Ethernet and Unstructured PDU sessions shall be supported.
2)	The User Plane protocol shall be able to run over IPv4 and IPv6.
3)	3GPP specifications support deployments with a single UPF or multiple UPFs for a given PDU session.
4)	A UPF that terminates a N6 interface is said to support a PDU Session Anchor (PSA) functionality. A PDU session may support one or multiple PSAs.
5)	A UPF may be inserted to support the UL Classifier (UL CL) functionality (see subclause 5.6.4.2 of 3GPP TS 23.501 [7]) or the Branching Point functionality (see subclause 5.6.4.3 of 3GPP TS 23.501 [7]) to forward the traffic of the PDU session to/from different PSAs. It is possible for a UPF to support both the UL CL or Branching Point functionalities and PSA functionalities.
6)	The SMF shall control the user plane functionalities in the UPF using the N4 reference point. This includes controlling all the functionalities specified in subclause 5.8 of 3GPP TS 23.501 [7] and in 3GPP TS 29.244 [9], e.g.
-	Establishing and releasing user plane tunnels;
-	Detecting, forwarding, buffering, duplicating (for Lawful Interception) or dropping user plane packets;
-	Enforcing PCC and QoS policies (e.g. gating control, QoS control, packet marking, traffic steering);
-	Detecting and reporting user plane events (e.g. receipt of DL packets for a PDU session without user plane connectivity in 5G-AN, application start/stop, user plane inactivity);
-	Measuring and reporting traffic counts for PCC or charging;
-	Other functionalities (e.g. tracing, framed routing).
7)	End Marker user plane packets shall be supported to assist packets reordering in the target RAN during mobility scenarios (e.g. handovers, QoS flows mobility with dual connectivity). End markers may be generated in the SMF or in the UPF. End Marker user plane packets origination from an Intermediate UPF (I-UPF) and from the PSA UPF shall be supported. Transfer of End Marker user plane packets by an I-UPF shall be supported.
8)	The PDU Session User Plane Protocol (see 3GPP TS 38.415 [10]) shall be supported to transfer 5GS information over N3 and N9 (e.g. QoS Flow Identifier, Reflective QoS Indicator, Paging Policy Indicator) together with user plane packets.
9)	It shall be possible to detect and handle user plane path failures as specified in clause 5 of 3GPP TS 23.527 [11].
10)	The user plane protocol shall be applicable to home routed roaming scenarios as well.
11)	It shall be possible to detect and handle the loss of a user plane context in a peer UPF as specified in clause 5 of 3GPP TS 23.527 [11].
NOTE:	Other user plane requirements need to be supported in the RAN, e.g. to transport PDCP PDU Number or RAN Containers, but this is out of scope of this study.
[bookmark: _Hlk526839052]12)	When multiple UPFs are chained, the change in RAN node shall only create N4 signaling towards its immediate next hop UPF (in scenarios where the I-UPF with the N9 interface with the PSA does not need to be changed). The anchor UPF shall not be aware of the change of RAN node.
13)	In the case of home routed roaming, the PSA UPF in HPLMN shall not be aware of the topology of the VPLMN. In other words, the IP addresses of the RAN nodes in the VPLMN are not known to the HPLMN.14)	If the user plane protocol on N9 is different from the user plane protocol on N3, then interworking of user plane packets from one protocol to the other shall be well specified and have the least processing impacts.
14)	For non-roaming or LBO roaming cases, and PDU sessions not using SSC mode 2 or 3, an I-SMF may be inserted to control the UPF terminating the N3 interface. Based on PCC rules received from PCF and DNAI list reported by the I-SMF, the SMF provides the I-SMF with information that allows the I-SMF to make traffic routing related decisions and I-UPF selection decisions (among others), e.g. to add, replace or remove a UPF in the data path.  
15)	Redundant transmission may be supported on N9 (and N3) via two independent tunnels associated with a single PDU session, for Ultra Reliable Low Latency Communications (URLLC). If the SMF decides to perform redundant transmission for one or more Qos flows of a PDU session, the SMF allocates two CN tunnels and indicates the UPF to perform redundant transmission of packets of the QoS flow(s) in the downlink direction, or to eliminate duplicate packets for the Qos flow(s) in the uplink direction, via the N4 interface. 
Two Intermediate UPFs (I-UPFs) between the PSA UPF and the NG-RAN may be used to support the redundant transmission based on two N3 and N9 tunnels between a single NG-RAN mode and the UPF. 



Figure 5.1.1-3: Two N3 and N9 tunnels between NG-RAN and UPF for redundant transmission
The PSA UPF duplicates the downlink packet of the QoS Flow from the DN and assigns the same GTP-U sequence number to them. These duplicated packets are transmitted to I-UPF1 and I-UPF2 via N9 Tunnel 1 and N9 Tunnel 2 separately. Each I-UPF forwards the packet with the same GTP-U sequence number as received from the UPF to NG-RAN via N3 Tunnel 1 and N3 Tunnel 2 respectively. The NG-RAN eliminates the duplicated packet based on the GTP-U sequence number. For uplink traffic, the NG-RAN duplicates the packet of the QoS Flow for the UE and the UPF eliminates the duplicated packet based on the GTP-U sequence number.


* * * Next Change * * * *
[bookmark: _Toc531938004]5.1.2	User Plane Functionality
This clause lists the main UP functionalities required to be supported by UPF as per stage 2 specified in subclause 6.2.3 of 3GPP TS 23.501 [7] as following:
-	Anchor point for Intra-/Inter-RAT mobility (when applicable);
-	External PDU Session point of interconnect to Data Network;
-	Packet routing & forwarding (e.g. support of Uplink classifier to route traffic flows to an instance of a data network, support of Branching point to support multi-homed PDU Session);
-	Packet inspection (e.g. Application detection based on service data flow template and the optional PFDs received from the SMF in addition);
-	User Plane part of policy rule enforcement, e.g. Gating, Redirection, Traffic steering);
-	Lawful intercept (UP collection);
-	Traffic usage reporting;
-	QoS handling for user plane, e.g. UL/DL rate enforcement, Reflective QoS marking in DL;
-	Uplink Traffic verification (SDF to QoS Flow mapping);
-	Transport level packet marking in the uplink and downlink;
-	Downlink packet buffering and downlink data notification triggering;
-	Sending and forwarding of one or more "end marker" to the source NG-RAN node;
-	ARP proxying as specified in IETF RFC 1027 [15] and / or IPv6 Neighbour Solicitation Proxying as specified in IETF RFC 4861 [16] functionality for the Ethernet PDUs. The UPF responds to the ARP and / or the IPv6 Neighbour Solicitation Request by providing the MAC address corresponding to the IP address sent in the request.
[bookmark: _GoBack]-	Packet duplication in downlink direction and elimination in uplink direction by the UP protocol.
NOTE:	Not all of the UPF functionalities are required to be supported in an instance of user plane function of a Network Slice.


* * * End of Changes * * * *
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