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Abstract of the contribution: The contribution addresses aspects of forwarding and routing of packets while providing 5G LAN-Type services
1. Discussion
1.1 Two-stage Packet forwarding
Current solutions addressing packet forwarding, while supporting 5G LAN-type service, primarily rely on the use of PDRs and corresponding FARs. Packets from to the same PDU Session may be intended for UEs which packet connectivity is provided through various Network locations. I.e., some packets may need to be forwarded to the same UPF as the one where the originating UE is connected or to different UPF as the originating UE. S
Some of these packets intended to UE connected to a different UPF may be forwarded through a N19 interface, if one is configured. If however no N19 interface has been configured, these packets may need to be forward over N6.
[bookmark: _Hlk7726613]As a result, enhancements were made to Rel.15 PDI (i.e., PDR/FDR) to determine whether a packet shall be sent over the N6, N19 or looped back towards the N3/N9 interface. These enhancements however force a two-stage procedure that involves first the detection of the 5GLAN forwarding scope to determine whether the packet shall be locally switched, or it shall be forwarded through N19). In addition, once this first filtering step is taken, a second filtering step is conducted to filter on the 5GLAN group. This is illustrated in Figure 1 and also describe in TS 23.501, clause 5.8.2.13 (v16.0.2), the states that: “To enable local switch in a UP … The SMF provides FARs for 5G LAN group members' N4 Sessions with FAR(s) Destination Interface set to "5G LAN internal" and Network Instance set to represent the 5G LAN group in order to instruct the UPF to again perform classification of packets using the corresponding 5G LAN group relevant PDRs”
Observation 1: It is not clear why this two-stage procedure is needed, particularly considering that Rel.16 does not support multiple 5GLAN groups per PDU Session.




Figure 1 Two-stage forwarding for 5G LAN-Type services
1.2 Enhancements to Packet forwarding in 5G LAN Type Services
As illustrated in clause 1.1 above, while using PDI (Packet Detection Information) to enable packet forwarding and routing across members of a 5G LAN VN is a logical choice, it should be possible to direct a packet towards the correct Network simply by detecting the route towards the destination leading to an appropriate egress port. E.g., if IP or Ethernet base packet forwarding is used, the destination IP address or VLAN tag could be used to identify the egress port that leads to e.g., a N19 or N6 interface without the need to execute a second step on a 5GLAN group basis.
In addition, note that even if the later were desirable, members of a particular group would be part of an address space that only supports members of such group.
Likewise, when path-based routing is used, the PDI includes, within the PDR the PathID matching filter, which when the UPF performs an AND bitwise operation with the PathID provided in the packet header it implicitly yields a suitable FAR that leads to the appropriated port as illustrated in Figure 2. The UPF is configured so that a single bit is assigned to a relevant output port. I.e., its Lind ID (LID) is assigned to a specific port. 
A UE may addresse other 5G LAN members within the VN by using, for instance, their FQDNs within the HTTP request, just as an application may address a web server. If the SMF supports path-based forwarding based on such FQDN, the DNS function in the SMF returns a PathID for the UE to use when addressing a specific member. The SMF calculates a suitable path by ORing the LinkIDs linking two endpoints between the UPFs serving the originating and terminating UEs. 
Note that the SMF also binds the PDU Session IDs of the two UEs at both ends of the path, to the allocated PathID. Since the PathID is bidirectional, the destination UE can catch the PathID of the originating UE for further messaging. E.g., in the case of HTTP response handling or UE mobility management.
Figure 2 illustrates the procedure. In the example, UE1 and UE2 are linked by a suitable path provided by the SMF as specified above. The SMF constructs the Path ID by ORing LID1, LID, LID3 and LID4. The resulting PathID (10110010) is then returned to the UE to be used when addressing the specific group member. When the packet is received in the UPF, the UPF simply executes a bitwise AND to determine the output port where the packet should be forwarded. Note that such bitwise AND operation can be easily executed through a wildcard matching in available TCAM solutions.


Figure 2 PathID based packet forwarding in a 5G LAN-type Service.
During the establishment of the PDU Session, the SMF provides the UPF with the PID that includes, the PathID matching filters associated to the 5G LAN VN (illustrated as a LID in Figure 2), the UPF will be using to determine the relevant output port. The UPF uses a simply bitwise operation to determine the FAR to use for forwarding of packets towards the relevant interface, using the PathID provided by the UE in the PDU layer header field (e.g., IP or Ethernet) and the PathID matching filter(s) obtained at the establishment of the N4 Context.
Figure 3 illustrates the high-level mechanism that enables quick packet forwarding with minimum processing by simply executing and AND operation between the PathID provided by the UE and the available PathID matching filters.
Observation 2: Path-based forwarding can be easily supported using current N4 Session procedures, by adding PathID matching filters as part of the PID provided to the UPF during the N4 Session establishment procedure
Proposal 1: It is proposed to agree to supporting Path-based forwarding as described in clause 1.2


Figure 3 PDR/FAR based Packet Forwarding mechanism

1.3 Native multicast through PathID packet forwarding
Bitfield-based packet forwarding to enable multicast packet forwarding
As described in clause 1.2, a path ID is provided to the UE for every UPF(source)-UPF(destination) linking two UE’s PDU Sessions. When a packet is destined to more than one UE or all UEs within the group[footnoteRef:2], the originating UE obtains the multicast path to two or more UEs by ORing the pathIDs towards those individual UEs. This process is illustrated in Figure 4.  [2:  Note that the potential reasons for such opportunistic multicast capability are FFS.] 



Figure 4 Illustration of how the pathID is used to enable multicast packet forwarding
Observation 3: Utilizing these simple UE-based OR operations allows for multicast traffic to any combination of UEs without the need for explicit tunnels to exist between the respective PSAs.
Proposal 2: It is proposed to agree to supporting Path-based multicast packet forwarding as described in clause 1.3
 
2. Proposal
It is proposed that Path-based forwarding be adopted as an alternate packet forwarding mechanism to support 5G LAN-type Services. CRXXX and CRXXX provide a normative proposal which implements proposals 1 and 2 as outlined in clauses 1.2 and 1.3
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