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Abstract of the contribution: This paper proposes to add the conclusion for the KI#4 which is based on the 6112r08 and 6553r04 in the last meeting. 
1. Proposal

It is proposed to add the following to the TR 23.700-74 "Study on generic group management, exposure and communication enhancements"
*****************************************START of CHANGE **********************************************

7.4
Key Issue #4: Multiple SMFs for VN group communication


There are 6 solutions (sol#3, sol#4, sol#5, sol#16, sol#19, and sol#20) for this KI. The main aspects includes support of SMF redundancy for reliability of the 5G VN group communication and which architectural enhancements, if any, are needed to enable the support of multiple SMFs to serve a 5G VN group.
The evaluation of key issue #4 separates into two aspects and uses the principles as below table:

Table 7.X-1: Evaluation of KI#4 related principles

	Objectives
	Principles
	Impacts
	
	Solution

	Serving SMF selection


	All the SMF serving the same 5G VN group belongs to a single SMF set
	 already supported

	
	sol#3, 

	
	the SMF serving the same 5G VN group can belong to different SMF sets
	
	
	sol16

	
	All the SMF serving the same 5G VN group can belong to different SMF sets
	NRF or GSMF: supports SMF discovery using serving VN ID.
SMF: Update/Register serving VN ID to NRF GSMF. 
	
	sol#4, sol#5, sol#19, sol#20, 

	
	Introduce the Single-SMF indicator as part of the group data in group subscription data so the SMF can be informed that whether this 5G VN group needs multiple SMFs
	AF/NEF/UDM/UDR: support Single-SMF indicator when defining the 5G VN group.

SMF: handle the Single-SMF indicator in the received 5G VN group data.
	
	sol#19

	Connection of PSA UPFs
	N19 tunnels between UPFs controlled by SMFs in a single SMF set are set up. 

N6-based forwarding is applied between UPFs controlled by SMFs in different SMF sets.

Local switching at I-UPF as instructed by A-SMF is applied.
	SMF: Implementation dependent signaling can be used between SMF(s) that are part of a SMF set e.g. based on an implementation choice SMF(s) within the set can select one SMF to control the N19 configuration.
UPF: Support of VPN solution towards N6, e.g. to act as Provider Edge router in IP/E VPN solution based on IETF RFCs.
	
	sol#3, sol#16

	
	N19 tunnels between UPFs controlled by SMFs in either the same SMF set or different SMF sets are set up.
	SMF: two SMFs interact with each other to establish N19 tunnels directly or indirectly via GSMF/relay-SMF.
UPF: two UPFs exchange data via N19 or via relay-UPF.
	
	sol#4, sol#5 sol#19, sol#20


To support SMF redundancy for reliability of the 5G VN group communication, the SMFs serving a 5G VN group can belong to the same SMF Set (e.g. solution #3) or different SMF Sets (e.g. solution #4, #5, #16, #19, #20). In the latter case, the SMFs serving a 5G VN group can benefit from multiple-vendor SMF deployment to support a 5G VN group. Moreover, the latter case enables the network operator to flexibly scale up/down a 5G VN group, e.g., the coverage, capacity. 

To support a 5G VN group over a wide area (e.g. nationwide), the network operator can deploy 

· one or more SMF Sets in each region within the service area of the 5G VN group for solution #4, #5, #16, #19, #20.

· A central SMF set with distributed I-SMF in each region within the service area of the 5G VN group for solution #3

To support traffic forwarding between the UPFs controlled by different SMFs serving a 5G VN group, either the N6-based forwarding or N19-based forwarding is used. 

-
If N6-based forwarding is used, how to transmit traffic over N6 depends on configuration and is out of 5GC control but could remain under operator control when the operator administers N6 connectivity. For example, solution #16 proposes to use Native N6 or N6 Overlay (IP/E-VPN) and it ensures the correct connectivity between UPFs via proper configuration between all UPFs supporting the DNN/S-NSSAI of a 5G VN group. However, if the network operator deploys many UPFs for the DNN/S-NSSAI of a 5G VN group, each time a new UPF is deployed or a UPF is released, the network operator needs to re-configure the connectivity between UPFs. This could be alleviated by notifications from SMF to an AF responsible of the management of the N6 connectivity for a VN group
-
If N19-based forwarding is used, the 5GC is in charge of the N19 tunnel establishment and routing rules over the N19 tunnel. The 5GC can dynamically control the N19 connectivity for a newly joined UPF or released UPFs for a 5G VN group, as well as the routing rules over the N19 connectivity. For example, solution #4, #5 and #20 propose to enable SMF discovery and selection, exchange of N19 tunnel and UE address between SMFs, as well as the UPF N19 connectivity topology management. 
Solutions (4, 5, 19 and 20) requiring inter (anchor) SMF communication induce following impacts:

· SMF: The SMF retrieves a peer SMF information via the GSMF (NRF) via two ways:

a)
the SMF subscribes to the GSMF (NRF) for the 5G VN group change events and receives a notification including other SMF's identifier information (but also N19 information and information on UE IP/MAC address routing) to the subscribed SMF when events occurs;

b)
the SMF can query the SMF information of a specific group member UE from the GSMF (NRF).

· Based on the information retrieved about peer SMF(s) the SMF needs to be able to:

-
Establish a 5GVNSM session with each other SMF(s) involved in the 5G VN group.

-
Use this 5GVNSM session with each other SMF(s) involved in the 5G VN group to establish N19 tunnels as instructed by the GSMF.

-
When a SMF no more serves any member of a 5G VN group, this SMF removes N19 tunnel(s) between UPFs controlled by itself and other SMFs. And then this SMF releases the 5GVNSM sessions with other SMF(s).

-
Receive instructions from GSMF about which N19 tunnels need to be established.

-
Configure UPF(s) for traffic routing for such N19 tunnels.

-
Handle UPF reports about unknown destination UE address.

-
If the SMF determines that an unknown destination UE address is not served by it, then the SMF needs to query or subscribe to the GSMF to obtain the target SMF serving this destination UE address and needs to contact the target SMF to obtain the N19 tunnel information of the UPF serving the destination UE address.

Conversely solution 3 coupled with solution 16 rely on existing mechanisms (N6 VPN(s), N16a communication between SMF and I-SMF with possibly some improvements) while supporting 5G VN groups spread over a huge country as I-SMF and local PSA UPF serving members of a 5G VN group may be spread all over a huge country while being controlled by more centralized SMF. Solution 16 ensures that, in this case, traffic may be routed over N6 between remote PSA UPF(s). However, 

-
data synchronization across different regions/data centres needs to be considered in real deployment for a single SMF set serving a 5G VN group spread over a huge country
-
In combination with sol#16, NRF configured for SMF selection in case of multiple SMF sets is FFS
-
Correct N6 connectivity between UPFs supporting the DNN/S-NSSAI of a 5G VN group needs to be guaranteed via configuration. N6 connectivity between all related UPFs are pre-configured, so the transmission QoS, security, forwarding of the N6 interface between UPFs are not controlled by 3GPP but may be controlled by the 3GPP operator when it administers N6 connectivity.  If the network operator deploys many UPFs for the DNN/S-NSSAI of a 5G VN group, each time a new UPF is deployed or a UPF is released, the network operator needs to re-configure the connectivity between UPFs. And if notifications from SMF to an AF responsible of the management of the N6 connectivity is used, then it also includes the following impacts:

-
An AF (Application Function) is responsible of the overlay DN network that is associated with a 5G VN group, i.e. this AF may control the establishment / release of the N6 tunnels.

-
This AF subscribes (Nnef_EventExposure_Subscribe) for the “usage of PSA UPF” event 

-
Whenever the SMF detects the Event corresponding to the insertion/ removal of a PSA UPF to serve the DNN and S-NSSAI associated with the 5G VN group, it notifies the AF accordingly providing the N6 addressing information of the PSA UPF that has been added or removed..

-
Based on the SMF notifications, the AF may update the N6 forwarding capabilities (e.g. VPN tunnels, PE router configuration).

**********************************************Next CHANGE **********************************************

8.4
Key Issue #4: Multiple SMFs for VN group communication


The following are way forward principles.
-
The multiple SMFs serving the same 5G VN group can belong to a single SMF Set or different SMF Sets

-
AF/NEF can set the Single-SMF indicator for a 5G VN group to indicate the SMF whether the procedures used for multiple SMFs is applicable for this 5G VN group and this Single-SMF indicator is stored as part of the group data in group subscription data, or

-
Single-SMF indicator can be pre-configured for the VN group in 5GC according operator’s configuration.
-
If N19-based forwarding is used between UPFs controlled by different SMFs

-
GSMF is used for discovery and registration of SMFs serving a 5G VN group

-
N19 tunnels between UPFs controlled by different SMFs are set up via SMF interactions. The SMF interactions can occur via GSMF. 

-
The topology of UPFs controlled by different SMFs is determined based on network policies, e.g. Relay-SMF/UPF, where the network policies are determined by GSMF and indicated to the involved SMFs.
NOTE:
It assumes a standalone GSMF NF is used to support the above functions.
 -
If N6-based forwarding is used between UPFs controlled by different SMFs

-
N6 interface between UPFs controlled by different SMFs can also be used for traffic forwarding using existing/implementation mechanism

-
If I-UPF and local PSA UPF is inserted for a PDU Session targeting to a 5G VN group serving by a single SMF Set

-
local PSA UPF can support local switching as instructed by A-SMF via the I-SMF

********************************************End of CHANGE **********************************************
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