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Abstract of the contribution: This contribution analyses the solutions proposed for KI#4 and proposes a way forward. 
Evaluation of proposed solutions for KI#4
The following solutions are proposed for KI#4: Sol#3, 4, 5, 16, 19, 20. They could be grouped in 3 families:
1. Family 1: Solutions introducing a new NF/interface/functionality (e.g., GSMF in Sol#5, similar for Sol#4, 19, 20) acting as the controller/common anchor/sync of a 5G VN group spanning over a large area, which implies that UE group members are accessing the 5G VN group via different SMFs (sets) serving different service areas. The new NF/interface/functionality coordinates all SMFs (sets) of the 5G VN group. 

2. Family 2: Solution #3 which leverages and extends the already defined “deployment topologies with specific SMF service areas” (ETSUN) architecture for supporting a 5G VN group spanning over a large area, where UE group members are accessing the 5G VN group via different locations. A common anchor SMF (set) serves the whole 5G VN group controlling I-SMFs (sets) in remote service areas out of the reach of the anchor SMF (set).
3. Family 3: Solution #16 based on N6 connectivity (“Native N6” or “N6 Overlay” as described in Sol#16) for transport of traffic between UEs, members of the 5G VN group served by different SMFs (sets) due to the fact that the 5G VN group spans over a large area.  

All three families support 5G VN groups spanning over a large area, all three families support SMF redundancy for reliability of the 5G VN group communication, however:

· Family 1 introduces a new NF and/or a new interface between different SMFs to support multiple service areas. It implies important changes to existing specifications, significant signaling (as analyzed in S2-2208283), significant effort to deploy the solution.
· Family 2 is more optimal than family 1 in leveraging and extending existing NFs and interfaces. It improves the signaling impact, too; as there is a single anchor SMF (set) coordinating the remote I-SMFs (sets) and the interactions with the policy function and the charging function. 
· Family 3 does not introduce any new NFs/services neither affects the signaling. It mainly impacts the UPF, namely implying proper configurations to support L2 and/or L3 VPNs as defined in IETF RFCs. It does not support though N19/GTP-U tunnels between different UPFs controlled by different SMFs (sets) serving UE members of the 5G VN group. Like in Family 1 multiple PCFs (sets), CHF (sets) might apply for different SMFs (sets) handling sessions of UE members of the 5G VN group.    

Based on the KI#4 objectives the evaluation of the various solutions is described in the following table:

	KI#4 Objective
	Family 1
	Family 2
	Family 3

	Reliability of the 5G VN group communication
	Supported with the help of the set functionality at all levels (e.g., SMF sets, GSMF set, etc.)
	Supported with the help of the set functionality at all levels (A-SMF set, I-SMFs (sets))
	Supported with the help of the set functionality

	5G VN group members access the group at different locations
	Supported via the same of different SMFs (sets)
	Supported via the same A-SMF (set) and potentially different I-SMFs (sets)
	Supported via the same of different SMFs (sets)

	Rel. 16 compatibility
	A single SMF is configured/discovered/selected for the DNN/S-NSSAI of the 5G VN group able to cover the whole service area of the 5G VN group
	A single SMF is configured/discovered/selected for the DNN/S-NSSAI of the 5G VN group able to cover the whole service area of the 5G VN group
	A single SMF is configured/discovered/selected for the DNN/S-NSSAI of the 5G VN group able to cover the whole service area of the 5G VN group

	How to manage session management when multiple SMFs are involved all belonging to the same SMF set which is able to cover the whole service area of the 5G VN group 
	Existing specifications potentially with some NOTEs cover this case as the SMFs of a set can communicate with each other / share information. Reliability of the 5G VN group communication is also covered via the set reliability

	How to manage UE communications when they are served by different UPFs, all controlled by the same SMF set which is able to cover the whole service area of the 5G VN group
	Existing specifications potentially with some NOTEs cover this case as the SMFs of a set can communicate with each other / share information. Reliability of the 5G VN group communication is also covered via the set reliability

	How to manage UE communications when there is no single SMF set covering the whole service area of the 5G VN group
	There is a common per 5G VN group (DNN/SNSSAI) GSMF or inter-SMF communication
	There is a common per 5G VN group (DNN/SNSSAI) A-SMF set controlling multiple I-SMFs (sets)
	Controlling is achieved via the user plane


Observation 1: In deployments where a single SMF set covers the whole service area of the 5G VN group, existing specifications with potentially some NOTEs fulfil the KI#4 requirements. 
Proposal 1: In deployments where a single SMF set covers the whole service area of a 5G VN group there is no need of extensions to existing specifications besides NOTEs mentioning that 5G VN group members communications are controlled by intra SMF set information exchange. 

Extending to deployments where there is no single SMF set able to cover the 5G VN group service area:

	
	Family 1
	Family 2
	Family 3

	Session management
	There is a common per 5G VN group (DNN/SNSSAI) GSMF set or inter-SMF (set) communication
	There is a common per 5G VN group (DNN/SNSSAI) A-SMF set controlling multiple I-SMFs (sets)
	Controlling is achieved via the user plane

	Multi-vendor support
	Yes: Different SMF sets might be deployed by multiple vendors.

The GSMF set is deployed by a single vendor
	Yes: Different I-SMF sets might be deployed by multiple vendors.

The A-SMF set is deployed by a single vendor
	Yes: Different SMF sets might be deployed by multiple vendors.

	Interfacing with the policy and charging framework
	Multiple interfaces per SMF set
	Single interface from the A-SMF set
	Multiple interfaces per SMF set

	New NF/interface introduction 
	Yes
	No
	No

	Signaling impact 
	Severe
	Medium
	No signaling impact, rather UP configuration

	Static control of UE communications 
	No
	Yes
	Yes

	Dependency on other legacy functionality
	No
	Yes, ETSUN is assumed but in deployments where there is no single SMF set able to cover the 5G VN group service area, ETSUN might be deployed anyway or needed for other use cases, too
	No


Observation 2: Family 3 is the one with the less impact on 5GC fulfilling the requirements of supporting a 5G VN group whose service area is not covered by a single SMF set, for static control of UE communications.
Observation 3: Family 2 fulfills the requirements of supporting a 5G VN group whose service area is not covered by a single SMF set for static control of UE communications with less impact on 5GC and deployments than Family 1.
Proposal 2: In deployments where there is no single SMF set covering the whole service area of a 5G VN group, solution #16 with static control of UE communications is adopted as basis for the normative work.       
Further extending to dynamic control of UE communications in deployments where there is no single SMF set able to cover the 5G VN group service area, the previous table still applies and points towards adopting family #2, as it is leveraging existing architectures than introducing new NFs/interfaces. 
An extension to all solutions could be to enable N19 tunnels between Local PSA UPFs controlled by different I-SMFs. Such an extension optimizes the following use case: UE1 member of the 5G VN group is initially located in service area 1 and served by SMF1. An IP address is allocated to UE1 and UPF1 is the IP anchor point. Similarly, UE2 is located in service area 2 and served by SMF2, UPF2. UE1 and/or UE2 might move to a service area not controlled by SMF1/SMF2. Then I-SMF1/I-UPF1/Local PSA, I-SMF2/I-UPF2/Local PSA are introduced (as depicted in Fig. 0.1). UE1 to UE2 traffic follows the red line of Fig. 0.1 in both solution families 1, 3. In solution family 2 (SMF1, SMF2) are the same, simplifying the UE-to-UE communication.  
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Figure 0.1: UE to UE traffic when the UEs are not located in the service area of their anchor SMFs 
N16a interface is enhanced to allow the A-SMF (set) to provision the I-SMFs (sets) controlling the Local PSA UPFs with N19 tunnel information. I-SMFs (sets) propagate N4 information to Local PSA UPFs (proper PDRs, FARs). 
Figure 0.2 provides the overall architecture. UE1, UE2 could leverage the green N19 interface. A common A-SMF (set) serves the whole 5G VN group interfacing with common PCF (set)/ CHF (set) for the whole 5G VN group. 
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Figure 0.2: Optimized E2E solution for 5G VN groups with multiple SMFs with N19 tunnels between UPFs controlled by the same or different I-SMFs
The details of dynamically setting up N19 tunnels in solution#3 are the following:
a. A-SMF (set) controls all N19 tunnels. They might be between I-UPFs/local PSA UPFs controlled by different I-SMFs (sets), an I-UPF/local PSA UPF controlled by an I-SMF (set) and a UPF controlled by the A-SMF (set), or any other combination.

b. A-SMF (set) decides that an N19 tunnel is to be leveraged for the communication between members of the 5G VN group, served by I-SMF1, I-SMF2 (assume UE1 and UE2):

i. A-SMF (set) asks via N16a (potentially some extensions) each I-SMF to provide N19 tunnel termination endpoint information on its side (asks I-SMF1 to provide N19 tunnel termination endpoint at the UPF1, asks I-SMF2 to provide N19 tunnel termination endpoint at the UPF2)

ii. A-SMF (set) propagates via N16a (potentially some extensions) the information it received from each I-SMF to the other I-SMF in the form of N4 rules sent over N16a which is an existing feature (even though it may require small updates): FARs (UPF2 N19 tunnel termination is provided to I-SMF1 inside a FAR to be applied at the UPF1. UPF1 N19 tunnel termination is provided to I-SMF2 inside a FAR to be applied at the UPF2). I-SMF1, I-SMF2 are provided by the A-SMF (set) with proper PDRs, too. For example, for IP PDU session types, the PDR sent to UPF1 includes UE2 IP address as destination IP address. For Ethernet PDU session types, the PDR sent to UPF1 includes the UE2 MAC address as the destination MAC address) 

c. A-SMF (set) controls any N19 tunnel termination and propagates relevant handling to I-SMFs (sets) as needed. 
d. N19 tunnels could be per UPF pair and 5G VN group. 
Observation 4: Solution #3 can be easily extended to support dynamic N19 tunnels between UPFs controlled by different I-SMFs (sets) while still is more efficient than Family 1 solutions. Signaling is increased though and I-SMFs (set) become aware of a 5G VN group.
For dynamic control of N6 based UE communications in deployments where there is no single SMF set able to cover the 5G VN group service area the mechanism described in section 6.16.2.5 “Dealing with dynamic (de)selection of PSA UPF(s) to serve a 5G VN group” could apply to solution #3, too. However, an AF is responsible of the overlay DN network that is associated with a 5G VN group and signaling is impacted again. 

Observation 5: Solution #3 can be easily extended to support dynamic N6 based UE communications in deployments where there is no single SMF set able to cover the 5G VN group service area. Signaling is increased though and an AF is responsible of the overlay DN network that is associated with a 5G VN group. 
Proposal #3: Dynamic control of UE communications in deployments where there is no single SMF set able to cover the 5G VN group service area is not considered in this release of the specifications
Proposal

It is proposed to update TR 23.700-74 as follows: 
**** First Change ****

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


The following solutions are proposed for KI#4: Sol#3, 4, 5, 16, 19, 20. They could be grouped in 3 families:

1. Family 1: Solutions introducing a new NF/interface/functionality (e.g., GSMF in Sol#5, similar for Sol#4, 19, 20) acting as the controller/common anchor/sync of a 5G VN group spanning over a large area, which implies that UE group members are accessing the 5G VN group via different SMFs (sets) serving different service areas. The new NF/interface/functionality coordinates all SMFs (sets) of the 5G VN group. 

2. Family 2: Solution #3 which leverages and extends the already defined “deployment topologies with specific SMF service areas” (ETSUN) architecture for supporting a 5G VN group spanning over a large area, where UE group members are accessing the 5G VN group via different locations. A common anchor SMF (set) serves the whole 5G VN group controlling I-SMFs (sets) in remote service areas out of the reach of the anchor SMF (set).

3. Family 3: Solution #16 based on N6 connectivity (“Native N6” or “N6 Overlay” as described in Sol#16) for transport of traffic between UEs, members of the 5G VN group served by different SMFs (sets) due to the fact that the 5G VN group spans over a large area.  
Based on the KI#4 objectives the evaluation of the various solutions is described in the following table:

	KI#4 Objective
	Family 1
	Family 2
	Family 3

	Reliability of the 5G VN group communication
	Supported with the help of the set functionality at all levels (e.g., SMF sets, GSMF set, etc.)
	Supported with the help of the set functionality at all levels (A-SMF set, I-SMFs (sets))
	Supported with the help of the set functionality

	5G VN group members access the group at different locations
	Supported via the same of different SMFs (sets)
	Supported via the same A-SMF (set) and potentially different I-SMFs (sets)
	Supported via the same of different SMFs (sets)

	Rel. 16 compatibility
	A single SMF is configured/discovered/selected for the DNN/S-NSSAI of the 5G VN group able to cover the whole service area of the 5G VN group
	A single SMF is configured/discovered/selected for the DNN/S-NSSAI of the 5G VN group able to cover the whole service area of the 5G VN group
	A single SMF is configured/discovered/selected for the DNN/S-NSSAI of the 5G VN group able to cover the whole service area of the 5G VN group

	How to manage session management when multiple SMFs are involved all belonging to the same SMF set which is able to cover the whole service area of the 5G VN group 
	Existing specifications potentially with some NOTEs cover this case as the SMFs of a set can communicate with each other / share information. Reliability of the 5G VN group communication is also covered via the set reliability

	How to manage UE communications when they are served by different UPFs, all controlled by the same SMF set which is able to cover the whole service area of the 5G VN group
	Existing specifications potentially with some NOTEs cover this case as the SMFs of a set can communicate with each other / share information. Reliability of the 5G VN group communication is also covered via the set reliability

	How to manage UE communications when there is no single SMF set covering the whole service area of the 5G VN group
	There is a common per 5G VN group (DNN/SNSSAI) GSMF or inter-SMF communication
	There is a common per 5G VN group (DNN/SNSSAI) A-SMF set controlling multiple I-SMFs (sets)
	Controlling is achieved via the user plane


In deployments where a single SMF set covers the whole service area of the 5G VN group existing specifications with potentially some notes fulfil the KI#4 requirements.

Extending to deployments where there is no single SMF set able to cover the 5G VN group service area:

	
	Family 1
	Family 2
	Family 3

	Session management
	There is a common per 5G VN group (DNN/SNSSAI) GSMF set or inter-SMF (set) communication
	There is a common per 5G VN group (DNN/SNSSAI) A-SMF set controlling multiple I-SMFs (sets)
	Controlling is achieved via the user plane

	Multi-vendor support
	Yes: Different SMF sets might be deployed by multiple vendors.

The GSMF set is deployed by a single vendor
	Yes: Different I-SMF sets might be deployed by multiple vendors.

The A-SMF set is deployed by a single vendor
	Yes: Different SMF sets might be deployed by multiple vendors.

	Interfacing with the policy and charging framework
	Multiple interfaces per SMF set
	Single interface from the A-SMF set
	Multiple interfaces per SMF set

	New NF/interface introduction 
	Yes
	No
	No

	Signaling impact 
	Severe
	Medium
	No signaling impact, rather UP configuration

	Static control of UE communications 
	No
	Yes
	Yes

	Dependency on other legacy functionality
	No
	Yes, ETSUN is assumed but in deployments where there is no single SMF set able to cover the 5G VN group service area, ETSUN might be deployed anyway or needed for other use cases, too
	No


Family 3 is the one with the less impact on 5GC fulfilling the requirements of supporting a 5G VN group whose service area is not covered by a single SMF set, for static control of UE communications.

Family 2 fulfills the requirements of supporting a 5G VN group whose service area is not covered by a single SMF set for static control of UE communications with less impact on 5GC and deployments than Family 1.

Further extending to dynamic control of UE communications in deployments where there is no single SMF set able to cover the 5G VN group service area, the previous table still applies and points towards adopting family #2, as
a. it is leveraging existing architectures 

b. it does not introduce new NFs/interfaces including no new algorithm to select the new NF (GSMF)

c. it optimizes signaling as the GSMF role of co-ordination between the different clusters of local SMF (I-SMF) and UPF is supported by the anchor SMF.  

It implies though quite heavy signaling increase (but LESS than family 1, see e.g., bullet c. above) and even if it requires much less specification effort than family 1 it requires too much specification effort wrt what is still available for GMEC.
8.4
Key Issue #4: Multiple SMFs for VN group communication


The following principles are concluded for normative work:

1. In deployments where a single SMF set covers the whole service area of a 5G VN group there is no need of extensions to existing specifications besides NOTEs mentioning that 5G VN group members communications are controlled by intra SMF set information exchange. 

2. In deployments where there is no single SMF set covering the whole service area of a 5G VN group solution #16 with static control of UE communications is adopted as basis for the normative work.
3. Dynamic control of UE communications in deployments where there is no single SMF set covering the whole service area of a 5G VN group is not specified in this release of the specification.
**** End of Changes ****
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