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Abstract of the contribution: This paper proposes a new solution for KI#4 to resolve the signalling scalability issues for large VN groups with lots of devices into account
1. Discussion
In the last meeting, the approved pCR S2-2203270 addes the scalability issue for the KI#4.
-
How to manage communication among the UE group members when they are served by different UPFs and different SMFs including the case of UE(s) mobility, this needs to take the signaling scalability issues for large VN groups with lots of devices into account.
From the R16, there is a condition for the VN.
-
When N19 is used, there is a full mesh of N19 tunnels between UPFs serving the 5G VN group;

When there are multiple SMFs/UPFs, if the full mesh mechanism is used, there are more C/U-plane connections.
e.g. there are M SMFs and N UPFs, with the full mesh topology, the 

 - signalling connection between SMFs is, = M * (M-1) / 2

 - number of N19 tunnels is, = N * (N-1)/2

So there is a need to reduce the number of interfaces from the square of the number of nodes to a linear relationship of the number of nodes.
On the top of solution 4, it paper further proposes a solution to change to full mesh topology to star topology when the complexity of topology exceeds the threshold. The following figure the star topology for the SMFs. For the UPFs, it is similar.
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From the following figure, when the number of node (e.g. SMF/UPF) exceeds 4, the star topology has more advantages.
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When the relay-SMF is needed, there may be one relay-SMF for each VN.

There are 3 functionality for this solution:
1) Relay-SMF discovery

There are two mechanism for relay-SMF discovery

· Pre-configured in SMF. The operator know the star topology is needed, the SMF supporting VN is pre-configured with pair (DNN/S-NSSAI, relay-SMF). The DNN-S-NSSAI is used for VN.
· Via NRF. The relay-SMF register itself in NRF as relay-SMF for the VN. SMF can check the relay-SMF with DNN/S-NSSAI used for the VN.
2) Routing information exchange

· When a SMF start to serve the VN (from 1st PDU session for the VN is established), it discover the relay-SMF and register itself for the VN in NRF.
· The SMF send the routing information to the relay-SMF, i.e. IP address. MAC address for the PDU session.
· When MAC address detected, no more valid, the SMF indicate the relay-SMF the change.
· When PDU session is released, the SMF indicate the relay-SMF to remove the related address.

· When all the PDU session for the VN are release in one SMF, the SMF release the N19 between UPF controlled by the SMF and relay-UPF.

· For the destination is unknown to SMF, it send to relay-UPF controlled by relay-SMF.
· Because the relay-SMF know all the routing information, it can configure the PDR/FAR in the relay-UPF to forward.
3) Co-existence with sol#4.
In some region, there may be multiple SMFs for the VN, example, in the following figure.

To avoid un-necessary traffic to relay-UPF, e.g. the packet from PDU session under SMF-1 to PDU session under SMF-2, this solution can work with sol#4.
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The relay-SMF discovery is same with above procedure.

The SMF-1/2/3 use the solution#4 with full mesh mechanism
The UPFs under SMF-1/2/3 only send the packet not related to UPFs under SMF-1/2/3.
2. 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 **********************************************

6.0
Mapping of Solutions to Key Issues
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*****************************************Next of CHANGE **********************************************

6.X
Solution #X: Support Group service area restriction with using Area of interesting
6.X.1
Introduction

This solution is for Key Issue #1, it addresses particularly how to enforce the service area restriction for a group of UEs. Particular, the solution focus on the scalability issue in the KI#1.
-
How to manage communication among the UE group members when they are served by different UPFs and different SMFs including the case of UE(s) mobility, this needs to take the signaling scalability issues for large VN groups with lots of devices into account.
From the R16, there is a condition for the VN.
-
When N19 is used, there is a full mesh of N19 tunnels between UPFs serving the 5G VN group;

When there are multiple SMFs/UPFs, if the full mesh mechanism is used, there are more C/U-plane connections.

e.g. there are M SMFs and N UPFs, with the full mesh topology, the 

 - signalling connection between SMFs is, = M * (M-1) / 2

 - number of N19 tunnels is, = N * (N-1)/2

From the following figure, when the number of node (e.g. SMF/UPF) exceeds 4, the star topology has more advantages.
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So there is a need to reduce the number of interfaces from the square of the number of nodes to a linear relationship of the number of nodes.

On the top of solution 4, it paper further proposes a solution to change to full mesh topology to star topology when the complexity of topology exceeds the threshold. The following figure the star topology for the SMFs. For the UPFs, it is similar.


[image: image5.emf]SMF-1

SMF-3

SMF-2

SMF-5

SMF-4

Relay-SMF


Editor’s Note: it is FFS whether the single relay SMF and relay UPF induce some single point of failure that would prevent any inter UPF traffic to take place.
Editor’s Note:  it is FFS whether a Relay UPF can reject some inter UPF link establishment due to potential user plane overload at Relay UPF (which may need to handle a higher traffic load than PSA UPF(s))
6.X.2
Functional Description

When the relay-SMF is needed, there is one relay-SMF/UPF for each VN Group.

There are 3 functionality for this solution:

1) Relay-SMF discovery

There are two mechanism for relay-SMF discovery

· Pre-configured in SMF. The operator know the star topology is needed, the SMF supporting VN is pre-configured with pair (DNN/S-NSSAI, relay-SMF). The DNN-S-NSSAI is used for VN.

· Via NRF. The relay-SMF register itself in NRF as relay-SMF for the VN. SMF can check the relay-SMF with DNN/S-NSSAI used for the VN.
2) Routing information exchange

· When a SMF start to serve the VN (from 1st PDU session for the VN is established), it discover the relay-SMF and register itself for the VN in NRF.
· The SMF send the routing information to the relay-SMF, i.e. IP address. MAC address for the PDU session.

· When MAC address detected, no more valid, the SMF indicate the relay-SMF the change.

· When PDU session is released, the SMF indicate the relay-SMF to remove the related address.

NOTE:
The relay-SMF does not need to send the routing information of this SMF to other SMFs for this VN.
· When all the PDU session for the VN are release in one SMF, the SMF release the N19 between UPF controlled by the SMF and relay-UPF.

· For the destination is unknown to SMF, it send to relay-UPF controlled by relay-SMF.

· Because the relay-SMF know all the routing information, it can configure the PDR/FAR in the relay-UPF to forward.

3) Co-existence with sol#4.
In some region, there may be multiple SMFs for the VN, example, in the following figure.

To avoid un-necessary traffic to relay-UPF, e.g. the packet from PDU session under SMF-1 to PDU session under SMF-2, this solution can work with sol#4.
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The relay-SMF discovery is same with above procedure.

The SMF-1/2/3 use the solution#4 with full mesh mechanism

The UPFs under SMF-1/2/3 only send the packet not related to UPFs under SMF-1/2/3.
Another option is, for one region, only 1 SMF is assigned for the VN.
6.X.3
Procedures
Similar with sol#4..
6.X.4
Impacts on existing entities and interfaces

SMF/UPF
-
Update/Register serving VN ID to NRF. 
-
Discover relay-SMF. 

-
Establishes the VN session with relay-SMf serving the same VN group and send routing information about UE members and their address, including addition and removal of such addresses) to relay-SMF
Relay-SMF/UPF
-
Establishes the VN session with SMF serving the same VN group.

-
configure the relay-UPF with PDR/FAR according to the received routing information.
Editor's note:
Additional impacts are FFS.
********************************************End of CHANGE **********************************************
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