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Introduction

SA2 concluded in 3GPP TR 23.714 [1] that: 

· standards will support both solutions for F-TEID allocation, in the UP function and in the CP function, and which solution is used is determined by network configuration; 
· the user plane restoration procedure should be based on the solution 3 (when detecting a restart or failure of the UP, the CP restores the UP session providing the earlier assigned F-TEID), but the final decision is left to CT4.

CT4 needs to further assess the following aspects:
a) Technical principles of each solution.

b) How can the UP sessions be restored with each solution?

c) Is it required to use the same solution between meshed CP and UP entities or is it possible to have a mix of both solutions?

d) How to ensure open interoperability between any UP and any CP entities? 

e) How should the CP and UP functions determine which solution to use? Should the network configuration be done at the CP or UP?  

Discussion

1. F-TEID-u allocation / release in the UP function
This solution relies on the following principles:

a) When a new tunnel needs to be established, the CP function requests the UP function to allocate the UP TEID and IP address;

b) The UP function allocates the F-TEID-u and returns this F-TEID to the CP function.
c) The UP function stores, for each assigned IP address and TEID, the CP Node ID of the CP to which the F-TEID is assigned; upon detecting that a CP function restarts (e.g. via the means of a restart counter signalled in Sx), the UP function releases the F-TEIDs which had been assigned to the restarted CP function. These F-TEIDs should not be re-assigned to new UP sessions without some minimum period of time to let enough time to other peer entities to also detect the CP restart and stop using the F-TEID.

It is FFS how to handle CP failure scenarios. The UP function cannot determine whether the CP function becomes non responsive because of a CP failure or a network failure. F-TEIDs should not be released and reassigned to other UP sessions without being sure that they are no longer used by the CP function to which there were assigned.
2. F-TEID allocation / release in the CP function:

This solution relies on the following principles:

a) When a new tunnel needs to be established, the CP function allocates the UP TEID and IP address and provides this F-TEID to the UP function when creating the UP bearer;

b) The IP address of the F-TEID corresponds to the UP function selected to support a UP bearer. The CP function is configured with the IP addresses and TEIDs it can use.

c) TEID-u space is partitioned per CP function when the same UP function can interwork with multiple CP functions. 
d) The CP function stores, for each assigned IP address and TEID, the UP Node ID of the UP to which the F-TEID is assigned; upon detecting that a UP function restarts (e.g. via the means of a restart counter signalled in Sx), the CP function either restores the UP session (see point 3) or releases the F-TEIDs which had been assigned to the restarted UP function. In the latter case, the CP signals the loss of the bearers to its CP peers.

The restarted UP function should not return GTP Error Indication to peers for some time after the restart, to avoid UP peers to tear down the bearers before the CP function completes the restoration of the UP sessions.

The same behaviour can apply when the UP fails. 
3. How can the UP sessions be restored for each solution?
This section discusses how to restore UP sessions after a UP restart or failure:

When detecting a restart or failure of the UP function, the CP function re-establishes the session in the UP function, providing the F-TEIDs previously assigned to the session. 

Specific UP impacts to support UP session restoration:

i. With F-TEID-u allocation / release in the UP function: 
· the UP function re-assigns the F-TEID requested by the CP function instead of choosing itself the F-TEID to assign to the session. 
· An additional mechanism is also required to avoid potential conflicts of allocation of F-TEIDs until all the CP functions (controlling this UP function) complete the restoration of the UP sessions. Such conflict exists e.g. when one or multiple CP functions request in parallel the establishment of new sessions and the restoration of some UP sessions. How to avoid this conflict is FFS.
ii. With F-TEID-u allocation / release in the CP function: 

· No impact (the UP session restoration appears as a regular UP session establishment) 


4. Is it required to use the same solution between meshed CP and UP entities or is it possible to have a mix of both solutions?
It is not possible to use both F-TEID allocation solutions for a given UP entity, as this would require coordination between the UP and CP functions for the allocation of the F-TEIDs. So the same F-TEID allocation solution shall be used by all the CP functions controlling a particular UP function. 
It would be technically possible for a given CP entity to use different F-TEID allocation solutions for different UP entities, however there is no benefit in doing so and this would complexify implementations. It is proposed to disregarded this option.

As a result, it is proposed that all the meshed CP and UP entities shall use the same F-TEID allocation solution. Use of different F-TEID allocation solution is not precluded in a PLMN, but between separate sets of CP and UP entities (e.g. in different SGW Service Areas).
5. How to ensure open interoperability between UP and CP functions?
CP and UP functions need to support at least one common F-TEID allocation solution to interoperate. 

It is practically not possible nor advantageous for operators and vendors to define both solutions as optional, as this would prevent interoperability between CP and UP functions implementing different solutions, and in practice, this would require all vendors to implement both solutions. 

The UP function is expected to be a simple forwarding device. F-TEID allocation in the CP allows for simpler and less-3GPP specific UP function. Thus it is proposed to mandate the support of F-TEID allocation in the CP and define the support of F-TEID allocation in the UP as optional. 
6. How should the CP and UP functions determine which solution to use? Should the network configuration be done at the CP or UP?
Assuming that all the meshed CP and UP entities use the same F-TEID allocation solution, it is proposed to configure at the CP function whether to assign the F-TEID in the CP or in the UP, when both solutions are supported. F-TEID allocation in the UP may be configured only if all the meshed CP and UP entities support F-TEID allocation in the UP. 
There will be far less CP entities than UP entities, thus configuring the solution to use in CP entities cause less operational overhead.
Conclusion

CT4 should discuss the above considerations. It is proposed to conclude that: 

1. The same F-TEID allocation solution shall be used by all the CP functions controlling a particular UP function.
2. All the meshed CP and UP entities shall use the same F-TEID allocation solution. 

3. F-TEID allocation in CP is mandatory to support. F-TEID allocation in UP is optional to support.
4. CP entities are configured with the solution to use (assign the F-TEID in CP or UP), when both solutions are supported.
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