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Abstract of the contribution: This contribution discusses TEID allocation and UP buffering and analyses whether they can be made mandatorily supported in CP or UP function.
Introduction

As part of the CUPS study a few aspects were agreed to be optionally supported either in the CP function or in the UP function:

-
GTP-U F-TEID management, including allocation and release

- 
UP buffering, for IDLE mode, as well as extended buffering for e.g. PSM. 

Lately it has been discussed that due to multi-vendor interoperability, 3GPP should agree on mandatory support for these functions in either CP function or UP function. 
Discussion
GTP-U F-TEID management

F-TEID management is a 3GPP-specific function related to GTP support and includes the support for managing F-TEID space (IP addresses and TEIDs), including allocating and releasing TEIDs and ensuring uniqueness of F-TEIDs. 
The selected GTP-U F-TEID always need to be available in both CP function (in order to be signalled to peer CP functions) and in the UP function (in order to apply it for UP processing). In case the CP function selects TEID it need to inform the UP function about it, and in case UP function selects TEID it need to inform the CP function about it. 

Observation 1: There is no clear performance benefit of supporting the TEID management in CP function vs. UP function

Mandating it in the UP function would put a mandatory requirement that all UP function would need to fulfil. Since TEID allocation is needed even for the most basic use cases (e.g. with only default QoS and basic charging). It would thus reduce the possibility for deploying CUPS with simple UP functions that have a minimum of 3GPP-specific functionality for such use cases. All UP functions deployed for CUPS would need to have this capability. This is different from many other 3GPP specific functions (e.g. support for Application ID, FMSS) that are optional to support.
Observation 2: Mandating TEID allocation in UP function puts a mandatory 3GPP specific requirement on all UP functions and thus reduces the possibility to deploy UP functions with low complexity and few 3GPP-specific functions for use cases where this otherwise would be possible.
Also UP restart aspects are worthy to consider, and even though they are primarily a topic for CT4 discussions they have also been discussed during the SA2 CUPS study phase. When a UP function rebuilds the sessions after a UP restart (or UP replacement/redundancy) it implies that existing TEIDs (and GTP-U IP addresses) need to be downloaded to the UP before the UP will know what user contexts that are existing. Having F-TEID allocations on the UP function and then restoration with CP-provided F-TIEDs will require synchronization before the rebuild is final. This can for instance slow down a restoration or a redundant take-over for a failing UP entity. It is even more problematic if a UP function is shared by a number of CP functions.
Observation 3: TEID allocation in UP gives more complicated failure handling.
Conclusion 1: It is our conclusion that if F-TEID allocation needs to be mandatorily supported somewhere it should be mandatory for CP function to support it. Making it mandatory in the UP function makes the UP function unnecessarily complex, rules out certain deployment scenarios and complicates restoration procedures.
User plane buffering for UEs in IDLE state, PSM etc

User plane buffering is functionality needed for UEs in IDLE state, PSM etc. Buffering in general is concept supported by many UP platforms such as routers or switches and in other contexts related to packet switched communication. However, 3GPP-specific additions for buffering in the UP function is needed since buffering is controlled based from the CP function based on the UE state, the UP function also needs to generate Sx control-plane events when a packet arrives to the buffer and need to manage buffer sizes and buffering duration as required by 3GPP specifications. For PSM such buffer sizes and buffering during is managed per UE. The complexity with buffering in the UP function could however be reduced by letting the CP function create the DDN message based on a trigger from the UP function, to avoid the UP function to provide Bearer ID, ARP, Paging and Service Information etc.  

Observation 4: Even though buffering is in principle a general concept, buffering introduces complexity to the UP function that reduces the possibility to deploy simple UP functions for use cases where this otherwise would be possible.
At previous meetings, supporters of buffering in the UP function have claimed a number of drawbacks with buffering in CP function, but such drawbacks are debatable:

-
It has been claimed that buffering in the CP function has drawbacks since down-link UP packet(s) need to be forwarded to the CP function (when UE is IDLE) and back to the UP function (when UE moves to CONNECTED) and that this causes additional delay. However, in most cases there is only a single down-link UP packet that triggers the DDN and other down-link packets will only be received after the UE has moved to CONNECTED and replied to that first packet. Therefore, since there is anyway a need to signal (a DDN) to the CP function even if buffering is done in the UP function, there is actually no difference in delay between the two options. In fact, buffering in CP function may actually have lower delay since there is need for less processing in the UP function, and this depends on product implementation. The only difference is the relatively smaller size of the control plane packet sent in case of buffering in UP function compared to the user plane packet in case buffering is done in CP function.  

-
It has also been claimed that in-sequence delivery of packets is tricky when the UE moves to CONNECTED state and the UP function has to forward both buffered packets received from the CP function as well as other down-link packets coming in at the same time. However, this is a very unlikely scenario since in most cases there will only be a single down-link packet and the UE needs to reply before additional down-link packets are received. Also, even if there would be other down-link packets, in-order delivery is anyway not guaranteed on IP networks and therefore applications has to be able to handle such (unusual) events.

- 
It is claimed that DDoS handling due to flood of incoming DL packets may be an issue if buffering is done in the CP function but handling of such attacks would be needed in both alternatives unless DDN-triggering capacity is supporting all terminals doing it simultaneously. 
Observation 5: There are no major performance related differences between buffering in CP function and UP function.
Conclusion 2: There are pros and cons with buffering in both CP function and although we have a preference for buffering in CP function in UP function we are open to discuss solutions where it is mandated in either CP function or UP function. 
Proposal

It is proposed that support for GTP-U F-TEID management is mandatory in the CP function, and that it is mandatory for the UP function to support the case with F-TEID allocation in the CP function. 
Optionally the UP function supports GTP-U F-TEID management. As already concluded in TR 23.714 and documented in TS 23.214, whether F-TEIDu allocation/release is performed by CP function or UP function is determined by network configuration and not dynamically decided.  
There are pros and cons with buffering in both CP function and in UP function and although we have a preference for buffering in CP function we are open to discuss solutions where it is mandated in either CP function or UP function. 
3GPP

SA WG2 TD


