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Abstract of the contribution: This paper discusses the pros and cons of support of buffering in UP function and CP function respectively, and proposes to mandate the support of buffering in the user plane function. Optionally the control plane function may support buffering and decides to perform buffering in the control plane function based on information such as UE type (e.g. the UE may or may never apply PSM).
1. Introduction
At SA2#115 meeting, FS_CUPS concluded that buffering of data packets can be supported in the control plane function as well as in the user plane function and the mechanism can be used for both the extended mode and normal mode buffering of the packets. However, an open issue is left for decision if buffering is mandatorily supported in control plane function or user plane function to avoid a scenario in which buffering is not supported at all in the core network. This open aspect needs to be resolved when it comes to the normative work.
2. Discussion
As described in the evaluation part for supporting extended buffering for the UE in power saving mode in the TR 23.714, buffering of data packets in control plane function or user plane function have their advantages and disadvantages, respectively. 
While this evaluation is applicable to extended buffering for UE in power saving mode, it may not be applicable to buffering for UE in normal mode. Especially for smart phones - which will never enter power saving mode - all of the advantages for buffering in control plane function are not applicable: 
-
Relatively simpler functionality of the (SGW) user plane function since support for per subscriber different buffering duration and the buffer size are not required.
For smart phones in normal mode: Buffering does not need to be treated differently per subscriber.
-
Resilient to restart/failure of the user plane function.

For smart phones in normal mode: The buffered data can be discarded if the user plane function fails or restarts.
-
Results in relatively less interaction between control and user plane function, e.g. no interaction is needed if the Downlink Data Notification messages are to be throttled and buffered packets for a subscriber need to be discarded.
For smart phones in normal mode: The user plane function can always decide to discard the buffered packets if there is no response received for the DDN messages.
Observation 1: There is no benefit for buffering in control plane function for smart phones in normal mode.
For the UEs which will never apply PSM, e.g. smart phones, the buffering of data packets in normal mode could be supported in the control plane function with the following drawbacks:
· The UE behaviour is undetermined and the time between the ECM_IDLE mode and ECM_CONNECTED mode could be quite short, e.g. from milliseconds to a few seconds. Forwarding the data packets back and forth between the user plane function and control plane function does not bring any benefit. Instead, this would introduce extra traffic over the Sx interface, risk potential loss of data packets, and introduce unnecessary delay of the data transport to the UE. The extra traffic would impact the normal performance of the control plane function and user plane function, especially in the case the state of smart phones changes between ECM_IDLE and ECM_CONNECTED quite frequently, which would result in the need of more network resources and increases network cost. The delay of the data transport to the UE may have impact on the services and user’s experience especially in case of real-time communication.
· For some services, the data packets have to be transported to the UE in a sequence, i.e. the packets received earlier need to be transported first. In this case, if the data packets are buffered in the control plane function and the UE becomes reachable again, the buffered data will be sent back to the user plane function. At the same time, there might still be downlink packets arriving at the user plane function. The user plane function has to buffer the arriving downlink packets, and transport the buffered data received from the control plane function first. Even if the related application or TCP protocol on the UE is able to reassemble the receiving packets, the reassembling would have impact on the efficiency of the packet handling and therefore have impact on the service and user experience.
· In some cases, there might be flood of traffic reaching the user plane function due to e.g. misbehaved applications or DDoS from internet. If the user plane function simply forward all the packets received to the control plane function, the control plane function may become overloaded and unable to provide service at all. Therefore, the user plane function has to be able to do some traffic control, when forwarding the packets to the control plane functions, which implies buffering capability has to be supported in the user plane function.
Observation 2: Support buffering of data packets in control plane function would make the network more complex and increases the total cost for the network deployment, due to the additional traffic over Sx, the risk of potential loss of data packets, the traffic control and potential shaping of the packets before and after packet forwarding in both user plane function and control plane function. In order to provide good user experience and guarantee the reliability of the network, the user plane function has to support buffering capability anyway.
Since the UEs which may apply PSM and the smart phone kind of UEs require different services and the network will handle these two types of UEs in different ways, even the network serving them might be different, e.g. dedicated network might be deployed for the UEs which may enter PSM, it is quite possible to apply different buffering mechanisms for smart phones and the UEs which may apply PSM.
For UEs which enter power saving mode, the UE behaviour is known by the network with respect to how long the buffering has to remain and what buffer size can be expected, and there might be some trade-off between the benefit of buffering at control plane function and the extra traffic over Sx interface, risk of potential loss of data packets and other aspects. Therefore, the buffering may be supported in either control plane function or user plane function. For these kinds of UEs, the buffering of data packet can be handled in the same way for both extended and normal mode buffering.
However, the behaviour of smart phones is undetermined, and the user of a smart phone wants to be able to receive terminating real-time services at any point in time, e.g. IMS voice and video services. The disadvantages with buffering at control plane function would not be acceptable considering the network inefficiency and complexity or bad user experience. 
Observation 3: The behaviours of UEs which may enter power saving mode and the smart phone kind of UEs are different, there is no need to apply the same buffering mechanism to all kinds of UEs.
The desire to get a lightweight user plane function should not sacrifice the performance, security and reliability of the mobile network. It should be noted that the amount of smart phones in mobile network would be more than 2-3 times of the MTC devices which may apply PSM. From all the above, it can be seen that buffering data packets in control plane function for smart phones does not bring any benefit but impacts the user experience, brings additional traffic over Sx which leads to an inefficient network. In order to provide a reliable network, the user plane function has to support buffering capability.
3. Proposal
It is proposed that the support of the buffering is mandatory for the user plane function. Optionally the control plane function may support buffering and decides to perform buffering in the control plane function based on information such as UE type (e.g. the UE may or may never apply PSM).
For the UEs which may enter power saving mode, e.g. the NB-IOT type of UEs, the buffering of data packet can be handled in the same way for both extended and normal mode buffering, i.e. either buffering in user plane function, or buffering in control plane function. This is decided by the control plane function on a per UE or per PDN connection level.
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