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Abstract of the contribution: This paper proposes an updated solution for the SGW UP function performing the buffering feature.
Introduction 
In SA2#112 meeting, solutions of “buffering in the UP function” were agreed and documented in the TS 23.214. However, it is not clear how the SGW UP function triggers the SGW CP function to page the UE when the UP function receives the downlink packets.
Discussion

In case of SGW UP function performing the buffering feature, when the first packet comes and no S1 tunnel exists, it has to trigger the SGW CP to page the UE. Similar to existing mechanism that SGW sends a DDN message to MME to trigger the paging, it is proposed that SGW UP function sends a signalling message towards the SGW CP to indicate this event.
It is concluded in the TR phase that an Sx session level reporting procedure can be used to report the Sx session related events by the UP function to the CP function so that the CP function can further instruct the packet handing on the UP function. 
Based on this conclusion, it is proposed that SGW UP sends an Sx reporting message (reporting trigger=paging, measurement info=bearer ID) to the SGW CP, when SGW UP receives the first downlink packet on a S5/S8 bearer but no S1 tunnel exist.

On receiving this reporting message, SGW CP decides whether to trigger the MME to page the UE. If SGW CP decides to trigger the paging, it sends a Downlink Data Notification message without delay as defined in TS 23.401. If the SGW CP decides not to trigger the paging due to “Delay Downlink Packet Notification Request” parameter indicated by the MME and the parameter D has not expired, SGW CP should not send Downlink Data Notification message until the timer expires.
In the clause 5.7.3, TS 23.214: Buffering in UP function, an editor’s note remains unsolved:
Editor's note: For per bearer extended buffering in the SGW-U, it is FFS whether buffering parameters (i.e. DL Buffering Duration and DL Suggested Packet Count parameters defined in TS 29.274 [7] clause 7.2.11.1) are provided by the SGW-C to the SGW-U, or whether they are managed by the SGW-C using a specific Sxa interaction allowing the SGW-C to request the SGW-U to stop buffering.

In case that UP function performs buffering, it is proposed that UP function should be aware of the buffering parameters. Otherwise, the buffered data may exceed the threshold set by MME.
Proposal
It is proposed that the following text is added as a solution to key issue 1 into TR 23.714.
**** First Change ****
5.7.3
Buffering in UP function

When the UE moves to ECM-IDLE state, if the SGW-C decides to activate buffering in SGW-U for the session, it shall inform the SGW-U to stop sending data to the eNodeB. This will implicitly result in starting buffering the downlink data packets in SGW-U. 
After starting the buffering, when the first downlink packet comes on a certain bearer, SGW-U triggers the SGW-C to page the UE. SGW-U sends an Sx reporting message (reporting trigger=paging, measurement info=bearer ID) to the SGW CP. Bearer ID identifies the S5/S8 bearer receiving the downlink packet.
On receiving this reporting message, SGW-C decides whether to trigger the MME to page the UE. If SGW-C decides to trigger the paging without delay, it sends a Downlink Data Notification message to MME as defined in TS 23.401[2]. 
If the SGW-C decides not to trigger the paging due to “Delay Downlink Packet Notification Request” parameter indicated by the MME and the parameter D has not expired, SGW-C shall send Downlink Data Notification message to MME when the timer expires. 
SGW-C verifies the UEs of the MME which served by the SGW-U. SGW-C shall respond SGW-U in the Sx reporting ACK message (parameter D, bearer ID(s)) to indicate that SGW-U shall buffer the Downlink Data for a period D when receiving downlink packet on the impacted bearer(s). The bearer IDs identify all the established bearers of the UEs served by the SGW-U. 
When the UE transition to the ECM-CONNECTED state, the SGW-C shall update the SGW-U via Sxa interface with the F-TEIDu of the eNodeB. The buffered packets, if any, are then forwarded to the eNodeB by the SGW-U. When received from MME, SGW-C shall signals the buffering parameters including DL Buffering Duration and DL Suggested Packet Count to the SGW-U. SGW-U invokes the buffering functionality according to these parameters for the UE.
If the F-TEIDu of the eNodeB is received before the expiry of parameter D, the timer shall be removed on the corresponding bearers.

Buffered packets are transferred directly from the old SGW-U to the new SGW-U in case of SGW-U relocation.
Throttling mechanism by which the MME uses Downlink Data Notification Acknowledgement messages with Data Notification Delay and DL low priority traffic Throttling parameters, is handled by the SGW-C as follows: 

-
On receiving Downlink Data Notification Acknowledgement, the SGW-C determines which bearers are subject to the throttling of Downlink Data Notification requests on the basis of the bearer's ARP priority level and operator policy.
-
For those bearers, the SGW-C requests the SGW-U to start buffering or to stop buffering (and discard buffered packets) using a specific Sxa interaction.
Editor's note: Further details, e.g. buffering mandatorily supported either in control or user plane, will be defined during normative phase to avoid deployment scenario in which buffering is not supported at all in the core network.
**** End of Changes ****
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