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Abstract of the contribution: This contribution proposes buffering of the downlink data when the UE in CM-IDLE mode. This contribution is intended for user plane management section of 3GPP TS 23.501.

Discussion 
There are two options exist for supporting buffering of downlink data when the UE in CM-IDLE mode:

· Buffering in SMF

· Buffering in UPF.

Both options have its advantages and disadvantages. The following criteria are considered for the evaluation of the buffering support:

	Evaluation Criteria
	Buffering of downlink data

	
	Buffering in SMF
	Buffering in UPF

	Buffering location
	- Require transmission of data packets twice over the N4 causing overhead in both directions, from UPF to SMF for buffering and from SMF to UPF for releasing packets.
- May cause delay in communicating downlink data notification messages
	Does not require dual transmission of data packets over N4 interface and hence more efficient.

	Latency
	More suitable for applications requiring buffering for longer duration and/or high latency tolerant applications.
	More suitable for low latency tolerant applications and also for the application requiring buffering for shorter duration (and hence requiring smaller buffer size).

	Resiliency to restart/failure of the UPF
	Since buffering is done in the SMF, there may not be a need of transferring buffered packets to the new UPF (unless SMF changes during the PDU session).
	Buffering UPF is also a PDU session anchor. This will eliminate impact of UPF relocation on buffering. In case of restart or failure of the UPF, depending on the state of the UPF, full recovery of the buffered packets may not be possible.

	Buffering duration management
	Buffering duration can be managed by the SMF. 
	Buffering duration can be managed by the UPF or can also be handled by the SMF. In addition, the SMF also needs to control throttling at the UPF.


Proposal
We believe that decision on whether to support buffering by the SMF or UPF should be based on the type of session requested by the UE and/or other criteria such as local configuration. For a session requiring high efficiency and low latency where buffering for a very short duration is essential, it will be more appropriate to buffer packets at the UPF. However, for UEs which are tolerant to high latency and/or require buffering for a longer duration, buffering at the SMF may be more appropriate.
Proposal

***** Start of Change (all new text) *****

5.8.x
Buffering of downlink data
The UPF referred in this clause is the UPF having PDU session anchoring function.
Buffering of the downlink packets can be performed in an SMF or UPF on a per UE session basis, based on the type of session requested by the UE and/or other criteria such as based on local configuration.

5.8.x.1
Buffering in CP function

When the UE moves to an CM-IDLE state, if the SMF decides to activate buffering, it shall inform the UPF to stop sending data packets to (R)AN and start forwarding the downlink data packets towards the SMF.

When the UE transitions to a CM-CONNECTED state, the SMF shall update the UPF via N4 interface with the UPF address and downlink tunnel identifiers. If there are buffered packets available and their buffering duration has not expired, the SMF shall forward those packets to the UPF outside of the control plane signalling to relay them to the UE. These packets are then forwarded by the UPF to the (R)AN.

5.8.x.2
Buffering in UP function

When the UE moves to a CM-IDLE state, if the SMF decides to activate buffering in UPF for the session, it shall inform the UPF to stop sending data to the (R)AN. This will be an implicit indication to start buffering the downlink data packets in UPF. The buffering timers are handled by the SMF.

After starting the buffering, when the first downlink packet arrives, the UPF shall inform the SMF by sending an N4 Reporting message. On receiving this reporting message, the SMF shall respond to the UPF with an N4 Reporting Ack message indicating that the UPF shall buffer the packets along with list of affected data flows. The SMF shall instruct the UPF to stop buffering or drop the buffered data packets and requesting to report any new arrival of a downlink packet once the buffering timer expires.

Editor’s Note: Details on N4 Reporting procedure are FFS.

When the UE transitions to the CM-CONNECTED state, the SMF shall update the UPF via N4 interface with the downlink tunnel identifies and (R)AN address. The buffered packets, if any, are then forwarded to the (R)AN by the UPF. The buffering timer at the SMF is removed.

Buffered packets are transferred directly from the Source UPF to the Target UPF in case of UPF relocation. 
On receiving Downlink Data Notification, the SMF determines which N3 tunnels are subject to the throttling on the basis of the operator policy and other criteria. For those N3 tunnels, the SMF requests the UPF to start buffering or to stop buffering (and discard buffered packets).

Editor’s Note: It is FFS what criteria SMF will consider for deciding which N3 tunnels will be throttled.
Editor’s Note: Exact parameters exchanged for throttling support over N4 will be defined in stage 3. 
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