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Abstract of the contribution: Discusses way forward for two open issues for EDT with UP optimization: (a) whether and when the RAN releases or suspends RRC connection if AS RAI indicates one UL packet only or one UL/DL packet pair only and (b) how to use EDT with UP optimization for CP data.
1. Background
In SA2#133, an exception sheet for 5G_CIOT was sent to SA plenary in S2-1906161, with one outstanding issue: “Support of EDT for 5GS UP optimisation”.
This contribution identifies two open issues regarding support of EDT for 5GS UP optimisation:

Open Issue 1: Handling of EDT for 5GS UP optimisation with AS RAI 

For the cases of “no further Uplink or Downlink Data transmissions are expected” or “only a single Downlink data transmission subsequent to this Uplink Data transmission is expected” (e.g. Acknowledgement or response to Uplink data), it would be beneficial that the RAN can release the RRC connection as soon as the expected transmissions as indicated in AS RAI are completed.
On the other hand, there may be pending MT data or signalling in the core network that the UE is unaware of, and therefore some mechanism is necessary for the core network to allow the RAN to release the RRC connection immediately. 

Open Issue 2: Coexistence of 5GS CP optimization with 5GS UP optimization
As agreed in S2-1906140, it is possible in 5G CIoT to have coexisting and concurrent N6 PDU sessions:   
“The UE may request to activate user plane resources for one or more PDU sessions for which Control Plane Only Indicator was not received as described in clause 5.31.4.x.”

“The SMF decides during service request procedure for Control Plane CIoT 5GS Optimisation, based on UE request, whether to activate user plane resources or not for each PDU session for which Control Plane Only Indicator was not indicated.”
“In CM-CONNECTED, the UE uses N3 delivery for PDU sessions for which user plane resources are established, and uses NAS for data transmission for PDU sessions for which user plane resources are not established.”
Therefore, it is possible that the UE has UP resources activated for one or mode PDU sessions (e.g. PDU session 1), and one or more PDU sessions using CP optimization for data transfer. Consider the following scenario: 

· The RAN decides to suspend RRC/N2 connection, then the UE AS context will contain user plane information for PDU session 1 and not PDU session 2 (PDU session 2 uses CP optimization for data transfer). 
· While the UE is in Suspended, an application bound to PDU Session 2 initiates a data transmission which consists in one UL packet. Given that it is data traffic over PDU session 2, CP service request with the small data packet is produced at NAS. Because the UE is in Suspended state, the UE would intitate EDT with UP optimization, but the payload would need carry the NAS PDU carrying data. 
· There is a need then to support UP- EDT and N2 resume procedure to carry a NAS payload carrying the control plane NAS data payload and potential subsequent NAS response from AMF.  
2. Proposed way forward for Handling of EDT for 5GS UP optimisation with AS RAI
2.1 RAI indicating “no further Uplink or Downlink Data transmissions are expected”
If the UE is initiating resume procedure for MO data and the RAI indicates “no further Uplink or Downlink Data transmissions are expected”, assuming there is no pending MT data or signalling in the core network, the RAN could release the connection immediately without affecting any service. In that case, especially for low power devices, the UE can return to RRC idle with Suspend state or to RRC idle and return to deep sleep state (e.g. by using eDRX or MICO) saving one round trip between the RAN and the CN. 

Observation 1: If UE initiates UP optimization resume procedure for MO data with RAI indicating no further UL or DL data transmission are expected, and there is no pending MT data or signalling in the CN, the RAN can forward UL data to the UPF and release the RRC connection immediately, saving one roundtrip delay between RAN and CN, reducing power consumption.
Note that since the UE would reset the periodic registration timer, the RAN would still need to initiate N2 procedure towards the AMF, even after the RRC release, in order for the AMF to reset the periodic registration timer as well.  In that case, the RAN would need to indicate that RRC connection has already been released.

For cases where the UE is using a power solution, e.g. extended idle mode DRX or MICO have been enabled, the UE may become unreachable for long periods of time. This means that when the UE initiates MO data for only one UL data packet (no further data expected), there may be data pending at the 5GC if extended buffering is enabled, or an AF may have subscribed to receive UE reachability notifications. There may also be signalling pending or MT SMS pending. 

If the RAN releases the connection and forwards UL data to the UPF without initiating N2 resume procedure towards the AMF, then 5GC will not be able to deliver the pending MT data or signalling in that occasion. 

Observation 2: If UE initiates UP optimization resume procedure for MO data with RAI indicating no further UL or DL data transmission are expected, and the RAN forwards UL data to the UPF and releases the RRC connection without initiating N2 resume procedure towards the AMF, then 5GC will not be able to deliver the pending MT data or signalling in that occasion.
This delays the delivery of MT data or completion of a NW initiated procedure until the next time the UE becomes reachable.
Observation 3: Therefore, the AMF needs to enable the immediate release in the RAN and disable it when there is pending data or signalling at the CN. 
Disabling the immiedate release of RRC connection when there is pending requires a new N2 message to indicate to RAN that immediate RRC release is disabled, which can increase N2 signalling if the traffic characteristics of the UE are such that there’s a relatively high probability that MT data arrives at the NW when the UE is unreachable in CM-IDLE, before the UE initiates MO data. 

One example case would be a UE using MICO mode, transmitting one UL packet every 3 hours, while a remote application creates MT data every 2 hours for this device. In that case, if every time the UE sends the one UL packet it gets suspended and immediate RRC connection release is allowed by the AMF, the UE moves to MICO mode and there will be an MT data packet arriving (within 2 hours) to the network before the UE sends the next one UL packet (3hs from last suspension). So there will always be a need to update the RAN with N2 message in between UE intiated resume procedures to disable immediate RRC connection, and immediate RRC connection release never occurs. In this scenario, there is increased N2 signalling at no benefit. Therefore it is better to just disallow the immediate RRC connection release altogether. 
Observation 4: If the traffic characteristics are such that there may be relatively frequent MT data arriving at the NW when the UE is unreachable in CM-IDLE, disabling the immediate release of RRC may actually increase N2 signalling with little benefit.

Based on Observations 1-4 above, we propose the following way forward:

	Proposal 1:

During Suspend procedure, the AMF may decide to enable immediate release of RRC connection, e.g. based on local configuration. In that case, the AMF indicates to RAN that immediate release of RRC connection is allowed in N2 suspend response message. 

If the AMF indicated “immediate RRC connection release allowed” in the suspend procedure, the AMF may at any time initiate an N2 procedure to indicate “immediate RRC connection release disallowed”, e.g. due to MT data or signalling pending.

If the RAN receives “immediate RRC connection release allowed” indication during suspend procedure, and the UE indicates in AS RAI “no further Uplink or Downlink Data transmissions are expected”, the RAN may decide to release RRC connection before initiating N2 resume procedure. In that case, the RAN indicates “RRC connection released” indication to AMF in the N2 resume message.
If the RAN did not receive “immediate RRC connection release allowed” indication or received a “immediate RRC connection release disallowed” indication from the AMF, the RAN always initiates N2 resume procedure before RRC connection is released.


2.2 RAI indicating “only a single Downlink data transmission subsequent to this Uplink Data transmission is expected”

For the case of RAI indicating “only a single Downlink data transmission subsequent to this Uplink Data transmission is expected”, the RAN needs to always perform N2 resume, since there is downlink data expected. 

	Proposal 2: 

For the case of RAI indicating “only a single Downlink data transmission subsequent to this Uplink Data transmission is expected”, the RAN can indicate in N2 resume that it intends to suspend the RRC connection as soon as the downlink data packet is delivered. 

If the AMF does not know of any further MT data pending, the AMF may indicate “RRC connection release allowed” in N2 resume response. If the RAN receives “Fast RRC suspension allowed” in N2 resume response, the RAN may release the RRC connection at any time after the expected downlink packet is delivered. 

The AMF may alternatively provide an Extended Connected time, if it knows of  MT data or signalling pending. The RAN takes into account the Extended Connected time for the decision to release RRC connection. 

For every case, the RAN needs to know wether “immediate RRC connection release allowed”, so the RAN needs to initiate N2 suspend procedure. 


3. Proposed way forward for Coexistence of 5GS CP optimization with 5GS UP optimization
As discussed in section 1 (open issue 2), there is a need then to support RRC resume with EDT and N2 resume procedure to carry a NAS payload carrying the control plane NAS data pyload and potential subsequent NAS response from AMF. 
	Proposal 3: 

If Control plane optimization has been enabled, and UE enters CM-IDLE with supend state, and one or more PDU sessions do not have user plane resources activated, and the UE decides to use Control Plane optimisation for data delivery for one of those PDU sessions, the UE can initiate UP-EDT, and send the NAS PDU transporting UL data in the RRC resume message. 
The RAN node forwards the NAS PDU to AMF in N2 resume message.

The AMF can provide in N2 resume response message a NAS PDU, e.g. a NAS accept message. The AMF can also indicate, based on NAS RAI “RRC connection release allowed”. This indicates to RAN that no further data is expected as far as AMF knows. 

The RAN node decides whether to release RRC connection based on AMF indication.


4. Proposal
To introduce text to TS 23.501 and TS 23.502 based on Proposals 1, 2 and 3, as captured in S2-1906923 and S2-1906922 respectively.
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