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Abstract of the contribution: This paper discusses how about usability of pending data indication.
1
Discussion
It was agreed to provide pending data indication to RAN node for timely delivery of MT data/signaling, as specified in 5.4.1.3 of TS 23.501.
/* In order to allow for timely delivery of mobile terminated data and/or signalling, when a UE in MICO mode transitions to CM-CONNECTED, the AMF may provide a Pending Data indication to the RAN node. If the RAN node receives this indication, the RAN node may take this information into account when determining user inactivity. */
However, detail behaviour for pending data indication is not clear. 

Question 1. UE in MICO mode tries to transition to CM-CONNECTED, since it has pending MO data. The UE performs service request procedure (or registration update procedure with ‘PDU session(s) to be re-activated’) to establishes User plane connection as well as NAS signalling connection. Then AMF informs SMF that the UE is reachable and PDU session ID to be re-activated. The SMF performs Session Establishment procedure with UPF, and responds to AMF with including N1/N2 SM information. These SM messages are forwarded to RAN and UE. In this scenario, why AMF needs to send pending data indication to RAN node? 
Let’s quickly check TS 23.401 to refer EPC feature – to support High Latency Communication. For ‘high latency’ communication, ‘high latency’ refers to the time it takes before a UE has woken up from its power saving state and responded to the initial downlink packet(s). It means, extended buffering is assumed for this feature.




Clause 4.3.17 describes behaviour for pending data indication as follows:
/* If the MME is aware that some signalling or data is pending in the network for an UE that is known as being unreachable for a long duration, e.g. for UE's having extended idle mode DRX or PSM enabled, the MME may include a Pending Data indication in the next S1-AP message towards an eNB. If the eNB receives this indication, the eNB may take this information into account when determining user inactivity. At inter-RAN node handovers, if some signalling or data are still pending, the target MME may send a Pending Data indication to the target RAN node.*/
With taking the yellow part into account, the SMF should support extended buffering and should inform AMF there is buffered downlink data for the MICO UE. However, as SA2 discussed in the last meeting at Hangzhou, IoT related optimization should be deferred to 5G system phase 2, and the extended buffering support is such that one of the optimizations.

On the other side, the benefit of pending data indication seems negligible. The MICO mode UE has woken up by performing Service request procedure, and PDU session(s) is supposed to be activated. Therefore, pending downlink data on UPF should be transferred to RAN node after PDU session activation as a part of service request procedure. In this case, the only benefit of pending data indication (from AMF to RAN) is for the case if RAN node releases RRC connection for UE right after PDU session activation and before pending downlink data arrives to RAN node, which is undesired situation. For pending ‘signalling’ perspective, such as SMS over NAS, or Location services, which may take more time than data transfer, the indication to keep UE connected at RAN node makes sense. 

In summary, we do not need to have pending data indication since there is no benefit from current standpoint of 5G system phase 1. Though, we may rather keep ‘pending signalling indication’ for SMS over NAS, or other pending signalling which can be determined by AMF.
Proposal: Change Pending data indication to Pending Signalling indication. Change on 23.501 is required.
Note that the author expects that the extended buffering feature (e..g, optimization for IoT case) should be discussed in 5GS phase 2 with regard to CIoT.
2
Proposals
It is proposed to capture the following change in TS 23.501. 
* * * * (First Change on 23.501) * * * 
5.4.1.3
Mobile Initiated Connection only (MICO) mode

A UE may indicate preference for MICO mode during initial registration or registration update. The AMF, based on local configuration, UE indicated preferences, UE subscription information and network policies, or any combination of them, determines whether MICO mode is allowed for the UE and indicates it to the UE during Registration procedure.

The UE and core network re-initiates or exits the MICO mode at subsequent registration signalling. If MICO mode is not indicated explicitly in Registration procedure and registration procedure is successful, then both the UE and the AMF shall not use the MICO mode i.e. the UE behaves as a normal UE and the network treats the UE as a normal UE.

The AMF assigns a registration area to the UE during the registration procedure. When the AMF indicates MICO mode to a UE, the registration area is not constrained by paging area size. If the AMF serving area is the whole PLMN, based on local policy, and subscription information, may decide to provide an "all PLMN" registration area to the UE. In that case, re-registration to the same PLMN due to mobility does not apply.
If mobility restrictions are applied to a UE in MICO mode, the AMF needs to allocate an allowed area/non-allowed area to the UE as specified in clause 5.3.4.1.
When the AMF indicates MICO mode to a UE, the AMF considers the UE always unreachable while in CM-IDLE. The AMF rejects any request for downlink data delivery for UE in MICO mode and CM-IDLE with an appropriate cause. The AMF also defers downlink transport over NAS for SMS, location services, etc. The UE in MICO mode is only reachable for mobile terminated data or signalling when the UE is in CM-CONNECTED mode.
In order to allow for timely delivery of mobile terminated signalling, when a UE in MICO mode transitions to CM-CONNECTED, the AMF may provide a Pending Signalling indication to the RAN node. If the RAN node receives this indication, the RAN node may take this information into account when determining user inactivity.
A UE in MICO mode need not listen to paging while in CM-IDLE. A UE in MICO mode may stop any access stratum procedures in CM-IDLE, until the UE initiates CM-IDLE to CM-CONNECTED mode procedures due to one of the following triggers:

-
A change in the UE (e.g. change in configuration) requires an update its registration with the network.

-
Periodic registration timer expires.
-
MO data pending.
-
MO signalling pending (e.g. SM procedure initiated).
Editor's note:
It is FFS whether the AMF indicates to the RAN that the UE is in MICO mode.

If a registration area that is not the "all PLMN" registration area is allocated to a UE in MICO mode, then the UE determines if it is within the registration area or not when it has MO data or MO signalling.
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