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Abstract: This paper clarifies how the AMF disallow MICO mode for the UE. The AMF may disallow MICO mode for the UE according to communication pattern parameters to enable delay-sensitive DL communication.
Introduction
In clause 5.4.1.2.1, TS23.501, it says “A UE is reachable by CN paging in CM-IDLE state unless the UE applies MICO mode.” In clause 4.3.1.3, TS23.501 it says “The UE and core network re-initiates or exits the MICO mode at subsequent registration signalling.” According to the text, in order for an application to deliver delay sensitive MT data to the UE, the AMF should disallow MICO mode for the UE and keeps the UE reachable in CM-IDLE state during the periods when the MT data delivery is expected. This can be achieved by the application providing communication patterns describing when such DL communication may be initiated. The AMF can then disallow MICO mode for the UE accordingly.
If the UE is assigned with MICO mode and has scheduled DL communication indicated in the communication pattern, the AMF may determine a periodic registration timer value for the UE such that the UE will perform registration update before the scheduled DL communication happens. During registration update, the AMF may disallow MICO mode for the UE so that the UE in CM-IDLE state is reachable for the delay-sensitive MT data. 
 NOTE1: 
It is expected that the synchronization is loose. For example, if the DL communication is scheduled between 13:00 and 14:00, the AMF may request the UE in MICO mode to perform registration update to exist MICO mode at 12:55. How early the UE exists MICO mode is implementation specific. The synchronization should be loose enough to tolerate time inaccuracy and signalling delay.
The application may also subscribe to receive UE reachability notifications. The application may hold on DL communication until it is notified about the UE existing MICO mode. This helps reduce data buffering overhead in the network. 

Proposal
It is proposed to make the following changes to the TS 23.501 (architecture).
***** Begin of 1st Change *****
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 may disallow MICO mode for the UE if the available communication pattern parameters indicate that scheduled DL communication is happening soon, e.g. within a preconfigured time window. If the UE is assigned with MICO mode and has scheduled DL communication indicated in the communication pattern, the AMF shall determine a periodical registration timer value for the UE such that the UE performs registration update to renegotiate MICO mode before the scheduled DL communication happens. 
NOTE1: 
It is expected that the synchronization is loose. For example, if the DL communication is scheduled between 13:00 and 14:00, the AMF may request the UE in MICO mode to perform registration update to exist MICO mode at 12:55. How early the UE exists MICO mode is implementation specific. The synchronization should be loose enough to tolerate time inaccuracy and signalling delay.

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.

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).

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.
***** End of 1st Change *****
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