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Abstract: This document analyzes how to handle the MT data transport triggered by MO data transport when the MICO mode is applied. It is proposed to introduce timer based scheme for MICO mode.
1 Introduction
The MICO mode is introduced to optimize the power efficiency and signalling efficiency of the UE when in CM-IDLE state. When the AMF indicates MICO mode to a UE, the AMF considers the UE always unreachable while the UE CM state in the AMF is CM-IDLE. The AMF rejects any request for downlink data delivery for UE in MICO mode and whose UE CM state in the AMF is 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.
For some scenario, the MO data transport may trigger the MT data transport, e.g. a UE sends a request to an Application Server (AS), and the AS will send a response message to the UE subsequently after a long or short response time. However, if the MICO mode is applied, the UE shall transit to CM-IDLE state and enter MICO mode after the MO data transport. Thus the current MICO mode cannot support the MT data transport triggered by the MO data, especially the MT data is received after the UE enters CM-IDLE for some scenarios that the AS is with long response time.
To support the MT data transport triggered by the MO data, some possible solutions are analyzed as following:

	Solution
	Description
	Impact on UE
	Impact on network
	Notes

	Keep UE in CM-CONNECTED
	Keep the UE in CM-CONNECTED state until the MT data is received by the UE.
	may cause excessive power consumption
	Long inactive timer needs to be configured.
	Excessive power consumption is unacceptable for some power-sensitive UEs.

	Extended buffering solution
	The UPF can buffer the MT data until the UE enters CM-CONNECTED next time.
	No impact
	Extended buffering (introduced by HLCOM) needs to be supported by AMF/SMF/UPF.
UPF may need to buffer large amount of MT data.
	Impact on UPF buffer needs to be considered.
MT data buffering time may beyond the latency tolerance of the Application.

	Timer-based solution
	The UE and AMF start a Timer when the UE enters the CM-IDLE state. And when the Timer expires, the UE enters the MICO mode.

The length of Timer shall be appropriate to allow receiving the MT data.
	Timer negotiation with network.
Listen the paging when the timer doesn’t expire.
	Timer negotiation with UE.

Support paging function.
	The length of the Timer can be set to 0 seconds if the UE cannot support paging.


Based on the above analysis, the Timer-based solution is proposed as following:

· The UE and AMF start a timer when the UE enters the CM-IDLE state. And when the timer expires, the UE enters the MICO mode.

· The UE and AMF can negotiate the value of the timer during the registration procedure.

· The length of the timer shall be appropriate to allow receiving the MT data, and the application specific information may be considered, e.g. the Maximum Response Time.

· The length of the timer may be set to 0 seconds if the UE cannot support paging. 
Proposal
It is proposed to make the following changes to the TS 23.501 (architecture).

***** Begin of Change *****
5.4.1
UE reachability in CM-IDLE

5.4.1.1
General

Reachability management is responsible for detecting whether the UE is reachable and providing UE location (i.e. access node) for the network to reach the UE. This is done by paging UE and UE location tracking. The UE location tracking includes both UE registration area tracking (i.e. UE registration area update) and UE reachability tracking ((i.e. UE periodic registration area update)). Such functionalities can be either located at 5GC (in case of CM-IDLE state) or NG-RAN (in case of CM-CONNECTED state).

The UE and the AMF negotiate UE reachability characteristics for CM-IDLE state during registration and registration update procedures.

Two UE reachability categories are negotiated between UE and AMF for CM-IDLE state:

1.
UE reachability allowing Mobile Terminated data while the UE is CM-IDLE mode.

-
The UE location is known by the network on a Tracking Area List granularity

-
Paging procedures apply to this category.

-
Mobile originating and mobile terminated data apply in this category for both CM-CONNECTED and CM-IDLE mode.

2.
Mobile Initiated Connection Only (MICO) mode:

-
Mobile originated data applies in this category for both CM-CONNECTED and CM-IDLE mode.

-
Mobile terminated data is only supported when the UE is in CM-CONNECTED mode, and in CM-IDLE mode with the Active timer not expiring.

Whenever a UE in RM-REGISTERED state enters CM-IDLE state, it starts a periodic registration timer according to the periodic registration timer value received from the AMF during a registration procedure.

The AMF allocates a periodic registration timer value to the UE based on local policies, subscription information and information provided by the UE. After the expiry of the periodic registration timer, the UE shall perform a periodic registration. If the UE moves out of network coverage when its periodic registration timer expires, the UE shall perform a registration update when it next returns to the coverage.
The AMF runs a Mobile Reachable timer for the UE. The timer is started with a value longer than the UE's periodic registration timer whenever the CM state for the UE in RM-REGISTERED state changes to CM-IDLE. If the AMF receives an elapsed time from RAN when RAN initiate UE context release indicating UE unreachable, the AMF should deduce a Mobile Reachable timer value based on the elapsed time received from RAN and the normal Mobile Reachable timer value. The AMF stops the Mobile Reachable timer, if the UE CM state in the AMF moves to CM-CONNECTED state. If the Mobile Reachable timer expires, the AMF determines that the UE is not reachable.

However, the AMF does not know for how long the UE remains not reachable, thus the AMF shall not immediately de-register the UE. Instead, after the expiry of the Mobile Reachable timer, the AMF should clear the PPF flag and shall start an Implicit De-registration timer, with a relatively large value. The AMF shall stop the Implicit Deregistration timer and set the PPF flag if the AMF moves the UE CM state in the AMF to CM-CONNECTED state.
NOTE:
If the UE CM state in the AMF is CM-IDLE, then AMF considers the UE always unreachable if the UE is in MICO mode (refer to clause 5.4.1.3).

If the PPF is not set, the AMF does not page the UE and shall reject any request for delivering DL signalling or data to this UE.

If the Implicit De-registration timer expires before the UE contacts the network, the AMF implicitly de-register the UE.

As part of deregistration for a particular access (3GPP or non-3GPP), the AMF shall request the UE's related SMF to release the PDU Sessions established on that access.
5.4.1.2
UE reachability allowing mobile terminated data while the UE is CM-IDLE

The AMF considers a UE in RM-REGISTERED state to be reachable by CN paging if the UE CM state in the AMF is CM-IDLE state unless the UE applies MICO mode and the Active timer expires.
5.4.1.3
Mobile Initiated Connection Only (MICO) mode

A UE may indicate preference for MICO mode and optionally request an Active Time value during Initial Registration or Registration Update procedure. The AMF, based on local configuration, Expected UE Behaviour if available, UE indicated preferences, UE subscription information and network policies, or any combination of them, determines whether MICO mode is allowed and optional an Active Time value for the UE, and indicates it to the UE during Registration procedure. If the UE does not indicate preference for MICO mode during Registration procedure, the AMF shall not activate MICO mode for this UE. The UE and AMF start the Active timer with the Active Time value allocated by the network when transitioning from CM-CONNECTED state to CM-IDLE state. When the Active timer expires, the UE enters the MICO mode.
The UE and the AMF re- negotiate the MICO mode and the Active Time value at every subsequent Registration procedure. When the UE is in CM-CONNECTED, the AMF may deactivate MICO mode by triggering Registration Update procedure through UE Configuration Update procedure as described in clause 4.2.4 in TS 23.502 [3].

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 the UE CM state in the AMF is CM-IDLE and the Active timer expires. The AMF rejects any request for downlink data delivery for UE in MICO mode and whose UE CM state in the AMF is CM-IDLE with an appropriate cause. For MT-SMS over NAS, the AMF notifies the SMSF that UE is not reachable, then the procedure of the unsuccessful Mobile terminating SMS delivery described in clause 4.13.3.9 in TS 23.502 [3] is performed. The AMF also defers location services, etc. The UE in MICO mode is only reachable for mobile terminated data or signalling when the UE is in CM-CONNECTED.

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 transition from CM-IDLE to CM-CONNECTED due to one of the following triggers:

-
A change in the UE (e.g. change in configuration) requires an update of 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.

When the MICO mode is enabled in the UE, the UE shall disable MICO mode via Registration procedure when initiating PDU Establishment procedure for Emergency Services.
***** End of Changes *****
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