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1.
Introduction
If AMF enables MICO (Mobile Initiated Communication Only) mode for the UE, the UE may stop any AS procedures in CM-IDLE. However, the AMF can enable the MICO mode only in RRC_CONNECTED with CM-CONNECTED, if the UE moves to RRC_INACTIVE, it is still in CM-CONNECTED.
In this paper, we discuss about issues of MICO mode in inactive state.
2.
Discussion
When a UE enables MICO mode, the UE may stop any AS procedures in CM-IDLE, until the UE performs state transition from CM-IDLE to CM-CONNECTED, referrto following table.
	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).


Table1: Part of section “5.4.1.3 Mobile Initiated Connection Only (MICO) mode” in TS 23.501. [1]
During MICO mode, the UE does not need to perform monitoring paging message, cell reselection and idle neighbour cell measurement, etc. 
Observation 1: A UE in MICO mode may stop any access stratum procedures in CM-IDLE including listening to paging.

 When a UE is in CM-CONNECTED state, the AMF may provide assistance information to the NG-RAN, to assist the NG-RAN's decision whether the UE can be sent to RRC Inactive state. Following table describes the assistant information related to inactive state.
	5.3.3.2.5
CM-CONNECTED with RRC Inactive state

RRC Inactive state applies to NG-RAN.

The AMF, based on network configuration may provide assistance information to the NG-RAN, to assist the NG-RAN's decision whether the UE can be sent to RRC Inactive state.

Editor's note:
It is FFS if the UE provides indication of support for RRC inactive state on NAS or AS layer.

The "RRC Inactive Assistance Information" includes:

-
UE specific DRX values;

-
The Registration Area provided to the UE;

-
Periodic Registration Update timer;

-
If the AMF has enabled MICO mode for the UE, an indication that the UE is in MICO mode;
-
Information from the UE permanent identifier, as defined in TS 38.304 [50], that allows the RAN to calculate the UE's RAN paging occasions.


Table2: Section “5.3.3.2.5 CM-CONNECTED with RRC Inactive state” in TS 23.501. [1]
 In “RRC Inactive Assistance Information” message, MICO mode indication is included. If this indication is configured to true, MICO mode is enabled for the UE. However, this indication does not mean for the UE to enable the MICO mode in inactive state, because common understanding of SA2 is that MICO mode is only for CM-IDLE state, refer to following tables describing MICO mode in specification 23.501
	5.3.3.2.2
CM-IDLE state

A UE in CM-IDLE state has no NAS signalling connection established with the AMF over N1. The UE performs cell selection/cell reselection according to TS 38.304 [50] and PLMN selection according to TS 23.122 [17].

There are no AN signalling connection, N2 connection and N3 connections for the UE in the CM-IDLE state.

If the UE is both in CM-IDLE state and in RM-REGISTERED state, the UE shall, unless otherwise specified in clause 5.3.4.1:

-
Respond to paging by performing a Service Request procedure (see TS 23.502 [3] clause 4.2.3.2), unless the UE is in MICO mode (see clause 5.4.1.3);
-
perform a Service Request procedure when the UE has uplink signalling or user data to be sent (see TS 23.502 [3] clause 4.2.3.2). Specific conditions apply for LADN, see clause 5.6.5.

When the UE state in the AMF is RM-REGISTERED, UE information required for initiating communication with the UE shall be stored. The AMF shall be able to retrieve stored information required for initiating communication with the UE using the 5G-GUTI.

NOTE:
In 5GS there is no need for paging using the SUPI/SUCI of the UE.

The UE provides 5G-S-TMSI as part of AN parameters during AN signalling connection establishment as specified in TS 38.331 [28] and TS 36.331 [51]. The UE shall enter CM-CONNECTED state whenever an AN signalling connection is established between the UE and the AN (entering RRC Connected state over 3GPP access, or at the establishment of the UE-N3IWF connectivity over non-3GPP access). The transmission of an Initial NAS message (Registration Request, Service Request or Deregistration Request) initiates the transition from CM-IDLE to CM-CONNECTED state.

When the UE states in the AMF are CM-IDLE and RM-REGISTERED, the AMF shall:

-
perform a network triggered Service Request procedure when it has signalling or mobile-terminated data to be sent to this UE, by sending a Paging Request to this UE (see TS 23.502 [3] clause 4.2.3.3), if a UE is not prevented from responding e.g. due to MICO mode or Mobility Restrictions.

The AMF shall enter CM-CONNECTED state for the UE whenever an N2 connection is established for this UE between the AN and the AMF. The reception of initial N2 message (e.g., N2 INITIAL UE MESSAGE) initiates the transition of AMF from CM-IDLE to CM-CONNECTED state.

The UE and the AMF may optimize the power efficiency and signalling efficiency of the UE when in CM-IDLE state e.g. by activating MICO mode (see clause 5.4.1.3).


 Table3: Section “5.3.3.2.2
 CM-IDLE state” in TS 23.501. [1]
	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 the case of CM-IDLE state) or NG-RAN (in the 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 state.

-
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 state.

2.
Mobile Initiated Connection Only (MICO) mode:

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

-
Mobile terminated data is only supported when the UE is in CM-CONNECTED state.
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 and shall start an Implicit De-registration timer, with a relatively large value. The AMF shall stop the Implicit De-registration timer and set the PPF 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.


Table4: Section “5.4.1.1 General” in TS 23.501. [1]
 According to highlighted sentences in table3, a UE in CM-IDLE shall respond to paging message unless MICO mode is enabled and may perform MICO mode in order to optimize power efficiency, but MICO mode operation for UE in CM-CONNECTED is not described. Furthermore, in the table4, reachability of UE in MICO mode is only described for CM-IDLE state. Therefore, sending MICO mode indication to the UE whose state is CM-CONNECTED, the AMF expect that the UE may enable MICO mode when it moves to CM-IDLE state.
Observation 2: According to 23.501 specification, the AMF expects that MICO mode enabled UE enables the MICO mode only in CM-IDLE state.
 When a UE moves from RRC_CONNECTED to RRC_INACTIVE, it is still in CM-CONNECTED state, so the AMF still considers that the UE still supports the Mobile terminated data (refer to last-highlighted sentence of table4), so that downlink data will be delivered to the gNB. However, the gNB shall trigger RAN paging for the UE, because the UE is not in RRC_CONNECTED state.
 In this case, if the UE has enabled MICO mode so paging message is not being monitored, the downlink data (i.e. mobile terminated data) will be pended until the UE triggers MO signalling, so transmission of Mobile terminated data cannot be guaranteed.
Observation 3: If a UE moves from RRC_CONNECTED to RRC_INACTIVE, but it is still in CM-CONNECTED. If the UE enables MICO mode in RRC_INACTIVE, the AMF still considers that the UE is reachable so that may deliver downlink data, but the UE cannot receive the data until MO signalling is triggered by the UE.

According to observations above, originally intended MICO mode operation can be performed only in CM-IDLE state. In UE’s point of view, it seems improper to move the MICO mode enabled UE from RRC_CONNECTED to RRC_IDLE, but it is network implementation. So we propose that if MICO mode enabled UE receives RRC Connection Suspension, the UE does not perform MICO mode in the inactive state unless it leaves CM-CONNECTED state.
Proposal 1: When MICO mode enabled UE moves to RRC_INACTIVE, the UE need not enable MICO mode.
Proposal 2: If proposal 1 is agreed, adopt 38.300 CR to note that MICO mode is only enabled in CM-IDLE.
3.
Conclusion
Observation 1: A UE in MICO mode may stop any access stratum procedures in CM-IDLE including listening to paging.

Observation 2: According to 23.501 specification, the AMF expects that MICO mode enabled UE enables the MICO mode only in CM-IDLE state.
Observation 3: If a UE moves from RRC_CONNECTED to RRC_INACTIVE, but it is still in CM-CONNECTED. If the UE enables MICO mode in RRC_INACTIVE, the AMF still considers that the UE is reachable so that may deliver downlink data, but the UE cannot receive the data until MO signalling is triggered by the UE.

Proposal 1: When MICO mode enabled UE moves to RRC_INACTIVE, the UE need not enable MICO mode.
Proposal 2: If proposal 1 is agreed, adopt 38.300 CR to note that MICO mode is only enabled in CM-IDLE.
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