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Abstract of the contribution: This paper proposes an enhanced MICO mode solution for power saving function for 5G CIoT by merging S2-181959 and S2-181907.
1.
Discussion

NOTE: This paper merged the proposal of S2-181959 (SA2#126, Huawei) and S2-181907 (SA2#126, Ericsson).
The Key Issue of Power Saving Functions has been included in TR 23.724. Two tracks of this key issue should be studied, and the Track 2 is NAS based solution with no/minimal RAN impact that allows for deep sleep periods of up to similar duration as in EPC PSM.
The MICO mode has introduced in 5GS. The comparisons between the MICO mode and EPS PSM are listed as following.

	
	MICO
	PSM

	How to negotiate
	UE indicate preference for MICO mode during Initial Registration or Registration Update procedure.

AMF indicate whether MICO mode is allowed during Registration procedure.
	UE request Active Time value during Attach\TAU procedure.

MME allocate the Active Time value and indicate

	When entering power saving state
	Enter power saving state when transiting from CM-CONNECTED to CM-IDLE.
	Start Active timer when transiting from CM-CONNECTED to CM-IDLE, and enter power saving state when Active timer expires.

	When leaving power saving state
	MO data/Signalling pending;
Periodic registration timer expires;

A change in the UE.
	MO data/Signalling pending;

Periodic TAU timer expires;

A change in the UE.

	UE behaviour in power saving state
	Stop all idle mode procedures, but continues to run any NAS timers that may apply
	Stop all idle mode procedures, but continues to run any NAS timers that may apply

	AMF (MME) behaviour in power saving state
	Consider the UE unreachable and not page the UE.
	Consider the UE unreachable and not page the UE.

	Reachable for MT data or signalling
	Only when the UE is in CM-CONNECTED
	When the UE is in CM-CONNECTED;
When the UE is in CM-IDLE and active timer does not expire.


Based on the above analysis, it can be observed that the main difference between MICO and PSM is the active timer, so that the reachable for MT data or signalling is also different.
For some scenarios, 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 short time (e.g., a few seconds). However, if the MICO mode is applied, the UE quickly switches to an unreachable state after the last MO data has been transferred. Thus the current MICO mode is not well designed for supporting the MT data transport triggered by the last MO data (e.g., the MT data is not immediately available).
To support the MT data transport triggered by the MO data, this paper proposes the enhanced MICO mode with an Active Timer similar as PSM.
2.
Text Proposal
It is proposed to include in TR 23.724 the following changes based on S2-181959 (SA2#126, Huawei) and S2-181907 (SA2#126, Ericsson).
**** Beginning of Changes ****
6.X
Solution #X: Enhanced MICO mode with Active Time
6.X.1
Introduction
This solution addresses Key Issue #4 (Power Saving Functions). The proposal is to enable a PSM (Power Saving Mode) equivalent feature from EPS in 5GS. In order to do so, the Mobile Initiated Connection Only (MICO) mode (see TS 23.501 [X] clause 5.4.1.3) is enhanced with an Active Time to realize power saving. The Active Time is meant to be used only in combination with MICO mode. This solution is a NAS based solution with no RAN impact that allows for deep sleep periods of up to similar duration as in EPS PSM.
Editor’s Note: It is FFS if Active Time without MICO mode can be used.
6.X.2
Functional Description

As the 5GC has a different architecture and some new functionality compared to EPC, some adaptions are needed compared to PSM in EPS:
Handling of Active Time and interaction with MICO mode
In EPC if the UE wants to use the PSM, it shall request an Active Time value during every Attach and TAU/RAU procedures. If the network supports PSM and accepts that the UE uses PSM, the network confirms usage of PSM by allocating an Active Time value to the UE. In EPS the UE and the MME/SGSN starts the Active timer with the Active Time value allocated by the network when transitioning from ECM_CONNECTED to ECM_IDLE.
The same principles can be used on 5GC, with the difference that in 5GS the MICO mode is a new feature not supported in EPS.
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. 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. 

The proposal is therefore to apply PSM functionality on MICO mode terminals if applicable: the UE may indicate its 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 optionally 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.
Mobile terminated data
As indicated in Key Issue #4, the reachability and buffering aspects will be addressed in the key issue on high latency communication.
SCS/AS influencing the configuration of the power savings functions
In EPS the SCS/AS may issue network parameter configuration requests to the network, via the SCEF, to suggest parameter values that may be used for Maximum Latency, Maximum Response Time and Suggested Number of Downlink Packets. By suggesting values for these parameters, the SCS/AS may influence certain aspects of UE/network behaviour such as the UE's PSM, extended idle mode DRX, and extended buffering configurations.
In 5GC the support for SCS/AS influencing the configuration of the power savings functions shall at least be at the same level as in EPS. The solution for this will be handled in the key issue "Network Parameter Configuration API via NEF" (see NOTE 1 in Key Issue #4).
6.X.3
Support of interworking
Editor's Note:
This clause describes if and how EPC-5GC interworking is supported in this solution.

6.X.4
Procedures

The existing procedures in 5GC will be reused to handle the Active Time signalling between the AMF and UE, by considering also subscription data. In particular, the negotiation procedure of enhanced MICO mode with Active Time is depicted as follows.
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Figure 6.x.4-1: Negotiation procedure of enhanced MICO mode with Active Time
1. UE may indicate preference for MICO mode and optionally request an Active Time value during Initial Registration or Registration Update procedure.
2. The AMF may retrieve the UE subscription information from the UDM.
NOTE: The UE subscription information may include the Expected UE behaviour (see Solutions for Key Issue#13).
3. 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.
4. The AMF indicates the MICO mode indication and optional an Active Time value to the UE in the Registration Accept message. The AMF may also provide a Periodic registration timer in the Registration Accept message to decide the power saving interval for the UE.
5. After the Registration procedure completed, 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 UE and the AMF enter CM-CONNECTED state from CM-IDLE state during the Active timer is running, the UE and the AMF stops the Active timer.
6. After the Active timer expires, the UE enters the MICO mode. The AMF considers the UE is not reachable for paging.
6.X.5
Impacts on existing entities and interfaces

AMF:

- 
Determines Active Time value and indicates it to the UE in the Registration Accept message.
UE:

-
Indicates the preferred Active Time value to the AMF in the Registration Request message.
-
Runs the Active timer as received from the AMF.
6.X.6
Evaluation
Editor's Note: This clause provides an evaluation of the solution.

**** End of Changes ****
�Dario: as required by Antoine
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