3

SA WG2 Meeting #127
S2-183914
April 16 – 20, 2018, Sanya, P.R. of China
(was S2-183192)

Source:
Qualcomm Incorporated, Sony, Samsung, Convida Wireless LLC, BlackBerry UK Ltd
Title:
Enhanced MICO for power saving solution
Document for:
Approval

Agenda Item:
6.9
Work Item / Release:
FS_CIoT_5G / Rel-16
Abstract of the contribution: This paper proposes to enhance MICO to ensure the UE stays reachable for MT data when it moves to CM-CONNECTED state. 
1
Discussion 
1.1
Observations regarding MICO

As studied during Rel-12/13 for EPC, the key potential for power saving is to remain in deep sleep for long periods of time, taking advantage of the delay tolerance of IoT services. As a NAS based solution PSM was defined in EPC, which allows the UE to be in deep sleep (i.e. stop AS procedures) for extended periods of times, and become reachable via TAU. 

MICO has been defined in Rel-15 for 5G system, and achieves most of the properties achieved by PSM, since it also allows the UE to stop AS activities.
	Observation 1: MICO mode already provides a NAS based approach for power saving as the UE in MICO mode may stop any access stratum procedures in CM-IDLE.


	Observation 2: Periodic registration timer can be used to control delay for mobile terminated data (as is the case for PSM in EPC).


One main difference between PSM and MICO is that PSM allows the UE to stay reachable for an “active time” (provided by MME) when moving from ECM-CONNECTED to ECM-IDLE. This was added to allow for more time for application servers to send data and reach the UE. For MICO, the UE becomes unreachable when the UE moves to CM-IDLE. 

	Observation 3: The main difference between MICO and PSM is PSM stays reachable for an “active time” when transitioning from ECM-CONNECTED to ECM-IDLE.


1.2
How to ensure a MICO UE is reachable for enough time for the application server to reach the UE in time.
There are 2 possible options:

Option 1: Current Rel-15 MICO approach, extending the time the UE stays in CM-CONNECTED state.

In this option, the UE stays unreachable whenever it moves to CM-IDLE (i.e. this aspect of MICO mode remains unchanged). 

When the AMF knows there may be MT data, MT SMS, network originated signaling or any other message pending, the AMF maintains the connection and indicates to the RAN node that there is pending data or signaling and provides a Connected time value. The Connected time value provides the minimum time the RAN shall keep the UE in RRC_CONNECTED state regardless of inactivity to securely deliver all pending DL messages. 

If the RAN node receives a Connected time value, the RAN shall keep the UE in RRC-CONNECTED for at least the indicated duration. Once the Connected time has elapsed and the RAN inactivity timer has also expired, the RAN releases the UE's RRC connection. 
The UE is assumed to be configured for C-DRX.
NOTE: The C-DRX is assumed to be configured to similar value as I-DRX e.g. 1.28s, 2.56s, 5.12s or even 10.24s.
The network takes the Maximum Response Time (as defined in EPC for T8 and used in PSM to set Active time), if provided by the UDM, and any local AMF configuration into account for determining the Connected time value.
On the UE side, in MICO mode, if the UE moves to CM-IDLE for any reason other than a successful RRC release procedure, e.g. due to RLF, the UE shall initiate NAS recovery, even if this occurs after successful registration procedure completion. 
NOTE: This is current Rel-15 UE behavior, i.e. does not imply additional UE impacts.

This approach has no NAS impacts on top of the current Rel-15 MICO solution, has minimal system impact in general, and achieves that the UE remains reachable to deliver DL data. 

Option 2: Add “active time” to MICO state.

This option adds a NAS negotiation during registration for an “Active time”, for which the UE stays reachable in CM-IDLE state.
This approach though has multiple disadvantages:

-
The UE always stays active for active time, regardless whether there is pending data or signaling. This unnecessarily wastes power if there is no data or signaling pending in the network. 

-
Impacts NAS signaling. 

	Proposal 1: It is proposed to move forward with Option 1, i.e., to reuse MICO with no NAS impacts, including a minimum Connected time provided by the AMF to the RAN, taking into account Maximum Response Time (provided by UDM, and configurable via T8 as in EPC). 


2
Proposal

It is proposed to approve the changes to TS 23.724 as listed below.
*** Start of changes ***

6.X
Solution X: Enhancing MICO for Mobile terminated data/signaling 

6.X.1
Introduction

6.X.1.1
General

This solution applies to Key issue 4: Power Saving Functions, Track 2. The solution is based on keeping a UE, using MICO mode, in CM_CONNECTED and RRC_CONNECTED state until at least all pending downlink data and/or signalling has been delivered to the UE. 
6. X.2
Functional Description

The following principles apply:

-
For mobile terminated data while a UE is in MICO mode, functions for Key Issue 3: High latency communication are used. 

-
When the AMF knows there may be MT data, MT SMS, network originated signaling or any other DL message pending, the AMF maintains the N2 connection and provides a Connected time value to the RAN. 
-
The Connected time value indicates the minimum time the RAN should keep the UE in RRC_CONNECTED state regardless of inactivity. The Connected time value is provided in N2 Request carrying:

-
NAS Registration Accept message; or

-
NAS Service Accept message.

-
If the RAN node receives a Connected time value, the RAN shall keep the UE in RRC_CONNECTED for at least the indicated duration. Once the Connected time has elapsed and the RAN inactivity timer has also expired, the RAN releases the UE's RRC connection. 
Editor's Note: Whether RAN can put the UE in RRC Inactive after receiving the indicated duration from AMF is FFS.
NOTE:
The C-DRX is assumed to be configured to similar value as I-DRX e.g. 1.28s, 2.56s, 5.12s or even 10.24s.
-
The AMF takes the Maximum Response Time if provided by the UDM, and any local AMF configuration into account for determining the Connected time value.
-
On the UE side, in MICO mode, if the UE moves to CM-IDLE for any reason other than a successful RRC release procedure, e.g. due to RLF, the UE shall initiate NAS recovery, even if the registration procedure has been completed successfully. 
NOTE:
This is current Rel-15 UE behavior, i.e. this does not imply additional UE impacts.
6. X.3
Support of EPC interworking

Rel-15 MICO and PSM interworking applies according to TS 23.501 [5] clause 5.17.2.1, as this solution has no additional NAS impacts. 

On the T8 and Nnef reference points the same parameter Maximum Response Time is used in EPC (e.g. for PSM) and 5GS for MICO, respectively. 
6. X.4
Procedures

No modification to procedure call flows, only Connected time information is added to N2 Request from AMF to RAN node. 

6. X.5
Impacts on existing entities and interfaces

In AMF:

-
Decide on a Connected time to be provided to RAN based on Maximum Response Time if available and local configuration, and provide value to RAN.

In RAN:

· Maintain RRC connection for at least the received Connected time, if received from the AMF.

In UE:

-
No impacts identified.
6. X.6
Evaluation

Editor's Note: This clause provides an evaluation of the solution.

*** End of changes ***
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