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Abstract of the contribution: This paper proposes to update solution 23 to support scheduled communication for CIoT service.
1
DISCUSSION
Solution 23 in the TR 23.724 addresses Key Issue 4: Power Saving Functions, especially to support scheduled DL communication. It was common solution if AMF allocates periodic registration timer aligned with the scheduled DL communication. The AMF expects the UE will wake up at the periodic timer expiry, and there should be scheduled DL communication at that time. However, as solution 23 addressed, there is problem.
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The UE can send uplink data at any time, thus periodic registration timer alignment with scheduled DL communication doesn’t guarantee that UE will be reachable at the time of scheduled DL communication.
Current solution 23 has proposed new NAS level indicator to handle periodic registration timer as special. The proposal of this paper has no impact on existing timer handling but introduces additional criteria in the NAS to wake up.

Here is the proposed scenario.


[image: image2.emf]UE performs Registration procedure,

AMF provides absolute time that UE should 

wake up (e.g., wake-up time)

UE is reachable, and the scheduled DL 

communication begins

UE is unreachable due to MICO mode UE is unreachable due to MICO mode

UE moves CM-IDLE after 

transmission.

UE moves to CM-connected for 

sending UL data. pTimer is reset.

UE wakes up and moves to CM-

connected at the wake-up time

Scheduled DL 

communication

There may be time gap due to 

delay from the UE or the network


The AMF provides the UE with absolute time when scheduled DL communication is at, if the UE requests MICO mode and there is a scheduled DL communication value in the UE context. The UE stores this value in the NAS. The UE can perform whatever wants as its normal operation of MICO mode.  UE can wake up at any time to send data, but it doesn’t affect the wake-up time provided by the AMF for the scheduled DL communication. When it is the time to wake-up as the wake-up time indicated, the UE wakes up and moves to CM-connected. As UE becomes reachable, the scheduled DL communication begins successfully.
This paper proposes above solution as another candidate to resolve the same scenario, hence it is proposed to update the existing solution part.
6
Solution
6.23
Solution 23: MICO Mode Management for Expected Application Behaviour
6.23.1
Introduction
This solution addresses Key Issue 4: Power Saving Functions.

A UE in MICO mode need not listen to paging while in CM-IDLE and is only reachable for DL data or signalling when the UE is in CM-CONNECTED. 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. In order to minimize UE power consumption, the UE should be put into the MICO mode whenever possible, i.e. when there is no DL data for the UE.

This solution assumes that Expected UE behaviour (communication pattern) information is available and may indicate scheduled DL communication. Expected UE behaviour provisioning is provided by the solution to Key Issue 13 Support for Expected UE Behaviour. It manages MICO mode for the UE according to the communication pattern information.

When the communication pattern information indicates scheduled DL communication, the UE may be put into MICO mode between the scheduled DL communications. In this case, the AMF allocates a periodic registration timer value for the UE such that the UE performs Periodic Registration Update upon expiry of the periodic registration timer and exits MICO mode, at or before the scheduled DL communication time, and thus allowing DL communication according to the schedule.

If the DL communication is scheduled between 13:00 and 14:00, the AMF may request the UE in MICO mode to perform Periodic Registration Update to exit MICO mode at or ahead of the example 1 hour window through the allocation of the periodic registration timer value. The synchronisation of the periodic registration timer expiry relative to the scheduled DL communication time is implementation specific. This synchronisation should be loose enough to tolerate time inaccuracy and signalling delay when exiting MICO mode.

In order to prevent the synchronization from being broken by UL transmissions the AMF may provide a "do not reset the timer for Periodic Registration" indication together with the periodical registration timer value to the UE. If the "do not reset the timer for Periodic Registration" indication is provided, once started the UE keeps its periodic registration timer running all the way to the expiry and only restarts it when it expires, even if it enters and leaves CM-CONNECTED or MICO mode is enabled or disabled. When the timer expires, the UE performs registration update.
Editor's note:
it is FFS whether also the mobility registration procedure needs to be considered in order not to impact the periodic registration timer.
Alternatively, in order to prevent the synchronization from being broken by UL transmission, the AMF may provide to the UE the absolute time (e.g., UTC time) corresponding to the time of scheduled DL communication during registration procedure, in order to ensure the UE’s reachability at the desired time. The AMF doesn’t need to adjust the periodic registration timer fit to the scheduled DL communication time. The UE determines to wake up at the absolute time as provided by the AMF, then the UE becomes reachable so that the scheduled DL communication can be performed successfully.
6.23.2
Functional Description

During registration (update), the AMF may disallow/deactivate MICO mode for the UE if the communication pattern parameters indicate uncertainty of DL communication, or that DL communication is happening soon, e.g. within a preconfigured time window. The AMF may allow/activate MICO mode in the other cases for UE power saving.

For a UE in MICO mode, if the communication pattern parameters indicates the absence of DL communication, the AMF may allocate a large periodic registration timer value so that the UE can enter deep sleep between Periodic Registration Updates for power saving. If the communication pattern parameters indicate scheduled DL communication the AMF should allocate a periodic registration timer value such that the UE performs Periodic Registration Update to renegotiate MICO mode before or at the scheduled DL communication time from the Expected UE Behaviour.

The AMF may provide a "do not reset the timer for Periodic Registration" indication to the UE together with the periodic registration timer value. If the "do not reset the timer for Periodic Registration" indication is provided by the AMF, the UE keeps its periodic registration timer running while in CM-CONNECTED and performs periodic registration update when the timer expires, in order to re-negotiate MICO mode and its parameters. The periodic registration timer is only restarted on expiry. If the periodic registration timer value is renegotiated during a Registration procedure the periodic registration timer is stopped even when the "do not reset the timer for Periodic Registration" indication was provided by the AMF. When the periodic registration timer is started is not changed by this solution.
Alternatively, regardless of adjustment of periodic registration timer, the AMF may provide absolute time (e.g., UTC time) to the UE during registration procedure when the UE requests MICO mode and there is the scheduled DL communication in the communication pattern parameters. The AMF set the absolute time to fit to the scheduled DL communication time or slightly less than the value with considering delay of accessing to the network. The UE in MICO mode shall wake up and access to the network at the time of the absolute time provided by the AMF. 
6.23.3
Support of interworking
Editor's note:
This clause describes if and how EPC-5GC interworking is supported in this solution.

6.23.4
Procedures

6.23.4.1
Communication pattern based MICO mode management with periodic timer
Figure 6.23.4.1-1 illustrates the procedure of obtaining communication pattern parameters and managing MICO mode based on them.
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Figure 6.23.4.1-1: Communication pattern based MICO mode management with periodic timer
1.
The UE performs the Registration procedure, with any Registration type (Initial Registration, Mobility Registration Update, or Periodic Registration Update) with the AMF, which includes MICO mode preference.
2.
The AMF obtains communication pattern parameters from the UDM. This step is optional if the AMF has valid communication pattern information in local configuration.
3.
The AMF determines MICO mode, periodic registration timer value and the "do not reset the timer for Periodic Registration" indication for the UE according to the communication pattern parameters and operator policy.
4.
The AMF informs the UE that the Registration is accepted, including the accepted MICO mode and "do not reset the timer for Periodic Registration" indication.

5.
The UE keeps the periodic registration timer running, even while in CM-CONNECTED, i.e., even if unscheduled UL data transmissions occur, and is only restarted when it expires.
6.23.4.2
Communication pattern based MICO mode management with absolute time 
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Figure 6.23.4.2-1: Communication pattern based MICO mode management with absolute time value
0.
The AMF obtains communication pattern parameters from the UDM. The scheduled DL communication is included in the communication pattern parameters. The AMF may obtain this information during the registration procedure.
1.
The UE performs the Registration procedure with indicating MICO mode preference. 
2.
The AMF determines whether to allow MICO mode to the UE based on the scheduled DL communication in the communication pattern parameter. If the scheduled DL communication time is soon, the AMF may not allow the UE to use MICO mode. 
3.
The AMF determines to allow MICO mode to the UE, and the AMF sets the absolute time (e.g., UTC time) based on the time of scheduled DL communication.  The AMF set the absolute time to fit to the scheduled DL communication time or slightly less than the value with considering delay of accessing to the network.
4.
The AMF informs the UE that the Registration is accepted, including the accepted MICO mode and the absolute time.
5.
The UE and the AMF completes registration procedure.
6.
If there is any uplink data or signaling in the UE, the UE follows normal operation of MICO mode.
7.
At the time of the absolute time provided by the AMF, the UE wakes up and accesses to the network. The UE may perform Service Request procedure or Registration procedure to move to CM-Connected. The SMF may trigger network-initiated Service Request procedure to activate the PDU session if the scheduled DL communication begins.
8. 
The scheduled DL communication is performed.
6.23.5
Impacts on existing entities and interfaces

For 6.23.4.1,

In the AMF:

-
determining MICO mode and periodic registration timer value for the UE taking into to account communication pattern information and providing a "do not reset the timer for Periodic Registration" indication to the UE, if required.

In the UE:

-
receiving "do not reset the timer for Periodic Registration" indication from the AMF and, according to the indication, keeping its periodic registration timer running to expiry even if it enters and leaves CM-CONNECTED.
For 6.23.4.2,

In the AMF:

-
Determining MICO mode and the absolute time value for the UE taking into to account communication pattern information including the scheduled DL communication. Providing the absolute time to the UE, if required.

In the UE:

-
Receiving the absolute time from the AMF and, according to the absolute time, entering to CM-Connected at the time of the absolute time. 
6.23.6
Evaluation

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

***** End of Changes *****
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