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Abstract of the contribution: This paper proposes a solution based on communication patterns for UE power saving (Key Issue #4).
1.
Discussion

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.

Key Issue 4: Power Saving Functions in TR 23.724 includes the following architectural requirement:

-
Solutions shall optimize UE power savings according to expected and desired UE and application behaviour (e.g. communication pattern) if such information is available.
and the following open issue:

-
For 5GS enhancements how 5GS is configured with the UE's and application's expected and desired behaviour and how the 5GS fulfils those requirements.
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 registration update upon expiry of the periodic registration timer and exits MICO mode and thus allowing DL communication according to the schedule. 

NOTE: 
this solution depends on the Key Issue proposal in S2-181956 (Key Issue on Expected UE Behaviour).

1.1
Maintaining DL Communication Schedule

If the DL communication is scheduled, e.g., between 13:00 and 14:00, the AMF may request the UE in MICO mode to perform registration update to exit MICO mode through the allocation of the periodic registration timer value in time for the DL traffic. The synchronisation of the periodic registration update timer expiry relative to the scheduled DL communication time is implementation specific. This synchronisation should be loose enough to tolerate time inaccuracy and signalling delays when exiting MICO mode.

The periodic registration timer is started again whenever the UE enters CM-IDLE and this will break the synchronization and cause the UE to miss the scheduled DL communication when UL transmissions occur, i.e., the UE to enter CM-CONNECTED and returns to CM-IDLE, resetting the timer.
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Figure 1: UL transmission breaks synchronization.
As illustrated in Figure 1, the UE performs a Periodic Registration Update at time T1 and is allocated, by the AMF, a periodic registration timer value t. The UE is scheduled to perform Periodic Registration Update at T1+t, aligning with the scheduled DL data. The UE however performs an UL transmission at time T2 and therefore performs Periodic Registration Update at time T2+t. This Periodic Registration Update is offset by T2-T1 from the anticipated registration update time T1+t. Therefore, the UE did not exit MICO mode at the expected scheduled time and the scheduled DL data could not be sent at the correct time. All subsequent Periodic Registration Updates are also shifted in time by the offset T2-T1 and may be further shifted again by other unscheduled UL transmissions in the future.
To ensure that MT traffic can be delivered to the UE according to a schedule it would have to be reachable, via paging for example, with a suitable latency, such that when the MT traffic becomes available it can be delivered in a timely way. If the schedule is in the order of hours, then to achieve the required MT latency once the data becomes available, it would mean the UE is CM-IDLE for a long period or the periodic update timer is short, both of which can result in high power consumption on the UE.
This paper proposes to manage MICO mode for the UE according to Expected UE behaviour (communication pattern) by providing the UE with a non-stoppable periodic update timer and depending upon use case managing whether MICO mode is enabled. The proposed solution assumes that communication pattern information is available and may indicate scheduled DL communication. It addresses the above referenced open issue by synchronizing Periodic Registration Update and DL data via non-stoppable periodic registration timer.
In order to prevent the synchronization from being broken by unscheduled UL transmissions, the AMF provides a non-stoppable timer indication together with the periodic registration timer value to the UE. If the non-stoppable timer 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 the UE enters and leaves CM-CONNECTED or MICO mode is enabled or disabled. When the timer expires, the UE performs Periodic Registration Update. If the periodic registration timer value is renegotiated during a Registration procedure a non-stoppable periodic registration timer is stopped. When the periodic registration timer is started is not changed by this proposal.
If the application in a UE knows about the DL communication schedule, it may enter CM-CONNECTED according to the schedule and either poll for or wait for the DL data from the AF. The solution proposed in this paper aims at the scenarios where the UE does not have such knowledge.
1.2
AF MT Traffic Preparation
The combination of non-stoppable periodic registration timer and MICO mode management can be used to support different ways the AF prepares MT traffic:

1. The AF prepares MT traffic during a specific time window, however when in the time window is not known.  Once the MT traffic becomes available, the MT traffic should be delivered to the UE.

2. The AF can either prepare the MT traffic ahead of the communication pattern window and queue it in the network, or use (if available) monitoring events to get notification that MT traffic can be sent to the UE.

1.2.1
MT Traffic Delivery during Time Window
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Figure 2 MT Traffic during Window

In Figure 2 the UE has been provided with a non-stoppable periodic registration timer value and the UE is in MICO mode. When the periodic registration timer expires the UE enters CM-CONNECTED and performs Periodic Registration Update, during which the AMF disables MICO mode and the UE remains reachable. The periodic registration timer is set such that it expires at or before the start of the communication pattern window provided to the network. 

The AF prepares the MT traffic during the communication pattern window and delivers it to the network for delivery to the UE. The exact timing of the MT traffic preparation within the window is unknown. The MT traffic is delivered to the UE, which may, for example, involve paging the UE. The UE is then reconfigured to enable MICO mode and MICO mode is entered.
As the periodic registration timer is only restarted once it expires or when the timer value is re-negotiated (e.g. due to schedule change), the schedule is maintained, allowing the next MT traffic to be delivered on time.

1.2.2

MT Traffic Delivery when UE performs Registration Update
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Figure 3 MT Delivery in Response to Registration Update

In Figure 3 the UE has been provided with a non-stoppable periodic registration timer and the UE is in MICO mode. When the periodic registration timer expires the UE enters CM-CONNECTED and performs Periodic Registration Update.
If the AF is using data buffering (if available) the AF prepares and provides to the network the MT traffic ahead of the start of the communication pattern window, so it is available when the UE enters CM-CONNECTED. If the AF is using monitoring events (if available) the AF prepares and provides to the network the MT traffic based on the monitoring event.
The MT traffic is delivered to the UE and the UE re-enters MICO mode, until the next scheduled DL communication time (i.e. when the periodic registration timer expires)
2.
Proposal
It is proposed to include the following solution in TR 23.724.
**** Start of Change ****
6.X
Solution #X: MICO Mode Management for Expected Application Behaviour
6.X.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 X Support for Expected UE Behavior. 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 existing MICO mode.

In order to prevent the synchronization from being broken by UL transmissions the AMF may provide a non-stoppable timer indication together with the periodical registration timer value to the UE. If the non-stoppable timer 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. 

6.X.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 "non-stoppable timer indication" the UE together with the periodic registration timer value. If the "non-stoppable timer 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 a non-stoppable periodic registration timer is stopped. When the periodic registration timer is started is not changed by this solution.

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

Figure 6.x.1 illustrates the procedure of obtaining communication pattern parameters and managing MICO mode based on them.
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Figure 6.x.4-1: Communication pattern based MICO mode management
1. The UE performs the Registration procedure, with any Registration type (Initial Registration, Mobility Registration Update, or Periodic Registration Update) with the AMF.
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 non-stoppable timer 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 "non-stoppable timer 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.X.5
Impacts on existing entities and interfaces

In the AMF:

- 
determining MICO mode and periodic registration timer value for the UE taking into to account communication pattern information and providing a "non-stoppable timer indication" to the UE, if required.

In the UE:

-
receiving "non-stoppable timer 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.
**** End of Changes ****
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