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Abstract of the contribution: This paper proposes solution update and Interim conclusion for Key issue #4 Track 2.

Discussion

Key Issue 4 (Power Saving Functions) includes two tracks. This paper focus on the Track 2:

-
Track 2: NAS based approach addressing very long delay tolerance for MT data, i.e. sleep cycles similar in duration as supported by PSM in EPC.

-
NAS based solution with no/minimal RAN impact that allows for sleep periods of up to similar duration as in EPC PSM.

For Key Issue 4 Track 2, the following solutions are proposed:
· Solution 8: Enhancing MICO for Mobile terminated data/signaling

· Solution 9: Enhanced MICO mode with Active Time

· Solution 23: MICO Mode Management for Expected Application Behaviour

Change 1:

Solution 8 has the following editor’s note:
Editor's note: Whether RAN can put the UE in RRC Inactive after receiving the indicated duration from AMF is FFS.
Considering the Architectural Requirement: “supporting delay-sensitive mobile terminating communications triggered by mobile originated communications”, it is proposed that the RAN shall not put the UE in RRC Inactive to avoid RAN paging delay. So the editor’s note can be deleted.
An evaluation of Solution 8 is also added.

Change 2:

An evaluation of Solution 9 is added.
Change 3:

Solution 23 has the following editor’s note:

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.

During mobility registration, the timer value is renegotiated, and the AMF can ensure the renegotiated timer value to be aligned with the DL communication schedule. Since clause 6.23.2 already states the following, this editor's note can be removed by introducing the following clarification:

If the periodic registration timer value is renegotiated during a Registration procedure the periodic registration timer is stopped using the renegotiated value even when the "do not reset the timer for Periodic Registration" indication was provided by the AMF. 
The clarification on EPC-5GC interworking issue and an evaluation of Solution 23 are also added.
Change 4:

An evaluation of Key Issue 4 Track 2 is added.
Change 5:
Interim conclusion of Key Issue 4 Track 2 is proposed.

Proposal
It is proposed to include the following solution in TR 23.724.
**** Start of 1st Change ****
6.8
Solution 8: Enhancing MICO for Mobile terminated data/signaling

6.8.1
Introduction

6.8.1.1
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.
6.8.2
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.

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.
6.8.3
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.
6.8.4
Procedures

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

6.8.5
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.

6.8.6
Evaluation


The solution proposes an enhancement for mobile terminated data/signalling by introducing a minimum time to keep the UE in RRC_CONNECTED (the Connected time). There are no modifications to the procedure call flows, only the Connected time information is added to N2 Request from AMF to RAN node.

The solution addresses the following Architectural Requirements for Key Issue#4:

-
Solutions shall enable UE power savings while also supporting delay-sensitive mobile terminating communications triggered by mobile originated communications.

**** 2nd Change ****
6.9
Solution 9: Enhanced MICO mode with Active Time

6.9.1
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 [5] clause 5.4.1.3) is enhanced with an optional Active Time to realize power saving. Active Time is meant to be only used 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.

6.9.2
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. When the AMF allocates the active time, the AMF should not allocate all PLMN Registration Area to the 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).
6.9.3
Support of interworking
Interworking when a UE is in MICO mode (defined in TS 23.501 [5] clause 5.17.2.1) is reused, where the UE shall locally disable MICO mode and perform the TAU or Attach procedure as defined in TS 23.501 [5] clause 5.17.2 which may include PSM (re-)negotiation. When the UE moves back to 5GC from EPC it locally disables PSM and MICO mode with or without Active Time can be renegotiated during the (re-)registration procedure.
6.9.4
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 6.9.4-1: 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 optionally 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.
6.9.5
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.
6.9.6
Evaluation

The solution proposed to enhance MICO mode with an Active Time. The UE and network can negotiate MICO mode and Active Time during Registration procedure. The solution is based on the same principle as Power Saving Mode in EPS.
The solution addresses the following Architectural Requirements for Key Issue#4:

-
Solutions shall enable UE power savings while also supporting mobile terminating communications with a delay governed by the duration of the UE's sleep cycles.
-
Sleep cycle durations supported by 5GC should be the same as supported by eDRX and PSM in EPC.
**** 3rd Change ****
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.
If the periodic registration timer value is renegotiated during a Registration procedure, e.g., a mobility registration procedure, the periodic registration timer is stopped and restarted using the renegotiated value even when the "do not reset the timer for Periodic Registration" indication was provided by the AMF. The AMF should ensure the renegotiated timer value to be aligned with the DL communication schedule.

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 and restarted using the renegotiated value 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.

6.23.3
Support of interworking
The periodic Registration timer in 5GS is equivalent to the periodic TAU timer in EPS, and the MICO UE behaviour is equivalent to the PSM UE behaviour in EPS.

Mobility from 5GS to EPS:

The MICO UE will not receive the "do not reset the timer for Periodic Registration" from the EPC. After performing an Attach procedure or a TAU procedure in the EPS, the MICO UE therefore considers that the indication is removed.

Mobility from EPS to 5GS:

Only if the UE receives the "do not reset time timer for Periodic Registration" from 5GC in a Registration procedure (e.g. due to periodic registration or mobility registration), does the UE start to behave accordingly, as described in clause 6.23.2.

6.23.4
Procedures

Figure 6.23.4-1 illustrates the procedure of obtaining communication pattern parameters and managing MICO mode based on them.
[image: image2.emf] 

AMF   RAN  

UE  

1  .  Registration Reque st    (  MICO mode   )  

UDM  

3  .  Determine MICO mode   ,   periodic registration time and   

decide whether timer is not stoppable based on   

subscription   /   communication pattern parameters  

2  .  O  btain communication   

pat tern parameters  

4  .  Registration Ac  cept   (  MICO mode   ,  do   

not  reset   Periodic Registration timer  )  

5  .  Keep periodic registration timer running   

while in CM   -  CONNECTED  


Figure 6.23.4-1: 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, 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.
6.23.5
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 "do not reset the timer for Periodic Registration" indication to the UE, if needed.

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.
6.23.6
Evaluation

The solution addresses the following Architectural Requirements for Key Issue#4:

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

When the communication pattern information indicates scheduled DL communication, the UE may be put into MICO mode between the scheduled DL communications, where the UE does not listen to paging and therefore saves power, while still becoming reachable according to the communication pattern schedule.

The use of MICO mode management is not applicable to all application scenarios and may cause additional signalling and power consumption in the cases where scheduled downlink communication with longer intervals is not required.

The combination of non-stoppable periodic registration timer (as indicated by the "do not reset the timer for Periodic Registration" indication) and MICO mode management are used together to support different ways the AS prepares DL traffic:

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

-
The AS can either prepare the DL traffic ahead of the communication pattern window and queue it in the network, or use (if available) monitoring events to get notification that DL traffic can be sent to the UE.
MICO mode management with the non-stoppable periodic registration timer can save power for a UE while allowing the network to maintain control of the wake up schedule and therefore optimising UE power according to the expected and desired UE and application behaviour.

**** 4th Change ****
7.4
Key Issue 4: Power Saving Functions

Editor's note:
This clause will capture the evaluation for key issue 4.

For Key Issue 4 Track 2, Solutions 8, 9 and 23 are proposed. Solution 8 proposes an enhancement for mobile terminated data/signalling by introducing a minimum time to keep UE in RRC_CONNECTED (the Connected time). Solution 9 proposed the enhancement for MICO mode with Active Time. The Solution is based on the same principle as Power Saving Mode in EPS. Solution 23 proposed to determining MICO mode and periodic registration timer value for the UE, taking into account communication pattern information, and providing a "do not reset the timer for Periodic Registration" indication to the UE.

The above solutions jointly address all Architectural Requirements for Key Issue#4 (Power Saving Function) – Track 2. 
**** 5th Change ****
8.4
Key Issue 4: Power Saving Functions

Editor's note:
This clause will capture conclusions for key issue 4.

For Key Issue 4 Track 2, it is concluded that Solution 8, Solution 9 and Solution 23 are used as the basis for normative work to address UE power saving in different application scenarios.
**** End of Changes ****
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