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Abstract of the contribution: This paper proposes one enhanced power saving mode mechanism.
1
Discussion

The PSM functionality was introduced in EPC for UE to reduce it power consumption. A UE in PSM is not immediately reachable for mobile terminating services. A UE using PSM is available for mobile terminating services during the time it is in connected mode and for the period of an Active Time that is after the connected mode. UE will enter the connected mode when having MO data or perform TAU procedure.
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When the periodic TAU timer expires, UE performs TAU procedure and will be reachable during the Active Time. According the TAU procedure in EPC or RAU procedure in 5GC, the procedure will consume at least 7 Uu signaling and 4 S1/N2 signaling. Therefore, if the periodic TAU timer is set to too large, the downlink data will be delayed for a very long time, and if the periodic TAU timer is set to two small, the TAU procedure will bring much signalling overhead to the system and will consume UE much power.  The TAU procedure is in reference section.
One enhanced way is to set a periodic PSM timer, when the timer expires, UE leaves the PSM state and enter IDLE state and behaves as the behavior in IDLE state. UE can ask an Active Time to the AMF in which UE can stay in IDLE state and can be reachable. The procedure is illustrated in the following figure.
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The characteristic of the enhanced PSM solution are below.
1) To introduce periodic PSM timer and Active Timer. UE and AMF maintain the timers and restart the periodic PSM timer and the Active Timer when UE enters IDLE state. When the Active Timer expires, UE enters PSM state. When the periodic PSM timer expires, UE leaves PSM state and enters IDLE state.
2) The periodic TAU timer is multiple times than the periodic PSM timer, and the wake-up time for the TAU and entering IDLE state is overlapped.

3) UE can negotiate with AMF the periodic PSM timer and the Active Time during the registration procedure.
2.
Proposal
It is proposed to approve the changes to TS 23.724 as listed below.
*** Start of changes ***
6.X
Solution #X: <Solution Title>

6.X.1
Introduction
Editor's note:
This clause lists the key issue(s) addressed by this solution.

The PSM functionality was introduced in EPC for UE to reduce it power consumption. A UE in PSM is not immediately reachable for mobile terminating services. A UE using PSM is available for mobile terminating services during the time it is in connected mode and for the period of an Active Time that is after the connected mode. UE will enter the connected mode when having MO data or perform TAU procedure.
When the periodic TAU timer expires, UE performs TAU procedure and will be reachable during the Active Time. According the TAU procedure in EPC or RAU procedure in 5GC, the procedure will consume at least 7 Uu signaling and 4 S1/N2 signaling. Therefore, if the periodic TAU timer is set to too large, the downlink data will be delayed for a very long time, and if the periodic TAU timer is set to two small, the TAU procedure will bring much signalling overhead to the system and will consume UE much power.  
One enhanced power saving mode way is to introduce a periodic PSM timer, when the timer expires, UE leaves the PSM state and enter IDLE state and behaves as the behavior in IDLE state. When UE leaves PSM, UE does not perform TAU procedure.
6.X.2
Functional Description

Editor's note:
This clause outlines solution principles and documents any assumptions made.

6.X.3
Support of EPC interworking
Editor's note:
This clause describes if and how EPC-5GC interworking is supported by this solution.

6.X.4
Procedures

Editor's note:
This clause describes high-level procedures and information flows for the solution.
The enhanced PSM functionality is introduced for UE to reduce more power consumption. In this solution, a periodic PSM timer and Active Timer will be introduced to control UE entering or leaving PSM state. When the timer PSM timer expires, UE leaves the PSM state and enter IDLE state during the Active Time and behaves as IDLE state. During the Active Time, UE is reachable by the network. The procedure is illustrated in the following figure.
A UE using PSM is available for mobile terminating services during the time it is in connected mode and for the period of an Active Time. UE will enter the connected mode when having MO data or perform TAU procedure. The solution can be illustrated as below.
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The characteristic of the enhanced PSM solution are below.

1) To introduce periodic PSM timer and Active Timer. UE and AMF maintain the timers and restart the periodic PSM timer and the Active Timer when UE enters IDLE state. When the Active Timer expires, UE enters PSM state. When the periodic PSM timer expires, UE leaves PSM state and enters IDLE state.

2) The periodic TAU timer is multiple times than the periodic PSM timer, and the wake-up time for the TAU and entering IDLE state is overlapped.

3) UE can negotiate with AMF the periodic PSM timer and the Active Time during the registration procedure.

6.X.5
Impacts on existing entities and interfaces
Editor's note:
This clause describes impacts to existing entities and interfaces.

6.X.6
Evaluation

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

3. Reference
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