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Abstract of the contribution: This paper proposes power saving mode mechanism in inactive state.
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.

For E-UTRAN connected to 5GC, Inactive state was introduced for the purpose of signaling saving and UE power saving. In Inactive state, UE will perform periodical RAN Notification Area Update (RNAU), and the RNAU procedure only consumes 2 or 3 RRC signaling based on whether RAN will put UE in connected state. It can be foreseen that if PSM-alike method is introduced into AS layer, names as PSM-AS, the signaling overhead and UE power consumption will be reduced more than PSM mode in NAS layer. The RNAU procedure can be found in Annex section.
The similar procedure with PSM in NAS layer is performed, when the periodic RAN Notification Area Update timer expires, UE performs RAN Notification Area Update procedure or when UE initiate any MO call and will be reachable during the Active Time. During the Active Time, RAN could keep UE in connected state or transit UE into inactive state with normal paging RAN paging DRX. AMF could provide some information to assist RAN to determine whether put UE to PSM-AS mode and the Active Time value configuration. When UE is in PSM-AS mode, UE does not perform AS layer behavior of Inactive state, but the keep the periodic RAN Notification Area Update timer running.
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The characteristics of the PSM-AS mode are as below.
1) UE in PSM-AS mode does not perform Inactive state behavior, e.g. paging monitoring, measurement, cell reselection.

2) UE is unreachable in PSM-AS mode and reachable during Active time, which starts after RNAU procedure. During the Active time, UE can be connected state or Inactive state with normal paging cycle based on network configuration. For example, if RAN has already buffered the downlink data for the UE, RAN can put UE in connected state and transmit the downlink data to the UE. If no, RAN can put UE into Inactive state with normal paging cycle during Active Time.
3) RAN can configure the PSM-AS and the Active time value according to CN assisted information.
4) If UE is put in Inactive state with normal paging cycle, after the Active Timer expires, UE enters PSM-AS mode. When the periodic RNAU timer expires, UE leaves PSM mode and perform RNAU procedure.
5) The DL data is buffered in RAN node or UPF node, which is associated with HL communication part.
2.
Proposal
It is proposed to approve the changes to TR 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.
For E-UTRAN connected to 5GC, Inactive state was introduced for the purpose of signaling saving and UE power saving. In Inactive state, UE will perform periodical RAN Notification Area Update (RNAU), and the RNAU procedure only consume 2 or 3 RRC signaling based on whether RAN will put UE in connected state. It can be foreseen that if PSM-alike method is introduced into AS layer, names as PSM-AS, the signaling overhead and UE power consumption will be reduced more than PSM mode in NAS layer.
6.X.2
Functional Description

Editor's note:
This clause outlines solution principles and documents any assumptions made.
The similar procedure with PSM in NAS layer is performed, when the periodic RAN Notification Area Update timer expires, UE performs RAN Notification Area Update procedure or UE initiates any MO service and will be reachable during the Active Time. During the Active Time, RAN could keep UE in connected state or transit UE into inactive state with normal paging RAN paging DRX. AMF could provide some information to assist RAN to determine whether put UE to PSM-AS mode and the Active Time value configuration. When UE is in PSM-AS mode, UE does not perform AS layer behavior of Inactive state, but the keep the periodic RAN Notification Area Update timer running.
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Figure x-y: PSM-AS mode illustration
More detailed description is provided as below.
UE in PSM-AS mode does not perform Inactive state behavior, e.g. paging monitoring, measurement, cell reselection.

UE is unreachable in PSM-AS mode and reachable during Active time, which starts after UE initiated procedure, e.g. RNAU procedure, UL data transmission. During the Active time, UE can be connected state or Inactive state with normal paging cycle based on network configuration. RAN can configure the PSM-AS and the Active time value according to CN assisted information.
If RAN has already buffered the downlink data for the UE, RAN can put UE in connected state and transmit the downlink data to the UE. Once the buffered downlink data is completely transmitted, RAN can put UE into PSM-AS mode directly. In this case, the Active Time is controlled by RAN and not does not need to be configured to the UE.  
If RAN has no buffered downlink data, RAN can put the UE into PSM-AS mode directly or into Inactive state with normal paging cycle according to the assisted information from CN. After the Active Timer expires, UE enters PSM-AS mode.
CN can provide some assisted information (e.g. UE traffic pattern, UE mobility information) for RAN to determine whether UE can be configured in PSM-AS mode, or whether the Active Time is configured to the UE and what value can be applied to the Active Time.
When there is any UE initiated data to be transmitted, UE leaves PSM-AS mode.
At any time, UE or CN can request RAN to disable the PSM-AS mode.  
The DL data is buffered in RAN node or UPF node, which is associated with HL communication part. If the downlink data is buffered in UPF, the RAN node can forward the PSM-AS corresponding configuration to UPF via the Notification procedure.
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.
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1-4. PDU Session Establish or Modification procedure. In UE initiated PDU Session Establish request,  UE can request to enter PSM-AS mode to AMF.
5. AMF provides Inactive state assisted information and PSM-AS assisted information to RAN along with N2 PDU session request message.

6-7. DRB establishment via RRC reconfiguration procedure and AMF accept PDU Session.
8.  RAN transits UE into Inactive state, with configuration of periodical RAN paging area update timer, optionally with Active Time (PSM-AS configuration).
9-10. RAN provides the state change information and the PSM-AS configuration (e.g. periodical RAN paging area update timer, Active Time) to UPF.
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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