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Abstract of the contribution: The contribution proposes a new solution of enhancements to existing 5GS procedures for energy saving for KI#3 and KI#2.
1. Introduction
Existing 5G MM and SM procedures can be enhanced based on the requirements of network energy saving and energy efficiency.

The AMF and the SMF may decide Access and Mobility parameters and Session Management parameters related to network energy saving, based on subscription data, AM & SM policy, UE related analytics (e.g. UE mobility, UE communication and abnormal behaviour analytics), network energy control information, etc., and provide the parameters to the UE and NG-RAN during 5G MM & SM procedures.

The PCF provides AM policy and SM policy to the AMF and SMF taking into account the requirements of network energy saving during 5G MM & SM procedures.
The AM and SM subscription data (see clause 5.2.3.3.1 of TS 23.502) contains some features/capabilities which have validity condition, e.g. CAG and Network Slice with validity time/location information, which can be used for network energy saving (i.e. limiting the access to specific network feature/capacity by the UE to certain time/area based on network energy saving requirements/ policies). Similarly, validity condition may be defined for other network supported features and parameters in AM and SM subscription data, e.g. Subscribed UE-AMBR, 5GS Subscribed QoS profile, Subscribed-Session-AMBR and ATSSS information, to further facilitate network energy saving.
2. Proposal

It is proposed to agree the following changes to 3GPP TR 23.700-66.
* * * Start of Change * * * *

6.x
Solution #X: Enhancements to existing 5GS procedures for energy saving
6.x.1
Key Issue mapping

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

This solution addresses Key Issue #3 "5GS enhancements for network energy saving and efficiency" and Key Issue #2 "Subscription and policy control to support energy efficiency and energy saving as service criteria".
6.x.2
Functional Description
Editor's note:
This clause will describe the solution principles and assumptions for corresponding key issue(s). Sub-clause(s) may be added to capture details. 

Existing 5G MM and SM procedures can be enhanced based on the requirements of network energy saving and energy efficiency.
The AMF can decide Access and Mobility parameters related to network energy saving based on AM subscription data, AM policy, UE related analytics (e.g. UE mobility and abnormal behaviour analytics), network energy control information, etc., and provide the parameters to the UE during 5G MM procedures (e.g. Registration and UE Configuration Update procedures).
The SMF can decide Session Management parameters related to network energy saving based on SM subscription data, SM policy, UE related analytics (e.g. UE communication and abnormal behaviour analytics), network energy control information, etc., and provide the parameters for the PDU Session during 5G SM procedures (e.g. PDU Session establishment/modification procedures).
The AM policy and SM policy are provisioned by the PCF taking into account the requirements of network energy saving. The AM and SM subscription data can be extended to contain validity conditions (e.g. time/area) for more features/capabilities (e.g. Subscribed UE-AMBR, 5GS Subscribed QoS profile, Subscribed-Session-AMBR, ATSSS information) to facilitate network energy saving (i.e. limiting network energy consumption per UE).
NOTE:
The AM and SM subscription data (see clause 5.2.3.3.1 of TS 23.502 [3]) contains already some features/capabilities with validity condition, e.g. CAG and Network Slice with validity time/location information.
The AMF and the SMF may requests network energy control information from the NEMF (Network Energy Management Function), a new 5GC NF introduced for network energy management. The network energy control information contains NF IDs of the 5GC NFs which are put in energy saving states with validity time and area information.

6.x.3
Procedures

Editor's note:
This clause describes high-level procedures and information flows for the solution.
6.x.3.1
Mobility Management procedures enhanced for energy saving
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Figure 6.x.3.1-1: Enhanced MM/Registration Procedures for energy saving
1.
The UE initiates Registration procedure towards the network as described in step 1, clause 4.2.2.2.2 of TS 23.502 [3].

The Registration procedure continues as specified in clause 4.2.2.2.2 of TS 23.502 [3], with the following enhancements:
2.
In step 14b of Figure 4.2.2.2.2-1 in TS 23.502 [3], the AM subscription data retrieved from the UDM contains validity conditions for one or more subscription parameters (e.g. Subscribed UE-AMBR per time period and/or area) to facilitate network energy saving (i.e. limiting network energy consumption per UE).
3.
In step 16 of Figure 4.2.2.2.2-1 in TS 23.502 [3], during AM Policy Association Establishment/Modification procedure, the PCF decides AM policy, e.g. UE-AMBR, List of UE-Slice-MBR, List of allowed TAIs, taking into account network energy related information, and provides the AM policy to the AMF.
4.
In step 21 of Figure 4.2.2.2.2-1 in TS 23.502 [3], the AMF provides the parameters e.g. Mobility restrictions, Allowed NSSAI, in Registration Accept message taking into account network energy related information. Also, in the Registration Accept message, one or more network supported features are provided with validity conditions (e.g. support of Control plane CIoT 5GS optimization with validity time and/or validity area). Based on this, the UE decides only to apply functions corresponding to the network supported features under the validity condition, thus saving network energy by avoiding unnecessary information processing (i.e. receiving and rejecting UE requests).

After the completion of Registration procedure, the AMF may perform the following steps for energy saving:

5.
The AMF requests "UE Mobility" analytics and "Abnormal behaviour" analytics from the NWDAF as specified in clause 6.7.2 and 6.7.5 of TS 23.288 [x].
6.
The AMF requests network energy control information from the NEMF.
Editor's note:
Whether and how the AMF gets network energy control information from the NEMF is FFS.

7.
Based on UE subscription data, AM policy, "UE Mobility" analytics and "Abnormal behaviour" analytics, network energy control information, etc, the AMF performs access and mobility management procedures for energy saving, e.g. deregister the UE with unexpected long-live/large rate flows based on "Abnormal behaviour" analytics.
8.
The AMF sends energy saving assistance information in N2 message to the NG-RAN. The energy saving assistance information may contain statistics/prediction of UE location and UE's geographical distribution. Based on this, the NG-RAN performs energy saving operations, e.g. shutting down the cell(s) under which only few UEs resides in predicted time period/area, redirecting the UEs to cell(s) with higher energy efficiency.
6.x.3.2
Session Management procedures enhanced for energy saving
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Figure 6.x.3.2-1: Enhanced SM/PDU Session Establishment Procedures for energy saving
1.
The UE initiates PDU Session Establishment procedure towards the network as described in step 1, clause 4.3.2.2.1 of TS 23.502 [3].


The PDU Session Establishment procedure continues as specified in clause 4.3.2.2.1 of TS 23.502 [3], with the following enhancements:

2.
In step 4 of Figure 4.3.2.2.1-1 in TS 23.502 [3], the SM subscription data retrieved from the UDM contains validity conditions for one or more subscription parameters (e.g. 5GS Subscribed QoS profile or Subscribed-Session-AMBR per time period and/or area, ATSSS information with validity time and/or area) to facilitate network energy saving (i.e. limiting network energy consumption per UE).

3.
In step 7b and 9 of Figure 4.3.2.2-1 in TS 23.502 [3], during SM Policy Association Establishment/Modification procedures, the PCF decides SM policy, e.g. Authorized Session-AMBR, Authorized default 5QI/ARP, taking into account network energy related information and energy related application specific parameters provisioned by the AF, and provides the SM policy to the SMF.

4.
In step 11 of Figure 4.3.2.2-1 in TS 23.502 [3], the SMF provides the parameters in N2 SM information (e.g. QoS Profile(s), Session-AMBR, Maximum Data Rate) and parameters in PDU Session Establishment Accept message (e.g. QoS Flow level QoS parameters, Session-AMBR, Always-on PDU Session Granted, Small Data Rate Control parameters), taking into account network energy related information.

After the completion of PDU Session establishment procedure, the SMF may perform the following steps for energy saving:
5.
The SMF requests "UE Communication" analytics and "Abnormal behaviour" analytics from the NWDAF as specified in clause 6.7.3 and 6.7.5 of TS 23.288 [x].

6.
The SMF requests network energy control information from the NEMF.
Editor's note:
Whether and how the SMF gets network energy control information from the NEMF is FFS.

7.
Based on UE subscription data, SM policy, "UE Communication" analytics and "Abnormal behaviour" analytics, network energy control information, etc, the SMF performs Session Management procedures for energy saving, e.g. modifying the QoS parameters for specific applications based on "UE Communication" analytics.
8.
The SMF sends energy saving assistance information in N2 message to the NG-RAN. The energy saving assistance information may contain statistics/prediction of UE communication (e.g. traffic volume, periodic communication indicator and periodic time). Based on this, the NG-RAN performs energy saving operations, e.g. shutting down the cell(s) with very low traffic volume in predicted time period/area, redirecting the UEs to cell(s) with higher energy efficiency.
6.x.4
Impacts on existing services, entities and interfaces

Editor's note:
This clause captures impacts on existing services, entities and interfaces.

AMF:
-
Performs Access and Mobility Management taking into account network energy saving requirements, based on AM subscription data, AM policy, UE related analytics, network energy control information, etc.
SMF:
-
Performs Session Management taking into account network energy saving requirements, based on SM subscription data, SM policy, UE related analytics, network energy control information, etc.
PCF:
-
Provisions AM policy and SM policy taking into account the requirements of network energy saving.

* * * End of Change * * * *
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