SA WG2 Meeting #162	S2-2404234 
Changsha, PRC, April 15-19, 2024					(revision of S2-2402710)
Source:	Nokia
Title:			KI#2 New Solution on UE Preferred Energy Setting
Document for:	Approval
Agenda Item:	19.4
Work Item / Release:	FS_EnergySys/ Rel-19
Abstract:  
1. Introduction/Discussion

As part of KI#2, based on policy, the end-user experience (QoS/QoE) provided by the communication network may be modulated considering energy-related considerations. For example, different RAN network configurations may be used for the UE taking into account different energy saving profiles, where some configurations due to energy saving may be adhered to without QoS degradation. The RAN may benefit from receiving instructions from the PCF on how to do such modulation for the UE with the aim to perform a more optimal modulation, minimizing QoS degradation (rather than just base it on locally configured policy at the RAN). When deriving the policies, the PCF may benefit from knowing UE specific preferences, e.g. to be received via UE assistance (e.g., of energy setting or energy saving preferred by the UE). Basically, the PCF may tailor the service offering (i.e., the PCC rules) to the UE to match the preferences indicated by the UE. The ultimate goal is to assist the RAN node in the decision on how to provide a suitable QoS performance for the services requested by the UE when the UE radio configuration may be modified for energy saving purposes. 
This solution addresses the aspects above by several components:

· The UE can have subscription information related to its preferred energy setting stored at UDR, accessible by the PCF and UDM. This can be per UE, S-NSSAI, DNN.  
· The UE can assist the network by sending UE assistance of its preferred energy setting to AMF / SMF for the network to define the most proper QoS policies, settings, and handling of the UE. This value can override any value stored in the UDR.
· The AMF/SMF/PCF may receive the preferred energy setting information for the UE as UE assistance via NAS signaling and can override the information stored in the UDR/UDM. The SMF can provide the information it receives to the PCF. The UE assistance may be provided by the UE as part of the PDU Session Establishment or Modification procedure of an ongoing PDU Session or as part of RM procedures.
· Based on preferred energy setting information, the PCF may derive/ the PCC rules to be provided to the SMF. For example, a modified (e.g., lower Session AMBR. higher latency) QoS requirement of the PDU session can be considered for energy saving.  Based on the received PCC rules, the SMF may update the authorized alternative QoS profiles (access specific QoS parameters) and may also provide the UE Assistance (on Preferred Energy Setting) to the gNB. Furthermore, the SMF can (re)configure the impacted QoS Flows at the UE. the AMF also may provide new UE-AMBR and also provide assistance to the RAN.
2. Conclusion
It is proposed that the following text is added to TR 23.700-66
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Editor's note:	This clause describes the mapping between solutions and key issues.
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[bookmark: _Toc157674328][bookmark: _Toc146539438][bookmark: _Toc161043144]6.X	Solution #X: System behaviour control based on UE Preferred Energy Setting
[bookmark: _Toc146539439][bookmark: _Toc157674329][bookmark: _Toc161043145]6.4.1	Key Issue mapping
This Solution is related to KI#2 (policy). 
[bookmark: _Toc146539440][bookmark: _Toc157674330][bookmark: _Toc161043146]6.4.2	Functional Description
6.x.2.1	Introduction
This solution proposes that the end-to-end behavior of the system for a UE can be modulated based on a preferred energy setting selected at the UE by the user (through a user interface enabling collecting energy setting) if the UE operates in manual mode energy settings, or based on some logic if the UE operates in automatic mode, and also by taking subscription into account..
The end-to-end system behavior can be modulated by:
1: Selecting network slice, DNN depending on energy setting.
2: Indication to the network per session, slice, UE the preferred energy setting so the network can adapt its behavior.
A slice for a PDU session can be selected based on policy related to the preferred energy setting. The resulting handling may optimize performance or energy consumption. For example, RAN/ network configurations may be used depending on the slice, and this may help minimizing the energy consumed, or deliver performance. This can be based on implementation dependent features, similarly to solution Solution #24: "Subscription enhancements for energy savings in RAN".  
If the network receives in a registration message (if the scope is at UE or slice level) or in a PDU session establishment the preferred energy settings (if the scope is at session level) the indication of the preferred energy setting, the network may adapt, based on policy related to the energy settings, the system behaviour (e.g. QoS/QoE or other aspects or other behavior that could be implementation and/or configuration dependent).  The RAN for instance, like in the slice-based case above, may benefit from receiving indications from the PCF (at session level, via the SMF as part of SM procedures) or from AMF (or at UE/slice level as past of RM procedures) that can influence e.g. how to do the modulation for the UE to perform an optimal modulation, minimizing QoS degradation. When deriving the rules and policies, the PCF/AMF may benefit from knowing UE specific preferences related to energy setting, in addition to subscription information which can be used to set a default behavior or restrict the allowed behaviors (much in the same way as subscribed S-NSSAIs determines the allowed network slices for a UE). Different RAN configurations may be used depending on taking into account different energy saving profiles, where some configurations due to energy saving may be adhered to without QoS degradation.  The indication from the core network to the NG-RAN may be the energy setting itself or an instruction per PDU session or per UE taking into account more information for the UE available at PCF including subscription data. The PCF may tailor the service offering (i.e., the PCC rules) to the UE to match the preferences indicated by the UE. The objective is to assist the RAN network in the decision on how to provide a suitable QoS performance for the services requested by the UE when the UE radio configuration may be modified for energy saving purposes. A default indication may be provided by the PCF / AMF based on subscription alone if the UE provides no preferred energy settings assistance to the network.
6.x.2.1	General overview
This solution is based on the following principles:

Selecting network slice/DNN per preferred energy setting:

-	The UE may receive from the network human readable labels identifying the energy settings it can select and a mapping to preferred energy settings values to be sent to the network. The preferred energy settings can also be used as URSP set ID (this can be a per PLMN value, i.e. the network sets the URSP set ID for VPLMN if the URSPs are VPLMN dependent when UE is roaming). In roaming case the values of the Preferred Energy Settings that can be used (and the corresponding human readable labels) can be VPLMN specific and negotiated as part of the roaming agreement.
-	The UE is configured with one or more URSP sets that can be selected depending on what energy setting is preferred (i.e. when a UE selected a certain energy setting, this selects also the corresponding URSP set associated to the URSP set ID equal to the value of the preferred energy setting). This can drive e.g. the selection of a different network slice at UE for same traffic, depending on the energy setting at the UE. The preferred Energy setting at UE is 1:1 mapped to a URSP set ID identifying the set of URSP rules that are selected/activated based on the Preferred energy setting. A URSP rule may apply to one or more preferred energy setting/URSP set ID. A default energy setting/ URSP set can be provided by the network and this applies for non supporting UEs.
-	The UE may receive also a set of different Configured NSSAIs, each per one or more values of the energy setting, or additional information may be provided to the UE associating S-NSSAIs of the Configured NSSAI to one or more energy setting. If a single URSP set is provided, the different energy setting may drive the selection of a separate S-NSSAI set from the configured NSSAI and in turn enable a different set of RSDs to be validated. 
-	The User may select a specific energy setting by a suitable interface at the UE, if "manual mode" is used, or the preferred energy setting may be based on logic running at the UE in "automatic mode". The network may also provide the default energy setting to the UE based on subscription.
-	When the preferred energy setting changes at the UE, a related URSP set (if more than one was provided depending on energy state) is considered for this new preferred energy setting at UE (and the applicable Configured NSSAI/ set of S-NSSAIs in the configured NSSAI), and the the UE re-evaluates the URSP rules.  Consequently, the UE establishes, modifies or releases existing PDU sessions and may also request a different set of network slices. 
-	The UE also indicates the preferred energy setting to the network = URSP set ID when it applies a specific URSP rule. The URSP set includes instruction on whether the energy setting is to be indicated to the network at UE level (via MRU), S-NSSAI level (if S-NSSAI is applies to the selected preferred energy setting) (via MRU when the S-NSSAI gets registered), or Session level (Session establishment or modification. When a URSP rule e.g. RSD applies to several energy settings the UE only action for the RSD is the indication of the energy setting change to the network (e.g. a MRU to update the energy setting at slice level or a session modification to update it at session level). If a setting is provided at UE level, it is not provided at slice and session level. If the setting is provided at slice level, it is not provided for the Session level.
Indication of preferred energy setting to the network:
-	The AMF, SMF, PCF can receive the preferred energy setting information for the UE from subscription data stored at the UDR, if available, and directly from a supporting UE as UE assistance via NAS SM signaling. The SMF can provide the Preferred Energy settings assistance information to the PCF and/or the PCF can obtain the information from UDR. Depending on configuration at the UE as described above, or based on other configuration or standard defined provisions, the UE assistance for Preferred Energy Settings may be provided by the UE to the network via a MRU or as part of the PDU Session Establishment procedure and, correspondingly, can be updated by means of MRU and PDU Session Modification procedure of an ongoing PDU Session.
-	Based on preferred energy setting information, depending on the network set up and the signalling used by the UE to provide the preferred energy setting assistance, the AMF, SMF, PCF can provide indication to NG-RAN (i.e. provide the UE Assistance Preferred Energy Setting) to the gNB for the PDU session (in association with the SM context for the PDU session sent to the gNB), UE (as a indicator like in solution #24) or network slice (in association to the S-NSSAI in allowed. Partially Allowed NSSAI sent to NG-RAN).  
-	Depending on the received Preferred Energy setting, the PCF may derive or modify the QoS Policies to be provided to the SMF. Based on the received Policy rules, the SMF may update the authorized alternative QoS profiles (i.e., access specific QoS parameters). Depending on the received Preferred Energy setting, the AMF can provide UE-AMBR or UE-Slice -MBR. The values of UE AMBR, UE-Slice-MBR can be defined per UE preferred energy setting.

[bookmark: _Toc146539441][bookmark: _Toc157674333][bookmark: _Toc161043149]6.x.3	Procedures

[bookmark: _Toc157674331][bookmark: _Toc161043147]6.x.3.1	UE configuration

 
Figure 6.x.3.1-1 URSP sets configuration per Preferred energy setting
1. UE includes in Registration Request in UE policy container an indication of URSP set selection/activation support in UE policy container and, optionally, in the UE MM capabilities (if so. the AMF stores this information for the UE and may provide this indication to UDM when it contacts the UDM to obtain per URSP set ID subscription information, e.g. Configured NSSAI and any information on default Energy Setting/ allowed Energy Settings).
2. The AMF accepts the registration as usual (but may provide a Configured S-NSSAI including per S-NSSAI which Preferred Energy setting/ URSP Set ID a specific S-NSSAI applies for, or multiple Configured NSSAIs, one per energy setting/URSP set ID if that is the preferred encoding)
3. The AMF decides to create/modify UE policy association
4. The AMF creates toe UE policy association with PCF and Provides the UE policy container with the URSP set selection/activation support indication
5.  The PCF responds to the UE Policy Association creation/update request
6. The PCF provides the URSP rules sets with related IDs to the UE using the procedure specified in TS 23.502 clause 4.2.4.3UE Configuration Update procedure for transparent UE Policy delivery (see figure 2).  The PCF may also provide the mapping of URSP set IDs to user selectable settings in human readable characters (optionally per VPLMN in roaming case). The URSP set ID values map 1:1 to the values used to identify the preferred energy settings.

6.x.3.2	SM level behaviour
gNB
UE
SMF
PCF
AMF
1. PDU Session Establishment procedure with UE assistance for Preferred Energy Setting
2. Preferred Energy Setting changes
3. PDU Session Modification procedure with updated UE assistance for Preferred Energy Setting or PDU session release, or PDU session establishment


Figure 6.x.3.2-1
1.	A supporting UE has selected a Preferred energy setting, and this causes, based on the URSP set associated with it, an establishment of a PDU session. The Preferred energy setting is indicated in the URSP rules to apply at Session level, so the PDU Session Establishment procedure includes UE Assistance of Preferred Energy Setting provided by the UE to SMF via NAS signalling. Additionally, the SMF can receive the default Preferred Energy Setting Information for the UE from subscription data stored at the UDM, if available. This can be used to authorize the value from UE or it can be used if no indication was received from UE (e.g. non supporting UE). Alternatively, the same information can be accessible by the PCF at UDR. Based on received information from PCF, the SMF shall update the authorized alternative QoS profiles (access specific QoS parameter) and may also provide the UE Assistance to the gNB. 
2. UE Preferred Energy Setting changes. The UE re-evaluates the URSP rules based on local configuration received.
3.	Similar to step 1, following the re-evaluation of the URSP rules, the UE triggers a PDU session modification with updated UE assistance for Preferred Energy Setting determined in step 2. Based on the received updated UE assistance, the core network may update the PDU session configuration and provide new assistance UE assistance for Preferred Energy setting information to the NG-RAN. If this applies, PDU sessions may also be released or new PCU sessions establishes with the appropriate S-NSSAI(s). the S-NSSAI that are not yet allowed can be requested (see also clause 6.x.3.3).


6.x.3.3	RM behaviour



Figure 6.x.3.3-1

1.	A supporting UE based on configuration and URSP rules determines the Requested NSSAI 1 depending on the S-NSSAIs that apply based on UE local information and the current Preferred energy setting at the UE. If the URSP information includes Configuration to report the energy setting per S-NSSAI or UE level, the Preferred energy setting is reported to the AMF. 
2.	The AMF triggers AM policy Association update and reports the new Preferred Energy Setting (if one was provided) and obtains any assistance information to be provided to the RAN and updated QoS information like UE-AMBR, or RFSP based on new allowed NSSAI
3.	The AMF provides the Allowed NSSAI 1 to NG-RAN and if required any additional assistance information to the NG-RAN.




6.x.4	Impacts on existing services, entities and interfaces

UE: supporting configuration of per Preferred energy Setting = URSP set ID URSP sets as described above. Providing UE assistance related to preferred energy setting preference to the network as instructed.

gNB: Handling of radio configuration considering QoS profiles based on UE assistance related to energy setting preference.

SMF: 
· Handling of QoS profiles based on UE assistance related to energy setting preference.
· Retrieval of UE subscription information related to energy setting preference from UDM.

PCF: Handling of PCC rules based on UE assistance related to energy setting preferences, configuration of URSP sets as per above description.

UDM: Storing UE subscription information related to energy setting preference.

AMF: Retrieval of UE subscription information related to energy setting preference from UDM, optionally providing UE assistance for preferred energy setting to NG-RAN
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6. UE configuration Update (URSP sets with URSP Set IDs, [optional in one embodyment] mapping of URSP set IDs to user selectable settings in human readable characters)
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UE Indicates to the network it supports URSP Set selection/Activation feature in UE policy container (and in UE MM Core network capabilities, in one embodiment)
UE may receive more that one URSP set (and/or more than one configured NSSAI each applicable to at least one of URSP set ID) in a DL NAS transport message. The URSP Set ID mapping information to a human readable label to be associated with the URSP set ID as selectable option at the UE may also be received in a registration accept or a UE configuration command message. The UE stores the received information.
UE Indicates to the network it supports URSP Set selection/Activation feature in UUE MM Core network capabilities
AMF stores the information from UE and  UE may receive from AMF  multiple configured NSSAI (one per URSP set Id , or one configured NSSAI with URSP set ID(s) applicable per S-NSSAI)in registration accept or UE configuration update
UE Indicates to the network it supports URSP Set selection/Activation feature in UUE MM Core network capabilities
AMF stores the information from UE and  UE may receive from AMF  configured NSSAI with NSSRG and mapping of NSSRG to URSP set ID, in registration accept or UE configuration update
UE or user selects the setting and this maps to a URSP set ID
Did UE receive >1 Configured NSSAI
UE selects the configured NSSAI that maps to the selected  URSP set ID
UE applies the URSP set (considering also the selected configured NSSAI if>1 was provided). The PDU sessions that cannot be maintained are released by the UE and any new PDU sessions are established if required.
UE or user selects the setting and this maps to a URSP set ID
Did UE receive Configured NSSAI with the applciable URSP set ID per S-NSSAI?
UE only considers the S-NSSAIs in the  Configured NSSAI with the URSP Set ID value that maps to the selected  URSP set ID
UE applies the URSP set (considering also valid only the applicable S-NSSAI in the configured NSSAI). The PDU sessions that cannot be maintained are released by the UE and any new PDU sessions are established if required.
UE or user selects the setting and this maps to a URSP set ID
Did UE receive Configured NSSAI with NSSRG and mapping of URSP set ID to NSSRG?
UE only considers the S-NSSAIs in the  Configured NSSAI with NSSRG value that maps to the selected  URSP set ID
UE applies the URSP set (considering also valid only the applicable S-NSSAI in the configured NSSAI). The PDU sessions that cannot be maintained are released by the UE and any new PDU sessions are established if required.



