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1. Introduction
Control of time synchronization service based on UE subscription is important for the operator in managing time critical services such as smart grid or financial services.
This key issue aims at studying how to control 5G time synchronization service based on subscription (i.e. introducing subscription parameter for time synchronization and enforcing it).
2. Text proposal
It is proposed to agree the following changes to 23.700-25:
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Table 6.0-1: Mapping of Solutions to Key Issues
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[bookmark: _Toc22214905][bookmark: _Toc23254038]6.X.1	Introduction
The solution enables the operator to control time synchronization service based on UE subscription for time critical services management.
6.X.2	General description
The following assumptions are made:
· For specific UEs which the holdover capability is not supported or supported badly, the operator should provide them reference time information continuously. 
· UE subscription should be taken into account when TSCTSF chooses a time information provider in 5GS. The subscription data may include time synchronization enable parameters or timing resiliency services parameters. According to the subscription data, TSCTSF can determinate whether and which timing source to provide timing synchronization service.
· UEs get time synchronization service by receiving 5GS access stratum time or time-synchronized UPF/NW-TT.  5G GM may have different sources of time/frequency like GNSS signal, Synchronous Ethernet (Sync E), PTP transport network, PPS input, etc. Besides, 5G GM may collocate with UPF or RAN, not limited with the deployment.
Following are the principles for the solution:
· In order to provide continuous time synchronization service for targeted UEs, 5GC should be informed if the time synchronization status of those UEs change. The time status changes can be resulted from some unexpected cases, e.g., time sources failure or UE mobility.
· The AF could send a request to TSCTSF (directly or via NEF) to control the (g)PTP time synchronization service and may target to a set of AF-sessions with a UE or multiple UE(s). In addition, the AF may request time synchronization distribution method, such as a Boundary Clock, peer-to-peer Transparent Clock, or end-to-end Transparent Clock or as s PTP relay instance. For all the AF-request, TSCTSF should check targeted UE(s) subscription data from the UDM first before it invokes time synchronization service. If necessary, the SMF would check the per UE subscription data again when PDU session establishment.
· The AF may request to use the 5G access stratum timing information for UE(s) or the attached DS-TT(s). When TSCTSF receives the request, it should get the targeted UE subscription data from the UDM to authorize the request. If needed, the AMF is responsible to check the per UE subscription data when it controls 5G-AN to provide 5G access stratum timing information.
· A trusted AF can request a stringent/resilient time synchronization service for targeted UEs or DS-TTs if the UEs subscription supports.  
· UE could request a time synchronization service with gNB itself for specific time service requirements, e.g., UE can request a stringent time synchronization error budget, which may be different from those directly from gNB via SIB. If 5GC provides the different time synchronization services based on UE subscription data, it can distribute the timing information in a unicast way or encode the timing information. The secret key can be based on UE subscription data, produced by TSCTSF or up to implementation.
6.X.3	Procedures
[bookmark: OLE_LINK8][bookmark: OLE_LINK10]Below is the flow chart for AF requesting time synchronization service for targeted UE and UE requesting time synchronization service based on subscription data. 
[bookmark: OLE_LINK11]6.X.3.1	AF requesting time synchronization service for targeted UE
Procedures of AF requesting time synchronization service for targeted UE are shown: 


Figure 6.X.3-1 AF requesting time synchronization service based on subscription
0. UDM subscription data may include a new subscription type for time synchronization service or timing resiliency service. The subscription data indicates whether or not the UE support time synchronization service or timing resiliency services. The subscription data may also include 5GS clock properties, e.g., clock class, accuracy, etc. to reflect the possible selection of clock source e.g., during GNSS unavailability. 
1. Option a. UE request for a timing synchronization service with a certain 5GS clock property requirement. Or option b. AF request for time synchronization service for the UE.
2. When receiving the time synchronization request for the UE, the TSCTSF will check with UDM, whether and what information the UE has the subscription for time synchronization service. 
3. TSCTSF determinates a suitable time source to provide time synchronization service for the UE if the subscription data is satisfied.
4. TSCTSF may sends the determinate information (with 5GS clock properties including e.g. clock class, accuracy information) to UPF for time synchronization service, UPF initiates PTP or gPTP based distribution to the UE to provide timing synchronization. Or TSCTSF may send the determinate information to RAN for time synchronization service, RAN initiates access stratum distribution to the UE to provide timing synchronization.
6.X.3.2	UE requesting time synchronization service
Below is an example of UE requesting time synchronization service.
AMF
PCF
TSCTSF
BSF
9.Ntsctsf_TimeSynchronization_Create/Update/Delete resp
10.NAS_TimeSynchronization_ASTICreate/Update/Delete resp
UE
2.NAS_TimeSynchronization_Create/Update/Delete req

UDM
4.Ntsctsf_UE_time subscription date request/resp
5.Nbsf_Managemet_Subscribe/Notify
6.Npcf_AMPolicyAuthorization_Create/Update req
8.Npcf_AMPolicyAuthorization_Create/Update resp
7. AM Policy Association Modification initiated by the PCF
1. AM Policy Association Establishment
3.Ntsctsf_TimeSynchronization_ASTICreate/Update/Delete req

              Figure 6.X.3-2 UE requesting time synchronization service based on subscription
1. AM policy association establishment procedure is executed when UE registered to the 5G network.
2. When triggered by application layer, UE sends UL NAS transport message to AMF to request time synchronization service. The parameters included in the request are associated with UE specific requirements, e.g., error budget.
3. The AMF invokes the service operation provided by the TSCTSF. AMF discovers and selects the TSCTSC based on local configuration or via NRF query. The service operation request includes the time synchronization service request from the UE.
4. When receiving the UE time synchronization service request, TSCTSF retrieves the UE time synchronization service related subscription data from UDM to check whether the UE is authorized to request the time synchronization service for the requested error budget, or resiliency time service. 
5. If the 5G access stratum time distribution parameters in UDR are associated with a DNN/S-NSSAI for the PCF for the UE may discover the PCF for the PDU Session using SUPI and (DNN, S-NSSAI) as parameters.
6. TSCTSF determines the PCF that handles the AM Policy Association of the targeted UE with SUPI (received in step 4) as an input parameter. 
7. If the TSCTSF sends multiple time synchronization error budgets for a given UE, the PCF would pick the most stringent budget. The PCF takes a policy decision and then it may initiate an AM Policy Association Modification procedure. As part of this, the 5G access stratum time distribution indication and the Uu time synchronization error budget are provided to NG-RAN. Based on this, NG-RAN provides the 5GS access stratum time to the UE according to the Uu time synchronization error budget as provided by the TSCTSF (if supported by UE and NG-RAN).
8. The PCF of the UE replies to the TSCTSF with the result of Npcf_AMPolicyAuthenorization operation.   
9. The TSCTSF responds to the AMF request in step 4.
10. The AMF informs the UE about the result of the operation in step 2.   

[bookmark: _Toc97278334]6.X.4	Impacts on services, entities and interfaces
· TSCTSF
· Update the 5G time distribution indication based on UE subscription.
· Authorize time synchronization service request based on UE subscription.
· Providing time synchronization service based on UE subscription
· Determining a suitable 5G timing source to provide time synchronization service for the UE
· UE
· Support to request time synchronization service per UE
· AMF
· Support to forward UE time synchronization service to targeted TSCTSF.
· UDM 
·  Subscription data including time synchronization parameters or timing resiliency parameters.
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