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[bookmark: _Hlk526665839]Abstract of the contribution: This paper proposes a solution for the key issue #3 “Support for controlling 5G time synchronization service based on subscription” to the TR 23.700-25.
Discussion
The FS_5TRS_URLLC SID has KI#3 for support for controlling 5G time synchronization service based on subscription agreed in S2-2201762 with the following objectives:
-	How to authorize time synchronization service based on UE subscription.
-	How to enforce time synchronization service on a per UE basis based on subscription.
-	What parts of time synchronization service require a separate UE subscription (and authorization), if any.

 


To address them, the following solution is proposed for TR 23.700-25.
Proposal
It is proposed to add the following solution to TR 23.700-25.

*** Start of changes (all new text) ***
[bookmark: _Toc26386429][bookmark: _Toc26431235][bookmark: _Toc30694633][bookmark: _Toc43906656][bookmark: _Toc43906772][bookmark: _Toc44311898][bookmark: _Toc50536540][bookmark: _Toc54930314][bookmark: _Toc54968119][bookmark: _Toc57236441][bookmark: _Toc57236604][bookmark: _Toc57530245][bookmark: _Toc57532446][bookmark: _Toc93073663]6.x	Solution #x: Subscription based control of time synchronization service
[bookmark: _Toc510607500][bookmark: _Toc518306734][bookmark: _Toc26386430][bookmark: _Toc26431236][bookmark: _Toc30694634][bookmark: _Toc43906657][bookmark: _Toc43906773][bookmark: _Toc44311899][bookmark: _Toc50536541][bookmark: _Toc54930315][bookmark: _Toc54968120][bookmark: _Toc57236442][bookmark: _Toc57236605][bookmark: _Toc57530246][bookmark: _Toc57532447][bookmark: _Toc93073664]6.x.1	Introduction
This solution is proposed to solve Key Issue #3: Support for controlling 5G time synchronization service based on subscription. In this Key Issue, the time synchronization service scenarios already supported in 5G Release-17 and Release-16 based on access stratum or (g)PTP time distribution methods are addressed.
Following are the assumptions in the current specification:
-	For access stratum time synchronization distribution configuration, the gNB may send ReferenceTimeInformation (RTI) via SIB9 or dedicated RRC signaling. It is up to the gNB to determine how to do it. The UE can use UEAssistanceInformation information element in RRC signaling to indicate its preference to receive RTI (i.e., using the Boolean referenceTimeInfoPreference). If this reference time assistance information is needed at the gNB but the UE hasn’t provided it, the gNB can request it using referenceTimePreferenceReporting within OtherConfig information element within RRC Resume or RRC reconfiguration messages.
-	For (g)PTP time distribution method, two scenarios are assumed:
-	Without AF request for time synchronization service configuring the (g)PTP instance: Similar to the time synchronization support available in 5G Release-16. In this case, the AF request is not required as the (g)PTP time synchronization operation can be supported based on (g)PTP preconfiguration at the NW-TT and DS-TT(s) belonging to the same PTP Instance. Therefore, there is only support for alternate Best Master Clock Algorithm (BMCA) method for PTP (defined in clause 9.3.1 of IEEE Std 1588-2019 [8] or method b) defined in clause 10.3.1.1 of IEEE Std 802.1AS [9]) for determining the grandmaster PTP Instance and the time synchronization spanning tree.
-	With AF request for time synchronization service configuring the (g)PTP instance: Similar to the time synchronization support available in 5G Release-17. In this case, the AF request provides the desired operation for the PTP Instance to configure (g)PTP distribution.
6.x.2	Functional Description
The solution is based on the following principles:
-	Control of (g)PTP time distribution method using UE’s subscription can be possible if the AF has already requested time synchronization service or not. The supported (g)PTP operations within the 5GS depend on the availability of the AF request for a time synchronization service.
-	Control of access stratum time distribution method using UE’s subscription can be possible if the AF has already requested to influence access stratum distribution or not. This control based on UE’s subscription only applies to the gNB using RRC signaling to disseminate access stratum time information.
Editor’s n
-	UE subscription data type is extended to include a new “Time synchronization Subscription Data”, within this structure, the subscription data may contain the following fields:
-  Enriched Access Stratum Time Synchronization Service Authorization: Indicates whether the UE is authorized to  receive RTI reception via RRC dedicated signaling optimized to fulfill a Uu time synchronization error budget (e.g.,  error budget that could trigger use of propagation delay compensation methods as standardized in Release-17). Note this field is not applicable for regular SIB9 RTI distribution.
- (g)PTP Time Synchronization Service Authorization: Indicates whether the UE is authorized to use (g)PTP based time synchronization services.
- Subscribed (g)PTP domain: Indicates the PTP network’s domain the UE is authorized to connect. A PTP network domain is identified by two attributes: domainNumber and sdoId, as described in clause 7.1.1 of IEEE Std 1588-2019 [8] and in clause 8.1 of IEEE Std 802.1AS [9]).
Editor’s note: FFS where are the other PTP parameters needed for a PTP instance stored? Also, what is stored in the subscription of each UE is FFS?

-	Time Synchronization Subscription Data is stored at the UDR. The UDM retrieves this subscription data from the UDR for other NFs to access it. The TSCTSF accesses subscription information relevant for time synchronization configuration in the UDM and based on the subscription data, the TSCTSF may enable/disable time synchronization configuration for the UE with or without an AF request for the service. 
-	For access stratum time distribution method, the TSCTSF may initiate an AM Policy procedure with the PCF to forward policy decisions to the AMF, which eventually forwards to the NG-RAN, derived from the High accuracy Access Stratum Time Synchronization Service Authorization and default or AF’s provided Uu time synchronization error budget.
-	For (g)PTP time distribution method, the TSCTSF may modify the PTP instance configuration by means of sending a PMIC to the impacted UE/DS-TT and UMIC to the UPF/NW-TT, as described in clause K.2.2 of TS 23.501 [2]. 
-	If the AF request time synchronization service (based on access stratum or (g)PTP time distribution) and it is authorized by the NEF or TSCTSF. The NEF or TSCTSF may request to update the “Time synchronization Subscription Data” part of the subscriber data at the UDM to adjust the stored subscriber information with the time synchronization service requested by the AF (e.g., authorization for a time distribution method). UDM may read from UDR, by means of Nudr_DM_Query, corresponding subscription information in order to validate required data updates and authorize these changes for this subscriber for the corresponding AF.

6.x.3	Procedures
[bookmark: _Toc54930330][bookmark: _Toc54968135][bookmark: _Toc57236457][bookmark: _Toc57236620][bookmark: _Toc57530261][bookmark: _Toc68087401]6.x.3.1	Procedure for subscription based control of access stratum time synchronization service without AF request
An overall procedure for subscription based control of access stratum time synchronization service is illustrated in Figure 6.x.3.1-1.


Figure 6.x.3.1-1: Subscription based control of access stratum time synchronization service 
1.	The UE performs the registration procedure with the 5GS. While the procedure is configured, if the AMF retrieves the subscription data for the UE from the UDM and Time Synchronization Subscription Data is available at the UDM, the UDM provides it to the AMF. 
When the AMF is setting up or modifying the UE Context in the NG-RAN, the AMF may provide access stratum attributes within the Time Synchronization Subscription Data to the NG-RAN via N2 message. In this case, steps 2-6 can be skipped.
When the AMF performs an AM policy Association Establishment/Modification with the PCF, the AMF may notify the Time Synchronization Subscription Data to the PCF. 
The registration procedure continues as described in TS 23.502. 
2-3. If the PCF has received Time Synchronization Subscription Data from the AMF in step 1, the PCF forwards the Time Synchronization Subscription Data to the TSCTSF for adjustment (if needed) via Npcf_AMPolicyAuthorization service operation.
4.	If the TSCTSF has received Time Synchronization Subscription Data from the PCF in step 2, the TSCTSF subscribes at the UDM to be notified using Nudm_SDM_Subscribe when the Time Synchronization Subscription Data is modified.
5. 	If the TSCTSF has received Time Synchronization Subscription Data from the PCF in step 2, the TSCTSF determines if time synchronization service for a UE based on access stratum time distribution method is impacted by the Time Synchronization Subscription Data received (e.g. considering Uu time synchronization error budget).
6. 	If the TSCTSF has received Time Synchronization Subscription Data from the PCF in step 2 and if access stratum time distribution is impacted, the TSCTSF forwards the updated access stratum attributes to the AMF as described in clause 4.15.9.4 of TS 23.502 [2].
6.x.3.2	Procedure for subscription based control of (g)PTP time synchronization service without AF request
An overall procedure for subscription based control of (g)PTP time synchronization service without AF request is illustrated in Figure 6.x.3.2-1.


Figure 6.x.3.2-1: Subscription based control of (g)PTP time synchronization service without AF request
1.	The UE performs the registration procedure with the 5GS. While the procedure is configured, if the AMF retrieves the subscription data for the UE from the UDM and Time Synchronization Subscription Data is available at the UDM, the UDM provides it to the AMF. When the AMF performs an AM policy Association Establishment/Modification with the PCF, the AMF notifies the Time Synchronization Subscription Data to the PCF. The registration procedure continues as described in TS 23.502. 
2-3. The PCF provides Time Synchronization Subscription Data to the TSCTSF for adjustment (if needed) via Npcf_AMPolicyAuthorization service operation.
4.	The TSCTSF subscribes at the UDM to be notified using Nudm_SDM_Subscribe when the Time Synchronization Subscription Data is modified.
5.  The UE performs the UE-requested PDU Session Establishment for data establishing connectivity.
6.	The TSCTSF determines if time synchronization service for a UE based on (g)PTP time distribution methods is impacted by the Time Synchronization Subscription Data received.
7. 	If (g)PTP time distribution is impacted, the TSCTSF configures the PTP instance for the UE/DS-TT and UPF/NW-TT as described in clause K.2.2 of TS 23.501 [2].

[bookmark: _Toc26386435][bookmark: _Toc26431241][bookmark: _Toc30694639][bookmark: _Toc43906662][bookmark: _Toc43906778][bookmark: _Toc44311904][bookmark: _Toc50536546][bookmark: _Toc54930320][bookmark: _Toc54968125][bookmark: _Toc57236447][bookmark: _Toc57236610][bookmark: _Toc57530251][bookmark: _Toc57532452][bookmark: _Toc93073667][bookmark: _Toc20203937]6.x.4	Impacts on services, entities and interfaces
-	UDR:
-	Storage and retrieval of Time Synchronization Subscription Data by the UDM.
-	UDM:
-	Time Synchronization Subscription Data management.
-	AMF:
-	Receive and forward Time Synchronization Subscription Data to NG-RAN and PCF.
-	PCF:
-	Receive and forward Time Synchronization Subscription Data via AM Policy service operations.
-	TSCTSF:
-	Time synchronization service configuration (i.e., ASTI and/or (g)PTP time distribution) based on UE’s Time Synchronization Subscription Data.
-	Subscription to Time Synchronization Subscription Data at the UDM.
*** End of changes ***
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!@@@Chart-generator later than 5.0����ÿ6�#This is the default signalling chart.
#Edit and press F2 to see the result.
#You can change the default chart
#with the leftmost button on the Preferences pane of the ribbon.
ue [label="UE/\nDS-TT"],
ran [label="NG-RAN"], 
amf [label="AMF"],
pcf [label="PCF"],
tsctsf [label="TSCTSF"],
udm [label="UDM"];
  
#text.wrap=yes;
hscale=0.7;
text.size.normal=12;
vspace 5; 
numbering = yes; 

box ue -- udm : UE performs general registration procedure (clause 4.2.2.2.2 in TS 23.502).
               When the AMF uses Nudm_SDM service operations, it receives Time 
               Synchronization Subscription Data [text.ident=center, fill.color=white]{
    box ran -- amf: 1a. AMF forwards access 
                    stratum attributes to 
                    NG-RAN if available [number=no]; 
    box amf -- pcf: 1b. AMF forwards Time 
                    Synchronization 
                    Subscription Data  
                    to PCF if available [number=no, line.type=dashed]; 

};
pcf->tsctsf: Npcf_AMPolicyAuthorization_Create Request [line.type=dashed];
tsctsf->pcf: Npcf_AMPolicyAuthorization_Create Response [line.type=dashed];
tsctsf<->udm: Nudm_SDM_Subscribe [line.type=dashed];
box tsctsf -- tsctsf: TSCTSF determines time 
                      synchronization service 
                      configuration based on  
                      UE's subscription [line.type=dashed];
box ran -- tsctsf: TSCTSF forwards access stratum policy decision to
                   the AMF using AM Policy. AMF forwards access 
                   stratum policy to the gNB [line.type=dashed]; 
����������������
signalling���0
0
0
0
,��������
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1: UE performs general registration procedure (clause 4.2.2.2.2 in TS 23.502).

When the AMF uses Nudm_SDM service operations, it receives Time

Synchronization Subscription Data.

If time synchronization data is available, the AMF forwards it to the PCF

2: Npcf_AMPolicyAuthorization_Create Request

3: Npcf_AMPolicyAuthorization_Create Response

4: Nudm_SDM_Subscribe

5: UE performs UE-requested PDU Session Establishment procedure (clause 4.3.2.2 in TS 23.502)

6: TSCTSF determines (g)PTP

time synchronization service

configuration based on

UE's subscription

7: TSCTSF configures PTP instance as described in clause K.2.2 of TS 23.501
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