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1. Proposal

It is proposed to add the following to the TR 23.700-25 "Study on Timing Resiliency and TSC & URLLC enhancements"

*****************************************START of CHANGE **********************************************

6.18
Solution #18: Subscription based control of time synchronization service

6.18.1
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.

6.18.2
Functional Description

The solution is based on the following principles:

-
UE subscription data types stored in the UDM are extended to include two new data structures related to time synchronization service:

-
The "Access and Mobility Subscription data" is extended with the following field:

-
Access Stratum Time Synchronization Service Authorization:

-
Indication whether the UE is authorized to receive RTI reception via RRC dedicated signaling Note this field applies to the gNB using dedicated RRC signaling to disseminate access stratum time information to the UE.

-
(Optionally) Uu time synchronization error budget

-
The AMF retrieves "Access Stratum Time Synchronization Service Authorization" in the UDM when the UE registers with the 5GS. If "Access Stratum Time Synchronization Service Authorization" is available, the AMF configures the access stratum time distribution information at the NG-RAN accordingly using Rel-17 NGAP signalling.

-
A new subscription data "Time Synchronization Subscription data" with the following fields:

-
AF request Authorization: Indicates whether the UE is authorized for an AF-requested (g)PTP based time synchronization services per DNN/S-NSSAI, and ASTI based time synchronization services.

-
One or more Subscribed time synchronization service ID(s): Provides reference to a PTP configuration pre-configured at the TSCTSF (i.e. DNN/S-NSSAI, PTP instance configuration within the 5GS, including e.g. PTP profile, PTP domain, etc).

-
For (g)PTP time distribution method, the TSCTSF accesses Time Synchronization Subscription data 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. The trigger for the TSCTSF to retrieve this subscription data from the UDM is the notification from the PCF that a UE has established a PDU Session for a specific DNN/S-NSSAI (based on the PCF using Npcf_PolicyAuthorization_Notify service operation).

-
For access stratum time distribution method with AF request, the TSCTSF retrieves Time Synchronization Subscription data available at the UDM and checks if the AF is allowed to request access stratum time synchronization as a service or not.


-
The configuration of access stratum time distribution for a UE via subscription information or AF request is assumed to mutually exclusive, i.e. if the Access Stratum Time Synchronization Service Authorization indicate the UE is allowed to receive RTI reception, the AF request Authorization for ASTI shall be set to not allowed.

-
Access Stratum Time Synchronization Service Authorization and Time Synchronization Subscription Data is stored at the UDR. The UDM retrieves this subscription data from the UDR for other NFs to access it.

-
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].

-
For access stratum time distribution method, if AMF receives Access Stratum Time Synchronization Service Authorization from UDM, then AMF provides 5G access stratum time distribution indication and Uu time synchronization error budget (if part of the Access Stratum Time Synchronization Service Authorization received from the UDM) to NG-RAN. If Uu time synchronization error budget is not part of the Access Stratum Time Synchronization Service Authorization received from the UDM then AMF may send to NG-RAN a Uu time synchronization error budget based on a pre-configured default value .

6.18.3
Procedures

6.18.3.1
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 without AF request for time synchronization is illustrated in Figure 6.18.3.1-1.
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Figure 6.18.3.1-1: Subscription based control of access stratum time synchronization service

1.
The UE performs the registration procedure with the 5GS.

2.
While the registration procedure is configured, the AMF retrieves the UE subscription data stored at the UDM.

3.
If Access Stratum Time Synchronization Service Authorization is available at the UDM, the UDM provides it to the AMF.

4.
If the AMF receives Access Stratum Time Synchronization Service Authorization from the UDM in step 3, the AMF may subscribe to notifications for updates at the UDM.

5. When the AMF is setting up or modifying the UE Context in the NG-RAN and AMF has received Access Stratum Time Synchronization Service Authorization from the UDM, then AMF provides access stratum attributes to NG-RAN via N2 message (5G access stratum time distribution indication and Uu time synchronization error budget if part of the Access Stratum Time Synchronization Service Authorization received from the UDM). If Uu time synchronization error budget is not part of the Access Stratum Time Synchronization Service Authorization received from the UDM then AMF may send to NG-RAN a Uu time synchronization error budget based on a default pre-configured default value.


The registration procedure continues as described in TS 23.502 [3].

6.18.3.2
Procedure for subscription based control of access stratum time synchronization service with AF request

An overall procedure for subscription based control of access stratum time synchronization service with asynchronous reception of an AF request for ASTI service is illustrated in Figure 6.18.3.2-1.
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Figure 6.18.3.2-1: Subscription based control of access stratum time synchronization service with AF request

1.
The AF request to influence the 5G access stratum time distribution.

2.
The TSCSTF retrieves Time Synchronization Subscription Data available at the UDM:

3.
The TSCTSF determines if the AF is allowed to request ASTI service according to the AF request Authorization in the Time Synchronization Subscription Data. If authorized, the TSCTSF proceeds with ASTI service configuration. Otherwise, if the AF is not authorized, steps 4-7 are skipped.

4.
The TSCTSF sends to the PCF for the UE its request to update the AM policy of the UE (identified by SUPI) containing the 5G access stratum time distribution indication (enable, disable) and optionally the calculated Uu time synchronization error budget (if available).

5.
The PCF takes a policy decision and then the PCF may initiate an AM Policy Association Modification procedure for the UE as described in clause 4.16.2.2 of TS 23.502 [3] to provide AMF the 5G access stratum time distribution parameters.

6.
The AMF sends the 5G access stratum time distribution indication (enable, disable) and the Uu time synchronization error budget (if available) to the NG-RAN via N2 signalling.

7.
The PCF of the UE replies to the TSCTSF with the result of Npcf_AMPolicyAuthorization operation.

8. The TSCTSF responds the AF with the Ntsctsf_ASTI_Create service operation response.

6.18.3.3
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 6.18.3.3-1.
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Figure 6.18.3.3-1: Subscription based control of (g)PTP time synchronization service without AF request
1.
The UE performs the UE-requested PDU Session Establishment for data establishing connectivity.

2.
The PCF determines if the PDU Session is potentially impacted by time synchronization service and invokes Npcf_PolicyAuthorization_Notify service operation to the TSCTSF discovered and selected for time synchronization to indicate there is a UE connected to a specific DNN/S-NSSAI configured for (g)PTP services.

3.
The TSCSTF uses the SUPI to retrieve the Time Synchronization Subscription Data available at the UDM.

4.
If the Time Synchronization Subscription Data contains:

a)
one or more Subscribed Time Synchronization Service ID(s) that can be mapped to PTP instance configuration(s), the TSCTSF determines if one or more of the PTP instance configurations match with the DNN/S-NSSAI of the given PDU Session. The TSCTSF assumes that the time-synchronization service cannot be controlled by an AF for the given SUPI.

b)
An indication that an AF-requested (g)PTP time synchronization service is allowed for the given UE and DNN/S-NSSAI, the TSCTSF adds the given SUPI to the list of SUPIs for which the time-synchronization service can be controlled by an AF.

c)
If TSCTSF receives neither a) nor b), the TSCTSF assumes that the time-synchronization service cannot be controlled by an AF for the given SUPI. The TSCTSF releases the AF-session with the PCF.

5.
For each matching PTP instance configuration determined in step 4, if no PTP instance exists for the given PTP instance configuration, the TSCTSF initializes the PTP instance in 5GS as described in clause K.2.2 of TS 23.501 [2]. The TSCTSF configures a PTP port in DS-TT and adds it to the corresponding PTP instance in NW-TT as described in clause K.2.2 of TS 23.501 [2].,
6.18.3.4
Procedure for (g)PTP time synchronization service with AF request

An overall procedure for (g)PTP time synchronization service with AF request. Steps 1 to 4 below are illustrated in figure 6.18.3.3-1.

1.
The UE performs the UE-requested PDU Session Establishment for data establishing connectivity.

2.
Upon PDU Session establishment, the PCF determines if the PDU Session is potentially impacted by time synchronization service and invokes Npcf_PolicyAuthorization_Notify with the TSCTSF as configured in the PCF. The TSCTSF setups an AF-session with the PCF as described in clause 4.15.9.2 of TS 23.502 [3].

3.
The TSCSTF uses the SUPI to retrieve the Time Synchronization Subscription Data available at the UDM.

4.
If the Time Synchronization Subscription Data contains:

a)
one or more Subscribed Time Synchronization Service ID(s) that can be mapped to PTP instance configuration(s), the TSCTSF determines if one or more of the PTP instance configurations match with the DNN/S-NSSAI of the given PDU Session. In this case, for each such PTP instance configuration, if no PTP instance exists for the given PTP instance configuration, the TSCTSF initializes the PTP instance in 5GS as described in clause K.2.2 of TS 23.501 [2]. The TSCTSF configures a PTP port in DS-TT and adds it to the corresponding PTP instance in NW-TT as described in clause K.2.2 of TS 23.501 [2]. The TSCTSF assumes that the time-synchronization service cannot be controlled by an AF for the given SUPI.

b)
An indication that an AF-requested (g)PTP time synchronization service is allowed for the given UE and DNN/S-NSSAI, the TSCTSF adds the given SUPI to the list of SUPIs for which the time-synchronization service can be controlled by an AF.

c)
If TSCTSF receives neither a) nor b), the TSCTSF assumes that the time-synchronization service cannot be controlled by an AF for the given SUPI. The TSCTSF releases the AF-session with the PCF.

5.
Based on received subscription data in step 4, the TSCTSF determines that the UE is authorized for the service, and the TSCTSF proceeds with rest of the procedure as described in clause 4.15.9.2 of TS 23.502 [3].


When the TSCTSF receives Ntsctsf_TimeSynchronization_CapsSubscribe service operation from the AF, the TSCTSF determines the matching AF-session(s) as described in clause 4.15.9.2 of TS 23.502 [3] if the AF request Authorization indicates the (g)PTP based time synchronization services is allowed for the given DNN/S-NSSAI. If the UE is not authorized for the service for the given DNN/S-NSSAI in the UDM, the TSCTSF does not consider the AF-session as matching. This implies that the time synchronization capability event notification does not list any of the SUPIs that cannot be controlled by an AF.

6.18.4
Impacts on services, entities and interfaces

UDR:

-
Storage and retrieval of Time Synchronization Subscription Data by the UDM.

UDM:

-
Time Synchronization Subscription Data and Access Stratum Time Synchronization Service Authorization fields management.

AMF:

-
Receive Access Stratum Time Synchronization Service Authorization from UDM.

-
Provide access stratum time distribution indication and Uu time synchronization error budget to RAN based on Access Stratum Time Synchronization Service Authorization received from UDM

TSCTSF:

-
Pre-configured PTP configuration at the TSCTSF, including time synchronization service ID and corresponding configuration (i.e. DNN/S-NSSAI, PTP instance configuration within the 5GS, including e.g. PTP profile, PTP domain, etc).

-
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 CHANGE **********************************************
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