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1.
Introduction and discussion
1. In existing solutions of Key Issue #2, it is proposed that the NEF takes the responsibility for interpreting the coverage area information in the AF request into a 3GPP defined location information such as cell and/or TA.

According to step 5, clause 6.3.1, TS 23.273 v17.5.0, it is the AMF in its management area who has and converts the mapping information between the cell and/or tracking area identity with the geographical area:

“5.
The (H)GMLC or VGMLC invokes the Namf_Location_ProvidePositioningInfo Request service operation to forward the location request to the serving AMF as described for step 5 in clause 6.1.2 and includes the (H)GMLC contact address and LDR reference number. The LDR reference number is either allocated by (H-)GMLC based on predefined rule, e.g. operator's policy if the location request is received in step 1a, or allocated by NEF, if the location request is received in step 1b. For area event reporting, the target geographical area is converted into a corresponding list of cell and/or tracking area identities.”
It is proposed that the requested information can be interpreted by AMF to a 3GPP defined location information rather than NEF in the procedure of (g)PTP/5G access stratum time distribution configuration with Requested Coverage Area. 
2. The TSCTSF should firstly identify the serving AMF for the target UE and subscribe the target UE’s presence in the Requested Coverage Aera, rather than identity the AMF based on the Requested Coverage Aera. As the AMF identified based on the Requested Coverage Area possibly has no the UE’s registration context.
2.
Proposal

It is proposed to capture the following changes into TS 23.700-25-030.
* * * * First change * * * *

6.6
Solution #6: Support for 5G Timing Exposure Enhancement.
6.6.1
Introduction

The solution enables AF to request time synchronization service in a specific coverage area. 5GS enforces the time synchronization service according to the requested coverage area.

6.6.2
General description

-
The AF requested time synchronization service is for one UE or a group of UE.

-
UEs get time synchronization service by receiving 5GS access stratum time or time-synchronized UPF/NW-TT.

The general idea of the solution is structured as follows:

-
AF requests time synchronization service for targeted UE(s), and the coverage area info is included in the request.

-
NEF authorizes the AF request and sends it to TSCSTF.

-
TSCTSF determines the time source for the requested AF.

-
AMF reports UE location information to PCF when the PCF initiates the AM policy association modification.

-
If UE moves out of the coverage area, the requirements of time synchronization service in the AF request will not be met any more. When TSCTSF receives the notification from AMF about UE leave, TSCTSF will deactivate the time synchronization service and the RAN node will stop to provide 5G access stratum information to the UE.

-
The coverage area information in the AF request can be per cell, per RAN nodes or a geographical area. If the requested coverage area information is presented in per cell or per RAN nodes, TSCTSF will update the access stratum time indication combined with coverage area information. If the requested area is a geographical area, it is assumed that the requested information can be interpreted by AMF to a 3GPP defined location information. It may be a pre-configured area mapping or depending on specific implement.

6.6.3
Procedures

Flow chart for the AF requested time synchronization service in a specific area is illustrated as following.
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Figure 6.6.3-1: AF requesting time synchronization service in a specific area

1.
AM policy association establishment is finalized during UE registration procedure.

2.
The procedure is triggered by the AF request to influence the 5G time distribution. The coverage area information is added in step 2 when the AF requests the service in a specific area.

3.
The NEF authorizes the request and invokes the operation with the corresponding TSCTSF. TSCTSF calculates the Uu time synchronization error budget if the AF provides the error budget requirements. The coverage area information is considered together with the 5G access stratum time distribution indication by the TSCSTF. If 5G access stratum time distribution is enabled in the coverage area, it can meet the request. If another gNB not in the coverage area or time-synchronized UPF/NW-TT can meet the request requirements, it provides reference time to the targeted UE in the area to enforce AF request if possible.

4.
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.

5.
TSCTSF selects for the PCF that handles the AM Policy Association of the targeted UE with SUPI (step 4) as an input parameter and informs the PCF to consider UE location information when determining AM policy.
6.
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. In the step, the AMF is responsible for reporting UE location information to PCF. When PCF receives UE location information, it determines to provide which 5GS access stratum time information to UE based on time synchronization date sent by TSCTSF. 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).

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

8.
The TSCTSF responds to the NEF request in step 3.

9.
The NEF informs the AF about the result of the operation in step 2.

6.6.4
Impacts on services, entities and interfaces

AF:
-
Support to include the coverage area information in the time synchronization service request.

TSCTSF:
-
Support to include the coverage area information in the time synchronization service request.

-
Update the 5G access stratum time distribution indication based on coverage area information.

-
Inform the PCF to consider UE location information.

PCF:
-
Combine UE location information when AM policy decision.

* * * * Second change * * * *
6.7
Solution #7: Requested Coverage area filters for time synchronization service

6.7.1
Introduction

This solution is proposed to solve Key Issue #2: Time synchronization service enhancements. In this Key Issue, the coverage area is taken into account for the configuration of the time synchronization service. Therefore, this solution addresses the time synchronization service scenarios already supported in 5G Release-17 based on access stratum or (g)PTP time distribution methods.

This solution proposes to use a list of Tracking Areas (TAs) identified by Tracking Area Identities (TAI) or a list of Cells to describe a specific geographical area (a so-called Requested Coverage Area) where an AF requests to enable a time synchronization (TS) service. Furthermore, in order to enforce that the requested TS service is enabled for UEs (a specific UE or a group of UEs) only in that Requested Coverage Area, the proposed solution exploits the 5GS functionality (provided by the AMF) of tracking and reporting "UE mobility on Area of Interest" events (clause 5.3.4.4 of TS 23.501 [2]). An Area of Interest (AoI) for each AMF is represented by a list of TA(s) or by a list of Cells, wherein the Area of Interest is identical to the Requested Coverage Area or the Area of Interest is a TA or cell subset of the Requested Coverage Area.

6.7.2
Functional Description

The existing time synchronization exposure procedures (clause 4.15.9 of TS 23.502 [3]) are enhanced.

The following principles are proposed to enable the use of coverage area for time synchronization service operation:

-
An AF may optionally include a Requested Coverage Area within the timing synchronization service request using a spatial validity condition.

-
As a spatial validity condition, the AF may use a geographical area (e.g. a civic address or shapes) or a TA/Cell list (if it is an AF within the operator's domain, it will have TA(s) or Cell(s) configured):

-
If the AF uses a geographical area as a spatial validity condition. Later, the TSCTSF discovers the AMF(s) serving the UE(s). The TSCTSF subscriptions use Area of Interest corresponding to requested geographical area for requesting the notification of the UE presence. The serving AMF converts the Area of Interest into a 3GPP defined location information such as TA(s)/Cell(s).

-
If the AF is within the operator's domain, it uses a list of TAs or a list of Cells directly (based on pre-configuration) to formulate the spatial validity condition for the Requested Coverage Area.

-
TSCTSF uses Location or UE presence in Area of Interest services at the AMF Event Exposure service (Namf_EventExposure operations) to identify the UE(s) to which the AF request with a Requested Coverage Area applies. The TSCTSF subscribes to this information at the AMF(s), stores it, and determines the UE(s) presence in the Requested Coverage Area using the notification(s) from one or multiple AMFs.

-
Requested Coverage Area will be used at the TSCTSF for triggering time synchronization service activation/modification/deactivation with the following differences:
1)
the TSCTSF discovers the AMF(s) of the target UE(s) provided TSN service within the Requested Coverage Area;
2)
the TSCTSF subscribes (using the Namf_EventExposure_Subscribe service operation specified in clause 5.2.2.3.2 of TS 23.502 [3]) to the UE mobility on Area of Interest event notification service from the AMF(s) to be notified the UE(s) presence in an Area of Interest for each AMF (e.g. UE location is IN or OUT an Area of Interest);
3)
the TSCTSF determines (based on the notification from the AMF(s)) whether or not the targeted UE(s) are inside the Requested Coverage Area; and
4)
the TSCTSF proceeds with the time synchronization service activation/deactivation only after the TSCTSF has determined which of the targeted UE(s) are in or out of the Requested Coverage Area. The subscription to reports of UE presence in the Area of Interest procedure is described in clause 5.3.4.4 of TS 23.501 [2].

-
For access stratum distribution activation/deactivation, the TSCTSF will enable/disable ReferenceTimeInformation delivery to the UE at the serving NG-RAN node reusing the procedure in clause 4.15.9.4 of TS 23.502 [3]. For (g)PTP distribution activation/deactivation, the TSCTSF will 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].
-
Alternatively, the TSCTSF can trigger a deferred 5GC-MT-LR procedure to GMLC with the type of event assigned to Area, where the area information is set to the Requested Coverage Area for time synchronization services provided by TSN AF. GLMC receives the deferred 5GC-MT-LR procedure and responds with location event notification indicating the UE entering or moving out of the coverage area.
6.7.3
Procedures

6.7.3.1
Procedure for AF requested (g)PTP timing synchronization with Requested Coverage Area

An overall procedure for AF providing coverage area  for (g)PTP based time synchronization service is illustrated in Figure 6.7.3.1-1.
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Figure 6.7.3.1-1: (g)PTP time distribution configuration with Requested Coverage Area
1.
The AF creates a time synchronization service configuration for a PTP instance by invoking Nnef_TimeSynchronization_ConfigCreate service operation. The request includes the parameters as described in table 4.15.9.3.1 in TS 23.502 [3] and optionally a spatial validity condition (i.e. Requested Coverage Area) in the format of a geographical area (e.g. a civic address or shapes) a list of TA(s), or a list of Cells.

2.
The NEF authorizes the request.

3.
After successful authorization, the NEF invokes the Ntsctsf_TimeSynchronization_ConfigCreate service operation with the corresponding TSCTSF, with the parameters as received from the AF.


The AF that is part of operator's trust domain may invoke the services directly with TSCTSF.

4.
TSCTSF determines whether the TSCTSF has subscribed for the UE presence for an area that is indicated in the TAs or Cell IDs in the spatial validity condition. If not, the TSCTSF discovers the serving AMF(s) of the target UE(s) provided TSN service within a Requested Coverage Aerausing the UDM service (Nudm_UECM_Get) with the ID of the target UE.

5.
The spatial validity condition  for the UE(s) is resolved at the TSCTSF. In order to do that, the TSCTSF subscribes to the AMF(s) to receive notifications about the UE presence in an area of interest (or UE location) using Namf_EventExposure operation. The subscribed area of interest may be the same as the Requested Coverage Area specified by the spatial validity condition  or may be a subset of the Requested Coverage Area (e.g. a list of TAs, or cell list) based on the latest known UE location. If the AF uses a geographical area as a spatial validity condition, the AMF(s) transforms this information into a list of TA(s) or a list of Cells based on pre-configuration. The list of TA(s) or the list of Cells describes the Requested Coverage Area.
6-7. The AMF(s) track the UE's location to determine the UE's presence in an Area of Interest as described in clause 4.15.4.2 of TS 23.502 [3]. Further, the AMF(s) notify the TSCTSF about the UE(s) presence (IN, OUT, or UNKNOWN) in the Area of Interest(s).

8. The AMF(s) accept TSCTSF's subscription and provide the first corresponding event report (if available).

9.
According to the UE location of each UE that is targeted by the request and spatial validity condition in step 1, the TSCTSF determines whether to active time synchronization service for this UE:

-
If the UE location is in an Area of Interest (and thus in the Requested Coverage Area), the TSCTSF determines to active time synchronization service and creates a PTP port in a DS-TT and assigns it into the PTP instance.

-
If the UE location is out of Requested Coverage Area, the TSCTSF creates a PTP port in a DS-TT and assigns it into the PTP instance but temporarily removes the UE/DS-TT from the PTP instance and indicates the PTP port state as Inactive for the related DS-TT PTP port.

10.
The TSCTSF responds with the Ntsctsf_TimeSynchronization_ConfigCreate response.

11.
The NEF responds with the Nnef_TimeSynchronization_ConfigCreate response.

12.
The TSCTSF uses the procedures described in clause K.2.2 of TS 23.501 [2] to configure and initialize the PTP instance in the DS-TT(s) and NW-TT.

13.
The TSCTSF uses the procedure in clause 4.15.9.4 of TS 23.502 [3] to manage the 5G access stratum time distribution for the UEs that are part of the impacted PTP instance.

14.
UE moves in/out of the determined area of interest (i.e. Requested Coverage Area).

15.
NG-RAN determines the UE presence in the area of interest has changed and notifies the AMF.

16.
The AMF detects the subscription change related event occurs and it sends the event report by means of Namf_EventExposure_Notify message to the TSCTSF.

17.
If the TSCTSF receives the UE location change notification for AoI. The TSCTSF may update to activate or deactivate the time synchronization service for the given UE.

-
If the UE moves out of the Requested Coverage Area, the TSCTSF temporarily removes the UE/DS-TT from the PTP instance and indicates the PTP port state as Inactive for the related DS-TT PTP port.

-
If the UE moves into an Area of Interest, and according to Temporal Validity Condition (if this parameter is available, and current time is within validity time period), the TSCTSF determines to activate time synchronization service; the TSCTSF adds the DS-TT PTP port to the PTP instance again and indicates the PTP port state as Active for the related DS-TT PTP port.

-
The TSCTSF keeps the requested TS service unchanged (i.e. active/inactive) when the UE presence in the Requested Coverage Area becomes UNKNOWN until the TSCSTF determines that the UE is inside/outside the Requested Coverage Area.

18.
The TSCTSF updates the state of the time synchronization configuration and may notify the NEF (or AF) with the Ntsctsf_TimeSynchronization_ConfigUpdateNotify service operation. The notification indicates the identities of the UEs currently within the area of spatial validity.

19.
The NEF notifies the AF with the Nnef_TimeSynchronization_ConfigUpdateNotify service operation.

6.7.3.1a
Procedure for AF requested (g)PTP timing synchronization with Requested Coverage Area where UE’s presence is obtained via TSCTSF triggered deferred 5GC-MT-LR
An overall procedure for AF providing coverage area for (g)PTP based time synchronization service is illustrated in Figure 6.7.3.1a-1.
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Figure 6.7.3.1a-1: (g)PTP time distribution configuration with Requested Coverage Area where UE’s presence is obtained via TSCTSF triggered deferred 5GC-MT-LR
1.
The AF creates a time synchronization service configuration for a PTP instance by invoking Nnef_TimeSynchronization_ConfigCreate service operation. The request includes the parameters as described in table 4.15.9.3.1 in TS 23.502 [3] and optionally a spatial validity condition (i.e. Requested Coverage Area) in the format of a geographical area (e.g., a civic address or shapes) a list of TA(s), or a list of Cells.

2.
The NEF authorizes the request.  
3.
After successful authorization, the NEF invokes the Ntsctsf_TimeSynchronization_ConfigCreate service operation with the corresponding TSCTSF, with the parameters as received from the AF.


The AF that is part of operator's trust domain may invoke the services directly with TSCTSF.

4.
TSCTSF triggers a deferred 5GC-MT-LR procedure to GMLC with the type of event assigned to Area, where the area information is set to the Requested Coverage Area for time synchronization services provided by TSN AF.
5.
GLMC performs deferred 5GC-MT-LR procedure as defined from step 2 to 20 in Figure 6.7.3.1-1 of TS 23.273 v17.5.0 with the type of event assigned to Area.

6. The GLMC notifies the TSCTSF about the UE(s) presence (IN, OUT, or UNKNOWN) in the Area of Interest(s).

7. TSCTSF determines whether to activate time synchronization service. According to the UE location of each UE that is targeted by the request and spatial validity condition in step 1, the TSCTSF determines whether to active time synchronization service for this UE:

-
If the UE location is in an Area of Interest (and thus in the Requested Coverage Area), the TSCTSF determines to active time synchronization service and creates a PTP port in a DS-TT and assigns it into the PTP instance.

-
If the UE location is out of Requested Coverage Area, the TSCTSF creates a PTP port in a DS-TT and assigns it into the PTP instance but temporarily removes the UE/DS-TT from the PTP instance and indicates the PTP port state as Inactive for the related DS-TT PTP port.
8
The following procedure is described from step 10 to 19 in Figure 6.7.3.1-1.
6.7.3.2
Procedure for AF requested 5G access stratum timing synchronization with Requested Coverage Area
An overall procedure for AF requesting a specific coverage area for 5G access stratum based time synchronization service (see TS 23.502 [3]) is illustrated in Figure 6.7.3.2-1.
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Figure 6.7.3.2-1: 5G access stratum time distribution configuration with Requested Coverage Area

1.
The AF request to influence the 5G access stratum time distribution providing access stratum time distribution parameters to the NEF (together with the AF identifier and potentially further inputs as specified in table 4.15.9.4-1 of TS 23.502 [3]) and optionally a spatial validity condition (i.e. Requested Coverage Area) in the format of a geographical area (e.g. a civic address or shapes), a list of TA(s), or a list of Cells.

2.
The NEF authorizes the request. 

3.
After successful authorization, the NEF invokes the Ntsctsf_ASTI_Create service operation with the corresponding TSCTSF.

4.
TSCTSF determines whether the TSCTSF has subscribed for the UE presence for an area that is indicated in the TAs or Cell IDs in the spatial validity condition. If not, the TSCTSF discovers the serving AMF(s) of the target UE(s) provided TSN service within a Requested Coverage Aera using the UDM service (Nudm_UECM_Get) with the ID(s) of the target UE(s).

5.
The spatial validity condition is resolved at the TSCTSF. In order to do that, the TSCTSF subscribes to the AMF to receive notifications about change of UE location in an area of interest using Namf_EventExposure operation. The subscribed area of interest may be the same as the Requested Coverage Area specified by the spatial validity condition or may be a subset of the Requested Coverage Area (e.g. a list of TAs, a list of Cells) based on the latest known UE location.

6-7.The AMF(s) track the UE's location to determine the UE's presence in an Area of Interest as described in clause 4.15.4.2 of TS 23.502 [3]. Further, the AMF(s) notify the TSCTSF about the UE(s) presence (IN, OUT, or UNKNOWN) in the Area of Interest(s). If the AF uses a geographical area as a spatial validity condition, the AMF(s) transforms this information into a list of TA(s) or a list of Cells based on pre-configuration. The list of TA(s) or the list of Cells describes the Requested Coverage Area.
8.
The AMF(s) accept TSCTSF's subscription and provide the first corresponding event report (if available).9.
According to the UE location and spatial validity condition, the TSCTSF determines whether to activate time synchronization service:

-
If the UE location is in an Area of Interest (and thus in the Requested Coverage Area), the TSCTSF determines to activate time synchronization service.

-
If the UE location is out of Requested Coverage Area, the TSCTSF stores the UE identity and determines not to activate ASTI time synchronization service for the UE.

10.
The TSCTSF responds the AF with the Ntsctsf_ASTI_Create service operation response.

11.
The NEF informs the AF about the result of the Nnef_ASTI_Create service operation performed in step 1.

12.
The TSCTSF uses the procedures described in clause 4.15.9.4 of TS 23.502 [3] to configure ReferenceTimeInformation delivery to the UE(s) at the serving NG-RAN nodes.

13.
UE moves in/out of the configured Area(s) of Interest.

14.
NG-RAN determines the change of the UE presence in the area of interest has changed and notifies the AMF.

15.
The AMF detects the subscription change related event occurs and it sends the event report by means of Namf_EventExposure_Notify message to the TSCTSF.

16.
If the TSCTSF receives the UE location change notification for AoI. The TSCTSF may update to activate or deactivate the time synchronization service.

-
If the UE moves out of the Requested Coverage Area, the TSCTSF determines to temporarily deactivate ASTI time synchronization service as described in clause 4.15.9.4 of TS 23.502 [3].

-
If the UE moves into an Area of Interest, and according to Temporal Validity Condition (if this parameter is available, and current time is within validity time period), the TSCTSF determines to activate ASTI time synchronization service as described in clause 4.15.9.4 of TS 23.502 [3].

-
The TSCTSF keeps the requested TS service unchanged (i.e. active/inactive) when the UE presence in the Requested Coverage Area becomes UNKNOWN until the TSCSTF determines that the UE is inside/outside the Requested Coverage Area.

17.
The TSCTSF updates the state of the time synchronization configuration and may notify the NEF (or AF) with the Ntsctsf_ASTI_UpdateNotify service operation for the UE identities that are inside or outside of the area in the spatial validity condition.

18.
The NEF notifies the AF with the Nnef_ASTI_UpdateNotify service operation.

6.7.3.2a
Procedure for AF requested 5G access stratum timing synchronization with Requested Coverage Area where UE’s presence is obtained via TSCTSF triggered deferred 5GC-MT-LR
An overall procedure for AF requesting a specific coverage area for 5G access stratum based time synchronization service (see TS 23.502 [3]) is illustrated in Figure 6.7.3.2-1.
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Figure 6.7.3.2a-1: 5G access stratum time distribution configuration with Requested Coverage Area where UE’s presence is obtained via TSCTSF triggered deferred 5GC-MT-LR
1.
The AF request to influence the 5G access stratum time distribution providing access stratum time distribution parameters to the NEF (together with the AF identifier and potentially further inputs as specified in table 4.15.9.4-1 in TS 23.502 [3]) and optionally a spatial validity condition (i.e. Requested Coverage Area) in the format of a geographical area (e.g., a civic address or shapes), a list of TA(s), or a list of Cells.

2.
The NEF authorizes the request. If the AF uses a geographical area as a spatial validity condition.

3.
After successful authorization, the NEF invokes the Ntsctsf_TimeSynchronization_ConfigCreate service operation with the corresponding TSCTSF, with the parameters as received from the AF.


The AF that is part of operator's trust domain may invoke the services directly with TSCTSF.

4.
TSCTSF triggers a deferred 5GC-MT-LR procedure to GMLC with the type of event assigned to Area, where the area information is set to the Requested Coverage Area for time synchronization services provided by TSN AF.
5.
GLMC performs deferred 5GC-MT-LR procedure as defined from step 2 to 20 in Figure 6.7.3.1-1 of TS 23.273 v17.5.0 with the type of event assigned to Area.

6. The GLMC notifies the TSCTSF about the UE(s) presence (IN, OUT, or UNKNOWN) in the Area of Interest(s).

7. TSCTSF determines whether to activate time synchronization service. According to the UE location of each UE that is targeted by the request and spatial validity condition in step 1, the TSCTSF determines whether to active time synchronization service for this UE:

-
If the UE location is in an Area of Interest (and thus in the Requested Coverage Area), the TSCTSF determines to active time synchronization service and creates a PTP port in a DS-TT and assigns it into the PTP instance.

-
If the UE location is out of Requested Coverage Area, the TSCTSF creates a PTP port in a DS-TT and assigns it into the PTP instance but temporarily removes the UE/DS-TT from the PTP instance and indicates the PTP port state as Inactive for the related DS-TT PTP port.
8
The following procedure is described from step 10 to 18 in Figure 6.7.3.2-1.
6.7.4
Impacts on services, entities and interfaces

TSCTSF:

-
Subscribe for receiving UE's presence in Area of Interest from AMF or from GLMC as a deferred 5GC-MT-LR with the type of event assigned to Area.

-
Determination of area of interest based on AF-Requested Coverage Area.

-
Support for time synchronization service configuration conditioned to the AF-Requested Coverage Area using a spatial validity condition.

-
Discovers the related AMF(s) using the NRF's service operation Nnrf_NFDiscovery_Request.

-
Notifies the AF/NEF via a new Ntsctsf_ASTI_UpdateNotify service operation for the UE identities that are inside or outside of the area in the spatial validity condition.
-
Trigger a deferred 5GC-MT-LR procedure to GMLC with the type of event assigned to Area, where the area information is set to the Requested Coverage Area for time synchronization services provided by TSN AF.
AMF:

-
Tracks a UE's location to determine the UE's presence in an Area of Interest using the existing event reporting type, i.e. UE mobility on Area of Interest.

-
Notifies the subscribed TSCTSF about the change of UE's status (IN, OUT, or UNKNOWN) in the Area of Interest using the (existing) Namf_EventExposure_Notify service operation.
-
Transforms a geographical area into a list of TA(s) or a list of Cells based on pre-configuration if the AF uses a geographical area as a spatial validity condition. 
AF:

-
Includes the Spatial Validity Condition in AF request for time synchronization service configuration.

* * * * Third change * * * *

8.2
Key Issue #2: Time synchronization service enhancements

The following bullet points summarize the principles for the way forward:

-
To request a Requested Coverage Area for time synchronization services, AFs within the operator's domain formulates a spatial validity condition using a list of Tracking Area or Cell identities, but AFs outside the operator's domain use a geographical area (e.g. a civic address or shapes) instead.
-
The AF provides the Requested Coverage Area for time synchronization services, UE list and time synchronization services type (ASTI or (g)PTP based) to TSCTSF, optional via NEF.
-
The TSCTSF need to query with UDM to check whether ASTI or (g)PTP based time synchronization is allowed to be requested by AF for the UE.
-
The TSCTSF is responsible of activate/deactivate time synchronization services (ASTI or (g)PTP based) considering the spatial validity condition provided by the AF.

-
The TSCTSF discovers the serving AMF(s) of the target UE(s) provided TSN service within a Requested Coverage Aera using the UDM.

-
The TSCTSF subscribes to UE's presence in Area of Interest at the discovered AMF(s).

-
The TSCTSF determines (based on notifications from the discovered AMF(s)) whether the targeted UE(s) are inside or outside the AF Requested Coverage Area.
Editor's Note: Whether and then how to solve the Coverage Area on cell-level granularity is FFS.
-
The TSCTSF activates time synchronization services for UE(s) that are inside the Requested Coverage Area. If the AF has requested (g)PTP based time distribution, then TSCTSF creates the PTP port in DS-TT and adds it to the PTP instance as described in clause 4.15.9.3.2 in TS 23.502 [3].
-
TSCTSF notifies the AF with the indication of 5G access stratum time distribution (enabled, disabled) for the targeted UE(s) for which the AF has requested ASTI-based time distribution that are inside or move inside or outside of the Requested Coverage Area.
-
If the TSCTSF has determined (e.g. notified) that the UE has moved outside the AF Requested Coverage Area for which the AF has requested (g)PTP based time distribution, then TSCTSF temporarily removes the UE/DS-TT from the PTP instance:

-
If the DS-TT is configured to send Sync, Follow_Up and Announce messages for the related PTP instance, then TSCTSF deactivates the Grandmaster functionality in the DS-TT using PMIC (see also clause K.2.2.4 of TS 23.501 [2]) and removes the DS-TT from the PTP instance (see also clause K.2.2.1 of TS 23.501 [2]).

-
If NW-TT is configured to send Sync, Follow_Up and Announce messages on behalf of the DS-TT, then TSCTSF deactivates the Grandmaster functionality on behalf of the DS-TT in NW-TT using UMIC (see also clause K.2.2.4 of TS 23.501 [2]) and removes the DS-TT from the PTP instance (see also clause K.2.2.1 of TS 23.501 [2]).
-
The TSCTSF informs the AF for the impacted UE by indicating the PTP port state as Inactive for the related DS-TT PTP port.
-
If TSCTSF has determined (e.g. notified) that the UE has moved inside the AF Requested Coverage Area for which the AF has requested (g)PTP based time distribution, then TSCTSF adds the DS-TT PTP port to the PTP instance and also (re-)activates the Grandmaster functionality. The TSCTSF informs the AF for the impacted UE by indicating the PTP port state as Active for the related DS-TT PTP port.
-
If TSCTSF has determined (e.g. notified) that the UE has moved inside the AF Requested Coverage Area for which the AF has requested ASTI based time distribution, then TSCTSF enables the indication of 5G access stratum time distribution for the targeted UE(s) based on the AF-requested requirement of time synchronization service.
* * * * End of change * * * *
[image: image6.png]
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!@@@Chart-generator later than 5.0����ÿj�#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/DS-TT"],
ran [label="NG-RAN"], 
amf [label="AMF"],
upf [label="UPF/NW-TT"],
nrf [label="NRF"],
tsctsf [label="TSCTSF"],
nef [label="NEF"],
af [label="AF"];
  
#text.wrap=yes;
#hscale=0.7;
text.size.normal=13;
vspace 10;
hspace af 80; 
numbering = yes; 
af->nef: Nnef_TimeSynchronization_ConfigCreate Request
         (with spatial validity condition);
box nef -- nef: NEF determines TAs/Cells 
                from the spatial validity condition;

nef->tsctsf: Ntsctsf_TimeSynchronization_ConfigCreate Request
         (with TAs/Cells);
tsctsf<->nrf: Nnrf_NFDiscovery_Request;
tsctsf->amf: Namf_EventExposure_Subscribe Request
             (Event ID: UE's presence in the AoI);
amf->ran: NGAP: Location Reporting Control;
amf<-ran: NGAP: Location Report;
amf->tsctsf: Namf_EventExposure_Subscribe Response;
box tsctsf -- tsctsf: TSCTSF determines whether 
                      to activate time synchronization
                      service;
nef<-tsctsf: Ntsctsf_TimeSynchronization_ConfigCreate Response;
af<-nef: Nnef_TimeSynchronization_ConfigCreate Response;
box ue -- tsctsf: TSCTSF configures PTP instance as described in clause K.2.2 of TS 23.501 
                  for the UEs matching the spatial validity condition;
box ue -- tsctsf: TSCTSF manages 5G access stratum time distribution for the UEs matching
                   the spatial validity condition as described in clause 4.15.9.4 of TS 23.502;  
...;
box ue -- ran: UE moves in/out of the 
               allowed area of interest; 
amf<-ran: NGAP: Location Report;
amf->tsctsf: Namf_EventExposure_Notify;
box ue -- tsctsf: TSCTSF (de)activates time synchronization service for the UE. 
                  (g)PTP (de)activation as described in clause K.2.2 of TS 23.501.
                  Access stratum time distribution (de)activation as described in clause 4.15.9.4 of TS 23.502;
tsctsf->nef: Ntsctsf_TimeSynchronization_ConfigUpdateNotify;
nef->af: Nnef_TimeSynchronization_ConfigUpdateNotify;
����������������
signalling���0
0
0
0
,��������





_1724246757.doc


[image: image1.wmf]U


E


N


G


-


R


A


N


A


M


F


N


R


F


T


S


C


T


S


F


N


E


F


A


F


1


:


 


N


n


e


f


_


A


S


T


I


_


C


r


e


a


t


e


 


R


e


q


u


e


s


t


(


w


i


t


h


 


s


p


a


t


i


a


l


 


v


a


l


i


d


i


t


y


 


c


o


n


d


i


t


i


o


n


)


2


:


 


N


E


F


 


d


e


t


e


r


m


i


n


e


s


 


T


A


s


/


C


e


l


l


s


f


r


o


m


 


t


h


e


 


s


p


a


t


i


a


l


 


v


a


l


i


d


i


t


y


 


c


o


n


d


i


t


i


o


n


3


:


 


N


t


s


c


t


s


f


_


A


S


T


I


_


C


r


e


a


t


e


 


R


e


q


u


e


s


t


(


w


i


t


h


 


T


A


s


/


C


e


l


l


s


)


4


:


 


N


n


r


f


_


N


F


D


i


s


c


o


v


e


r


y


_


R


e


q


u


e


s


t


5


:


 


N


a


m


f


_


E


v


e


n


t


E


x


p


o


s


u


r


e


_


S


u


b


s


c


r


i


b


e


 


R


e


q


u


e


s


t


(


E


v


e


n


t


 


I


D


:


 


U


E


'


s


 


p


r


e


s


e


n


c


e


 


i


n


 


t


h


e


 


A


o


I


)


6


:


 


N


G


A


P


:


 


L


o


c


a


t


i


o


n


 


R


e


p


o


r


t


i


n


g


 


C


o


n


t


r


o


l


7


:


 


N


G


A


P


:


 


L


o


c


a


t


i


o


n


 


R


e


p


o


r


t


8


:


 


N


a


m


f


_


E


v


e


n


t


E


x


p


o


s


u


r


e


_


S


u


b


s


c


r


i


b


e


 


R


e


s


p


o


n


s


e


9


:


 


T


S


C


T


S


F


 


d


e


t


e


r


m


i


n


e


s


 


w


h


e


t


h


e


r


t


o


 


a


c


t


i


v


a


t


e


 


t


i


m


e


 


s


y


n


c


h


r


o


n


i


z


a


t


i


o


n


s


e


r


v


i


c


e


1


0


:


 


N


t


s


c


t


s


f


_


A


S


T


I


_


C


r


e


a


t


e


 


R


e


s


p


o


n


s


e


1


1


:


 


N


n


e


f


_


A


S


T


I


_


C


r


e


a


t


e


 


R


e


s


p


o


n


s


e


1


2


:


 


T


S


C


T


S


F


 


m


a


n


a


g


e


s


 


5


G


 


a


c


c


e


s


s


 


s


t


r


a


t


u


m


 


t


i


m


e


 


d


i


s


t


r


i


b


u


t


i


o


n


 


f


o


r


 


t


h


e


 


U


E


s


 


m


a


t


c


h


i


n


g


t


h


e


 


s


p


a


t


i


a


l


 


v


a


l


i


d


i


t


y


 


c


o


n


d


i


t


i


o


n


 


a


s


 


d


e


s


c


r


i


b


e


d


 


i


n


 


c


l


a


u


s


e


 


4


.


1


5


.


9


.


4


 


o


f


 


T


S


 


2


3


.


5


0


2


1


3


:


 


U


E


 


m


o


v


e


s


 


i


n


/


o


u


t


 


o


f


 


t


h


e


a


l


l


o


w


e


d


 


a


r


e


a


 


o


f


 


i


n


t


e


r


e


s


t


1


4


:


 


N


G


A


P


:


 


L


o


c


a


t


i


o


n


 


R


e


p


o


r


t


1


5


:


 


N


a


m


f


_


E


v


e


n


t


E


x


p


o


s


u


r


e


_


N


o


t


i


f


y


1


6


:


 


T


S


C


T


S


F


 


d


e


a


c


t


i


v


a


t


e


s


 


a


c


c


e


s


s


 


s


t


r


a


t


u


m


 


t


i


m


e


 


d


i


s


t


r


i


b


u


t


i


o


n


a


s


 


d


e


s


c


r


i


b


e


d


 


i


n


 


c


l


a


u


s


e


 


4


.


1


5


.


9


.


4


 


o


f


 


T


S


 


2


3


.


5


0


2


1


7


:


 


N


t


s


c


t


s


f


_


A


S


T


I


_


U


p


d


a


t


e


N


o


t


i


f


y


1


8


:


 


N


n


e


f


_


A


S


T


I


_


U


p


d


a


t


e


N


o


t


i


f


y




_1713098866.txt

!@@@Chart-generator later than 5.0����ÿ��#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"],
ran [label="NG-RAN"], 
amf [label="AMF"],
nrf [label="NRF"],
tsctsf [label="TSCTSF"],
nef [label="NEF"],
af [label="AF"];
  
#text.wrap=yes;
#hscale=0.7;
text.size.normal=12;
vspace 10;
hspace af 20; 
numbering = yes; 
af->nef: Nnef_ASTI_Create Request
         (with spatial validity condition);
box nef -- nef: NEF determines TAs/Cells 
                from the spatial validity condition;
nef->tsctsf: Ntsctsf_ASTI_Create Request
         (with TAs/Cells);
tsctsf<->nrf: Nnrf_NFDiscovery_Request;
tsctsf->amf: Namf_EventExposure_Subscribe Request
             (Event ID: UE's presence in the AoI);
amf->ran: NGAP: Location Reporting Control;
amf<-ran: NGAP: Location Report;
amf->tsctsf: Namf_EventExposure_Subscribe Response;box tsctsf -- tsctsf: TSCTSF determines whether 
                      to activate time synchronization
                      service;
nef<-tsctsf: Ntsctsf_ASTI_Create Response;
af<-nef: Nnef_ASTI_Create Response;
box ue -- tsctsf: TSCTSF manages 5G access stratum time distribution for the UEs matching
                   the spatial validity condition as described in clause 4.15.9.4 of TS 23.502;  

...;
box ue -- ran: UE moves in/out of the 
               allowed area of interest; 
amf<-ran: NGAP: Location Report;
amf->tsctsf: Namf_EventExposure_Notify;
box ue -- tsctsf: TSCTSF deactivates access stratum time distribution
                  as described in clause 4.15.9.4 of TS 23.502;
tsctsf->nef: Ntsctsf_ASTI_UpdateNotify;
nef->af: Nnef_ASTI_UpdateNotify;
����������������
signalling���0
0
0
0
,��������





UE
NG-RAN
AMF
LMF
V-GMLC
H-GMLC
UDM
TSCTSF
NEF
AF
Nnef_TimeSynchronization_ConfigCreate Request
(with spatial validity condition)
2. NEF determines Tas/Cells from the spatial validity condition
3. Ntsctsf_TimeSynchronization_ConfigCreate Request
4. Ngmlc_Location_ProvideLocation Request
5. Deferred 5GC-MT-LR procedure as defined from step 2 to 20 in Figure 6.7.3.1-1 of TS 23.273 v17.5.0 with the type of event assigned to Area
6. Ngmlc_Location_EventNotify
7. TSCTSF determines whether to activate time synchronization service
8. the procedure as defined from step 10 to 18 in Figure 6.7.3.1-1



UE
NG-RAN
AMF
LMF
V-GMLC
H-GMLC
UDM
TSCTSF
NEF
AF
Nnef_TimeSynchronization_ConfigCreate Request
(with spatial validity condition)
2. NEF determines Tas/Cells from the spatial validity condition
3. Ntsctsf_TimeSynchronization_ConfigCreate Request
4. Ngmlc_Location_ProvideLocation Request
5. Deferred 5GC-MT-LR procedure as defined from step 2 to 20 in Figure 6.7.3.1-1 of TS 23.273 v17.5.0 with the type of event assigned to Area
6. Ngmlc_Location_EventNotify
7. TSCTSF determines whether to activate time synchronization service
8. the procedure as defined from step 10 to 19 in Figure 6.7.3.1-1
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2.Nnef_TimeSynchronization_ASTICreate/Update/Delete











1. AM Policy Association Establishment







�3.Ntsctsf_TimeSynchronization_ASTICreate/Update/Delete request







（ coverage area info）







4.Nbsf_Managemet_Subscribe/Notify







6.AM Policy Association Modification initiated by the PCF�(UE location information)







8.Ntsctsf_TimeSynchronization_ASTICreate/Update/Delete Response







9.Nnef_TimeSynchronization_ASTICreate/Update/Delete Response







5.Npcf_AMPolicyAuthorization_Create/Update request（UE location info needed







7.Npcf_AMPolicyAuthorization_Create/Update response












