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Abstract of the contribution: Resolve the open Editor’s Notes. Clarify and clean-up the service parameters.

[bookmark: _Hlk514274591]1		Discussion
1) There are following open ENs:

Editor's note:	whether there is a need to send requested synchronization accuracy to UE/DS-TT (e.g. when it supports proprietary sync protocol) is FFS.

The accuracy is a property of the grandmaster, i.e. when the DS-TT acts as a grandmaster, the NEF may obtain the accuracy from the DS-TT and expose it to the AF. However, when multiple DS-TTs act as a grandmaster, the same accuracy should be exposed for all DS-TTs, so there is a need to negotiate the accuracy among the DS-TTs. It is proposed to remove the EN from Solution 7 and address this in Solution #9 as part of the general issue of how to negotiate the grandmaster related attributes among the DS-TTs.
  
Editor's note:	It is FFS whether the temporal validity condition could contain multiple start-stop time periods.

Since there is no explicit requirement for multiple validity periods, it is proposed to remove the EN.

2) It is proposed to clean-up the service parameters; remove duplicates, and organize the parameters into categories: 1) what is exposed from NEF to AF, 2) what is requested from AF to NEF, and 3) what is conveyed from/to NEF and DS-TT/NW-TT via PMIC and BMIC.


2		Proposal
The following change is proposed for TR 23.700-20.

[bookmark: _Hlk520730635]*** Start Change ***
[bookmark: _Toc50536620][bookmark: _Toc50575373]
[bookmark: _Toc30694660][bookmark: _Toc43906680][bookmark: _Toc43906795][bookmark: _Toc44311921][bookmark: _Toc50536564][bookmark: _Toc54930342][bookmark: _Toc54968147]6.7	Solution #7: Exposure of Time Synchronization
[bookmark: _Toc30694661][bookmark: _Toc43906681][bookmark: _Toc43906796][bookmark: _Toc44311922][bookmark: _Toc50536565][bookmark: _Toc54930343][bookmark: _Toc54968148]6.7.1	Introduction
For Key Issue #3B: Exposure of time synchronization, a solution is needed that allows "any AF that has knowledge of deterministic application requirements" to "be able to request TSC services from the 5GS and as authorized, be notified of pertinent network events." This solution provides a mechanism to do that whereby the AF may learn 5GS capabilities to support time synchronization, request time synchronization with specified requirements, and supply information that can be used to optimize and configure time synchronization procedure for connected devices.
[bookmark: _Hlk39835888]The solution is applicable for IP and Ethernet types of PDU Sessions. The solution is applicable for non-TSN deployments, i.e. when the 5GS is not part of an IEEE TSN network.
The solution is applicable for the following synchronization methods:
1)	assuming use of a gPTP client (IEEE 802.1AS [6] Time Aware System) or PTP client (IEEE 1588-2008 [13]), e.g. including leveraging the DS-TT and NW-TT capabilities defined in Rel-16 with IEE802.1AS protocol support.
2)	assuming use of a gPTP client (IEEE 802.1AS [6] Time Aware System) or PTP client (IEEE 1588-2008 [13]) in UPF/NW-TT, where the time source is provided by 5GS, and UPF/NW-TT is configured to create the (g)PTP message for acting as grand master clock and conveying the timing information .
3)	assuming use of the 5GS time source by 5GS; where the 5G-AN provides a 5GS reference time to the UE via 3GPP radio layer and UE may provide it to the applications or devices behind the UE by implementation specific means out of scope of 3GPP.
4)	assuming use of the 5GS time source by 5GS; where the 5G-AN provides a 5GS reference time to the UE via 3GPP radio layer and DS-TT provides (g)PTP messages for acting as grand master clock and conveying the timing information to devices behind the UE.
This solution can be used together with e.g. Solution #1 for the time source to locate in a TSN node behind the DS-TT/UE.
To enable the above capabilities, this solution proposes to enhance External Exposure of Network Capability (see TS 23.501 [2], clause 5.20), specifically for Provisioning and Monitoring capabilities.
To cover a wide range of possible time synchronization requirements for TSC applications, the AF requests is supplemented with requirements for synchronization. When a requirement for a specific synchronization parameter is provided in the AF request, the PCF may dynamically replace default values with values that meet the specific requirement provided by the AF.
[bookmark: _Toc30694662][bookmark: _Toc43906682][bookmark: _Toc43906797][bookmark: _Toc44311923][bookmark: _Toc50536566][bookmark: _Toc54930344][bookmark: _Toc54968149]6.7.2	Functional Description
The following capabilities are proposed:
-	The AF requests Time Synchronization service via External Parameter Provisioning, supplying the NEF with requirements for one or more time synchronization methods, and parameters such as supported (g)PTP versions, Time Domain, grandmaster priorities, required PTP device type supported by the 5GS in case of PTP for time synchronization method 1, and required synchronization accuracy (both in terms of required (g)PTP message rate for each port in the DN side, and number of connected (g)PTP slaves in case 5GS provides the Time Domain). The AF also provides Target UE(s) Identification or Spatial Validity Condition (i.e. to target a geographical area), AF Identification. Note GPSI may be applied to identify the individual UE in a manner like that used for AF influence on Traffic Routing (see TS 23.501 [2], clause 5.6.7). Then:
-	Time synchronization method 1 (the time source is located in the DN or device side):
	Time Domain is provided from the DN or Device Side and gPTP or PTP method is applied,. The PCF may, according to PCC rule authorization, choose a 5QI based on the QoS Reference and dynamically set the PDB and/or MDBV according to requirements for (g)PTP protocol (e.g. required number of synchronization clients and gPTP message rate). For Ethernet type PDU sessions, both PTP over UDP/IP and gPTP over Ethernet are applicable. For IP type PDU sessions, PTP over UDP/IP is applicable. In this case, neither the NW-TT port or DS-TT port is a (g)PTP grandmaster.
NOTE 1:	It is assumed that 5G internal system clock is made available to all user plane nodes in the 5G system (e.g. to UEs via SIB/RRC messages).
-	Time synchronization method 2 (the time source is provided by the UPF/NW-TT in 5GS via gPTP or PTP):
	Time Domain is to be provided from the 5GS (or the AF and the 5GS shares the same Time Domain). The 5GS acts as a (g)PTP grandmaster and the (g)PTP grandmaster resides in NW-TT.) The PCF may, according to PCC rule authorization, choose a 5QI based on the QoS Reference and dynamically set the PDB and/or MDBV according to requirements for (g)PTP protocol. Further, the PCF may, according to PCC rule authorization, choose a (g)PTP message generation rate for the UPF/NW-TT adaptively. If the AF does not provide a required (g)PTP message rate (initial Sync interval, initial Announce interval), the 5GS may determine a (g)PTP message rate based on 5GS constraints. If the AF does not provide the BMCA information, the NW-TT determine the Announce message based on 5GS configuration. For Ethernet type PDU sessions, both PTP over UDP/IP and (g)PTP over Ethernet are applicable. For IP type PDU sessions, PTP over UDP/IP is applicable.
-	Time synchronization method 3 (the time source is provided by the 5GS and 5G-AN provides a 5GS reference time to the UE via 3GPP radio layer; UE provides time information to attached devices using implementation specific means):
	Time Domain is not applicable. A PCC rule for time synchronization is not required. The method is applicable for both IP type and Ethernet type PDU sessions.
-	Time synchronization method 4 (the time source is provided by the DS-TT in 5GS via gPTP or PTP):
	Time Domain is to be provided from the 5GS (or the AF and the 5GS shares the same Time Domain). The 5GS acts as a (g)PTP grandmaster. For Ethernet type PDU sessions, both PTP over UDP/IP and gPTP over Ethernet are applicable. For IP type PDU sessions, PTP over UDP/IP is applicable. The (g)PTP grandmaster resides in DS-TT. Solution #9: "(g)PTP GM support by DS-TT" describes the details for the (g)PTP grandmaster in DS-TT. In case the DS-TT cannot act as a GM, then the GM is activated in NW-TT which is the method 2. NEF can be the coordinator to activate/deactivate the PTP functionalities in DS-TT and NW-TT.
Editor's note:	whether there is a need to send requested synchronization accuracy to UE/DS-TT (e.g. when it supports proprietary sync protocol) is FFS.
-	If the AF does not provide a required synchronization accuracy over the air interface, the 5GS may determine a synchronization accuracy based on 5GS constraints.	Comment by NTT DOCOMO: Moved below
-	The 5GS exposes the following to aid the AF in formulating a request for Time Synchronization that will be acceptable to the 5GS:	Comment by NTT DOCOMO: Moved from below
1)	5GS Support for Time Synchronization to 5GS.
-	supported time synchronization methods (i.e. method(s) 1, 2, 3, 4).
-	For method 2 and 4, additional information is exposed, including grandmaster clock accuracy and clock identity that are provided by UPF/NW-TT or DS-TT, respectively.
2)	supported (g)PTP versions:
-	IEEE 802.1AS [6] (i.e. gPTP), and/or
-	PTP over UDP/IPv4 according to IEEE 1588-2008 [13] Annex D, and/or
-	PTP over UDP over IPv6 according to IEEE 1588-2008 [13] Annex E.
3)	Minimum Time Synchronization accuracy supported.
4)	Minimum gPTP or PTP message generation rate supported, and maximum number of clients that can be supported at the minimum gPTP or PTP message generation rate.
- 	The NEF uses the PMIC and BMIC to obtain the DS-TT and NW-TT capabilities for acting as (g)PTP GM, e.g. which PTP version(s) the DS-TT and NW-TT supports, (g)PTP default Data Set (e.g. clock identity, clock class, clock accuracy, etc). The NEF composes the exposure information to the AF based on information it receives from DS-TT(s) and NW-TT via PMIC and BMIC, respectively. 

-	The AF controls the time window the time synchronization service is valid in 5GS via activation/deactivation requests sent to the NEF.	Comment by NTT DOCOMO: Moved below
-	For all time synchronization methods, the PMIC or BMIC can be used to manage the (g)PTP operation for the DS-TT or NW-TT, respectively, influenced by the AF requested synchronization configuration. 	Comment by NTT DOCOMO: Moved below
-	Following are some parameters that need to be included as part of PMIC and BMIC for Time Synchronization service activation:
-1)	Requested synchronization accuracy for the air interface. If the AF does not provide a required synchronization accuracy for the air interface, the 5GS may determine a synchronization accuracy based on 5GS constraints.
2) 	The time window when the time synchronization service is valid in 5GS
3) 	(g)PTP version	Comment by NTT DOCOMO: Copied from above
4)	Time Domain
5) 	grandmaster priority
6) required PTP device type for method 1 and PTP (transparent clock, boundary clock)
7) 	(g)PTP message rate (initial Sync interval, initial Announce interval)
8) 	Target UE(s) Identification 
9) 	Spatial Validity Condition 
10) AF Identification.

-	The NEF uses the Time Synchronization service parameters received from the AF to compose the Time Synchronization service policy that is stored in the UDR, and composes the necessary (g)PTP parameters to activate and control the service in DS-TT(s) and NW-TTs. The NEF uses the PMIC or BMIC to manage the (g)PTP operation in the DS-TT or NW-TT, respectively, influenced by the AF requested synchronization configuration:
-	If DS-TT has indicated that it is capable of acting as (g)PTP GM, then the network may request the DS-TT to generate (g)PTP messages to devices attached to the UE by providing (g)PTP parameters (incl. (g)PTP version, domain number(s), sending rate, etc.) and an instruction to start sending (g)PTP messages. For supporting BMCA, the network provides the Announce message to DS-TT. This is also described in solution 9.	Comment by NTT DOCOMO: Merged to below
-	The network NEF may request the NW-TT or DS-TT(s) (if the DS-TT has indicated that is is capable of acting as a (g)PTP grandmaster) to generate (g)PTP Sync, Follow_Up and Announce messages by providing (g)PTP grandmaster parameters (incl. (g)PTP version, domain number(s), sending rate, initial Sync interval, initial Announce interval etc.). 
-	The NEF may configure the Sync receipt timeout and Announce receipt timeout parameters to NW-TT via BMIC.  
-	Solution 9 describes the details how to activate grandmaster in DS-TT(s).  
-	The NEF may request the NW-TT or DS-TT(s) to activate (g)PTP residence time calculation for the method 1.

-	DS-TT capabilities for acting as (g)PTP GM, which version(s) the DS-TT supports, (g)PTP default Data Set (e.g. clock identity, clock class, clock accuracy, etc),	Comment by NTT DOCOMO: Moved above
-	(g)PTP port Data Set (e.g. port number, port role, port enabled, announce interval, etc).
-	DS-TT and NW-TT used for IP type PDU Sessions need to support only the parameters in PMIC and BMIC required for Time synchronization service. DS-TT and NW-TT used for TSC service support the parameters in PMIC and BMIC as described in TS 23.501 [2].
-	The AF is in control to activate and deactivate the service. If an AF request for TimeSync service activation or modification is received for UE/DS-TT for which PDU Session does not exists, then the NEF may store the information in the UDR until the target UE establishes the PDU Session, or a new AF request to deactivate TimeSync service is received. Also, the NEF may store DS-TT/NW-TT capabilities for UE(s) with active PDU Sessions. If the TimeSync service deactivation is received for an ongoing PDU Session(s), the NEF indicates the deactivation to the DS-TT(s) and NW-TT via PCF/SMF.  If the TimeSync service deactivation is received for which the service activation was previously stored in the UDR, the NEF revokes the TimeSync service information from the UDR.
-	The AF may provide a temporal validity condition to the NEF when the AF activates the TimeSync service. Temporal validity condition contains the start-time and stop-time attributes that describe the time period when the TimeSync service is active. If the start-time and/or the stop-time is in the future, the NEF includes the temporal validity condition to the Npcf_PolicyAuthorization_Create service operation it sends to the PCF. If the start-time is in the past, the NEF treats the AF request as if the TimeSync service was activated immediately. If the AF request for TimeSync service activation is targeted for multiple UEs or for future PDU session(s), the NEF stores the temporal validity condition to the UDR as part of the service information, and PCF(s) receive(s) the temporal validity condition from the UDR. The PCF maintains the start-time and stop-time for the TimeSync service for the PDU Session. When the PCF notices that the start-time or stop-time is reached, the PCF notifies the NEF via Npcf_PolicyAuthorization_Notify service operation for the event. Upon reception of the start-time or stop-time event, the NEF sends PMIC/BMIC signalling to configure the (g)PTP functionality in DS-TT and NW-TT accordingly. 
Editor's note:	It is FFS whether the temporal validity condition could contain multiple start-stop time periods.
NOTE 2:	This is intended for a wide range of applications, ex. motion control use-cases, VIAPA, smart grid applications where requirements for synchronization accuracy and deployment scenario may be very diverse.
-	The 5GS exposes the following to aid the AF in formulating a request for Time Synchronization that will be acceptable to the 5GS:	Comment by NTT DOCOMO: Moved above
-	5GS Support for Time Synchronization to 5GS.
-	supported time synchronization methods (i.e. method(s) 1, 2, 3, 4).
-	For method 2 and 4, additional information is exposed, including grandmaster clock accuracy and clock identity that are provided by UPF/NW-TT or DS-TT, respectively.
-	supported (g)PTP versions:
-	IEEE 802.1AS [6] (i.e. gPTP), and/or
-	PTP over UDP/IPv4 according to IEEE 1588-2008 [13] Annex D, and/or
-	PTP over UDP over IPv6 according to IEEE 1588-2008 [13] Annex E.
-	Minimum Time Synchronization accuracy supported.
-	Minimum gPTP or PTP message generation rate supported, and maximum number of clients that can be supported at the minimum gPTP or PTP message generation rate.

-	Considering the AF requested time synchronization service, NEF determines the time distribution method to use to provide the service, the allowed time synchronization requirements (e.g. clock synchronization requirement, time domain, message rate), etc. Depending on the time synchronization service to configure, time synchronization policies may be associated to a PDU Session (for example for methods 1 and 2), or the policies may be independent of the user plane configuration the UE has (for example for methods 3 and 4).
-	To cover all cases, the policy and charging framework enables time synchronization service control to be applied on a PDU Session (i.e. time synchronization parameters will determine the QoS requirements for the PDU Session or QoS Flow) using PCC rules and independent of any PDU Session (i.e. time synchronization parameters only impact control plane management in 5G AN) without requiring PCC rules.
-	The NEF stores the time synchronization service parameters in the UDR.
-	The following subscription information is defined for time synchronization services:
-	whether the UE is authorized to use time synchronization services and the methods allowed.
-	the list of time synchronization parameters as defined in solution #7 and solution #9.
-	Policy control and charging information.
To support notification, the additional events may be added to the list of monitoring capabilities specified for the NEF in TS 23.502 [3] (see clause 4.15.3.1).
If DS-TT is acting as a GM, sSolution #1 can be used with this solution to manage BMCA procedure for the time domain.
[bookmark: _Toc30694663][bookmark: _Toc43906683][bookmark: _Toc43906798][bookmark: _Toc44311924][bookmark: _Toc50536567][bookmark: _Toc54930345][bookmark: _Toc54968150]6.7.3	Procedures
For IEEE TSN integration, i.e. if TSN AF is deployed, TSN AF controls the gPTP functionality in DS-TT or NW-TT using existing PMIC or BMIC signalling, respectively. Otherwise (i.e. for IP or Ethernet PDU Sessions not part of an IEEE TSN network), the NEF terminates the PMIC signalling instead of TSN AF.
The following procedure is used to expose 5GS information to aid the AF in formulating a request for Time Synchronization in 5GS.


Figure 6.7.3-1: Time Synchronization capability exposure towards AF
The following procedure is used by the AF to request activation/deactivation/modification of the Time Synchronization service in 5GS.


Figure 6.7.3-2: Activate/Deactivate/Modify UE's Time Synchronization Service
0.	PDU session may be established between UE/DS-TT and UPF/NW-TT. . It could also be established using device trigger procedure as defined in TS 23.501 [2], TS 23.502 [3].
1.	An AF sends a Time Sync Service Request indicating e.g.the target UE, group of UEs, or DNN and S-NSSAI, and the clock domain to the PCF via NEF to activate/deactivate/modify UE's time synchronization service. The activation or modification request may contain a temporal validity condition.
	If the request is target for multiple UEs or for future PDU session(s), the NEF determines the time synchronization service policy based on the Time Sync Service Request and stores the time synchronization service policy to UDR. The PCF(s) receive(s) a Nudr_DM_Notify notification of data change from the UDR (as illustrated in Figure 6.7.3-3). The time synchronization service policy may include time synchronization method and allowed synchronization requirements (e.g. time synchronization protocol), and the NEF address (a subscription for the PCF to send notifications to this NEF address). The PCF subscribes the synchronization service policy stored as DataSet "Application Data" and Data Subset "Service specific information" with the specific S-NSSAI and DNN in the UDR.
2.	The NEF ensures the necessary authorization control and sends PMIC/BMIC signalling to configure the (g)PTP functionality in DS-TT and NW-TT, respectively. PCF derives QoS policies and forwards the PMIC/BMIC information to SMF.
3.	The PCF notifies the SMF via Npcf_SMPolicyControl_UpdateNotify message.
4.	The SMF triggers the SM Policy Association establishment/modification procedure to create a QoS flow (or release the QoS flow) for transmitting the clock domain's (g)PTP message.
5a.	The SMF forwards BMIC to the UPF/NW-TT through the N4 session level modification message, if needed.
5b.	The SMFforwards PMIC to the UE/DS-TT.
6a.	Upon reception of the notification in step 5, UPF/NW-TT performs consequent behaviours to support time synchronization of corresponding GM, for example if the time source for the Time Sync service requested to be activated is in the UPF/NW-TT, then the UPF will start to create and distribute the (g)PTP messages of the 5G GM to the UE.
6b.	Upon reception of the notification in step 5, UE/DS-TT starts or stops to handle the (g)PTP messages as indicated in the notification.
7.	If PCF receive Time Sync service request from NEF, the PCF responses the NEF and the NEF responses the AF with the Time Sync service request result.
	If the request in Step 1 is targeted for multiple UEs or for future PDU Sessions and a PDU session is established, the PCF receives time synchronization service policy from the UDR and notifies the NEF for the event when a new PDU session is established. The NEF may then obtain the capabilities from the DS-TT via PMIC, and send PMIC signalling to the DS-TT (via PCF) to configure the (g)PTP functionality in the DS-TT.

[bookmark: _Toc30694664][bookmark: _Toc43906684][bookmark: _Toc43906799][bookmark: _Toc44311925][bookmark: _Toc50536568][bookmark: _Toc54930346][bookmark: _Toc54968151]6.7.4	Impacts on services, entities and interfaces
AF:
-	Provides the parameters to the NEF to configure the Time Synchronization service.
-	Provides parameters required for the operation of the BMCA.
NOTE:	The configuration of the BMCA parameters can be used to ensure that the time source provided by 5GS (viaDS-TT an/or NW-TT) is selected for the devices outside 5GS (the 5GS is selected as the grandmaster).
NEF:
-	Exposes the 5GS capabilities to support Time Synchronization service. Authorizes the Time Synchronization service request from the AF. Controls the (g)PTP functionality in DS-TT and NW-TT via SMF.
-	Determines the time synchronization service policy and stores it to the UDR.
-	Upon reception of the start-time or stop-time event notification from the PCF, sends PMIC or BMIC to control the (g)PTP functionality for TimeSync service in the DS-TT or NW-TT accordingly.
UE:
-	Distributes the 5G reference time to DS-TT and optionally to applications or devices behind the UE (by mechanism out of scope of 3GPP), for IP and Ethernet types of PDU Sessions.
DS-TT:
-	Indicates a support for PTP/UDP/IP residence time calculation in Port Management Information container to the network.
-	When activated by NEF, calculates and adds the measured residence time between the NW-TT and DS-TT into the Correction Field (CF) of the PTP time synchronization messages conveyed over UDP/IP, applies to IP and Ethernet types of PDU Sessions.
-	When activated by NEF, (if the time source is located behind the DS-TT as in Solution #1): Inserts a timestamp to the PTP time synchronization messages conveyed over UDP/IP, applies to IP and Ethernet types of PDU Sessions.
-	When activated by NEF, (if the time source is located in the DS-TT): generates (g)PTP time sync messages (with the indicated PTP version, domain number(s), sending rate, etc), applies to IP and Ethernet types of PDU Sessions. Solution #9: "(g)PTP GM support by DS-TT" describes the details for the (g)PTP grandmaster in DS-TT.
UPF/NW-TT:
-	When activated by NEF, (if the time source is located in the DN): Inserts a timestamp to the PTP time synchronization messages conveyed over UDP/IP, applies to IP and Ethernet types of PDU Sessions.
-	When activated by NEF, (if the time source is located in the NW-TT): generates PTP time sync messages (with the indicated PTP version, domain number(s), sending rate, etc), applies to IP and Ethernet types of PDU Sessions.
-	Forwards the PTP time synchronization messages conveyed over UDP/IP in DL direction to the PDU Sessions, applies to IP and Ethernet types of PDU Sessions.
UDR:
-	Stores new data format (time synchronization service policy).
PCF:
-	Subscribes and receives the time synchronization service policy from the UDR.
-	Policy and charging framework for time synchronization service independent of any PDU Session.
-	Maintains the temporal validity condition (start-time, stop-time) for the TimeSync service for the PDU Session. Notifies the NEF when start-time or stop-time is reached.


*** End Changes ***
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