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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]This contribution proposes to address some corrections to (g)PTP support in Solution#7 in TR23.700-20.
In gPTP, a PTP Relay Instance is a type of IEEE 1588 Boundary Clock. And in R16, only gPTP is supported and 5GS acts as a Boundary Clock. However, in IEEE1588-2008 there are five types of PTP devices:  
a)  Ordinary clock (OC), 
b)  Boundary clock (BC), 
[bookmark: OLE_LINK164]c)  End-to-end transparent clock (E2E TC), 
d)  Peer-to-peer transparent clock (P2P TC), and 
e)  Management node.
Different types implement different aspects of the IEEE1588-2008 protocol: 
· An ordinary clock communicates with the network via two logical interfaces based on a single physical port. The ordinary clock can be the grandmaster clock in a system or it can be a slave clock in the master-slave hierarchy.
· An E2E TC measures the residence time of PTP event messages (the time the message takes to traverse the transparent clock). These residence times are accumulated in the correctionField of the PTP event message or the associated follow up message (Follow_Up or Pdelay_Resp_Follow_Up).
· A P2P TC only corrects and forwards Sync and Follow_Up messages. The appropriate correctionField in these messages is updated for both the residence time of the Sync message within the P2P TC and for the link delay on the port receiving the Sync message.
· A BC shall terminate all multicast PTP messages except for management messages. If a port of a BC receiving a Sync or Follow_Up message is in the SLAVE or UNCALIBRATED state and the message was received from the current master clock, then the local clock should be synchronized based on the contents of the received message and the <syncEventIngressTimestamp> of the Sync message. The BC then generates PTP messages and sends over the messages over the master port to downstream nodes. These messages are timestamped by the BC by using its local time, which is synchronized to the selected master clock.
To support PTP in R17, different types of PTP clocks shall be supported. Different PTP device types require different actions in the UPF/NW-TT and UE/DS-TT, e.g. processing on the received PTP messages, whether need to update the correctionField in the Sync and Follow_Up messages based on the link delay. Therefore, for different applications, e.g. motion control us-cases, VIAPA, smart grid applications, the 5GS may be required to act as different PTP device types. The requirement for PTP device type supported by 5GS shall be provided to 5GS. 
2. Text Proposal
It is proposed to capture the following changes in TR 23.700-20.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc30694660][bookmark: _Toc43906680][bookmark: _Toc43906795]6.7	Solution #7: Exposure of Time Synchronization
[bookmark: _Toc30694661][bookmark: _Toc43906681][bookmark: _Toc43906796]6.7.1	Introduction
[bookmark: OLE_LINK19]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 the following synchronization methods:
1) [bookmark: _Hlk39759005]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) [bookmark: OLE_LINK166][bookmark: OLE_LINK3]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 the 5GS, and UPF/NW-TT is configured to create the (g)PTPPtP message for conveying the timing information (time sync methods as defined in Rel-16). 
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 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]6.7.2	Functional Description
The following capabilities are proposed:
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]-	The AF requests Time Synchronization service via External Parameter Provisioning, supplying the NEF with requirements for one or more of a time synchronization methods, supported (g)PTP versions, Timing 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 port, synchronization accuracy in microseconds per device link, and number of connected (g)PTP slaves in case 5GS provides the Timing 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):
[bookmark: OLE_LINK22]   Timing 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 (g)PTP messageing rate). The 5GS acts as a PTP Boundary Clock. 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.
   For gPTP protocol, the 5GS acts as a PTP Boundary Clock specified in IEEE 802.1AS [6]. For PTP protocol, based on the requirement from the AF, 5GS can act as a PTP Boundary Clock, a PTP end-to-end Transparent Clock or a PTP peer-to-peer Transparent Clock specified in IEEE 1588-2008 [13].
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):
   Timing Domain is to be provided from the 5GS (or the AF and the 5GS shares the same Timing 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, the 5GS may determine a (g)PTP message rate based on 5GS constraints. 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 PTP grandmaster resides in NW-TT.
[bookmark: _Hlk39587359]-	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): 

Timing 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):
	Timing Domain is to be provided from the 5GS (or the AF and the 5GS shares the same Timing 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 #X9: “(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. NEF can be the coordinator to activate/deactivate the PTP functionalities in DS-TT and NW-TT.
Editor's note: Need to provide additional information (e.g. required accuracy) received from the AF to the UE/DS-TT using PMIC for any of the above methods 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.
[bookmark: OLE_LINK4]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:
-	5GS Support for Time Synchronization to 5GS.
-	supported time synchronization methods (i.e. method(s) 1, 2, 3, 4).
-	For method 2, additional information is exposed, including grandmaster clock quality and clock identity that are provided by UPF/NW-TT.
-	supported (g)PTP versions:
-	IEEE 802.1AS [6] (i.e. gPTP), and/or 
-	PTP over UDP/IPv4 as per IEEE 1588-2008 [13] Annex D, and/or
-	PTP over UDP over IPv6 as per IEEE 1588-2008 [13] Annex E.
-	Minimum Time Synchronization accuracy supported.
[bookmark: OLE_LINK163]-	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.
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).
[bookmark: _Toc30694663][bookmark: _Toc43906683][bookmark: _Toc43906798]6.7.3	Procedures
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.

[image: ]
Figure 6.7.3-2: Activate/Deactivate/Modify UE’s Time Synchronization Service
0. A PDU session is established between UE/DS-TT and UPF/NW-TT.
1.	An AF sends a Time Sync Service Request indicating the target UE and the clock domain to the PCF via NEF to activate/deactivate/modify UE’s time synchronization service. 
If the request is target for multiple UEs or for future PDU session(s), the NEF stores the time synchronization service policy to UDR. The PCF(s) receive(s) a Nudr_DM_Notify notification of data change from the UDR.
Editor’s Note: How the NEF is notified for future PDU sessions is FFS.
Editor’s Note: the details of time synchronization service policy is FFS.
2.	If a request for time synchronization service activation/deactivation/modification is received by the PCF, but the time synchronization service is already in the target state due to previous request from another AF, then steps 3-6 are skipped.
3.	The PCF notifies the SMF via Npcf_SMPolicyControl_UpdateNotify message about the time synchronization service activation/deactivation/modification;
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 notifies the UPF/NW-TT about the activation/deactivation/modification of the time synchronization service through the N4 session level modification message, if needed.
5b.	The SMF notifies the UE/DS-TT about the activation/deactivation/modification of the time synchronization service, if needed.
Editor’s Note: Whether the SMF notifies UE/DS-TT using Port Management Information Container or via a specific indication from SMF to UE is FFS.
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.

[bookmark: _Toc30694664][bookmark: _Toc43906684][bookmark: _Toc43906799]6.7.4	Impacts on services, entities and interfaces
AF:
-	Provides the parameters to the NEF to configure the Time Synchronization service.
-	Provides the priorities for grandmaster in 5GS (DS-TT or NW-TT) for use during BMCA procedure.
NOTE:	The priorities can be used to ensure that the time source provided by 5GS (DS-TT or NW-TT) is selected as a grandmaster towards the devices outside 5GS.
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.
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.
[bookmark: _GoBack]-	When activated by NEF, (if the time source is located in the DS-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. Solution #X9: "(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.

* * * * End of changes * * * *
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