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Abstract of the contribution: This paper update the solution to remove the EN on the clockAccuracy and keep alignment with solution#9
1. Discussion
There is an EN in the sol#7 for method 4.

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.

In the method 4, the UE get time from NG-RAN, and acts as the GM.
In the Announce message, there is an IE, “grandmasterClockQuality”, which is defined in 802.1AS.
10.6.3.2.3 grandmasterClockQuality (ClockQuality) 

The value is the clockQuality formed by the clockClass, clockAccuracy, and offsetScaledLogVariance of the rootSystemIdentity of the gmPriorityVector (see 10.3.5) of the PTP Instance that transmits the Announce message.
Observation 1: The clockClass, clockAccuracy are needed for the DS-TT to generate the Announce message.

Because for the method 4, the UE/DS-TT get the time from NG-RAN in the air, and NG-RAN get time from 5GS clock. So the clockClass and clockAccuracy depend on the time source of NG-RAN.

So the TSN AF/NEF shall expose the clockClass and clockAccuracy of time source of NG-RAN to external entity. And this information shall be sent to UE/DS-TT. 

If the accuracy of time source of NG-RAN can be different, the clockClass and clockAccuracy should not be the constant values, i.e. cannot be pre-configured in the UE/DS-TT.
Observation 2: The AF shall send the clockClass, clockAccuracy to UE/DS-TT according to the configuration.

For the UE/DS-TT generates the Announce message, it keeps alignment with solution#9
2. Proposal

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

6.7
Solution #7: Exposure of Time Synchronization

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.

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.

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, 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.


-
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.
-
The network provides the clockClass and clockAccuracy to the UE/DS-TT.
-
The AF controls the time window the time synchronization service is valid in 5GS via activation/deactivation requests sent to the NEF.

-
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. Following are some parameters that need to be included as part of PMIC and BMIC for Time Sync:

-
Requested synchronization accuracy.

-
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 DS-TT with information to create the Announce message. This is also described in solution 9.

-
The network may request the NW-TT to generate (g)PTP messages by providing (g)PTP parameters (incl. (g)PTP version, domain number(s), sending rate, etc.)

-
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),

-
(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:

-
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, solution #1 can be used with this solution to manage BMCA procedure for the time domain.

********************************************End of CHANGE **********************************************
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