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1
Discussion

There are ENs to be resolved in solution #7.
The following EN was already address in the last meeting, but not marked as resolved.

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.

For the following EN, we can add critera and conditions. 
Vaidity time for AF time sync request is needed in some scenarios. For future PDU sessions, the NEF needs to keep the clock synchronization by 5G GM clock to be unique. However, as the number of request increases as time goes, the maximum domain number can be overflowed, if there are no limit of the duration of the service. The domain numer which is no longer valid, should be reused by the NEF in order not to overflow the maximum domain number. 
The validity time should be added as an input from the AF and can be maintained in NEF, or PCF. If the validity time has passed, it is notified to the SMF, and the SMF releases the PDU sessions if any.
Editor's note:
Whether there is a need to include validity time for AF time sync request is FFS. Also, how to support validity time is FFS.
During SA2#140E, there was a comment that BMCA detail may be further specified at future meetings. 
For method 1, 2, 3 and 4, example BMCA configurations can be added.
2
Proposal
The following change is proposed for TR 23.700-20.
*** First Change ***
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. For the domain, the NW-TT port is slave port and the DS-TT port is Master role.
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. 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. For the domain, both the NW-TT port and the DS-TT port are Master roles.
-
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. If time domain can be used, for the domain, the DS-TT port  is Master role, while the NW-TT port is Passive or Disabled role.
-
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. NEF can be the coordinator to activate/deactivate the PTP functionalities in DS-TT and NW-TT. For the domain, the DS-TT port  is Master role, while the NW-TT port is Passive or Disabled role.

-
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.

-
For all time synchronization methods, the PMIC can be used to manage the (g)PTP operation for the DS-TT influenced by the AF requested synchronization configuration. Following are some parameters that need to be included as part of PMIC 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 This is also described in solution 9.

-
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).

-
If an AF request 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. Also, the NEF may store DS-TT/NW-TT capabilities for UE(s) with active PDU Sessions.

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 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 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).

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.
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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.
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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.


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 validity time should be added as an input from the AF and can be maintained in NEF, or PCF. The PCF(s) receive(s) a Nudr_DM_Notify notification of data change from the UDR. 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 signaling 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. If the validity time has passed, it is notified to the SMF, and the SMF releases the PDU sessions if any.
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 signaling to the DS-TT (via PCF) to configure the (g)PTP functionality in the DS-TT.


*** End of changes ***
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