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Abstract of the contribution: The paper describes how the AF and the 5GS can exchange and configure time synchronization accuracy for time synchronization service.
Discussion: 
Time synchronization accuracy attribute and configuration is under discussion for time synchronization service. Synchronization accuracy defines an upper bound for the synchronicity budget for the time distribution process within the 5GS. For the two time synchronization processes the 5GS provides (i.e. 5G internal clock distribution and vertical clock distribution), synchronization accuracy impacts time distribution:
· For 5G internal clock distribution: 
· gNB provided ReferenceTimeInfo to the UE (via SIB9/RRC), periodicity
· gNB and UE support for Propagation Delay Compensation (PDC)
· For (g)PTP support: 
· gNB provided ReferenceTimeInfo distribution (via SIB9/RRC), periodicity 
· gNB and UE support for PDC
· NW-TT and DS-TT time stamping based on 5G Clock in the (g)PtP messages
· DS-TT determination of offset using ReferenceTimeInfo and (g)PtP messages to align with the end station
· # of PTP instances (each PTP instance and hop adds a certain error budget)

Observation 1: Fulfilling time synchronization accuracy for vertical distribution ((g)PTP) and 5G-clock sync are dependent on NG-RAN provided referenceTimeInfo, PDC.

When configuring time synchronization service (see Figure 1 and Figure 2), different cases can be considered for synchronization accuracy:
· AF provides time synchronization accuracy requirement: 
· If the requested accuracy cannot be met by supported 5G clock sync accuracy, the PDU Session associated to the time sync service can be established but the time sync service won’t comply with AF’s request.
· If the requested accuracy is bigger or equal than supported 5G clock sync accuracy, the time sync service can be configured within 5GS and satisfy AF’s request
· AF does not provide time synchronization accuracy requirement: The 5GS configures time sync service based on 5GS implementation specific constraints.

For the previous cases, the knowledge of the accuracy requirements can be useful at different NFs within 5GS:
· AF: The AF learning about 5G System time sync capabilities helps the AF understand if the time sync service for the given application can be satisfied or not. 
· NEF: As the NEF manages the configuration of time synchronization service, it should be able to obtain 5GS capabilities to expose this information to the AF. Time synchronization service may use (g)PTP protocols or just use 5GS internal clock, in which case, accuracy should be an attribute that can be read/modified outside the IEEE datasets
· PCF: Synchronization accuracy may impact user or control plane traffic; therefore, it may be an input for PCC rules
· SMF: If there are network components in the distribution chain the SMF is the NF that can have this knowledge and compute the accuracy/ error budget available for the RAN and the Network segments
· AMF: Based on different application (i.e. running in the device) needs, Synchronization accuracy needed for a given UE can be determined. This can be useful as timing assistance information for the NG-RAN. This information can simplify time synchronization service continuity even during mobility events
· NG_RAN: Synchronization accuracy may influence ReferenceTimeInfo distribution at the NG-RAN node as it defines the Uu synchronicity error, it may also influence PDC and the time information the source and target gNBs need to exchange during mobility events




[bookmark: _Ref68448717]Figure 1 AF learning 5GS time synchronization capabilities




[bookmark: _Ref68448720]Figure 2 Time synchronization assistance information forwarding towards the serving gNB

Observation 2: Synchronization accuracy is useful for time synchronization service configuration and it should be provided by the AF. If not provided, accuracy is configured using 5GS implementation constraints.


Background regarding RAN WGS study for time synchronization in Rel-17:
Three scenarios are under consideration:
· Scenario 1: In the control-to-control communication use case, where TSC devices behind a target UE are synchronized to any TD, from a GM behind the CN. The 5GS introduced error is caused by the relative time-stamping inaccuracy at the NW-TT and the DS-TTs.
· Scenario 2: In the control-to-control communication use case, where TSC devices behind a target UE are synchronized to any TD, from a GM behind the UE. The 5GS introduced error is caused by the relative time-stamping inaccuracies at the involved DS-TTs.
· Scenario 3: In the smart grid use case, where the TSC devices behind a target UE are synchronized to the 5G GM TD. The 5GS introduced error is caused by the synchronization of the 5G clock to the DS-TT.
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RAN2 is evaluating the synchronicity budget by dividing the 5GS E2E path into three parts: Network, Device, and Uu interface. Where the Uu interface is understood as the maximum 5GS time synchronization error between the UE and the gNB-DU (i.e. DU-CU interface error is not included). 
The Uu interface budget for Scenario 1, 2 and 3 are respectively calculated as following:
· Scenario 1: Uu budget = 900ns – Device – Network scenario1
· Scenario 2: Uu budget = (900ns – 2xDevice – 2xNetwork scenario2)/2 (assumption is based on gPTP)
· Scenario 3: Uu budget = 1000ns – Device – Networkscenario3 (baseline assumption that this is based on GNSS)

For the Network part, the following considerations are mentioned in R2-2009755 (RAN2#112E, Summary of E-mail discussion on Propagation Delay Compensation in RAN2):
· For the control-to-control use case: The connection between UPF (NW-TT) and gNB is assumed to span over maximum four (g)PTP capable hops relative to the 5G GM
· For the smart grid use case: The NW accuracy does not depend on the path between the 5GS components, but on the synchronization error between two 5G GM clock instances (e.g. GNSS receivers) à the maximum error between the GNSS receivers is 200ns
Therefore, for the Network part time synchronization accuracy budget for Scenario 1, 2, and 3 are assumed to be the following:
· Scenario 1: ±120 to ±200ns (NetworkScenario1) (assuming 3-5 hops worst case scenario
· Scenario 2: ±240 to ±400ns (2xNetworkScenario2) (assuming 6-10hops worst case scenario)
· Scenario 3: ±100ns (NetworkScenario3)

The Device part time synchronization accuracy budget is assumed to be in the range ±50 to ±100ns, this applies to all three scenarios.

And for the Uu interface, the time synchronization accuracy for Scenario 1, 2 and 3 are as following:
· Scenario 1: ±595ns to ±725ns
· Scenario 2: ±145ns to ±275ns
· Scenario 3: ±795ns to ±845ns


RAN WGs and SA2 alignment for time synchronization support:
As can be seen, the synchronization accuracy required at the Uu interface for every scenario change depending on the assumptions considered for the whole time distribution chain (e.g. time distribution method used, network nodes involved, source GM, consumers of time, etc). However, the gNB is not able to gather information to determine which scenario applies and based on that configure the time reference distribution properly to the targeted UE(s) (e.g. ReferenceTimeInfo distribution periodicity, propagation delay compensation method). It needs assistance information for the gNB to provide the Uu accuracy requirement (or Uu sync error budget) to help the gNB determine if enhancements for time synchronization are needed for the targeted UE(s). 

Observation 3: NG-RAN node cannot derive Uu synchronization accuracy requirement without CN assistance.




1) How to determine the synchronization accuracy per UE (i.e. per Uu interface)?
RAN scenarios may involve one (e.g. RAN scenario 1 and 3) or two (e.g. RAN scenario 2) Uu interfaces in the time distribution chain. Two solution options can be considered to determine the synchronization budget that applies per UE:
a) The AF splits the synchronization accuracy requirement per UE when configuring the service at the 5GS (similar to QoS requirement for UE-UE TSC communications). The AF can know the GM and the time clients are connected to the 5GS and adjust the time synchronization request. In this option the AF is always providing the synchronization accuracy budget that applies for one UE (or multiple UEs if the request targets more than one UE). For example, for scenario 1 and 3 the AF will request 1us synchronization accuracy requirement while for scenario 2 the synchronization accuracy requirement will be 500ns (i.e. half of the E2E accuracy budget). Once the 5GC obtains the synchronization requirement, the 5GC can determine the synchronization accuracy budget left for Uu interface. 
b) The AF does not split the synchronization accuracy requirement per UE. In this case, the AF provides a synchronization accuracy requirement that applies for the E2E time synchronization distribution chain and it is not aware of where is the GM and the time clients (e.g. if there is only downlink synchronization from N6 to the UEs or uplink synchronization from UE1 to UEX).  If this is the case, the 5GC (e.g. SMF and AMF) needs to be able to determine the time synchronization scenario whether it is Uplink time sync, UE-UE time sync etc. (e.g. one or two Uu interfaces are involved in the time synchronization distribution chain) exchanging information with the NEF as the NEF is aware of the AF’s request for time sync service, BMCA result, and the GM location for the time domain under configuration.

Observation 4: It is assumed that the AF provides time sync accuracy for each UE independently when there is a need for UE-UE time sync.

For both a) and b) options, once the synchronization budget per UE is determined, the three parts of the budget need to be determined (i.e. Network, Device, and Uu interface) to derive Uu interface budget. It can be used in the gNB to assist with 5G timing information provided over the Uu. 


2) How to forward the Uu synchronization accuracy budget to the NG-RAN node?
a) Uu synchronization accuracy budget forwarded as part of PDU Session management procedures.
b) Uu synchronization accuracy budget forwarded as part of UE context management procedures.
Uu synchronization accuracy budget is UE specific attribute. However, this budget applies to the 5G clock sync disseminated to the UE via RRC or SIB9, it is not PDU Session specific. For example, if a DS-TT has two PTP instances configured, one that has an accuracy requirement of 2us and the other 1us, the Uu synchronization accuracy budget must follow the most strict value. That is, there is only one 5G clock sync process even if multiple vertical clocks processes are supported within the DS-TT. 5G clock synchronization process may be associated with one or more PDU Sessions (if the PDU Sessions are used for (g)PTP traffic) but it can work also independently of the PDU Sessions (e.g. synchronization methods #3 and #4 concluded in TR 23.700-20). Therefore, synchronization accuracy should be part of the UE context the gNB and AMF have stored to ensure the dissemination of referenceTimeInfo with the proper configuration.

Observation 5: Uu synchronization accuracy requirement applies to 5G clock sync process and can be broader than a PDU Session scope.


To ensure support for the four synchronization methods concluded in the TR at the gNB and the continuity of the service even during mobility events (e.g. time information the source and target gNB should exchange when HO as being discussed in RAN3), the gNB will need to have time assistance information including:
· “5G clock sync” indication. This attribute notifies when the 5G clock sync process is the source of absolute time for the UE
· Uu synchronization accuracy. This attribute indicates the upper bound accuracy requirement for Uu interface (e.g. to assist at the gNB the referenceTimeInfo configuration or PDC)

Between the AMF and SMF, this time assistance information can be exchanged using Namf_Communication service and between the AMF and NG-RAN node, using NGAP UE context procedures.


2. Proposals

Proposal 1: “5G clock sync” indication to be forwarded via NGAP as part of time synchronization assistance information UE context management procedures.

Proposal 2: 5GC forwards the sync accuracy provided by AF as time synchronization assistance information towards the serving NG-RAN node. 

Proposal 3: Initiate LS with RAN2/RAN3 to obtain their feedback regarding 5G clock time sync indication and Time Sync assistance information such as time sync accuracy, error budget and validity timer.
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