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According to the LS [1] from SA2, SA2 asks whether the RAN needs to know the “Time synchronization error budget available for the NG-RAN for Uu interface” as follows:
	· Is it beneficial for NG-RAN to receive Time synchronization error budget available for the NG-RAN for Uu interface to fulfil the time sync accuracy request?


According to the discussion in the RAN2#112-e meeting [2], RAN2 made the following agreements on the calculation of the Uu budget of the time synchronization error.
Agreements
4 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)
7  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)
In this contribution, we provide our analysis on the need of the time synchronization error budget in RAN.
Discussion
Time synchronization error budget in RAN


Figure 1：Uu budget of time synchronization error (the left figure includes both Scenario 1 and Scenario 2)
According to the email discussion summary in [3], three scenarios are considered to derive the Uu budget of time synchronization error.
· Scenario 1: The TSC GM is connected to a device behind the 5GS CN and the E2E accuracy budget would apply from the time-stamping entity at the NW-TT to the time-stamping entity at the DS-TT.
· Scenario 2: The TSC GM is connected to a device behind the UE, where the 5GS E2E budget applies from DS-TT timestamping entity at the source UE to the DS-TT timestamping entity at the target UE.
· Scenario 3: The TSC GM is the 5G GM (or similar TD). The 5GS E2E accuracy is from the 5G GM to the DS-TT at a UE
According to the calculation of the Uu budget given in the RAN2 agreement, the errors of the network interface are considered, and RAN2 assumes 3-5 hops for the worst case of Scenario 1 and 6-10 hops for the worst case of Scenario 2. If the CN can provide the RAN budget of time synchronization error directly to the gNB, the gNB can decide whether to use the PDC (Propagation Delay Compensation) or not. For example, if the RAN budget of time synchronization error is sufficiently large, the gNB can decide not to apply the PDC even though there are some time synchronization error caused by the propagation delay of the reference time information.
Observation: The time synchronization error budget for the NG-RAN can help the gNB to decide whether to use PDC or not.
Proposal 1: It is beneficial for NG-RAN to receive the time synchronization error budget for the NG-RAN.
Regarding the Uu budget calculated in RAN2 before, the Uu budgets are different in different Scenarios. Then RAN needs to know in which scenarios the time synchronization error budget for NR-RAN will be available. For example, the network entity of Scenario 2 which may not be aware of the hops of the gPTP message is not able to provide the time synchronization error budget for the RAN. Then for those scenarios in which RAN does not have the time synchronization error budget for NG-RAN, RAN may still need to use the previous assumptions of the network time synchronization error. However, in order to have the correct assumption of the network time synchronization error budget (e.g. 40ns per hop and number of hops), RAN2 should also ask SA2 to evaluate whether the previous RAN2 assumption on the network time synchronization error budget is feasible.
Proposal 2: RAN2 is kindly requested to ask SA2 the following clarification questions:
· Question 1: In which scenario(s) is the time synchronization error budget for the NG-RAN available?
· Scenario 1: The TSC GM is connected to a device behind the 5GS CN and the E2E accuracy budget would apply from the time-stamping entity at the NW-TT to the time-stamping entity at the DS-TT.
· Scenario 2: The TSC GM is connected to a device behind the UE, where the 5GS E2E budget applies from DS-TT timestamping entity at the source UE to the DS-TT timestamping entity at the target UE.
· Question 2: Is the RAN assumption on the network time synchronization error budget feasible? If not, what would be the expect value?
· 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)
[bookmark: _GoBack]
Conclusions
According to the analysis given above, we have the following observations and proposals:
Observation: The time synchronization error budget for the NG-RAN can help the gNB to decide whether to use PDC or not.
Proposal 1: It is beneficial for NG-RAN to receive the time synchronization error budget for the NG-RAN.
Proposal 2: RAN2 is kindly requested to ask SA2 the following clarification questions:
· Question 1: In which scenario(s) is the time synchronization error budget for the NG-RAN available?
· Scenario 1: The TSC GM is connected to a device behind the 5GS CN and the E2E accuracy budget would apply from the time-stamping entity at the NW-TT to the time-stamping entity at the DS-TT.
· Scenario 2: The TSC GM is connected to a device behind the UE, where the 5GS E2E budget applies from DS-TT timestamping entity at the source UE to the DS-TT timestamping entity at the target UE.
· Question 2: Is the RAN assumption on the network time synchronization error budget feasible? If not, what would be the expect value?
· 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)
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