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 Introduction
The revised work item on physical layer enhancements for NR URLLC for Rel-17 has the following objective [1]:
	4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]


In this contribution, we aim to evaluate the achievable time synchronization error in comparison to the provided timing error budgets for different use cases.
 Timing synchronisation requirements 
The clock synchronisation service performance requirements for 5G systems are given in Table 5.6.2-1 in [2], which defines the 5G system (5GS) synchronicity budget requirements for five services/use cases. The defined synchronicity budgets are the time error between the ingress and egress of the 5G system. Two use cases are agreed on in RAN1#102e meeting to be used as representative use cases, which are the control-to-control and the smart grid use cases. The 5GS synchronicity budget requirements for the respective two use cases are equal to 900 ns and 1000 ns. Also, it was agreed in RAN1#102e meeting that two Uu interfaces are involved for control-to-control scenario and one Uu interface is involved for smart grid scenario. Furthermore, in RAN2 LS [3], the agreed synchronicity budget per Uu interface is:
[bookmark: _Ref47480467]Table 1: Timing synchronization budget per Uu interface [3]
	Scenario
	Single Uu interface Budget

	Control-to-Control
	±145ns to ±275ns

	Smart Grid
	±795ns to ±845ns


Where the Uu interface time synchronization budget can be interpreted as the timing error between the UE and the gNB-distribution unit (gNB-DU) for 5G system.
[bookmark: _Ref61712733]Necessity of propagation delay compensation
To justify the necessity of using propagation delay compensation, first, we need to find/calculate the maximum distance between the gNB and UE that achieves the Uu timing synchronization budget. Second, we compare the calculated maximum distance, for each use case, to the provided inter-BS distance from SLS assumptions in TR 38.824 [4]. The Uu timing budget consists of: 
Uu timing budget = gNB tx timing error () + Max propagation delay + UE rx timing error ()
Where gNB transmission error is the timing error between the actual transmission and the assumed transmission at the transmitter side of gNB, propagation delay is the time needed for a signal to travel from a gNB to a UE, and the UE timing detection error is the uncertainty associated with the UE downlink frame timing detection. The maximum propagation delay and the maximum distance that achieves the Uu timing budget requirements can be found for each use case as:
· Control-to-control use case: we substitute the timing synchronization budget and errors in the above formula:
Uu timing budget (±275ns) = 65ns + Max propagation delay + ~100ns
Resolving this results in the maximum propagation delay, which is equal to 110 ns. This can be translated into the maximum distance between UE and gNB, which equals to 33 m. This means that if the propagation distance between the gNB and UE for control-to-control use case is ≤ 33 m, then there is no need for propagation delay compensation. Now, given that the typical inter-BS distance for the factory automation at 4 GHz is equal to 20 m, thus, we can conclude that there is no need for using propagation delay compensation in control-to-control use case.
Observation 1: For control-to-control use case, the maximum distance between the UE and gNB that achieves the Uu timing budget is larger than the typical inter-BS distance in factory automation scenario.
Proposal 1: Do not support introducing propagation time delay compensation for control-to-control use case.
· Smart grid use case: we substitute the timing synchronization budget and errors in the above formula:
Uu timing budget (±795 ns) = 200 ns + Max propagation delay + ~100 ns
Resolving this results in the maximum propagation delay equal to 545 ns hence the maximum distance between the gNB and UE is equal to 163.5 m. After comparing the latter with the typical distance in power distribution scenario, which is equal to 500 m [4], we conclude that propagation delay compensation should be applied for smart grid use case.
Observation 2: For smart grid use case, the maximum distance between the UE and gNB that achieves the Uu timing budget is smaller than the typical inter-BS distance in power distribution scenario.
Proposal 2: For smart grid use case, support propagation time delay compensation.
TA based method for propagation delay compensation
In this section, we aim to evaluate the performance of TA-based method for propagation delay compensation. Hence, first, we introduce the timing error components for TA-based method, then, we calculate the total timing error of TA-based method for propagation delay compensation.
1.1 [bookmark: _Ref61370814]Timing error components:
The total timing inaccuracies in TA-based method can be divided into three main contributors: 
Timing error related to gNB: This timing error consists of:
· : The time offset between the actual transmission and the assumed transmission, which could occur due to base station transmitter antennas are not perfectly aligned in time. The assumed timing error values for evaluation purpose were agreed on in RAN1#103e meeting, which are (i) control-to-control: 65 ns, and (ii) smart grid: option 1: 200 ns, and option 2 = 65 ns.
· : This is the frame detection error at the gNB and its value was agreed on in RAN1#102e meeting, which equal to 100 ns.
Timing error related to UE: The UE timing error assumed for evaluation in the discussions of RAN1#102e and RAN1#103e meetings is equal to the requirement of the UE initial timing error, given by Te, and defined in Table 7.1.2-1 in TS 38.133 [5]. Therefore, we used this assumption in our evaluation in this contribution document. 
 (Assuming 15 kHz SCS for SSB signals, 15 kHz SCS for uplink signals).
However, according to our views, we think the assumed UE error is more than the actual UE timing error, where the actual UE timing error consists of:
· : the uncertainty associated with UE downlink frame timing detection error and it is assumed value according to the discussion in RAN1#103e meeting is equal to 100 ns.
· : the error due to TA adjustment accuracy, which is defined in Table 7.3.2.2-1 in TS 38.133 [5]. The value of this error is equal to  for 15 KHz.
· : this timing error represents the offset in the actual UE transmission and the assumed UE transmission and could be due to the time difference between transmissions on different transmit antenna connectors. According to TS 38.101 [6], the shall not exceed 130 ns.
Therefore, the total timing error at the UE according to the above assumptions, should equal to: 
Total UE timing error = .
Indicating granularity error: Indicating the TA could cause additional timing error, which can be as large as half of the indicating granularity. Based on the RAN1#102e meeting agreement the value of this error is equal to  for 15 KHz.
1.2 [bookmark: _Ref61370824]Total timing error in TA-based method:
The total timing error for propagation delay estimation and compensation using TA-based method can be defined, based on the discussion from RAN1#103e meeting, as: 

Substituting the parameters resulting in:

The estimated total timing error per Uu interface is equal to 408 ns, which is larger than the maximum error budget per Uu interface for C2C (275 ns). Hence, it is not feasible to use TA-based method for propagation delay compensation for control-to-control use-case without any enhancement.
Observation 3: The estimated Uu timing error using TA-based method for propagation delay compensation is equal to 408 ns, which is bigger than the provided budget for control-to-control (275 ns), hence it is not feasible to use TA-based method without enhancement for propagation delay compensation in control-to-control use case.
Proposal 3: For control-to-control use case, study enhancements for TA-based method to meet the provided budget. 
However, the estimated total timing error per Uu interface is smaller than the maximum error budget per Uu interface for smart-grid (825 ns). Hence, using TA-based method for propagation delay compensation is adequate for supporting smart grid use case. Thus, there is no need to introduce a new method for propagation delay compensation, such as RTT-based method.
Observation 4: The estimated Uu timing error using TA-based method for propagation delay compensation is equal to 408 ns, which is smaller than the provided budget for smart-grid (825 ns), hence it is feasible to use TA-based method for propagation delay compensation in smart-grid use case.
Proposal 4: For smart grid use case, support TA-based method for propagation delay compensation. 
Conclusion
In this contribution, we discussed propagation delay compensation enhancements and we have the following observations and proposals:
Observation 1: For control-to-control use case, the maximum distance between the UE and gNB that achieves the Uu timing budget is larger than the typical inter-BS distance in factory automation scenario.
Observation 2: For smart grid use case, the maximum distance between the UE and gNB that achieves the Uu timing budget is smaller than the typical inter-BS distance in power distribution scenario.
Observation 3: The estimated Uu timing error using TA-based method for propagation delay compensation is equal to 408 ns, which is bigger than the provided budget for control-to-control (275 ns), hence it is not feasible to use TA-based method without enhancement for propagation delay compensation in control-to-control use case.
Observation 4: The estimated Uu timing error using TA-based method for propagation delay compensation is equal to 408 ns, which is smaller than the provided budget for smart-grid (825 ns), hence it is feasible to use TA-based method for propagation delay compensation in smart-grid use case.
Proposal 1: Do not support introducing propagation time delay compensation for control-to-control use case.
Proposal 2: For smart grid use case, support propagation time delay compensation.
Proposal 3: For control-to-control use case, study enhancements for TA-based method to meet the provided budget.
Proposal 4: For smart grid use case, support TA-based method for propagation delay compensation.
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