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1 Introduction
There has been an LS from RAN2 [4] on Time Sensitive Network(TSN) enhancement which requires RAN1 to study the following:
To RAN1 group.
ACTION: 	RAN2 respectfully asks RAN1 to take the above information into account and:
· provide feedback on whether 0.5 ms latency target can be achieved using current NR specification and/or enhancements considered as part of L1 URLLC enhancements SI.
· provide feedback on what the achievable time synchronization accuracy over Uu interface, considering the synchronicity requirements of TSN networks as mentioned in TR 22.804
In this contribution, we study the time synchronization accuracy over Uu interface. 

[bookmark: _Ref178064866]2	Discussion
Considering the overall system, shown in Figure 1, there would be seven main sources of time-inaccuracy. In the following subsections we describe these uncertainties in more detail.
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[bookmark: _Ref534877265]Figure 1. Synchronization uncertainties in the system.

2.1	TSN GM clock to UPF
One specific source of inaccuracy/uncertainty affecting the reference time value concerns the issue of how a gNB manages reference time information up to the point where it starts transmitting it to a UE. A gNB first acquires a reference time value (e.g. from the GrandMaster clock in a TSN network) and then proceeds as follows: 
· The gNB modifies the acquired reference time to the value it is projected to have when a specific reference point in the system frame structure (e.g. at the end of SFNz) occurs at the BS Antenna Reference Point (ARP) (see reference point tR in Figure 2).
· A SIB/RRC message containing the projected reference time value and the corresponding reference point (the value of SFNz) is then transmitted during SFNx and received by a UE in advance of tR.
· The SIB/RRC message may indicate an uncertainty value regarding the value of reference time applicable to the reference point tR. The uncertainty value reflects (a) the accuracy with which a gNB implementation can ensure that the reference point tR (the end of SFNz) will actually occur at the ARP at the indicated reference time and (b) the accuracy with which the GrandMaster clock can be conveyed to the gNB. 
· The uncertainty introduced by (a) is implementation specific but is expected to be negligible and is therefore not further considered. 
· The use of hardware timestamping at the GrandMaster node and gNB is assumed to be used for (b) in which case a corresponding uncertainty of [100ns] (LS in R3-187218 indicates a safe value is 100ns) is expected to be introduced when conveying the GrandMaster clock to a gNB.

[bookmark: _Toc535002557][bookmark: _Hlk534876800]A negligible uncertainty is expected to be introduced when a gNB implementation maps an acquired reference time value to a reference point (e.g. the end of SFNz) in the system frame structure as it occurs at the ARP. 
[bookmark: _Toc535002558]An uncertainty of [100ns] or less is expected to be introduced when the GrandMaster clock is conveyed to a gNB.
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[bookmark: _Ref534877918]Figure 2. BS SFN Transmissions
2.2	UPF to gNB clock inaccuracy
The case where a gNB supports the role of an ethernet bridge within a TSN network is considered as a possible example of system operation wherein reference time is delivered to a gNB using Precision Time Protocol (PTP). The reference time delivered to the gNB using PTP is expected to have sufficient accuracy relative to the value of the GrandMaster clock for the case where both the Grandmaster and the gNB are capable of hardware timestamping. Relaying reference time information from the gNB to a UE using 5G specific methods (see [2]) will introduce additional sources of inaccuracy which need to be examined to determine if the resulting UE reference time accuracy is sufficient for anticipated NR-IIoT use cases.
[bookmark: _Toc535002559]Relaying reference time information from the gNB to a UE using 5G specific methods will introduce additional sources of inaccuracy which need to be examined to determine if the resulting UE reference time accuracy is sufficient for anticipated NR-IIoT use cases.

[bookmark: _Ref534968642]2.3	UE time stamping in accuracy
Considering a range of factory cell radii for which multipath effects can be a factor this source of inaccuracy is expected to be no more than [50ns]. Note that this will be a contributing factor to the overall uncertainty of the reference time value established at a UE even in small IIoT cells for which no Timing Advance (TA) would typically be expected.
2.4	Internal UE timing inaccuracy 
[bookmark: _Ref189046994]This is seen as introducing an inaccuracy of ~130ns. It consists of a Timing Error (TE) component introduced by general implementation slop (i.e. other than what is introduced by TA procedure) and is seen as being composed of both systemic and dynamic factors contributing to the total value. The value is based on the TA adjustment accuracy (from 38.133) as a rough ball park figure.
2.5 Timing advance LOS inaccuracy
This is seen as introducing an inaccuracy of ~30ns. The TA procedure is performed periodically and therefore introduces a TE component that is a snapshot of the radio interface performance applicable at the point of performing the procedure (i.e. the value of this TE component can change every time TA is performed). As such this TE component should be treated as separate from the TE component introduced by DL tracking indicated in section 2.3 above (i.e. the TE component resulting from DL tracking at a given point in time may be additive to the TE component of the TA procedure the last time the TA procedure was performed). For larger cells (e.g. ~ 60m radius) the value of this TE component may become large enough to require specification changes regarding TA evaluation methodologies. 
2.6 UE Modem to chipset
This is seen as introducing an inaccuracy of ~50ns. This results from a UE providing an external chipset with clock information wherein the chipset supports PTP to perform the clock distribution function to IIoT end stations i.e. the external chipset effectively serves as a local Grandmaster clock for the IIoT end stations.
2.7 Chipset to IIoT end-station
This is seen as introducing an inaccuracy of ~50ns. This assumes the same TE as a single hop within a well performing TSN network.

Table 1 summarizes all the above described uncertainties. 

[bookmark: _Ref534821172]Table 1. Synchronization uncertainties
	Timing error (Te) components
	Values (small cell ~10 m radius)
	Description

	TSN GM clock (GNSS) to UPF
	100 ns
	The inaccuracy may arise, e.g., up to 300 ns in case GM clock is not connected to 5G nodes directly. See R3-187218.

	UPF to gNB (PTP with n hops)
	~n x 50 = 1 x 50 = 50 ns
	There can be designs that may allow ~20ns-30 ns for the PTP clock. Further, we have the radio/antenna part and even for a non-fronthaul case, the error will not be negligible. In the end (UPF + gNB + Antenna) could significantly larger than 50 ns. See R3-187218.                                                               

	UE time stamping accuracy (DL tracking accuracy)
	~50 ns
	It is an accuracy error when UE synchronizes to SFNs, and component depends on implementation, reference signals, BW and SNR. For larger radius would be > 50 ns.
	The value ½ TA is not that accurate for the IIoT cell if RF propagation time is not small. For a case with small cells ~10m generally the RF air delay would be small and therefore, TA compensation is not required (at least not from ½ TA which only will give larger errors, see R2-1817173). Hence, the primary error sources will depend on:
· UE time stamping accuracy, and 
· UE internal timing accuracy.

	Internal UE timing accuracy
	4 x 64 Tc = 130 ns
	The values can be assumed for TA inaccuracy for 15 KHz SCS (Clause 7.3.2.2, TS 38.133)
	

	½ LOS compensation
	~30 ns
	A fixed ½ LOS compensation as an average delay could be used based on deployment and then removed from the budget. However, NLOS would add to an error in the budget.
	

	UE Modem to Chipset
	~50 ns
	Equivalent to single hop PTP inaccuracy

	Chipset to IIoT end stations
	~50 ns
	Equivalent to single hop PTP inaccuracy

	Timing error (Te)
	460 ns
	



Looking at the table, we have the following observation.

[bookmark: _Toc535002560]The reference time value received by a UE from a gNB and increased by the value of ½ the final TA can realistically be expected to be subject to a total uncertainty of up to [±(460) ns]. This is well within the ± 1 us timing accuracy requirement for clock synchronization accuracy level 1 in TR22.804 or in TS22.104. Similarly, for two UEs, the inaccuracy is within the ± 2 us inter-UE timing accuracy requirement.
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Conclusion
In the previous sections we made the following observations: 
Observation 1	A negligible uncertainty is expected to be introduced when a gNB implementation maps an acquired reference time value to a reference point (e.g. the end of SFNz) in the system frame structure as it occurs at the ARP.
Observation 2	An uncertainty of [100ns] or less is expected to be introduced when the GrandMaster clock is conveyed to a gNB.
Observation 3	Relaying reference time information from the gNB to a UE using 5G specific methods will introduce additional sources of inaccuracy which need to be examined to determine if the resulting UE reference time accuracy is sufficient for anticipated NR-IIoT use cases.
Observation 4	The reference time value received by a UE from a gNB and increased by the value of ½ the final TA can realistically be expected to be subject to a total uncertainty of up to [±(460) ns] for small IIoT cells (e.g. up to 10m radius). This is well within the ± 1 us timing accuracy requirement recently agreed to for a UE relative the source clock. Similarly, for two UEs, the inaccuracy is within the ± 2 us inter-UE timing accuracy requirement.
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