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1 Introduction

This contribution discusses further details on how the timing information is provided via RAN taking RAN2#104 related agreements into account, as well as, the inputs provided in SA2 LS [1], and RAN1 LSs [2]

 REF _Ref256592 \r \h 
[3]:

· We reuse the LTE approach for time distribution by broadcast RRC as a baseline, Unicast is FFS 

· 0.25us granularity can be a starting point, finer granularity than 0.25us is FFS
2 Discussion

SA2 has identified diverse solutions to convey TSN timing information via NR/5GC as conveyed in LS [1]. In our understanding, the SA2 solutions that introduce the least RAN2 impact while keeping RAN2 preference of treating 5G as a black box are solution #11 option 2 and option 4 from TR 23.734, as explained in [4]. Both solutions will require having unicast and broadcast RRC signaling to convey timing information
Proposal 1. Unicast RRC signaling is also used to distribute timing information.

On the discussion of how to provide the time reference information via the RRC signaling (for both unicast and broadcast), it is important to keep in mind that the clock synchronization service performance requirements defined by SA1 in TS 22.104 that also assumes large service areas, as shown in the table below.

	User-specific clock synchronicity accuracy level
	Number of devices in one Communication group for clock synchronisation
	Clock synchronicity requirement
	Service area
	Scenario

	1
	Up to 300 UEs
	< 1 µs
	≤ 100 m x 100 m
	· Motion control

· Control-to-control communication for industrial controller

	2
	Up to 10 UEs
	< 10 µs
	≤ 2500 m2
	· High data rate video streaming

	3
	Up to 100 UEs
	< 1 µs
	< 20 km2
	· Smart Grid: synchronicity between PMUs


RAN1 LS [3] provides the following feedback on the time synchronization error over Uu interface:
A timing synchronization error between a gNB and a UE no worse than 540ns is achievable based on the RAN1 agreed evaluation assumptions for Rel-15 NR with 15kHz SCS. It is RAN1´s conclusion, that the synchronization accuracy is improved when using higher SCS. 
Therefore, the timing synchronization error can be at most ±540ns, which would already be above the 1 µs clock synchronization requirement requested by SA1. Moreover, RAN1 has indicated that using higher SCSs reduces this error as also captured in Section 2.3 of RAN1 summary evaluation document [5]. Therefore, it might be enough to rely on the usage of the optimum network configuration to reduce  the timing synchronization error. 

Proposal 2. RAN2 assumes that we can rely on the network to choose optimum configurations by using higher SCSs which enables reducing the timing synchronization error.
In addition, RAN2 should discuss the granularity used to provide the timing information. Rel-15 LTE HRLLC indicates the time reference information with a 0.25µs granularity (via "refDays*86400*1000*4000 + refSeconds*1000*4000 + refMilliSeconds*4000 + refQuarterMicroSeconds"). This 0.25µs (i.e. 250ns) granularity contributes to the error budget by an amount of ±125ns. Based on RAN1's input above, it might be worth for RAN2 to consider the usage of additional bits to increase the timing information granularity to 100ns. This could help reducing the error margin by about 150ns (overall) from the 1µs budget. 
Proposal 3. To reduce the overall timing error, RAN2 aims to increase the number of bits for finer granularity to indicate the time reference information for Rel-16 NR vs in Rel-15 LTE with TimeReferenceInfo IE to also help reducing the overall error.
RAN1 LS [3] provides feedback on the achievable time synchronization accuracy over the Uu interface:
For small service areas with dense small cell deployments a propagation delay compensation by the UE would not be required. The propagation delay compensation needs to be applied by the TSN UEs for larger service areas with more sparse cell deployments (e.g. for inter-site distances >200m the gNB-to-UE timing synchronization accuracy without propagation delay compensation may be worse than 1µs).

For the propagation delay, RAN1 confirms that for large service area, the propagation delay needs to be compensated. However in our understanding, how the UE does the delay compensation could potentially be left up to UE implementation as it was done in Rel-15 LTE HRLLC. On other hand, there are cases, e.g., when the UE is in RRC_INACTIVE or RRC_IDLE, for which it is not clear how requirements on propagation delay compensation may be defined, due to a lack of a valid TA. 
Moreover in some cases, it may be possible for the network to better estimate and pre-compensate for the propagation delay on a per-UE basis and use the UE-specific signaling to indicate and/or fine tune the indicated time reference. By not relying on estimation of propagation delay at the UE side, such an approach also avoids the error components in the estimation of the propagation delay due to TA indication error and DL reference timing error (i.e., no impact from TA command granularity and Te in propagation delay estimation). If this were agreed, the UE would need to be aware when the pre-compensation happens (either via specification or via signaling indication).
Proposal 4. Network could pre-compensate for the propagation delay in the time reference information on a per-UE basis (i.e. unicast signaling), and UE needs to be aware of when this is done.

Proposal 5. RAN2 to leave up to UE implementation the compensation of the propagation delay for the time reference information (similarly as it was done for Rel-15 HRLLC).

3 Conclusion

The proposals captured are the following:
Proposal 1.
Unicast RRC signaling is also used to distribute timing information.
Proposal 2.
RAN2 assumes that we can rely on the network to choose optimum configurations by using higher SCSs which enables reducing the timing synchronization error.
Proposal 3.
To reduce the overall timing error, RAN2 aims to increase the number of bits for finer granularity to indicate the time reference information for Rel-16 NR vs in Rel-15 LTE with TimeReferenceInfo IE to also help reducing the overall error.
Proposal 4.
Network could pre-compensate for the propagation delay in the time reference information on a per-UE basis (i.e. unicast signaling), and UE needs to be aware of when this is done.
Proposal 5.
RAN2 to leave up to UE implementation the compensation of the propagation delay for the time reference information (similarly as it was done for Rel-15 HRLLC).
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