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1 Introduction
During RAN3#101bis meeting, a way forward was formed regarding to TSN synchronization [1]. 

- How to deliver time information to gNBs operating in a TSN network (e.g GNSS, gPPT, etc).

- Whether and how to achieve synchronization between gNB and UPF and between gNBs operating in a TSN network.

- What is the achievable synchronization accuracy from RAN network perspective.
Also last RAN2 meeting agreed an LS asking SA2 further synchronization requirement as follows.
SA2 is also requested to provide the feedback on whether <1 us synchronicity requirement is meant for both intra- and inter-gNB cases.

And during SA1#84 meeting, an LS reply on TSN requirements evaluation was sent by SA1 [3] . 
the synchronicity requirement is meant for both intra- and inter-gNB cases.  It is applicable to all UEs within the service area (irrespective of number of gNBs deployed within the area.)
1 µs synchronicity requirement is meant for UE to UE synchronization
In this contribution, we will analyze the impacts of TSN synchronization on RAN3 based on the latest progress. 
2 Discussion
According to the LS from SA1, the 1us synchronicity requirement is meant for UE to UE synchronization in intra- and inter- gNB cases and CU-DU split case. Therefore, in section 2.1, cases of inter- gNB and cases where the latency introduced by network interfaces cannot be negligible are investigated. In section 2.2 case of CU-DU split case, 
2.1 Inter-gNB synchronization case
According to the requirement from SA1, synchronization between UEs under different gNBs is needed. Therefore multiple gNBs are responsible for providing accurate reference timing to the UEs. In addition to the synchronization between gNB and UE, synchronization among gNBs is also necessary. Because if the gNBs are not strictly synchronized, the synchronization among the UEs is not possible either. What’s worse, the final time derivation among UEs will be the sum of the derivation between gNBs and the derivation between UE and gNB.

At least the following two options for synchronization can be studied in this case:

Option1: All gNBs are synchronized to the same master clock, i.e. the TSN master clock.

This option can reuse the mechanism discussed in [4]. The 1ms synchronization accuracy should be discussed. 
Option2: All gNBs are synchronized to the same 5G internal clock (e.g. via GPS).

This option requires almost no extra standardization effort.
Option3: All gNBs are synchronized to each other through interaction, i.e. via Xn signaling.

For this option, the synchronization accuracy between network nodes has been fully studied at earlier releases and also by other working groups. For instance, RAN4 already defined the sync accuracy between gNBs is approximately 3us. 
According to the LS from RAN1 [6], if TA compensation is applied, the synchronization error can be no worse than 540ns. Therefore, the worst synchronization error with TA compensation is (2x 540ns+ 250ns+ w) for UEs under different gNBs. The parameter w denotes the synchronization error between the two gNBs, which is 3us currently. Obviously, this cannot satisfy the current accuracy requirement of 1us. 
To further study the inter-gNB case, an LS to RAN4 is needed to ask whether better sync accuracy can be achieved to fulfil the TSN requirements. 
Proposal 1: 1us synchronization for inter-gNB synchronization should be further studied in the WI phase, and feedback from RAN4 on the sync accuracy between gNBs is needed.
2.2 CU-DU split synchronization case
According to the RAN2 progress on TSN synchronization, broadcast signalling is agreed to deliver the reference time information. Take R15 as baseline, the reference time in term of SFN boundary and absolute time information is carried in the SIBX. However, in the architecture of CU-DU split, it is understood that SFN/SIB1 is maintained and generated by DU while the RRC dedicated signaling is generated by CU. Given that there is a backhaul network between CU and DU, synchronization between CU and DU may cause some problem, which may result in additional delay thereby decreasing the accuracy of synchronization. It is more reasonable to assume the timing reference provided to UE is generated by DU and that DU has direct traceability to the master clock so as to avoid the timing delay between CU and DU.
Proposal 2: In case of CU-DU split, the reference timing provided to UE is generated by DU. And details can be further studied in the WI phase. 
3 Conclusion
In this contribution, we provide our analysis on potential RAN3 impacts regarding to TSN synchronization:
Proposal 1: 1us synchronization for inter-gNB synchronization should be further studied in the WI phase, and feedback from RAN4 on the sync accuracy between gNBs is needed.

Proposal 2: In case of CU-DU split, the reference timing provided to UE is generated by DU. And details can be further studied in the WI phase. 
A TP for TR 38.825 is provided in the annex. 
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5 Annex TP
6.4
Accurate reference timing provisioning
Editor’s note: RAN2 responsibility with potential network interfaces impacts handled by RAN3

6.4.x Inter-gNB synchronization case

The 1us synchronicity requirement is meant for inter-gNB cases between UEs. there are three options for the synchronization between neighbouring gNBs. 
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· Option1: All gNBs are synchronized to the same master clock, i.e. the TSN master clock.

· Option2: All gNBs are synchronized to the same 5G internal clock e.g. via GPS.

· Option3: All gNBs are synchronized to each other through interaction, i.e. via Xn signaling.

6.4.y
CU-DU split

In case of CU-DU split, the timing reference is generated and broadcast by the DU. It can further study the unicast transmission of timing reference by the CU. 
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