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1   Introduction
In the new WID for NR IIoT [1], one of the objectives is to satisfy the accurate synchronization as follows:

· Specify enhancements to satisfy QoS for wireless Ethernet when using TSC traffic patterns, including 

· Specify accurate reference timing delivery from gNB to UE using broadcast and unicast RRC signalling (with EUTRA Rel-15 signalling solution as baseline) for synchronization requirements defined in TS 22.104) [RAN2].

Though only RAN2 is involved, the time synchronization requires RAN3 work. Specifically, during SA1#84 meeting, an LS reply on TSN requirements evaluation was sent [2]. 

	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


From the LS, it can be observed that 1 µs synchronicity requirement is meant for UE to UE synchronization and both intra- and inter-gNB scenarios should be considered. In this contribution, we will focus on analysing the TSN synchronization in inter-gNB case. 
2   Discussion

In TR 38.825, the time synchronization accuracy is mainly analysed from UE to the clock source. It is specified:

	Considering the above and assuming 100 ns time error between TSN GM clock and gNB, as well as the sub-carrier spacing (SCS) of 15 kHz, the overall synchronization accuracy error between a clock source and UE clock would be equal to 665 ns (i.e. 540ns (air interface accuracy) + 100ns (network interface accuracy) + 25 ns (granularity/2)).


According to the above description, the synchronization requirement of 1 us can be achieved between the UE and the clock source. Furthermore, UE-to-UE synchronization of 1 us under the same gNB can be approximately fulfilled as the gNB delivers the same timing information to multiple UEs. However, it is different for UE-to-UE synchronization under the different gNB case, where multiple gNBs are responsible for providing accurate reference timing to the UEs. 
At least the following two options for synchronization can be considered. 
· Option1: All UEs are directly synchronized to the same clock source, i.e. the TSN master clock.

For this option, the different gNBs should be connected with the same clock source. As the synchronization accuracy error between a clock source and UE clock is 665 ns, in the worst case, the UE-to-UE synchronization under different gNBs can be twice of 665 ns, i.e., 1330ns. Therefore, it seems hard to satisfy the synchronization requirement as least for SCS of 15 kHz. 

· Option2: All gNBs are synchronized to each other through interaction, i.e. via Xn signalling.

For this option, the synchronization between gNBs are required. Otherwise, if the gNBs are not strictly synchronized, the synchronization among the UEs is not possible either. Then the final time derivation among UEs will be the sum of the derivation between gNBs and the derivation between UE and gNB. Note that 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 [3], if TA compensation is applied, the synchronization error can be no worse than 540ns. Therefore, the worst synchronization error with TA compensation for SCS of 15kHz is (2x 540ns+ 50ns+ 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. 

Hence efficient synchronization solution for the inter-gNB case should be further studied, such as to use higher SCSs, or only in small service areas. From RAN3 perspective, an LS may be needed to point out the problem so that other groups can give the synchronization solutions taking the inter-gNB scenario into account.   
[image: image1.png]Synchronization
—>

Cooperation





Proposal 1: The 1us synchronization for inter-gNB scenario should be considered when designing the TSN synchronization mechanisms in other groups. An LS to SA2 and other related working groups is suggested. 
3   Conclusion
In this contribution, we provide our analysis on TSN synchronization in the inter-gNB case, and have the following proposals:

Proposal 2: The 1us synchronization for inter-gNB scenario should be considered when designing the TSN synchronization mechanisms in other groups. An LS to SA2 and other related working groups is suggested. 
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