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Introduction
In RAN #83, a revised WID on support of NR Industrial Internet of Things (IoT) has been approved. Regarding NR TSC-related enhancements, the objectives are indicated as follows:3.  The detailed objectives for NR TSC-related enhancements include:
· 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].
· Specify enhancements to satisfy QoS for wireless Ethernet when using TSC traffic patterns, including
· Support of provisioning, from Core Network to RAN and between RAN nodes (e.g. upon handover), of UE’s TSC traffic pattern related information such as message periodicity, message size, message arrival time at gNB (DL) and UE (UL) [RAN3].
· Support for multiple simultaneous active semi-persistent scheduling (SPS) configurations for a given BWP of a UE. [RAN2, RAN1].
· Support for shorter SPS periodicities than the existing ones [RAN2, RAN1].
· Address support for TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities, as captured in TR 38.825, section 6.5.2 [RAN2, RAN1].
· Specify Ethernet header compression based on structure-aware algorithm [RAN2]
· Ethernet header compression solution for LTE to be specified once the design principle for NR is agreed. The impacted LTE specification to be added latest at RAN#85

Also, in the last RAN2 meeting, the following agreements have been made on delivery of timing information for the TSN network:
Confirm that we use LTE rel-15 SIB and RRC unicast based methods for reference time delivery
The reference time information shall correspond to a reference SFN, explicitly indicated in unicast signalling, FFS if inferred from the transmission of the SIB for SIB signalling. 
R2 assumes the UE shall use the end of the reference SFN value as the precise point in time to which the reference time corresponds.
FFS whether the reference SFN refers to time in the future, past or whether this need to mandated one way or another. 


In this contribution, our views on supporting accurate reference timing delivery from gNB to UE using broadcast for multiple TSN work domain is presented. Specifically, the focus is made on the enhancement on solution 11#2 TSN clock information delivery to support broadcasting clock information from multiple TSN work domain in addition to the 5G internal clock
[bookmark: _Ref178064866]Discussion
2.1 Accommodating more than one system clock information in the SIB and RRC signalling
According to the LS from SA2 received in the last meeting, SA2 is studying some TSN Time synchronization solutions that have RAN impacts. Solution #11 Option 2 is one of the options. Specifically, the RAN impacts are quoted as follows:

1）Conveying timing to the UE that act as boundary master clocks towards connected TSN device via 5G specific signalling, e.g., via 5G broadcast/5G unicast frame structure. In this option, the 5G RAN utilizes its fine-frame structure (e.g. below PHY symbol level) to convey precise timing to the UE. The 5G RAN receives the TSN timing information via direct connectivity with the TSN master clock, e.g. via underlying transport network by having an embedded TSN client within the TSN master clock, e.g. via underlying transport network by having an embedded TSN client within the gNB (this option does not use UE specific 802.1AS message)







As stated, 5G specific signalling e.g., via 5G broadcast/5G unicast frame structure, is employed to convey timing information to the UE. According to TS 36.321, SystemInformationBlockType16 consists of information related to GPS time and Coordinated Universal Time (UTC). Specifically, the IE timeInfoUTC might be employed for such target. In our opinion, Rel-16 NR could re-use such implementation to provide the UE with the timing information coming from the TSN network.
Observation 1: Rel-16 could re-use systemInformationBlockType16 to provide the UE with the timing information coming from the TSN network

However, it should be noted that 5G RAN might connect to multiple TSN work domains. Although there exists solution #11 Option 4 included in the TS 23.734 to solve the timing synchronization problem when more than one TSN work domains are connected to the 5G system. But the solution of it is to synchronize all work time domain to the 5G clock. We think, in some cases, TSN work domain would not like to synchronize with 5G clock. For example, the 5G clock might not satisfy the accuracy requirement of the TSN work domains. Hardware update to the 5G clock might be required. Instead, as indicated in the following figure, the job of 5G system could be simply to synchronize simultaneously different TSN GMs to UEs belonging to different TSN groups but the same RAN cell. Bearing this in mind, only one IE included in SystemInformationBlockType16 seems insufficient. 


Figure 1: timing information from multiple TSN GMs of different working time domains are required to be delivery to different TSN end stations at the left side
Observation 1: only one IE included in SystemInformationBlockType16 seems insufficient, if 5G system is required to synchronize simultaneously different TSN GMs to UEs belonging to different TSN groups but the same RAN cell.
As a result, the reference time information IE included in the SystemInformationBlockType16 should be extended into the time information List IEs for providing more than one TSN clock information plus the 5G internal clock information to UEs.
Proposal 1: it is proposed that the reference time information IE needs to be extended into the time information List IEs for providing more than one TSN clock information plus the 5G internal clock information to UEs.
Conclusion
Based on the discussion above, we made the following observations:
Observation 1: only one IE included in SystemInformationBlockType16 seems insufficient, if 5G system is required to synchronize simultaneously different TSN GMs to UEs belonging to different TSN groups but the same RAN cell.
Proposal: it is proposed that the reference time information IE needs to be extended into the time information List IEs for providing more than one TSN clock information plus the 5G internal clock information to UEs.
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