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1 Introduction
During the RAN#80 and RAN#81 meeting, “Study on NR Industrial Internet of Things (IoT)” was approved and refined where RAN3 is involved. One of the objectives to enhance TSN is to achieve accurate reference timing [1]. This contribution intends first to make an overview of the related RAN2 work in Rel-15 and the latest RAN1 progress in Rel-16. And then some RAN3 impacts are discussed and identified to propose on some highlights for subsequent RAN3 work on this topic.
2 Discussion
2.1 Synchronization requirement from RAN3 perspective
Time Sensitive Networking (TSN) aims to provide deterministic services, i.e. guaranteed packet transport with bounded low latency, low packet delay variation and low packet loss. In order to achieve this purpose, the premise is that all the nodes/equipment are highly synchronized. 
According to TS 22.804 [2], many use cases such as factory automation and electrical power distribution have strict requirements on clock synchronicity among coordinated nodes/equipment. As a typical use case in factory automation, the Motion Control scenario requires 1µs synchronicity among devices, which is a huge challenge to the current RAN architecture. Therefore RAN3 should consider 1µs accuracy as the most challenging requirement for synchronization.
Proposal 1: RAN3 consider 1µs accuracy as the most challenging requirement for synchronization among coordinated nodes.

2.2 Discussion on accurate reference timing  
Before discussing the solutions for accurate reference timing, all the scenarios where synchronization among different kinds of nodes is needed should be identified first. In the following text, we will discussing the scenarios from RAN3 point of view.
2.2.1 Synchronization between UE and gNB
In the first scenario, one gNB is responsible for providing accurate reference timing to the UEs.

In LTE R15 HRLLC WID, the provision of time reference in the above case was discussed and the following agreements were achieved [3]. 

	Agreements

1. The granularity of time reference is 0.25 us.
2. In addition, an inaccuracy indication is optionally sent: 

· The indication indicates inaccuracy of a time reference information

· If the inaccuracy indication is transmitted, then the time reference is within the range {the time reference – inaccuracy value, the time reference + inaccuracy value}, E.g., if the inaccuracy is 2us and the UE will interpret the value of the time reference to be within the range the time reference ± 2us.

· If the inaccuracy indication is not transmitted, then the inaccuracy of the time reference information is not specified.

· The inaccuracy indication range from 0.25 us to 1 ms. Details to encode can be discussed in the email discussion of the CR.
3. GPS/UTC time format (like in SIB16) can be used for signalling the time reference information.
4. Agree on both broadcast solution (via SIB16) and unicast solution (via dedicated RRC signaling) to transmit the time reference information.
5. Introduce separate UE capability for indicating support of receiving time synchronization information in dedicated RRC


According to the agreements, the gNB can provide time reference information either via SIB16 or via dedicated RRC signaling and the granularity of time reference is 0.25µs. The mechanism in LTE can be reused for time reference delivery, i.e. via broadcast or unicast. But whether the granularity is enough for 1µs requirement remains further study in RAN1/RAN2. And more detailed analysis can be found in a RAN1 paper [5]. 
Proposal 2: The mechanism in LTE can be reused for time reference delivery. 

Proposal 3: The granularity of time reference for synchronization between gNB and UE requires more input from RAN1/RAN2.
2.2.2 Synchronization between gNB and gNB
In this scenario, 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 clocks of the gNBs are not strictly synchronized, after providing reference timing to UEs accessing different gNBs, 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.
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At least the following two solutions for synchronization can be studied in this case:

Solution 1: All gNBs are synchronized to the same master clock, i.e. a GPS clock, a clock of outside TSN system or a clock located in core network (as will be discussed in the next section).  .

Solution 2: All gNB are synchronized to each other through interacion, i.e. via Xn signalling.

Besides, synchronization among DUs belonging to the same CU should also be considered under CU-DU architecture. This is because possibly slave clocks may be on the DUs to be closer to UE. 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 3us. However, more study is needed to fulfil the TSN requirements. Therefore we propose:
Proposal 4: RAN3 study the scenarios whether finer synchronization granularity among gNBs/CUs/DUs is required.
2.2.3 Synchronization between Core network and gNB
The premise of delivering accurate reference timing to UE is that gNB should maintain a slave clock. And the slave clock should be synchronized to a master clock. The clock can be a GPS clock (out of 3GPP scope), a clock of outside TSN system (depending on the conclusion of SA2 study of TSN support in 5G system [4]) or a clock located in core network. Where the master clock is located should be studied first. And if the master clock is located in the core network, signalling on interface between gNB and core network is needed to perform synchronization.
Observation: The gNB should maintain a slave clock in order to deliver accurate reference timing to the UE. More input is needed regarding to where the master clock is located.
Proposal 5: If master clock is located in the core network, signalling on interface between gNB and core network is needed to perform synchronization.
3 Conclusion
In this contribution, we provide our analysis on potential RAN3 impacts regarding to the accurate reference timing in TSN for I-IoT:

Observation: The gNB should maintain a slave clock in order to deliver accurate reference timing to the UE.
Proposal 1: RAN3 consider 1µs accuracy as the most challenging requirement for synchronization among coordinated nodes.
Proposal 2: The mechanism in LTE can be reused for time reference delivery. 

Proposal 3: The granularity of time reference for synchronization between gNB and UE requires more input from RAN1/RAN2.
Proposal 4: RAN3 study the scenarios whether finer synchronization granularity among gNBs/CUs/DUs is required.
Proposal 5: If master clock is located in the core network, signalling on interface between gNB and core network is needed to perform synchronization.
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