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Introduction

The SID of NR Industrial Internet of Things (IoT were approved in RAN#81 [1], in which the following objective is included:
	L2/L3 enhancements:

...
Time Sensitive Networking related enhancements:

Accurate reference timing: Delivery & related process (e.g. SIB delivery or RRC delivery to UEs, Multiple Transmission points) (RAN2/RAN3/RAN1)

Enhancements (e.g. for scheduling) to satisfy QoS for wireless Ethernet when using TSN traffic patterns as specified in TR 22.804 (RAN2/RAN1). Note: RAN2 to start the work, RAN1 to take action based on RAN2 progress.

...


In RAN3 #101bis, the following WF is approved[2]:

Proposal: RAN3 to discuss the following at RAN3#102:

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.
In this contribution, we will discuss these issues and give our proposals.

Discussion
#Issues 1: How to deliver reference time information to gNBs

Taken into account that the purpose of reference timing delivery to gNBs is to align the clock timing between gNBs, or even between gNB and AS(e.g TSN end station), the ordinary methods is to delivery an accuracy reference timing to gNB and related Node from a master clock(e.g. GPS or a clock server etc). 
How to deliver the reference time to gNB depends on where the reference time comes from(e.g what’s the reference time source). Usually, there are three type of delivery approach:

Delivery from satellite(e.g GPS, GNSS etc). In which case, gNB can obtain the reference timing from satellite with time accuracy of <100ns and no 3GPP specification change is involved. The shortcoming is that the receiver antenna and cabling installation may be expensive in indoor installations.
Delivery from other gNB that has accurate reference time(e.g. from Master gNB). In this case, the Clock timing synchronization between gNBs is similar with the timing synchronization between eNBs in E-UTRAN, which has been studied[3], and is mainly based on the OTA or RIBS methods.
Delivery from a centralized clock node(e.g. UPF). In this case, the Clock timing synchronization from a centralized Node(e.g. UPF) to gNB is similar with the timing synchronization from RNC to NodeB in UTRAN, which has been studied[4] and already been specified[5], and is mainly based on the backhaul link methods.
Compared with the the approach 3), the approach 2) is more complicated in that:

In approach 2), the master gNB(the source gNB in clock synchronization) and slave gNB(the target gNB in clock synchronization) should be identified, which involves specification change.

In approach 2), the over the air approach involves multi-path delay and re-transmission, which impacts the synchronization accuracy.

In approach 2), the preamble detection should be performed both in the source gNB and target gNB during handover. But in the current specification, the source gNB does not need to detect the preamble of the target gNB, and the gNB can not identify the UE upon detecting the preamble. Thus, the over the air approach involves much of RAN2 and/or RAN1 specification change.

Observation 1: The reference time delivery from satellite(e.g. approach 1) does not involve 3GPP specification change, and the time accuracy of <100ns can be obtained.

Observation 2: The reference time delivery from a centralized clock node(e.g. UPF) to gNB is more simple and involves less specification change than the reference time delivery between gNBs. And the timing synchronization accuracy need to be futher evaluated.

Proposal 1: The reference time delivered from satellite is preferred if the satellite signal can be obtained.

Proposal 2: The reference time delivered from a centralized clock node(e.g. UPF) to gNB similar with that from RNC to NodeB in UTRAN is preferred if the satellite signal can not be obtained. 
#Issues 2: Whether and how to achieve synchronization between gNB and UPF

Based on the proposal 1 and proposal 2, the reference timing synchronization between gNB and UPF is not necessary if the satellite signal can be obtained in gNB; else, the synchronization is necessary and the reference time delivered from a centralized clock node(e.g. UPF) similar with the timing synchronization from RNC to NodeB in UTRAN is preferred.

Observation 3: If the satellite signal can be obtained in gNB, the reference timing synchronization between gNB and UPF is not necessary.

Observation 4: If the satellite signal cannot be obtained in gNB, the reference timing synchronization between gNB and UPF is necessary, and the reference time delivered from a centralized clock node(e.g. UPF) to gNB similar with that from RNC to NodeB in UTRAN is preferred.

#Issues 3: Whether and how to achieve synchronization between gNBs

Based on the comments for #issue 1, the direct reference timing synchronization between gNBs is not necessary. The gNBs can be synchronized when they are synchronized with a master clock(e.g. GPS or a centralized clock node etc).

Observation 5: The direct reference timing synchronization between gNBs is not necessary.
#Issues 4: What is the achievable synchronization accuracy

Based on the observation 1 and observation 2, 100ns synchronization accuracy can be obtained if the reference timing is delivered from satellite(e.g GPS, GNSS etc); and the synchronization accuracy need to be further evaluated if the reference timing is delivered from a centralized clock node(e.g. UPF) to gNB.

Observation 6: 100ns synchronization accuracy can be obtained if the reference timing is delivered from satellite(e.g GPS, GNSS etc); and the synchronization accuracy need to be further evaluated if the reference timing is delivered from a centralized clock node(e.g. UPF) to gNB.
Conclusions

In this contribution, we have discussed the issues related to accurate reference riming delivery in Time Sensitive Networking related enhancements. We make the following observations and proposals:

Observation 1: The reference time delivery from satellite(e.g. approach 1) does not involve 3GPP specification change, and the time accuracy of <100ns can be obtained.

Observation 2: The reference time delivery from a centralized clock node(e.g. UPF) to gNB is more simple and involves less specification change than the reference time delivery between gNBs. And the timing synchronization accuracy need to be futher evaluated.

Observation 3: If the satellite signal can be obtained in gNB, the reference timing synchronization between gNB and UPF is not necessary.

Observation 4: If the satellite signal cannot be obtained in gNB, the reference timing synchronization between gNB and UPF is necessary, and the reference time delivered from a centralized clock node(e.g. UPF) to gNB similar with that from RNC to NodeB in UTRAN is preferred.

Observation 5: The direct reference timing synchronization between gNBs is not necessary.

Observation 6: 100ns synchronization accuracy can be obtained if the reference timing is delivered from satellite(e.g GPS, GNSS etc); and the synchronization accuracy need to be further evaluated if the reference timing is delivered from a centralized clock node(e.g. UPF) to gNB.

Proposal 1: The reference time delivered from satellite is preferred if the satellite signal can be obtained.

Proposal 2: The reference time delivered from a centralized clock node(e.g. UPF) to gNB similar with that from RNC to NodeB in UTRAN is preferred if the satellite signal can not be obtained.
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