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1 Introduction
An objective of the NR Industrial Internet of Things (IIoT) study item [1] is to look at enhancements to support accurate reference time distribution between the nodes in a Time Sensitive Networking (TSN) system. An excerpt from the SID is provided below:
a) Accurate reference timing: Delivery & related process (e.g. SIB delivery or RRC delivery to UEs, Multiple Transmission points) (RAN2/RAN3/RAN1)
In this paper we look at options regarding the distribution of accurate time by the gNB to various UEs within the 5G system.
2 Accurate reference time distribution
The accuracy requirements for reference time distribution can be found in 22.804 [2]. The most stringent accuracy requirement considered is < 1us. A similar study on accurate time distribution was undertaken as part of the work done on URLLC for LTE [3]. In this section we review what was done in LTE, and look at ways this can be adapted to NR.
2.1 Network time
Time information can be currently provided by the gNB to the UE with the use of SIB9 [4]. The time provided is as per the Coordinated Universal Time (UTC) time standard and is expressed in units of 10ms. The design of SIB9 is derived from LTE’s SIB16 which had similar information provided in Rel-11. As time provided by SIB9 can only be expressed in units of 10ms, it cannot achieve the accuracy requirements as part of this study into TSN support.
Observation 1: Existing time distribution mechanisms in NR cannot meet the accuracy requirements for TSN support.
As part of the URLLC work on accurate reference time distribution done in LTE, a new TimeReferenceInfo IE [5] was introduced that could be broadcast using SIB16 or alternatively unicast by the DLInformationTransfer message. Time provided by the TimeReferenceInfo IE can achieve an accuracy of up to 0.25us as highlighted in the excerpt below. 
TimeReferenceInfo-r15 ::=		SEQUENCE {
	time-r15							ReferenceTime-r15,
	uncertainty-r15						INTEGER (0..12)				OPTIONAL,	-- Need OR
	timeInfoType-r15					ENUMERATED {localClock}		OPTIONAL,	-- Need OR
	referenceSFN-r15					INTEGER (0..1023)			OPTIONAL	-- Cond TimeRef
}

ReferenceTime-r15 ::=			SEQUENCE {
	refDays-r15							INTEGER (0..72999),
	refSeconds-r15						INTEGER (0..86399),
	refMilliSeconds-r15					INTEGER (0..999),
	refQuarterMicroSeconds-r15			INTEGER (0..3999)
}

Observation 2: The TimeReferenceInfo IE in LTE provides an accuracy of 0.25us that meets the most stringent time accuracy requirement of < 1us for NR IIoT.
Proposal 1: Accurate time information that can be broadcast or unicast by the gNB to the UE is introduced in NR, similar to how it is done in LTE.
2.2 Propagation delay
The time distributed by the gNB can be as accurate as its transmission time by the gNB. For example, the time distributed by SIB9 refers to the time at which a transmission was done by the gNB. This transmission by the gNB takes a finite amount of time to be received by the UE, i.e. a propagation delay is involved in the transmission as shown in Figure 1. Propagation delay is a function of the distance between the UE and the gNB. For larger distances, this delay can introduce inaccuracies in the time estimated by the UE. 
Observation 3: The propagation delay between the gNB and the UE can introduce inaccuracies in time estimation.
[image: ]
[bookmark: _Ref528316560]Figure 1: Propagation delays associated with a transmission
Given that the expected accuracy of time estimation for TSN is quite stringent, i.e. <1us, the propagation delay associated with time distribution needs to be determined.
Proposal 2: Propagation delay associated with the distribution of reference time by the gNB needs to be determined.
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[bookmark: _Ref528656920]Figure 2: Propagation delay for a UE’s transmission corrected by Timing Advance
As with the downlink, a propagation delay is also associated with transmissions from the UE on the uplink. To avoid inter-symbol interference, it is essential that uplink transmissions from all UEs arrive at the same time at the gNB. To ensure this uplink alignment, a timing advance is provided to all transmitting UEs as a correction time that advances its transmission time relative to its downlink reception time. As can be seen in Figure 2, the timing advance is a function of propagation delay and can be used to determine the propagation delay associated with reference time distribution.
Proposal 3: Timing advance is used for the determination of propagation delay.
3 Conclusion
In this contribution we make the following observations:
Observation 1: Existing time distribution mechanisms in NR cannot meet the accuracy requirements for TSN support.
Observation 2: The TimeReferenceInfo IE in LTE provides an accuracy of 0.25us that meets the most stringent time accuracy requirement of < 1us for NR IIoT.
Observation 3: The propagation delay between the gNB and the UE can introduce inaccuracies in time estimation.
Based on these observations, we propose:
Proposal 1: Accurate time information that can be broadcast or unicast by the gNB to the UE is introduced in NR, similar to how it is done in LTE.
Proposal 2: Propagation delay associated with the distribution of reference time by the gNB needs to be determined.
Proposal 3: Timing advance is used for the determination of propagation delay.
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