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Introduction
In June 2018’s 3GPP Plenary meeting, eURLLC study item has been introduced to enhance NR URLLC in reliability and latency. The study item will investigate methods to improve reliability and reduce latency for the use-cases (like factory automation, transport industry and electrical power distribution) that have higher requirement in reliability and latency than the studied use-cases in Rel-15. 
In this paper, we discuss time synchronization issue, in particular related with the following highlighted part: 
	Besides the baseline Release 15 URLLC performance, the study will investigate the necessary improvement for the prioritized URLLC use cases in the justification section and how to meet the requirements for those use cases in Release 16 with higher requirements, such as:
· Higher reliability (up to 1E-6 level), higher availability, time synchronization down to the order of a few µs where the value can be 1 or a few us depending on frequency range, short latency in the order of 0.5 to 1 ms, depending on the use cases (factory automation, transport industry and Electrical power distribution)
· Relevant development in other work and study items to be taken into account.
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LTE URLLC WI in rel-15 has worked on providing a high accurate time synchronization to a UE. In LTE, the feature was tasked only to RAN2 with a restriction that no new RAN4 requirement would be specified. 
In the end, RAN2 has only specified a signaling support for this feature through which network transmits (unicast or broadcast) a time reference information with granularity down to 0.25 µs and can transmit an inaccuracy indication of the time reference information. The time reference information refers to a starting position of a particular subframe when this subframe is sent from the base station.  
In what follows, we first summarize the findings in the LTE work item. 
Solutions in LTE URLLC WI 
There is a need for UE to acquire an accurate time synchronization with respect to a time reference provided by an external time source. This allows for supporting UE applications where actions or reporting is required to be executed with a certain level of guaranteed synchronization with respect to the time reference. The use cases for which a UE needs to be provided with time reference information can have diverse requirements (e.g. see [1]). For example, on the one hand for “low-latency audio streaming for live performance”, the synchronization requirement for a given UE with respect to a time reference can be as low as 0.25 µs (see [1 Section 5.8.2]), and on the other hand for “high data rate video streaming / professional video production”, the synchronization requirement just needs to be smaller than 1 ms (see [1 Section 5.8.4]).  
Time synchronization requirement is diverse.  

The general solution to obtain time synchronization information is through high-end outdoor GPS receivers at the eNB. If not possible for some eNB, then the time synchronization information can also be distributed from a primary eNB node with GPS receivers by using e.g., PTP (precision time protocol). After that, eNB distributes the time information to UEs through radio interfaces. 
However, the distribution of this information to UEs faces certain challenges that might deteriorate the accuracy of time synchronization:
1. Relaying synchronization information over the transport network from an eNB that has access to GPS to an eNB that doesn’t will also cause a deterioration of the accuracy of this information (e.g. even when considering the use of PTP between such nodes).
2. A deterioration of the accuracy of this information will be experienced in the process of an eNB relaying it over the radio interface to the UE, even when considering methods for how the propagation delay can be compensated. 

Considering the need for diverse time-synchronization requirements and allowing for sufficient flexibility for implementation, a time reference message sent from the eNB is composed of two parts.  
The first part provides time reference information with a fixed granularity down-to 0.25 µs and the indicated time reference is referenced at the network. The second part provides the uncertainty of the time reference information by indicating the number of the lowest significant bits (LSBs) of the time reference information (if expressed in binary format) that do not provide useful information. Effectively, the granularity of the time information can be (0.25 µs, 0.5 µs, 1 µs, 2 µs, 4 µs, 8 µs, …).  
Time reference information may be transmitted in a cell as part of broadcast information in SIB 16 or within a dedicated message (point to point) sent to a specific UE.  These two messages basically target different use cases. The main technical benefit of using a dedicated message is to have a per-UE uncertainty indication. Network could indicate to a UE with less accurate time information, if it is expected that UE does not or is not able to compensate the deterioration of the accuracy of the time information due to propagation delay. 
LTE has specified signaling support for time synchronization.  

Further discussion 
The LTE work item has not investigated further the above two implementation-specific challenges. On the physical layer, the understanding is that the UE could compensate the propagation delay through the timing advance (TA) command received from the network and the performance depends on how network can estimate the uplink transmission timing. The estimation accuracy of the timing is roughly equal to the CP length (~5 µs in LTE).  In NR, the CP length depends on the numerology as follows:

	SCS (kHz)
	15
	30
	60
	120

	CP length (µs)
	4.69
	2.34
	1.17
	0.57



From this estimate it is not immediately clear that any physical layer enhancements are needed. 
It is not clear if any physical layer enhancements for time-synchronization are needed. 
Conclusion
In section 2 we made the following observations:
1. Time synchronization requirement is diverse.
LTE has specified signaling support for time synchronization.  
It is not clear if any physical layer enhancements for time-synchronization are needed. 
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