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1
Introduction

In Subclause 5.10.14 of TS 36.331 [1], the DFN derivation from GNSS is specified as below: 

When the UE selects GNSS as the synchronization reference source, the DFN used for V2X sidelink communication is derived from the current UTC time, by the following formulae:

DFN= Floor (0.1*(Tcurrent –Tref)) mod 1024

SubframeNumber= Floor (Tcurrent –Tref) mod 10

Where:

Tcurrent is the current UTC time that obtained from GNSS. This value is expressed in milliseconds;

Tref is the reference UTC time 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Thursday, December 31, 1899 and Friday, January 1, 1900). This value is expressed in milliseconds;

In this contribution, we discuss the potential issue of deriving UTC time from GNSS and shows that it will be problematic when leap second event occurs (For example, the latest leap second was added to UTC on December 31, 2016).
2
Gap between UTC time and GNSS time
The UTC time used in 3GPP is based on astronomical time, which is based on how long it takes Earth to make one complete spin on its axis. Through most of human history, this type of time was measured by the rising and setting of the sun. Today, however, scientists keep track of it by aiming a network of radio telescopes at a distant quasar. 

However, the GPS satellites run with “atomic time”, which defines a second as exactly 9,192,631,770 oscillations of a cesium-133 atom. Since year 1980, the GPS time is always continuous and never jump. However, the difference of UTC time and GPS time keep increasing. During the past 40 years, the rotation of earth has generally run slow compared with atomic time, an average 1.5 to 2 milliseconds per day. As of January 2017, GPS time is 18 seconds ahead of UTC because of the latest leap second added to UTC on December 31, 2016. 
Thus, if we define Tcurrent is the current UTC time that obtained from GNSS, then it means the V-UE has to take the leap seconds offset into account when derive the DFN from GNSS timing. Such offset information can be obtained from:
· Network calibration assuming V2X UE has WAN connection

· Get the offset information from the message sent by the GNSS satellites, such as a full GPS navigation message from the satellite, which would take up to 750 seconds to receive because the leap second info is broadcast by all GPS satellites once every 750 seconds.

Hence, it can be observed that the derivation of DFN will be disrupted when leap second changes. As specified by 3GPP LTE Rel-14, the UEs participating in V2V communication needs to derive the UTC time from GNSS timing signal received via UE’s on-board GNSS receiving hardware. Then, the UE calculates a DFN (Direct Frame Number) value based on the current UTC time to the UTC reference time in Jan. 01, 1900. When leap second change event happens, the gap between GPS and UTC time suddenly changes by 1 second. As each frame is 10ms, this means a sudden shift of DFN 100 needs to be accommodated. Depending on UE location and capability, V2V UEs in the V2V communication network may or may not have the backhaul connection to synchronize with the infrastructure about this change in time. As a result, some UEs will use the old UTC clock and some will use the new UTC clock. Also, GNSS receivers in different GNSS systems need different time to adjust to the new UTC clock change. Hence, the shift of 100 DFNs will happen arbitrary and this will cause disruptions of the V2V communication network.

For example, if a vehicles on the road just derives its DFN from GPS timing before the midnight of Dec.31, 2016, and if it happens to be out of coverage, then it will use the wrong DFN timing for up to twelve and half minutes. This could be even longer if there are signal blockages near the time of the leap second transmission points (such as in urban canyons), or if the signal strength is too low to demodulate data, as the leap second info only shows up once within the 750 second period. In this case, its timing will be out of sync with other V2X UEs which derived the DFN with Wireless WAN access and correctly shift 100 DFNs immediately. This will create disruptions for safety-related V2X applications.
Observation 1: Derive UTC from GNSS is problematic when leap second change occurs. 
3
Discussion on possible solutions

To fix this problem as indicated by Observation 1, one of the solution is to use leapless/continuous timing source directly for V2X systems to eliminate the 100-DFN shift. Instead of calculate DFN based on UTC time, the Tcurrent can be defined as directly based on the continuous time scale used by the satellites. For example, the GPS time reference is compared with the Tref to calculate the As GPS time never jump, the calculated DFN number will not be affected by the leap second change events. So, V-UEs out of coverage will not be out of sync at all when leap second changes. On the other hand, the DFN offset provided to match eNB timing can be dynamically adjusted to take care of the leap second change events.

This solution will work in GPS, Beidou and Galileo systems which are all use the continuous timing without leap seconds. But there is an issue with the GLONASS satellites which broadcast the clock which has implemented a time-scale with the leap second [2]. 

Since one of the major GNSS systems, GLONASS, does broadcast UTC time in its timing reference signal, it is not feasible to replace the usage of UTC time in V2X systems with leapless timing source as the basis for DFN timing. An alternative way to solve the problem is to set a system-wide grace period T so that V-UEs will postpone its DFN timing derivation to allow other V-UEs has enough time to obtain the correct new UTC time after leap second change. In other words, even if a V-UE has obtained the new clock with leap second adjusted via some other means (e.g, from WWAN), it will keep using the old DFN timing (derived before the leap second insertion) until T seconds after the leap second event. The new DFN timing will be effectively used beginning at 00:00:00+T when the leap second insertion happens at midnight.
To set a proper value of T, we need to consider the periodicity of satellite navigation message of different GNSS systems, as shown below:

· GPS system: 750 second, 

· BeiDou system: 360 seconds
· Galileo system: 600 seconds

In this case, if the T set to 750 seconds, then all V-UEs using different GNSS timing source shall be able to get the correct leap second information to derive the UTC time correctly. Of course, there may be some other factors to be considered to set this parameter, but it is important to have a single value in a geographical region to allow proper inter-operatabilty among V-UEs using different GNSS resource or belonging to different PLMNs to send and receive V2X sidelink communication.

If the above approach is adopted, the RRC specification has to be changed [3]. Therefore, we propose that RAN2 WG discuss the problem and consider the above approach to fix it. 

Proposal 1: Introduce a grace period T to avoid DFN timing derivation errors when leap second change happens.
4
Conclusion

In this contribution we made the following proposals for the leap second issue 
Proposal 1: Introduce a grace period T to avoid DFN timing derivation errors when leap second change happens 
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