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1 Introduction
In this contribution UE time synchronization in LTE is discussed, in relation to the Work Item Description

	· Support methods to provide a sufficiently granular time reference value to a UE from an eNB.


2 Discussion
2.1 Introduction

There is a need for UE to acquire an accurate time synchronization with respect to a time reference in order to support UE applications where actions or reporting is required to be executed with a certain level of guaranteed synchronization with respect to the time reference. 
In telecommunication networks, the general solution for obtaining synchronization information (global time of day) usually depends on the presence of GNSS (Global Navigation Satellite System) receivers at a primary node, with additional distribution of that synchronization information to secondary nodes by using e.g. PTP (precision time protocol). With common GNSS receivers it is possible to obtain synchronization information that is sufficiently accurate for supporting demanding use cases (e.g. factory automation). However, once acquired, the distribution of this information to UEs faces certain challenges:
· A deterioration of the accuracy of this information will be experienced in the process of an eNB relaying it over the radio interface, considering that time of day information will be referenced to a specific point in the radio frame structure when transmitted at the antenna reference point. 
· Relaying synchronization information over the transport network from an eNB that has access to GNSS 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).

· An additional loss of synchronization accuracy can be expected due to limitations in the precision with which a network can determine the timing advance applicable to a UE at any given point in time.

Thus, obtaining, maintaining and assuring a high level of synchronization accuracy for a UE operating individually or as part of a set of UEs (which may be operating in different cells) whose actions must be synchronized, is not trivial. 
2.2 Granular time reference
Synchronization information may be transmitted in a cell as part of broadcast information (e.g. SIB X) or within a dedicated message (point to point) sent to a specific UE (e.g. a RRC message). Considering that an operator may wish to monetize services requiring the use of enhanced time synchronization in a UE, the use of dedicated signaling to convey synchronization information is seen to be advantageous compared to a SIB based distribution method.
Proposal 1: Support the transmission of a granular time reference value by dedicated messages.
In SIB 16, the time reference information is a Coordinated Universal Time that counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). However,
· UTC contains leap seconds (i.e. the UTC time is advanced by 1 second about once every 2 years to account for anomalies in the earth’s rotation) and an eNB must be synched towards a source without leap seconds (see 3GPP TS 36.401 chapter 9.1).
· UTC also has the year 2038 problem (wrap around occurs at 03:14:07 UTC on 19 January 2038) ( if we use UTC then we assume applications expected to be running in that year will have taken appropriate coding safeguards (similar to Y2K problem).
For applications requiring high precision synchronization it might be difficult (or implementations would at least need to be more complex) to avoid a “time glitch” when adding the leap second. GNSS based time is therefore an example of a more suitable form of time reference value, as it supports a continuous time scale.
Proposal 2: The time reference value needs to have a continuous time scale and can be a GNSS time.
Time reference value should refer to a specific reference point in the radio frame structure as it is transmitted at the antenna reference point. Since RRC messages might be retransmitted, an eNB cannot know in advance for sure when this message will be received at which subframe in the UE. One example of the reference point in the radio frame structure that could be used is the beginning of a future subframe as this is already supported in UMTS and this subframe number is also sent in the RRC message. 
Proposal 3: The time reference value indicates the time at the beginning of one subframe whose subframe number is sent together in RRC.  
As stated in Section 2.1, obtaining, maintaining and assuring a high level of synchronization accuracy for a UE is not trivial. For UE applications that require accurate synchronization, the effect of the propagation delay should be considered. Since both UE and eNB can somehow know the propagation delay through the Timing Advance (TA) command sent/received, it can be further discussed whether the time reference value should compensate the propagation delay at the eNB or not. Moreover, how close the specific point in the radio frame transmitted at the antenna reference point will be to its corresponding time of day information (sent per Proposal 1) will also be subject to delays in network.  

3 Summary
RAN2 is kindly requested to discuss and agree to the following proposals:
Proposal 1: Support the transmission of a granular time reference value by dedicated messages.
Proposal 2: The time reference value needs to have a continuous time scale and can be a GNSS time.
Proposal 3: The time reference value indicates the time at the beginning of one subframe whose subframe number is sent together in RRC.  

