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Discussion and decision
1. Introduction
In this document we present various use cases that can benefit for the UE to obtain accurate LTE system time. Some use cases require accurate UTC time, and therefore, leap-second information is necessary in addition. It also provides a few potential options for UE to acquire accurate UTC time and one of the solutions could require modifications to CT1 specification.
2. Use cases
The following provides a few uses cases that UE will need accurate systen time or UTC time for appropriate corresponding operations:
· eMBMS and DASH operation
· Local time provisioning
· GNSS

2.1. eMBMS and DASH Operation
For eMBMS operations and DASH over unicast and broadcast, there is a need to have accurate time synchronization between UE and network for the following reasons and use cases:

· For live services supported by DASH over unicast or broadcast, the segments are generated on the fly at the encoder and they are continuously published and made accessible by assigning a unique URL to each segment.  Segment availability times are used to signal to clients the availability time of segments at the specified HTTP-URLs. These times are provided in wall-clock time (UTC time) and clients typically compare the wall-clock time to segment availability times before accessing the segments at the specified HTTP-URLs. If the time is not accurate, the DASH client may fetch earlier which segment is not available yet. Or if DASH client fetches it late, the delay will be increased.
· For eMBMS operation, according to TS 26.346 Section 4.6 [1], the UE needs to maintain +/- 1 second time accuracy, when synchronizing with the BM-SC.
· For eMBMS operation, the UE knows program start and end time through SDP via USD. The UE also obtains the file or content download schedule in UTC time format from the Schedule Description fragment included in USD. In addition the metadata envelope has also some indication of UTC time for validity of various metadata fragments. The UE must tune to right channel at the right time to receive eMBMS services. If the UE doesn’t have accurate time, the UE will need to wake up earlier for service reception; otherwise, the UE may miss the service. This will impact on UE power consumption and battery life. 
2.2. Local time provisioning

Various applications on user’s mobile phone today rely on the local time maintained within the mobile phone and having accurate local time in the mobile phone is becoming more and more important. 
2.3. GNSS
In the case of GNSS, most of the assistance data (e.g., satellite ephemeris) will be valid for a relatively long period. The validity time of such assistance data is known to the UE and when the stored assistance data expire, the UE can establish a new LPP session to obtain an update.

However, some assistance data can become obsolete over a fairly short period of time, or at each handover/reselection. A primary example of this is GNSS (e.g. GPS) reference time assistance. As observed in [1],  the GNSS reference time assistance need to be refreshed at intervals in the order of an hour, or whenever the UE moves to a new serving eNode B. Without GNSS reference time assistance being broadcast, the UE must establish an RRC connection for an LCS session at each reselection to update the reference time through LPP.
Another use case is standalone GNSS, which can obtain a position fix more quickly if GNSS reference time is available at the UE. It is known that standalone GNSS found its use cases in MDT and SON space. More availability of “location info” in UE’s MDT / SON reports, which is UE optional / best effort today, brings about obvious benefit.
It should be noted that this use case does not require leap seconds and the system time information currently available in SIB8 is sufficient. 
3. Potential Solutions

3.1 SNTP Based Solution

Currently the UE can use SNTP to get time information from SNTP server. However, according to TS 26.346, the UE should only query SNTP server once in 30 days, therefore, the requirements of time sync of +/- 1s for eMBMS may not be satisfied through SNTP. If the UE queries SNTP server more often, the UE will not comply with the standard recommendation and it may overload SNTP server. In addition, SNTP query is using unicast channel, it may also overload LTE network. Most important is that SNTP based solution doesn’t work for GNSS, where the GNSS reference time assistance need to be refreshed at intervals in the order of an hour or even much shorter to provide a better position location performance.

3.2 Pure SIB Based Solution

It should be noted that the system time or GPS time information is already available in SIB8. The leap seconds could be added in SIB8 for the UE to derive UTC time.  Other alternatives are to add system information including leap seconds or UTC time to the existing SIB or create a new SIB. There were some discussions in RAN2 in the past (see [2] and [3]). Some concerns were brought up on additional overhead introduced in the broadcast messages for example, leap seconds may not be changed once every two years.   Adding leap seconds in SIB may add unnecessary overhead.  
3.3 SIB8 + NAS Signalling Based Solution

LTE has already specified EMM Information message (see [4]) that can be sent by the network (MME) at any time during EMM context is established to send certain information including UTC time to the UE. However, the UTC time in the message is not very accurate and the intent of the message is for UE to display the clock to the user in the phone screen. To meet requirements of use cases discussed in section 2, the proposal is to let the UE to obtain accurate system time information from SIB8 as often as possible. In addition, we propose to add leap seconds in EMM information message, therefore, the UE can derive an accurate UTC time from system time specificed in SIB8 and the leap seconds specfied in EMM Informaiton message. The newly added leap seconds field will be sent to the UE when the UE is in connected state, for example, when the UE performs attach procedures, TAU procedures, or when the UE experiences time zone change. The frequency of this field should generally follow the same rule of the message that is sent today. We assume it will be sent at least once every month. Furthermore, we propose to add optional Leap Indicator in the message to specify an impending leap second to be inserted or deleted in the last minute of the current month. This field will normally not be included in the message except for the month that has leap seconds change. 
In summary, with additional leap second information added in the NAS signalling, the UE can be provided with UTC time without changing the RAN signalling. Therefore, this solution requires minimum standard change and minimum radio signalling overhead. 
4. Proposal 
We propose CT1 to discuss the proposal specified in section 3.3 (i.e., SIB8 + NAS Signalling Based Solution) and decide on the way forward.
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