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1   Introduction
In the last RAN2 meeting, the following agreement has been reached [1].
	Agreements

1. SIB containing GNSS and UTC information (corresponding to LTE SIB16) will be specified for NR Rel-15.


In this paper, we will discuss provision of this SIB to connected UEs in NR. 
2   Discussion

In LTE, the IE SystemInformationBlockType16 contains information related to GPS time and Coordinated Universal Time (UTC). The UE may use the parameters provided in this system information block to obtain the UTC, the GPS and the local time. According to the agreement of the last RAN2 meeting, SIB containing GNSS and UTC information will be specified for NR Rel-15. 
As in LTE, the time information provided in SIB is the absolute time and a reference time is needed to associated with the absolute time. Generally, the time provided in SIB corresponds to a boundary of SFN which can be called the time reference point. If both the time information and the length of (sub-)frame are accurate enough(i.e. exactly 1ms duration per sub-frame), the UE can always calculate the current time according to the offset between current SFN/sub-frame and time reference point.
However, there may be a time drift in the gNB according to the crystal stability which has impact on the actual frame length. Given that the crystal stability of the gNB is 0.05ppm, then during 20s period, the time drift will be 0.05ppm * 20s = 1us. This means for consecutive 2000 frames, the actual experienced time may be (20s-1us, 20s + 1us), and the UE may obtain an inaccurate time according to the frame offset. If the total time drift becomes larger than a threshold, e.g. 10ms, the network needs to update the time information in SIB based on the actual UTC time, and the UE needs to re-acquire time information from gNB to correct this error. However, this error is unknown to the UE because it does not know the correct time and does not know when the gNB will correct this error.
In LTE, the eNB broadcasts the time information with a certain periodicity, and then both idle and connected UEs can obtain the timing information and correct the potential timing error by continuously reading the timing information, i.e. SIB16. 

In NR, in the initial DL BWP, the gNB also needs to broadcast time information with a periodicity, so that the idle/inactive UE can obtain the correct time at any time. The broadcast periodicity should be relatively short, in case some new UEs need to acquire the time information.
Proposal 1: As in LTE, the gNB should broadcast the SIB of time information in the initial DL BWP periodically.
In the active BWP other than the initial BWP, as agreed by RAN2, the gNB can apply either dedicated signalling or broadcast signalling to update a SIB when a change happens. The timing information changes all the way, but as analyzed above, the UE may not need to always obtain the timing information from SIB, and can instead calculate the current time based on the time information previously provided by the network and the number of subframes elapsed since the last reading. The network can provide the timing information to the UE only when a correction is needed to the timing information.
In [2], we discussed the mechanism to provide SI to connected UEs by dedicated RRC signalling, and we propose that the UE should report its concerned SI to network in order to enable that the network just transmits their concerned SI to UEs by dedicated RRC signalling when system information changes. By using this way, the network is able to know which UE is interested in the timing information.

The network can select using dedicated signalling to provide the corrected timing information to the UE. However, different from broadcasting in which case the SFN boundary after the SI-window can be seen as the time reference point, when the UE receives a dedicated signalling is not determined. Hence, a time reference point (i.e., the boundary of SFN x) should be transmitted to the UE with its corresponding timing information in dedicated signaling.

Proposal 2: if providing the time information to the connected UE by dedicated RRC signalling, a time reference point (e.g., the boundary of SFN x) should be provided together with the corresponding time information.
If providing the time information to connected UEs by broadcast signalling, the network only needs to broadcast the timing information when a correction to the timing information is needed. Generally, the interval between two consecutive corrections to the time information could be very long. For example, for the resolution of 10ms and the gNB crystal stability of 0.05ppm, the average length of the interval between two consecutive corrections is 200000 seconds (1ms/0.05ppm). Hence, it would be power consuming for the UE to monitor such SIB continuously and it is also resource wasting to broadcast the time information frequently on an active BWP. 
An efficient method could be to trigger a paging to notify SI change when the gNB needs to correct the timing information. After notifying the SI change, the gNB will broadcast the time information for a period, and the UE should re-read SIBs to acquire the timing information.

Proposal 3: When providing the time information to the connected UE by broadcast signalling in the active BWP, a paging with SI change notification can be triggered when the gNB needs to correct the time information.

Proposal 4: When the UE receives the paging with SI change notification, the UE should re-read SIBs to acquire the time information. 

3   Conclusion
In this document, we discussed timing information provision for connected UE, and there are the following proposals:
Proposal 1: As in LTE, the gNB should broadcast the SIB of time information in the initial DL BWP periodically.
Proposal 2: if providing the time information to the connected UE by dedicated RRC signalling, a time reference point (e.g., the boundary of SFN x) should be provided together with the corresponding time information.
Proposal 3: When providing the time information to the connected UE by broadcast signalling in the active BWP, a paging with SI change notification can be triggered when the gNB needs to correct the time information.

Proposal 4: When the UE receives the paging with SI change notification, the UE should re-read SIBs to acquire the time information. 
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