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[bookmark: _Ref349588338]1. Introduction
In the RAN2#80 meeting, it is proposed to create a new system information block i.e. SIB16 in order to include optional system time, leap seconds, local time offset, and day light saving indicator [1], and agreed to adopt SIB16 in RAN2 as follows [2].
	[bookmark: _Toc350859727]–	SystemInformationBlockType16
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.
NOTE:	The UE may use the time information for numerous purposes, possibly involving upper layers e.g. to assist GPS initialisation, to synchronise the UE clock (a.o. to determine MBMS session start/ stop).
SystemInformationBlockType16 information element
-- ASN1START

SystemInformationBlockType16-r11 ::=		SEQUENCE {
	timeInfo-r11							SEQUENCE {
		timeInfoUTC-r11						INTEGER (0..549755813887),
		dayLightSavingTime-r11				BIT STRING (SIZE (2))		OPTIONAL,	-- Need OR
		leapSeconds-r11						INTEGER (-127..128)			OPTIONAL,	-- Need OR
		localTimeOffset-r11					INTEGER (-63..64)			OPTIONAL	-- Need OR
	}																	OPTIONAL,	-- Need OR
	lateNonCriticalExtension			OCTET STRING				OPTIONAL,	-- Need OP
	...
}

-- ASN1STOP
…



As shown above in yellow highlight, one purpose of SIB16 is to assist GPS initialisation by using the time information. In the 3GPP, several requirements for support of Assisted Global Navigation Satellite System (A-GNSS) are defined in TS 36.171 [3], and two levels of GNSS time assistance are defined:
· Coarse time assistance
· Requires error range of  ±2 seconds
· Fine time assistance
· Requires error range of ±10 microseconds (μs)
In the RAN2#81 meeting, there was a discussion on the accuracy of the time information in SIB16 while discussing on the discussion paper [5]. And, it is pointed out by ALU that in CDMA2000 there was a requirement that the NW synchronizes the SFN boundaries to the boundaries of the 10ms-steps, but LTE networks do not have such a general requirement [4]. Hence, depending on the accuracy of SIB16, UE may or may not utilize the time information in SIB16 as GNSS time assistance for the GPS initialization. That is, if network provides accurate enough time information, an UE can use it as coarse/fine time assistance, but if not, the UE cannot use it for the GPS initialization.
In this paper, we discuss on whether the LTE networks can provide the accurate time information, and provide possible approaches if the network cannot provide the accurate time information. 

2. Discussion
[bookmark: _Ref345579754]2.1 Time source in LTE networks
In LTE networks, even though LTE does not have a general requirement for the synchronization among eNBs, an eNB itself may have the time source for its own clock timing (e.g. for system frame number, SFN). Several methods may be used for the time acquisition in the eNB, such as GPS, IEEE1588v1/v2, Synchronous Ethernet (SyncE), Network Time Protocol (NTP), etc.
In a high level, we can summarize in two cases:
· An eNB has accurate enough time source (e.g. GPS). 
· An eNB does not have accurate time source (e.g. using network time protocols)
· In practice, network timing protocols (e.g. IEEE1588v1/v2, SyncE, NTP, etc) is difficult to meet the requirement for fine time assistance of the GPS initialization (i.e. error range of ±10 μs), as there would be some delay during processing network timing protocols using software in eNB.
For the second case, eNB may not able to provide accurate enough time for the GPS initialization. If eNB provides SIB16 with inaccurate time information, an UE, which tries to utilize this information as (either coarse or fine) time assistance information, will fail to initialize with GPS, and waste time and power for the useless operation.
To solve the problem above, we may consider introducing a new indicator in SIB16 which indicates whether the time information (i.e. timeInfoUTC) provides accurate enough time information, and can be used for coarse/fine time assistance of GPS initialization. However this approach may not be desirable, as it requires changes of ASN.1 code. Hence, to be simple, it is suggested that eNB provides SIB16 only if it can provide accurate enough time information.
Proposal 1: It is proposed that eNB should not send SIB16 if it cannot provide accurate enough time information (e.g. ±2 seconds at least for coarse time assistance).

[bookmark: _Ref345579747]2.2 Coarse vs. Fine time assistance for the GPS initialization
Even if eNB has accurate time source, and can provide accurate time information, UE cannot know how accurate the time information is, i.e. whether the time information can be used as coarse time assistance or fine time assistance information.
To solve the problem, we may consider two possible approaches.
· [Appraoch 1] eNB provides a new indicator in SIB16 which shows degree of accuracy, i.e. whether the time information can be used it as either coarse or fine time assistance.
· [Approach 2]eNB does not provide any additional information about the accuracy of the time information in SIB16
· [2-1] UE just tries to use it as fine time assistance information, which means that the UE tries to search GPS code within ±10 μs from the time in SIB16, first;
· [2-2] If fails to synchronize with GPS, UE re-tries to use it as coarse time assistance information, which means that it extends the search space from ±10 μs to ±2 seconds.
Again, the first approach may not be desirable, as it has ASN.1 impact. And, for the second approach, UE may suffer from unnecessary delay if UE tries to utilize the time information in SIB16 as fine time assistance information, while eNB provides the time information which can only be used in coarse time assistance. Thus, to consider the second approach as a possible solution, we need to investigate the synchronization delay when UE tries to use it as fine time assistance information (i.e. [2-1] above).
In [6], we can find the search delay with assistance time information. That is, when we have fine time assistance information i.e. the assistance time has error range of ±10 μs, the code-delay search will take, at most, 22 ms. Also, when we have coarse time assistance information, i.e. the assistance time has error range of ±2 seconds; it would take about 1 second to search all possible code delays.
From above, UE may suffer from at most 22 ms additional delay due to lack of accuracy information, but it seems affordable to the UE. Hence, it is proposed to go with the second approach.
Proposal 2: It is prposed that eNB does not provide any information about the accuracy of the time information in SIB16, and UE may utilize the time information as fine time assistance information.
Based on the above proposals, we also provide corresponding CR in [7].
Proposal 3: Adopt the proposed text in [7].
3. Conclusion
Proposal 1: It is proposed that eNB should not send SIB16 if it cannot provide accurate enough time information (e.g. ±2 seconds for coarse time assistance).
Proposal 2: It is prposed that eNB does not provide any information about the accuracy of the time information in SIB16, and UE may utilize the time information as fine time assistance information.
Proposal 3: Adopt the proposed text in [7].
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