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1. Introduction
In this document we present various use cases that can benefit from broadcasting the system time in system information blocks (SIB) from LTE network. Some use cases require UTC, and therefore, leap-second information is necessary in addition. Furthermore, some use cases may need accurate local time, therefore, local time offset and day light saving indicator are also considered.
2. Discussion
We discuss the following use cases in this document.
· GNSS
· eMBMS and DASH operation
· Local time provisioning
2.1. GNSS
One of the most important pieces of GNSS assistance is the accurate GNSS system time information.  This is mainly due to the fact that the models of the satellite motion (ephemeris) and clock drift (clock corrections) are functions of time. Accurate time is needed for navigation (position calculation) and for assisting the GNSS signal acquisition (reducing the search window and increasing sensitivity). 
Sensitivity of the GNSS receiver can be increased by increasing the coherent integration time. However, the transmitted satellite navigation data bits present an obstacle to long coherent integration. For example, the GPS L1 C/A data bit period is 20 ms. Therefore, if time is known to about 1-2 ms, the receiver can align the signal acquisition with the data bit period, and can coherently integrate for 20 ms with negligible losses due to bit-edge crossings.  
If the time information provided to the UE is very accurate, then the GNSS receiver can narrow the codephase search window. For example, since the complete range of possible code delays for the GPS L1 C/A signal is 1 ms, codephase search reductions are only possible if the time accuracy is better than 1 ms. Since the rate of the GPS L1 C/A code is 1.023 MHz, a time accuracy of ~10 s for example allows the GPS receiver to focus on a code search range as small as 10 chips during acquisition (i.e., about a 100 times smaller compared to a 1023-chips full search).
The A-GNSS specifications distinguish two levels of GNSS time assistance, “coarse time assistance” and “fine time assistance” [3GPP TS 36.171]. Coarse time is defined as time assistance accurate to 2 seconds, and fine time is defined as accurate to 10 s. Different sensitivity levels are specified in TS 36.171, depending on the different time assistance available (-142 dBm for coarse time assistance versus -147 dBm for fine time assistance for the strongest GNSS test signal). Fine time assistance is thus associated with increased receiver sensitivity.
GNSS time assistance can currently only be provided point-to-point via LPP signaling, together with other assistance data (e.g. reference location, ephemeris, etc.).  Most of the assistance data (e.g., satellite ephemeris) will be valid for a relatively long period. Once downloaded to the UE, the UE can navigate autonomously and need to connect to the network only occasionally (e.g., once ephemeris data expired). However, time assistance must then come from the real-time clock in the device, if available at all. Typically, real time is maintained by low-power crystal oscillators (XOs) that have stabilities of about 10 ppm. (Temperature controlled crystal oscillators (TCXOs), which are more accurate but use more power, are usually only used when the GNSS receiver is active). This means time will degrade at a rate of about 1 seconds per day. At best, the internal time assistance would then be coarse time only. In some devices however, time may not be maintained at all when the device is not in use, and then there will be no a priori time when the GNSS device starts up. 
If GNSS system time would be available via broadcast, the benefits are quite obvious: Assuming the receiver has valid ephemeris stored (which is long-term valid), and a reasonable accurate reference location (e.g., from a previous fix), the only information missing in order to have all well-known advantages of assisted GNSS available is time.  If GNSS system time would be provided via broadcast, the GNSS receiver can be in “assisted mode” without the need to connect to the network for requesting time assistance data. This would also benefit standalone GNSS receiver operation. A standalone receiver may have ephemeris and reference location available, but would not have accurate time until it has obtained a position fix. This quasi-standalone mode would, for example, also assist applications 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.
The inclusion of leap seconds would help to obtain system time also for other GNSSs, such as GLONASS for example, whose system time is based on UTC. 
2.2. eMBMS and DASH Operation
It was pointed out in [2] that for eMBMS operations and DASH over unicast, there is a need to have accurate time synchronization between UE and BM-SC for the following reasons and use cases:
· According to TS 26.346 Section 4.6 [3], the UE needs to maintain +/- 1 second time accuracy for eMBMS operation, when synchronizing with the BM-SC.
· 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 fetching earlier or late may result in segment not being available. In addition the DASH client fetching late will result in live playback delay. 
· 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. 
One very simple way to address the use cases is to enable the UE to get the UTC time often, directly from the system information. Adding leap seconds information to the system time information in SIB8 indeed allows the UE to obtain UTC from system information broadcast in both idle mode and connected mode.
2.3. 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. 
LTE has specified EMM Information message that can be sent by the network at any time during EMM context is established to send certain information related to local time including inaccurate UTC time to the UE [4]. However, there is no UE initiated NAS procedure to facilitate the acquisition of local time info and so the UE cannot fully rely on the procedure.
Again, the system information broadcast is a simple way to make the UTC time readily available for large number of UEs in the network. 
2.4. Comparison of Solutions
The table below compares the performance of different solutions for obtaining system time for the different user cases discussed above.
	Solution / User Case
	GNSS Positioning
	eMBMS / DASH
	Local Time Provision

	SIB8 or other SIB Broadcast of GPS Fine Time + Leap Seconds + Local Time Offset
	Increased sensitivity 
Minimal network load
	No delay, data loss or missed transfers
	Accurately supported

	Point to Point LPP provision of GPS Fine Time
	Increased sensitivity 
Increased network load
	Delay, data loss or missed transfer may occur infrequently due to wrong leap second assumption 
	Not supported

	SNTP
	Reduced sensitivity (without use of LPP)
	SNTP access would be needed ~once/day to guarantee to avoid delay, data loss and missed transfers.
	Not supported

	EMM Information message
	Reduced sensitivity (without use of LPP)
	Network would need to provide time to 1 second accuracy and UE would need to access ~once/day to avoid delay, data loss and missed transfers
	Supported to 1 second best accuracy



It can be observed that, of the evaluated solutions, only SIB broadcast (e.g. based on SIB8 or a new SIB) supports all three user cases in an optimum manner. While two or more of the other solutions might be combined to improve performance, there would be consequences in terms of increased UE and network complexity and some user cases might still not be supported adequately (e.g. when combining SNTP and LPP point to point GPS fine time transfer in relation to local time provision). Hence it is proposed to focus on the SIB based solutions. Furthermore, current SIB8 or other SIB can be configured to be sent by the eNB in the frequency of 80ms, 160ms, 320ms, 640ms, 1280ms, 2560ms, and 5120ms. This is sufficient when the SIB based solution is used for broadcasting LTE system time.  

3. Proposals 
3.1 SIB8 Based Solution 
It should be noted that the system time (GPS time) information is already available in SIB8. One could argue that it is up to the network implementation to use the existing parameter for other purposes than cdma2000 inter-working. We however believe it is necessary to clarify such use of SIB8 in order to avoid any inter-operability problems. For example, a UE shall be able to cope with SIB8 omitting any other information element than the system time info. In addition, to complete the proposal, leap seconds should also be added in SIB8 because all use cases such as GNSS, eMBMS, and DASH use UTC time; therefore they can not operation properly without accurate knowledge of the leap seconds. Local time offset and day light saving indicator should also be considered to be added in SIB8 for applications that need local time provisioning. Upcoming leap seconds change and/or daylight saving indicator change will trigger eNB to send paging. The UE will receive new leap seconds or daylight saving indicator in SIB8 after change time (e.g. Jun 30 or Dec 31).
The following shows an example how to add the system time related information into SIB8 in R11.
SystemInformationBlockType8 information element
-- ASN1START

SystemInformationBlockType8 ::=		SEQUENCE {
	systemTimeInfo						SystemTimeInfoCDMA2000				OPTIONAL,	-- Need OR
	searchWindowSize					INTEGER (0..15)						OPTIONAL,	-- Need OR
	parametersHRPD						SEQUENCE {
		preRegistrationInfoHRPD				PreRegistrationInfoHRPD,
		cellReselectionParametersHRPD		CellReselectionParametersCDMA2000	OPTIONAL -- Need OR
	}																		OPTIONAL,	-- Need OR
	parameters1XRTT						SEQUENCE {
		csfb-RegistrationParam1XRTT			CSFB-RegistrationParam1XRTT		OPTIONAL,	-- Need OP
		longCodeState1XRTT					BIT STRING (SIZE (42))			OPTIONAL,	-- Need OR
		cellReselectionParameters1XRTT		CellReselectionParametersCDMA2000	OPTIONAL -- Need OR
	}																		OPTIONAL,	-- Need OR
	...,
	lateNonCriticalExtension			OCTET STRING						OPTIONAL,	-- Need OP
	[[	csfb-SupportForDualRxUEs-r9			BOOLEAN							OPTIONAL,	-- Need OR
		cellReselectionParametersHRPD-v920	CellReselectionParametersCDMA2000-v920	OPTIONAL,	-- Cond NCL-HRPD
		cellReselectionParameters1XRTT-v920	CellReselectionParametersCDMA2000-v920	OPTIONAL,	-- Cond NCL-1XRTT
		csfb-RegistrationParam1XRTT-v920	CSFB-RegistrationParam1XRTT-v920 		OPTIONAL,	-- Cond REG-1XRTT
		ac-BarringConfig1XRTT-r9			AC-BarringConfig1XRTT-r9		OPTIONAL 	-- Cond REG-1XRTT
	]],
	[[	csfb-DualRxTxSupport-r10			ENUMERATED {true}				OPTIONAL	-- Cond REG-1XRTT
	]],
	[[  utcTimeInfo-r11                  	UTCTimeInfo-r11       			OPTIONAL   -- Need OR
    ]]
}
 
UTCTimeInfo-r11 ::= SEQUENCE {
      dayLightSavingIndicator          BOOLEAN,
      leapSeconds                      BIT STRING (SIZE (8)),
      localTimeOffset                  BIT STRING (SIZE (6))
}

CellReselectionParametersCDMA2000 ::= SEQUENCE {
	bandClassList						BandClassListCDMA2000,
	neighCellList						NeighCellListCDMA2000,
	t-ReselectionCDMA2000			T-Reselection,
	t-ReselectionCDMA2000-SF			SpeedStateScaleFactors				OPTIONAL	-- Need OP
}

CellReselectionParametersCDMA2000-v920 ::= SEQUENCE {
	neighCellList-v920						NeighCellListCDMA2000-v920
}

NeighCellListCDMA2000 ::=			SEQUENCE (SIZE (1..16)) OF NeighCellCDMA2000

NeighCellCDMA2000 ::=	SEQUENCE {
	bandClass							BandclassCDMA2000,
	neighCellsPerFreqList				NeighCellsPerBandclassListCDMA2000
}

NeighCellsPerBandclassListCDMA2000 ::= SEQUENCE (SIZE (1..16)) OF NeighCellsPerBandclassCDMA2000

NeighCellsPerBandclassCDMA2000 ::=	SEQUENCE {
	arfcn								ARFCN-ValueCDMA2000,
	physCellIdList						PhysCellIdListCDMA2000
}

NeighCellListCDMA2000-v920 ::=		SEQUENCE (SIZE (1..16)) OF NeighCellCDMA2000-v920

NeighCellCDMA2000-v920 ::=			SEQUENCE {
	neighCellsPerFreqList-v920			NeighCellsPerBandclassListCDMA2000-v920
}

NeighCellsPerBandclassListCDMA2000-v920 ::= SEQUENCE (SIZE (1..16)) OF NeighCellsPerBandclassCDMA2000-v920

NeighCellsPerBandclassCDMA2000-v920 ::=	SEQUENCE {
	physCellIdList-v920					PhysCellIdListCDMA2000-v920
}

PhysCellIdListCDMA2000 ::=			SEQUENCE (SIZE (1..16)) OF PhysCellIdCDMA2000

PhysCellIdListCDMA2000-v920 ::=		SEQUENCE (SIZE (0..24)) OF PhysCellIdCDMA2000

BandClassListCDMA2000 ::=			SEQUENCE (SIZE (1..maxCDMA-BandClass)) OF BandClassInfoCDMA2000

BandClassInfoCDMA2000 ::=	SEQUENCE {
	bandClass							BandclassCDMA2000,
	cellReselectionPriority				CellReselectionPriority				OPTIONAL,	-- Need OP
	threshX-High						INTEGER (0..63),
	threshX-Low							INTEGER (0..63),
	...
}

AC-BarringConfig1XRTT-r9 ::=		SEQUENCE {
	ac-Barring0to9-r9					INTEGER (0..63),
	ac-Barring10-r9						INTEGER (0..7),
	ac-Barring11-r9						INTEGER (0..7),
	ac-Barring12-r9						INTEGER (0..7),
	ac-Barring13-r9						INTEGER (0..7),
	ac-Barring14-r9						INTEGER (0..7),
	ac-Barring15-r9						INTEGER (0..7),
	ac-BarringMsg-r9					INTEGER (0..7),
	ac-BarringReg-r9					INTEGER (0..7),
	ac-BarringEmg-r9					INTEGER (0..7)
}

-- ASN1STOP

3.2 Other SIB Based Solution 
The GPS time or UTC time can be added in a new SIB or other existing SIB such as SIB2 to be used for general use cases that need system time if there is the concern that SIB8 intents to be used for cdma2000 inter-working. In this SIB, similar as SIB8, leap seconds, local time offset, and day light saving indicator should be also added. The regular system time increase will not trigged eNB to send paging. Only upcoming leap seconds change and/or daylight saving indicator change will trigger eNB to send paging. The UE will receive new leap seconds or daylight saving indicator in the SIB after change time (e.g. Jun 30 or Dec 31). 
If this solution is used, it is also proposed to allow the combination to use the systemTime Info in SIB8 and the (leap seconds, daytime saving indicator, time zone offset) in the new SIB so that if an operator chooses to broadcast SIB8, it does not need eNB to duplicate the same system time information in the new SIB.
The following shows an example how to create a new SIB to delivery the system time related information. Either GPS timer or UTC time is included. If UTC time is included, leap seconds may be omitted.
SystemInformationBlockTypeX information element
-- ASN1START

SystemInformationBlockTypeX ::=		SEQUENCE {
	systemTimeInfo						SystemTimeInfoGPS				OPTIONAL,	-- Need OR
	 systemTimeInfo						SystemTimeInfoUTC				OPTIONAL,	-- Need OR 
    dayLightSavingIndicator             BOOLEAN	                        OPTIONAL,	-- Need OR
    leapSeconds                         BIT STRING (SIZE (8))	        OPTIONAL,	-- Need OR
    localTimeOffset                     BIT STRING (SIZE (6))	        OPTIONAL	-- Need OR
}
  
4. Conclusion
We propose the following alternative solutions based on the discussion in the previous sections.
Proposal:	RAN2 should adopt one of the following solutions:
· Specify that SIB8 can be broadcast with systemTimeInfo only, i.e. without any other IEs included and add leap seconds, local time offset, and day light saving indicator information to SIB8.
· Create a new SIB to include optional system time, leap seconds, local time offset, and day light saving indicator.
We have also provided corresponding CRs to 3GPP TS 36.331, see [5] and [6].
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