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1. 
Background 

The coverage and time to first fix of the AGPS method can be improved if an accurate relation between GPS time and GSM time is known to the MS. The standard 3GPP TS 44.031 v 6.2.0 provides such a possibility as shown in the enclosed ASN.1 code in Table 1. 
ReferenceTime ::= SEQUENCE {


gpsTime



GPSTime,


gsmTime



GSMTime



OPTIONAL,


gpsTowAssist

GPSTOWAssist

OPTIONAL

}

-- GPS Time includes week number and time-of-week (TOW)

GPSTime ::= SEQUENCE {


gpsTOW23b


GPSTOW23b,


gpsWeek



GPSWeek

}

-- GPSTOW, range 0-604799.92, resolution 0.08 sec, 23-bit presentation

GPSTOW23b ::= INTEGER (0..7559999)

-- GPS week number
GPSWeek ::= INTEGER (0..1023)

GSMTime ::= SEQUENCE {


bcchCarrier

BCCHCarrier,
-- BCCH carrier


bsic


BSIC,


-- BSIC


frameNumber

FrameNumber,


timeSlot

TimeSlot,


bitNumber

BitNumber

}
-- Frame number

FrameNumber ::= INTEGER (0..2097151)

-- Time slot number

TimeSlot ::= INTEGER (0..7)

-- Bit number

BitNumber ::= INTEGER (0..156)

Table 1. ASN.1 code for Reference Time  (from 3GPP TS 44.031 v 6.2.0).  
An estimate of GPS system time is obtained naturally as a result of GPS position calculation. One natural way to obtain the GPS/GSM timing relation at the desired microsecond accuracy level is to use GPS receivers ("LMUs") at the base stations. The LMUs basically time stamp the arrival of GSM frames using GPS system time. However the use of LMUs may be prohibitive for cost and deployment reasons. One attractive alternative is to use measurements from the MS to derive the relation between GPS and GSM time. This derived relation could then later be used by other MS. One issue is then how long this derived relation is valid., ie how stable are the BTS clocks. Another issue is whether the standard today provides full support for the use of MS measurements. These two issues will be addressed in the following.

2.
Examples of network clock stability

LMU measurement taken from E-OTD field trials were analyzed in order to quantify typical levels of clock stability. Totally 110 BTSs were analyzed. Figure 1 shows one typical example of clock behaviour. It shows GSM frame arrivals that are time stamped with a GPS clock. It can be seen in this example that the timing is stable within a fraction of a chip for one days. Figure 2 shows the worst case behaviour among the 110 BTSs. Even in this case the maximum drift is only about 10 chips during one day. Figure 3 shows a typical jumping behaviour of the BTS clock. This behaviour was relatively frequently observed, but the jumps were only about one chip, so they constitute no problem with this application in mind. Figure 4 shows that occasional outliers were observed in the LMU data. In order to calculate drift statistics therefore the 99% values of the clock drift were calculated, as illustrated by the horizontal lines in the Figures 1-4.  Figure 5 summarizes the drift statistics of the 110 measured BTSs.  It can be seen that the drift is very small, only in the order of a few chips for the majority of the BTSs. We therefore may conclude that the proposed concept for using MS measurements for providing relation between GPS and GSM time would work fine, even with a very infrequent update rate of the MS measurements. 
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Figure 1. Typical BTS clock behaviour during one day. The drift is only a fraction of a chip at a 99% confidence level. 
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Figure 2. The largest observed clock drift among the measured BTSs. The drift is roughly 10 chips during one day (at 99% confidence level).  
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Figure 3. Typically observed BTS clock jumps of approximately one chip. 
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Figure 4. Outliers in LMU data. Removed from statistics by using 99% confidence interval. .
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Figure 5.  Clock drift statistics at 99% confidence level for 110 BTSs during one day. 

3. 
Necessary standard changes for MS assisted AGPS

3.1
The GPS TOW issue 

In Table 2, the relevant code parts for MS assisted AGPS in the 3GPP TS 44.031 v 6.2.0 is shown. Note that the MS has the option to report the GSM frame number along with GPS TOW and the code phase measurements. It is important that the MS report code phases aligned with a GSM frame boundary as indicated in Figure 6. The problematic part is the GPS TOW field. The GPS TOW is an estimate of the GPS system time at time of code phase measurement. The MS reports only the submillisecond parts ("code phases") of the SV clocks, see Figure 6; the integer parts (144ms and 136 ms in the example of Figure 6) are reconstructed based on the reported GPS TOW. The complete SV clocks are needed for calculating the precise SV locations at the time of signal transmission. The GPS TOW estimate can be obtained in many ways. One way is to determine the millisecond part of any of the SV clocks and add the propagation delay and subtract the SV clock bias. Note that this  compensation factor can be determined based on the aqusition assistance fields code phase integer, code phase and GPS bit number. Finally the GPS TOW and the code phase measurements may be extrapolated to correspond to a millisecond GPS TOW boundary. However this behaviour is not mandated. MS may use other means, e.g. a real-time clock. Therefore it is not guaranteed that the complete SV clocks can be correctly reconstructed in the SMLC. An additional problem is that the interpolation of code phase measurements cannot be done simultaneously to a GPS TOW millisecond boundary and a GSM frame number boundary. For position calculation purposes all this is less serious since a few milliseconds GPS TOW error has only a marginal impact on accuracy. But for deriving the GPS/GSM time relation this becomes important, since any error will lead to an integer millisecond ambiguity in the relation. This may in turn lead to erroneous behaviour later, when the timing relation is used by another MS. 

It is therefore proposed here that one additional field, Delta TOW, is added to enable the MS to report the difference between the reported GPS TOW and the corresponding integer millisecond part of the SV clock at the time of measurement. For coding efficiency the Delta TOW is calculated with respect to the first SV reported in the MS measurement list.  

Alternatively one may consider altering the existing GPS TOW definition to mean the millisecond part of one of  the SV clocks; the most natural SV being the first one that is reported in the code phase measurement list. However for backwards compatibility reasons this solution is not suitable, since there is no way for the SMLC to know whether the MS is Rel-6 capable or not.  

3.2 
The frame number issue

Note that the frame number in Table 1 (from SMLC to MS) is given with 21 bits (1 bit omitted compared to full GSM frame) whereas Table 2 (from MS to SMLC) only provides 16 bits (possible frame number range 0-42431). This means that an SMLC may not be able to reconstruct the most significant bits of the frame number. 

One possible solution could be to include a clarifying statement saying that the 21 bit frame number provided by the SMLC is only valid modulo 42432, ie that the MS shall perform a modulo 42432 operation upon reception, and subsequently reconstruct the most significant bits based on its current frame counter. 42432 corresponds to 195 seconds, so this approach places some requirement on the maximum delays. The SMLC should e.g. calculate a frame number (mod 42432) corresponding as close as possible to message transmission time. 

One drawback of the above proposed approach is that legacy terminals may misinterpret the frame number as being valid 21 bits. Therefore it is proposed instead to ensure that the SMLC receives the complete frame number in the first place. This is done by changing the standard so that the MS shall be able to report also the most significant bits of the GMS frame number to the SMLC. A separate Release 6 extension field named Reference Frame MSB is proposed for this. 

 GPS-MsrSetElement ::= SEQUENCE {


refFrame

INTEGER (0..65535)
OPTIONAL, 
-- Reference Frame number


gpsTOW


GPSTOW24b,





-- GPS TOW


-- Note that applicable range for refFrame is 0 - 42431

--N_SAT can be read from number of elements of gps-msrList

gps-msrList

SeqOfGPS-MsrElement

}

-- 24 bit presentation for GPSTOW

GPSTOW24b ::= INTEGER (0..14399999)

-- measured elements in measurement parameters field

SeqOfGPS-MsrElement ::= SEQUENCE (SIZE(1.16) OF GPS-MsrElement

GPS-MsrElement ::= SEQUENCE {


satelliteID

SatelliteID,



-- Satellite identifier


cNo



INTEGER (0..63),


-- carrier noise ratio


doppler


INTEGER (-32768..32767), 
-- doppler, mulltiply by 0.2


wholeChips

INTEGER (0..1022),


-- whole value of the code phase measurement


fracChips

INTEGER (0..1024),


-- fractional value of the code phase measurement













-- a value of 1024 shall not be encoded by the













-- sender













-- the receiver shall consider a value of 1024 to













-- be invalid data


mpathIndic

MpathIndic,




-- multipath indicator


pseuRangeRMSErr
INTEGER (0..63)



-- index



}

Table 2. ASN.1 code for MS assisted AGPS measurement report  (from 3GPP TS 44.031 v 6.2.0).   
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Figure 6. Timing diagram for GPS. 

4. Necessary standard changes for MS based AGPS

For MS based AGPS the relevant ASN.1 code is shown in Table 3.  Similar to MS assisted AGPS the MS reports  refFrame and gpsTOW with 1ms resolution. Also in this case there is a need to augment the frame number report with the Reference Frame MSB. But in addition, also the GPS TOW needs to be reported with higher precision, otherwise the resulting timing relation accuracy will be approximately 1ms (since the resolution of refFrame is ~4.6ms). However internally in the MS a more accurate time of week is available. It is therefore proposed that the resolution of one of the timing fields is increased. One way to do this could be to add the submillisecond part of the TOW as a new Release 6 extension field called GPS TOW Subms. 

-- Location information IE

LocationInfo ::= SEQUENCE {


refFrame

INTEGER (0..65535),


-- Reference Frame number


-- If refFrame is within (42432..65535), it shall be ignored by the receiver


-- in that case the MS should provide GPS TOW if available


gpsTOW


INTEGER (0..14399999)
OPTIONAL,
-- GPS TOW


fixType


FixType,


-- Note that applicable range for refFrame is 0 - 42431 


-- Possible shapes carried in posEstimate are


-- ellipsoid point, 


-- ellipsoid point with uncertainty circle


-- ellipsoid point with uncertainty ellipse


-- ellipsoid point with altitude


-- ellipsoid point with altitude and uncertainty ellipsoid


posEstimate

Ext-GeographicalInformation

}

Table 3. ASN.1 code for MS based  AGPS location report (from 3GPP TS 44.031 v 4.6.0). 

5.
Time Uncertainty

Due to clock drift the derived GPS/GSM time relations degrade with time, to an extent which depends on the long-term network clock stability. As noted in the Figures 1-5 above one may e.g. assume that the relation will always be in the order of 10 microseconds or better. However there may be other networks which are less stable. Therefore it would be useful to be able to indicate to the MS the expected accuracy of the GPS/GSM time relation. 

Therefore it is proposed to define a new GPS Reference Time Uncertainty field which, as the name suggests,  accounts for timing uncertainty. This field is included as a Rel-6 extension field in the messages Measure Position Request and Assistance Data. 

6.
Measurement Instruction

The final point is that the MS needs to be instructed to perform the time assistance measurments. Judging from the observed BTS clock stability only one time assistance measurement per day is needed, perhaps even less. Therefore there is no need for all MS to perform the time assistance measurements. Therefore it is proposed to add a Time Assistance Measurement Request field which instructs the MS whether to perform time assistance measurements or not. This field is included as an optional  Rel-6 extension field in the Measure Position Request message.
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