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1 Introduction

1.1 UTRAN SFN-SFN observed time difference measurement

The SFN-SFN observed time difference (OTD) measurement is a measurement performed by both UE and UTRAN in the OTDOA positioning method. The following definition exists for the UTRAN measurement in 3GPP TS 25.215 v 4.2.0:

5.2.14
SFN-SFN observed time difference

	Definition
	The relative timing difference between cell j and cell i, defined as TCPICHRxj - TCPICHRxi, where:

TCPICHRxj is the time when the LMU receives one Primary CPICH slot from cell j and

TCPICHRxi is the time when the LMU receives the Primary CPICH slot from cell i that is closest in time to the Primary CPICH slot received from cell j.


The SFN-SFN OTD in UTRAN is hence measured between the beginning of two consecutive slots.

1.2 Assistance data fields in 3G PP TS 25.331 IE 10.3.7.106 'UE positioning OTDOA neighbour cell info'

1.2.1 SFN offset

The 3GPP TS 25.331 IE 10.3.7.106 'UE positioning OTDOA neighbor cell info' contains a field 'SFN offset' (see below) sent as assistance data to a mobile making OTDOA positioning measurements. This field is mandatory if the network uses idle periods in down link (IPDL). It contains the difference between reference and neighbor frame numbers.

	SFN offset
	CV-IPDLs
	
	Integer (0 .. 4095)
	Define Tref as the time of beginning of system frame number SFNref of the reference cell. Define Tnc as the beginning of a frame from the neighbour cell occurring immediately after the time Tref. Let the corresponding system frame number be SFNnc. Then SFNnc = SFNref-SFN offset modulo 4096.


1.2.2 Search Window Size

Another field included in IE 10.3.7.106 'UE positioning OTDOA neighbor cell info' is 'Search Window Size' (given below). This aim of this field is to narrow the UE search window for measurable signals and consequently, to make the search quicker. The current search window for SFN-SFN OTD measurements is based on the calculated real time difference (RTD) value.

	Search Window Size
	MP
	
	Integer(20, 40, 80, 160, 320, 640, 1280, infinity)
	in chips. If the value is X then the expected SFN-SFN observed time difference is in the range [RTD-X, RTD+X] where RTD is the value of the field SFN-SFN relative time difference.

Infinity means that the uncertainty is larger than 1280 chips.


2 Discussion

2.1 UTRAN SFN-SFN observed time difference measurement

For the OTDOA positioning method to succeed, the UE has to be able to measure the signals of at least three cells. To find a signal from a cell, the UE can either do a normal search, i.e. to first search the Primary and Secondary Synchronisation Codes of a cell and with the aid of them find the correct scrambling code and phase, or alternatively, search directly with the scrambling code. In practice, the UE needs to find as many measurable cells as possible and it can utilize the direct scrambling code search for cells that could not be found with the normal search procedure. 

In direct scrambling code search the UE does not know the starting times of frames and it then has to search the entire 38 400-chip range. Such a wide search is time consuming and it is not even known beforehand if anything can really be found. If assistance data on the real time difference (RTD) between beginning of frames from a reference and a neighbor cell could be conveyed to the UE, the search window could be significantly narrowed and the UE search for cells made quicker. The 3GPP TS 25.331 v 4.2.0 already supports this kind of assistance data. In its information element 10.3.7.106 'UE positioning OTDOA neighbor cell info' (see below), the SFN-SFN real time difference is indeed sent to the UE and it is given as the time difference between beginning of frames, not slots (it is called 'SFN-SFN relative time difference' in the excerpt from IE 10.3.7.106 below. The definition of time instants Tnc and Tref can be seen in the first field, 'SFN offset'). These RTD values are always calculated from OTD values measured by UTRAN and known geographical time differences (GTDs). The calculation is done in the SMLC but current specifications do not support the transfer of frame timing (i.e. slot numbers of both reference and neighbor) together with OTD measurements to SMLC.

To obtain RTD values between beginning of frames also the OTD values in UTRAN should be known between frame boundaries instead of slot boundaries as currently is the case. 

	SFN offset
	CV-IPDLs
	
	Integer (0 .. 4095)
	Define Tref as the time of beginning of system frame number SFNref of the reference cell. Define Tnc as the beginning of a frame from the neighbour cell occurring immediately after the time Tref. Let the corresponding system frame number be SFNnc. Then SFNnc = SFNref-SFN offset modulo 4096.

	SFN-SFN relative time difference
	MP
	
	Integer(0.. 38399)
	Gives the relative timing compared to the reference cell Equal to (Tnc-Tref)/(3.84*106) ( where (()( denotes rounding to the nearest lower integer.

in chips.


2.2 Assistance data fields in 3G PP TS 25.331 IE 10.3.7.106 'UE positioning OTDOA neighbour cell info'

2.2.1 SFN offset

The SFN offset, defined now as a mandatory assistance data field when the system utilizes IPDL, is not needed by UE for measuring SFN-SFN OTD as the channels used for synchronisation and measurements (SCH and CPICH, respectively) have no variations from frame to frame and hence all frames can be measured. On the other hand, it is difficult for the network side to provide this frame offset even if IPDLs are used unless a Location Measurement Unit (LMU) is placed at every base station site.

2.2.2 Search Window Size

A search window for SFN-SFN OTD measurements is useful for the UE as this can speed up the positioning measurements. However, the current search window is based on calculated RTD values. A more appropriate search window for SFN-SFN OTD measurements could be defined around the expected OTD value as is already done in GSM. SMLC can determine the rough location of the UE e.g. based on serving cell identity and Round Trip Time (RTT) measurements and this can then be used as an initial location to estimate the expected OTD.

3 Proposed Solution

3.1 UTRAN SFN-SFN observed time difference measurement

Currently, the SFN-SFN observed time difference measurement in UTRAN measures the time between the beginning of adjacent slots from reference and neighbor cells. To enable the calculation of the real time difference between the beginning of frames, it is proposed that the UTRAN SFN-SFN observed time difference measurement is altered to measure the time between beginning of frames from the reference and neighbor cells. Technically this change is feasible, as the LMUs that measure the SFN-SFN observed time difference in UTRAN already now get to know this frame timing with one of the procedures described above (the normal search procedure or the direct scrambling code search procedure) to be able to perform the currently defined slot based measurement. LMUs are stationary and measure the same cells all the time so performing even the wider search of 38 400 chips will pose no problem as it only needs to be done when LMU is started or Node B configuration is changed.

3.2 Assistance data fields in 3G PP TS 25.331 IE 10.3.7.106 'UE positioning OTDOA neighbour cell info'

3.2.1 SFN offset

The UE does not need the 'SFN offset' assistance data field in IE 10.3.7.106 'UE positioning OTDOA neighbour cell info' for performing the SFN-SFN OTD measurements. The radio network might also encounter problems in delivering this offset value to the mobile unless LMUs are placed at every base station for the OTDOA method and it is therefore proposed that this field is removed from the specification.

3.2.2 Search Window Size

In IE 10.3.7.106 'UE positioning OTDOA neighbour cell info', the UE receives a 'Search Window Size' assistance data field, which gives the approximate search window for the UE SFN-SFN OTD measurements. This search window is now centered around the calculated RTD values (i.e. the real transmission times of the reference and neighbour base stations). A more appropriate and possibly also more accurate search window are proposed. This search window for UE SFN-SFN OTD measurements would be centered around an expected OTD value estimated with the aid of a rough initial location (e.g. CI + RTT based location). The proposal for uncertainty classes for expected OTD is based on network geometry (i.e. cell size) in WCDMA.

