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1. Introduction

This document discusses various UE and UTRAN LCS measurement issues regarding the UE SFN-SFN observed time difference type 2 measurement, UE RX/TX time difference type2, UE GPS timing of Cell Frames for LCS and UTRAN GPS timing for Cell frames for UE positioning. Mainly the discussion is concentrated on the time stamping requirement of physical layer measurement, and updating some of the existing requirements.

TSG RAN WG2 has defied two different UE location calculation methods; UE based and network based. These basically means on what entity the final position estimate is calculated. This fact has impact on when the time stamping is necessary for measurement reports for location purposes. We will discuss the need of time stamping separately with each topic.

2. Discussion

2.1. Time stamping, accurate time transfer in the cellular system

Time stamping means that UE or UTRAN inserts the UTRAN system time information to each measurement report when requested. This information is utilized for network based or UE based position calculation. In some cases the time stamp is only needed to somehow indicate how old the measurements are, and hence quite coarse time would be sufficient. Particularly this is case when several cells are measured and reported on the same report. In this case absolute time information is cancelled out from the beginning. 

Nokia has carried out internal study determine what are the limiting factors for lower bound of accurate time transfer in cellular system. What is the expected accuracy of the received reference time in GSM and WCDMA terminals? In the study the whole time transfer chain was analysed, starting from the network end (LMU) ending up to the GPS module in the terminal. We consider that parts of this study, regarding the accurate cell frame time detection, apply also other methods than assisted GPS case.

Main sources of time inaccuracy in the UE are:

· Unknown group delay in the terminal RF, which is subject to variations due to AGC, temperature and differences in component properties (SAW filters etc.).

· Frame synchronization, which is subject to variations due to radio path impurities and sampling resolution.

The main sources of time inaccuracy outside the UE are:

· Air interface delay, which can be largely, removed using TA or RTT, but still some residual error remains.

· LMU time stamping, which naturally suffers from the inaccurate frame synchronization as well.

· Un-modelled base station clock drift. This error source may the largest, although very optimistic approach was taken in the analysis. The short-term stability of the BS’s becomes a highly important issue especially when BS clock drift model parameters are updated rather infrequently (once every 1-10 minutes). As mentioned earlier, the time difference is measured from the SFN-difference, which is subject to variations in BS’s clock (Reference +LO). When the short-term stability is poor, the clock drift model does not fully compensate the drift (if the update rate is lengthy) and the time difference estimate (SFN difference) becomes inaccurate. It was estimated, that the un-modelled BS clock drift causes roughly 1 microsecond variation to the transferred time every 30 seconds.

The combined time transfer error variation for the whole chain described above in WCDMA is roughly 0.7 us (1-sigma) and in GSM around 5 us (1-sigma). In other words, absolute time can be transferred to the UE’s with a few microseconds accuracy. 

Even though absolute time transfer is rather inaccurate 1.4 us (2-sigma), this does not mean that e.g. EOTD (GSM) or OTDOA (WCDMA) measurements would be inaccurate also. Since EOTD and OTDOA measurements differential measurements, the bulk of the error sources can be cancelled. Moreover, EOTD and OTDOA measurements are averaged over multiple measurements, which naturally improve the measurement quality. Unfortunately, inaccurate time transfer averaging cannot be used.

Table 1.  Time transfer delay budget in WCDMA, basic case

	Segment
	Error Source
	Uncompensated

Error ((s, 1()
	Compensated

Error ((s, 1()
	Sum Square

Calculations

	Internal Delays
	RF-Unit
	a few
	0,5
	2,5.10-13 s

	
	Frame Trigger
	0,1
	0,1
	1,0.10-14 s

	
	Frame Synchronization
	0,26
	0,26
	6,76.10-14 s

	
	Other (Trigger Signal, etc.)
	0,06
	0,06
	3,6.10-15 s

	External Delays
	LMU
	0,3
	0,3
	9,0.10-14 s

	
	Base Station's Clock Drift
	1,5
	0,15
	2,25.10-14 s

	
	Air Interface
	0 – 100
	0,26
	6,76.10-14 s

	Total
	
	
	
	5,113.10-13 s

	Root Sum Square
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Table 2.  Time transfer delay budget in WCDMA, optimum case

	Segment
	Error Source
	Uncompensated

Error ((s, 1()
	Compensated

Error ((s, 1()
	Sum Square

Calculations

	Internal Delays
	RF-Unit
	a few
	0,5
	2,5.10-13 s

	
	Frame Trigger
	0,1
	0,1
	1,0.10-14 s

	
	Frame Synchronization
	0,26
	0,26
	6,76.10-14 s

	
	Other (Trigger Signal, etc.)
	0,06
	0,06
	3,6.10-15 s

	External Delays
	LMU
	0,3
	0,3
	9,0.10-14 s

	
	Base Station's Clock Drift
	0,15
	0,015
	2,25.10-16 s

	
	Air Interface
	0 – 100
	0,26
	6,76.10-14 s

	Total
	
	
	
	4,89.10-13 s

	Root Sum Square
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In [1] the proposed time stamp addition using 10-nanosecond granularity for “UE positioning GPS acquisition assistance”, “UE positioning GPS measured results”, “UE positioning GPS reference time” and “UE positioning position estimate info” is impractical. Since there is no way to carry out time stamping or time stamp reception better than with a few microsecond accuracy, and hence it’s questionable why and how to extend time stamping into nanosecond granularity. In system analysis we’ve shown that it is not needed.

In the analysis very optimistic approach was taken, that is, accurate and rather recent BS clock drift model was assumed, RTT was assumed to be accurate and the LMU was assumed to be exact. Should e.g. the BS clock drift model expire or be insufficient to model the drift (very poor short term stability), not only the SFN-TOW relation becomes poor, but also the usability of the acquisition assistance becomes questionable if there are also uncertainty in the reference location. In any case, UE positioning GPS acquisition assistance message is redundant information, since the same assistance can be calculated from reference time, reference location and from ephemeris/almanac in the UE.

The analysis showed that in asynchronous networks (WCDMA, GSM) better than microsecond-accurate time transfer is very difficult to implement in practice. This is due to behaviour of UE for compensating frequency drift in cellular system itself (AFC), and the freedom of arranging functional partitioning inside of the UE. Nanosecond accuracies will limit implementation possibilities drastically causing severe cost impacts, and still leaving a question are these accuracies really possible to be met with commercially viable cost and complexity. 

2.2.
UE SFN-SFN observed time difference type 2

In TS 25.331 the reporting of this measurement includes optionally also a time stamping indicating when the measurement is done. We believe that the time stamping of the measurement results is only necessary when location calculation is done in the network. This measurement is mandatory for UE to support; a reasonable definition for this functionality is needed. Since this time stamping is a pure physical layer requirement, a discussion of the required accuracy is needed.

· UE will perform layer 1 filtering, some averaging of the measurement is always applied. In case of found cell, the measurement period is defined to be at the minimum 200 ms, but can be also longer since possible inter frequency or inter system measurements. In case that new neighbours are assign and measurements reports are required immediately after that, delays of searching new cells has to be taken into account as defined in 8.1.2.2. We believe that the absolute accuracy of the position of the time stamp is not that essential, but UE providing these measurement reports should always time stamp the reports at the same position of the measurement period. Anyway we believe that the most natural point is to time stamp the measurements when they are ready in the physical layer. 

· In case this measurement report is used for UE internal position calculation, time stamps are not relevant to be included in reports. However this is a issue to be decided in RAN WG2.

2.3.
UE RX/TX time difference type 2

We propose to align this requirement as much as possible with UE RX/TX time difference type 1. In order to do this we propose the accuracy for this to be (1.5 chips. This is a feasible value for implementation, and tighter values would mean implication to the HW. It is anyway not very feasible to tighten this value much, since it’s including RX and TX absolute delay variation over the whole dynamic range. We also propose that the measurement period should be aligning with type 1, e.g. the definition of instantaneous value means value after L1 filtering, currently [100] ms. In this case position calculations are usually calculated in network, hence we propose that the time stamp is reflecting the moment when physical layer result(s) are available, e.g. the moment when measurements are delivered to higher layers in UE for composing measurement reports. 

2.4.
UE GPS time to cell frame 

In order to be useful for GPS code phase acquisition, the assistance data should be accurate enough to narrow down the set of searched code phases. Usually, the correct GPS code phase is searched with ½ chip resolution, which results 2046 possible code phases. This means, that the code phase assistance, that is, the time accuracy should be better than 1 ms, if the location of the UE is exactly known. If the location of the UE is uncertain, the time accuracy should be even better. 

The required time accuracy is more or less a GPS receiver dependent issue. A rule of thumb is, the better the time (and location) accuracy, the more use the assistance is to the UE. Hence 10 us limit have been proposed in many papers. However, if the combined reference time and reference location inaccuracy in terms of expected code phase accuracy is more than 1 ms, sending code phase assistance (acquisition assistance) is questionable. In this case, the code phase search window cannot be narrowed down. 

The discussion above is giving the argumentation of the missing requirement in section 9.1.12.

Based on the section 2.1, we feel that a value 10 (s should be considered as a requirement for the accuracy indicating the time difference between GPS time and frame. 

In addition it should be noted that the definition in TS25.215 indicates that this measurement is on applicable to cell in active set. Keeping this in mind same signal conditions applies as in UE SFN-SFN observed time difference type 2.

Conditions for GPS signal needs to be defined and it must be assumed to be at good signal quality.

2.5 UTRAN GPS Timing of Cell Frames for UE positioning

In UTRAN this requirement considers mainly LMU’s. The argumentation presented in section 2.4. applies into this case as well. 

3. Proposal

3.1. UE SFN-SFN observed time difference type 2

· Time stamping is only needed in network-assisted calculation, however this is a issue to defined in RAN WG2.

· Accuracy for time stamping is proposed to be 10 (s.

· Measurement period(s) are as defined in section 8.1.2.2. Time stamp represents moment when measurements results are ready in L1 to be delivered for higher layer for building up reporting message. Normal higher layer processing delays, and UL TTI uncertainties as for other RRC messages applies. 

3.2. UE Rx/Tx time difference type 2

· Requirement aligned similar to UE RX/TX time difference type 1

· Accuracy is proposed to be (1.5 chips

· Measurement period is [100] ms.

· Accuracy for time stamping is proposed to be 10 (s.

· Time stamp represents moment when measurements results are ready in L1 to be delivered for higher layer for building up reporting message. Normal higher layer processing delays, and UL TTI uncertainties as for other RRC messages applies.

3.3. UE GPS time to cell frame

· Naming of measurement quantity should be aligned with TS 25.215, “UE GPS Timing of Cell Frames for UE positioning “.

· Accuracy is proposed to be 10 (s, e.g. about 38 chips.

3.4. UTRAN GPS Timing of Cell Frames for UE positioning

· Same accuracy is proposed to be 10 (s, e.g. about 38 chips. 

4. References

[1] R2-011371 Replaced CR 840 to 25.331 on UE positioning Measurement Accuracy Indication, Qualcomm
[2 ] Accurate Time Transfer in Assisted GPS,  Master of Science Thesis, Tampere University of  Technology, Department of electrical engineering.




























































































































































_1052115427.unknown

_1052115822.unknown

