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1 Introduction

In R4-00-0895 the concept of using two separate types of measurements for the UE Rx-Tx time difference was introduced to TS 25.133. In this context, the type 1 measurement is meant to support soft handover mechanisms, whereas the type 2 measurement is intended to support UE positioning methods. The rationale behind this concept of having two different types of measurements is that the reference point in time might be different for the different measurement types and that the accuracy requirements should be defined in line with the intended use of the different measurement types. 

Currently TS 25.133 does not define a minimum accuracy for the UE Rx-Tx time difference type 2 measurement. In RAN4‘s #18 meeting in Berlin, different proposals for a definition of a value for the minimum accuracy of this measurement were presented, see R4-01-0961 and R4-01-1005. However, no agreement on this value has been reached so far. Some concerns about a tight level of accuracy have been expressed since not only Rx time variations but also the variations of the absolute Tx timing over power, frequency and temperature are affecting the accuracy of this measurement. In order to shed some more light on this issue and also to better understand the impact of Tx timing variations, results of the absolute Tx time variations as a function of Tx power, Tx frequency and ambient temperature are presented in this contribution. 
2 Measurement purpose and measurement setup 

In order to enable efficient support of UE positioning calculations, it is desirable that the UE Rx-Tx time difference type 2 measurement is reported with a sensible accuracy. In this context, the UE’s absolute Tx timing variations were anticipated to contribute significantly to the overall accuracy of the UE Rx-Tx time difference type 2 measurement. If the UE’s absolute Tx timing is subject to larger variations over Tx power, Tx frequency or temperature, tight measurement accuracies could only be met by calibrating the UE Tx timing for various combinations of Tx power, Tx frequency and ambient temperature. However, due to production costs and testing complexity concerns, calibration of the absolute Tx timing in the UE may be prohibitive in mass production. 

To clarify the question about the magnitude of absolute UE Tx timing variations and its dependency on TX power, Tx frequency and ambient temperature, measurements of the UE’s Tx timing have been carried out. The following describes the procedures and test conditions under which UE Tx timing variations were measured.

Figure 1.  Test set up.

The following measurement procedure was carried out for two randomly selected UEs:

1) The UE was placed in a temperature chamber as shown in Figure 1. The RF port of a WCDMA tester (Anritsu MD8480A) was connected to the UE antenna connector. 

2) The temperature of the temperature chamber was set to Low Range (see Table 3) and the procedure was interrupted until temperature had settled to the desired setting.

3) A call was set up on Low Range frequency (see Table 1).

4) The UE transmit power was set to Low Range power (see Table 2) and the measured range of the absolute UE Tx timing error with respect to its ideal position as reported by the MD8480A was recorded.

5) The UE transmit power was changed to Mid Range (see Table 2) and the measured range of the absolute UE Tx timing error with respect to its ideal position as reported by the MD8480A was recorded.

6) The UE transmit power was changed to High Range (see Table 2) and the measured range of the absolute UE Tx timing error with respect to its ideal position as reported by the MD8480A was recorded.

7) A call was set up on Mid Range frequency (see Table 1) and steps 4 through 6 were repeated.

8) A call was set up on High Range frequency (see Table 1) and steps 4 through 6 were repeated.

9) The temperature of the temperature chamber was set to Mid Range and the procedure was interrupted until temperature had settled to the desired setting.  

10) Steps 3 through 8 were repeated.

11) The temperature of the temperature chamber was set to High Range (see Table 3) and the procedure was interrupted until temperature had settled to the desired setting. .

12) Steps 3 through 8 were repeated.  

	Table 1

	Test Frequency ID
	UARFCN
	Frequency of Uplink
	Frequency of Downlink

	Low Range
	9613
	1922.6 MHz
	2112.6 MHz

	Mid Range
	9750
	1950.0 MHz
	2140.0 MHz

	High Range
	9887
	1977.4 MHz
	2167.4 MHz


	Table 2


	Test Tx Power ID
	Power

	Low Range
	-20 dBm

	Mid Range
	0 dBm

	High Range
	21 dBm


	Table 3

	Test Temperature ID
	Temperature

	Low Range
	-10 ˚C

	Mid Range
	21 ˚C

	High Range
	55 ˚C


3 Results 

The results for the measured ranges of the absolute UE Tx timing variations that were recorded during the measurement procedure described in the previous section are summarized in tables 4 through 6:

	Table 4: UE Tx timing variation with respect to ideal position in chips (low range frequency)

	 Tx Frequency 
1922.6 MHz
	Temperature

	
	-10 ˚C
	21 ˚C
	55 ˚C

	Tx power
	-20 dBm
	-0.2 to 0 (UE1)
-0.2 to 0 (UE2)
	-0.2 to 0 (UE1)
-0.2 to 0 (UE2)
	-0.2 to 0 (UE1)
-0.2 to 0 (UE2)

	
	0 dBm
	-0.2 to 0 (UE1)
-0.2 to 0 (UE2)
	-0.2 to 0 (UE1)
-0.2 to 0 (UE2)
	-0.4 to 0 (UE1)
-0.2 to 0 (UE2)

	
	21 dBm
	-0.2 to 0 (UE1)
-0.2 to 0 (UE2)
	-0.2 to 0 (UE1)
-0.2 to 0 (UE2)
	-0.2 to 0 (UE1)
-0.2 to 0 (UE2)


	Table 5: UE Tx timing variation with respect to ideal position in chips (mid range frequency)

	 Tx Frequency 
1950.0 MHz
	Temperature

	
	-10 ˚C
	21 ˚C
	55 ˚C

	Tx power
	-20 dBm
	-0.2 to 0 (UE1)
-0.2 to 0 (UE2)
	-0.2 to 0 (UE1)
-0.2 to 0 (UE2)
	-0.2 to 0 (UE1)
-0.2 to 0 (UE2)

	
	0 dBm
	-0.2 to 0 (UE1)
-0.2 to 0 (UE2)
	-0.2 to 0 (UE1)
-0.2 to 0 (UE2)
	-0.2 to 0 (UE1)
-0.2 to 0 (UE2)

	
	21 dBm
	-0.2 to 0 (UE1)
-0.2 to 0 (UE2)
	-0.2 to 0 (UE1)
-0.2 to 0 (UE2)
	-0.2 to 0 (UE1)
-0.2 to 0 (UE2)


	Table 6: UE Tx timing variation with respect to ideal position in chips (high range frequency)

	 Tx Frequency 
1950.0 MHz
	Temperature

	
	-10 ˚C
	21 ˚C
	55 ˚C

	Tx power
	-20 dBm
	-0.2 to 0 (UE1)
-0.4 to 0 (UE2)
	-0.4 to 0 (UE1)
-0.2 to 0 (UE2)
	-0.2 to 0 (UE1)
-0.2 to 0 (UE2)

	
	0 dBm
	-0.2 to 0 (UE1)
-0.2 to 0 (UE2)
	-0.2 to 0 (UE1)
-0.2 to 0 (UE2)
	-0.2 to 0 (UE1)
-0.2 to 0 (UE2)

	
	21 dBm
	-0.2 to 0 (UE1)
-0.4 to 0 (UE2)
	-0.2 to 0 (UE1)
-0.2 to 0 (UE2)
	-0.2 to 0 (UE1)
-0.4 to 0 (UE2)


The results suggest that the absolute UE Tx timing variation does not exceed 0.2 chips in most cases. Only for a few combinations a Tx timing variation of up to 0.4 chips was observed. Note that the tested UEs were consistently showing a Tx timing bias towards early (negative) offsets, this is probably due to suboptimum implementation of the Tx timing adjustment loop. This consistent bias seems to offer further potential for improvement of the UE Tx adjustment.

In summary, these measurements seem to indicate that the UE Tx timing does not significantly vary over Tx power, Tx frequency and ambient temperature. Moreover, the UE Tx timing can be adjusted quite accurately without detailed calibration. Therefore, the minimum accuracy for the UE Rx-Tx time difference type 2 measurement should be defined at a level consistent with the presented results.

Keeping in mind that not only UE Tx timing variations will impact the accuracy of that measurement, our current view is that a minimum accuracy requirement of  +/- 0.75 chips for the UE Rx-Tx time difference type 2 measurement seems to be a reasonable value. However, further studies should be considered before this limit is finalized.  

4 Proposal

The presented results were intended to clarify the dependency of the Tx timing variations on Tx power, Tx frequency and ambient temperature. As these results are a key step towards understanding the behaviour of the UE Rx-Tx time difference type 2 measurement, we would like to identify any other issues that should be considered in the process of determining an appropriate value for the minimum accuracy of the UE Rx-Tx time difference type 2 measurement. 

So far two additional issues have been identified:

· Tx timing variations from UE to UE when looking at a larger number of UEs

· Assessment of how the accuracy level of the UE Rx-Tx time difference type 2 measurement affects the accuracy level of the round trip delay information and how this translates into positioning performance.
Interested parties are invited to present contributions in these areas in order to enable the completion of the missing performance requirements for UE Rx-Tx time difference type 2 measurements.
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