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Introduction

Work is currently going on within T1/RF on the principles of how to apply Test Tolerances to the RRM tests. The test definitions commonly require multiple signals to be applied to the UE, simulating a multi-cell environment.

The uncertainties in defining the signal environment have an effect on the probability of the Test System failing a good UE or passing a bad one. In a multiple signal environment the relationship between the setting uncertainties and the channel levels or qualities seen by the UE is not always straightforward. A careful analysis is required to take into account both achievable Test System uncertainties and requirements on the signal seen by the UE, and ensure that the test remains valid.

This paper presents an approach for analysing the effect of Test System uncertainties for the “Cell Reselection in CELL_FACH” test 8.3.5.1 in 34.121, and gives a set of test conditions which reconcile achievable Test System uncertainties with requirements on the signal seen by the UE.
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Statistical Analysis of Signals

The acceptable uncertainties for the Test System are expressed as 2-sigma values, meaning that 95% of a population of Test Systems will fall within these limits. Normally when combining uncertainties expressed in this way, they are added as root-sum-squares so that the resulting answer is also a 2-sigma value.

The analysis of the uncertainties for Cell reselection in CELL_FACH has so far used 2-sigma values for the contributing uncertainties, but has used a worst-case approach for adding up the effects. For example, in determining the CPICH Ec/Io offset to be used to guarantee a 3dB difference between the two cells, the uncertainties in each cell’s CPICH Ec/Ior(n) were added linearly (worst-case). As suggested by Moray Rumney, a statistical approach to combining the uncertainties will give a more realistic picture, and is consistent with the industry approach.

Sensitivity Analysis

In the scenario for this test there are several cells each generating various channels, and each cell contributes both specific channels such as the CPICH and also interference. The channels are combined, along with some extra noise, so the actual signal to noise ratio seen by the UE is determined by more than one cell. The consequence is that a change in any one channel level or channel ratio generated at source does not necessarily have a 1:1 effect at the UE.

In addition, each contributing uncertainty has an effect on several parameters as seen by the UE. For example, a change in Ior level for Cell 1 has a certain effect on Cell 2 CPICH Ec/Io, but a different effect on the ratio between Cell 1 CPICH/Cell 2 CPICH. 

The guidelines given by RAN4 [reference 2] place constraints on several parameters at the UE. The aim of the sensitivity analysis is to ensure that the variability in each of these parameters is controlled within the limits defined by the RAN 4 guidelines.   

Before doing a full analysis of the setting uncertainty for the 7 signals (Cells 1 to 6 and the noise) it's useful to take a step back and look at the signal being presented to the UE. Using the nominal values for signal levels in reference [7] before application of any test tolerances, and expressing them as a percentage of the signal reaching the UE:

Cell 1 at T1: 25.1% (2.5% as Cell 1 CPICH, 22.6% as other channels)

Cell 2 at T1: 50.1% (5% as Cell 2 CPICH, 45.1% as other channels)

Cell 3: 5%

Cell 4: 5% 

Cell 5: 5%

Cell 6: 5%

Noise: 4.8%

The main guidelines are to keep the CPICH Ec/Io for Cells 1 and 2 at least at the nominal value, and to maintain the difference in CPICH Ec/Io between Cell 1 and Cell 2. From the breakdown of power shown above, it can be seen that that the uncertainty in Îor setting for Cells 1 and 2, and the proportion of power allocated to their CPICH channels, will be much more significant than those of the other cells and the noise.

The way forward presented here is to consider the channel setting uncertainties one at a time (leaving the other parameters at their set values) and to measure the effect of each on the quantities that actually matter at the UE (as derived from the RAN4 guidelines). Providing the setting uncertainties are independent, we can then add up the effects as a root-sum-of-squares, each one being a two-sigma value, and see whether the resulting variation fits within the RAN4 guidelines.

Using this method we can see what uncertainties can be tolerated, and compare them with what can be achieved in practice.

The first two sheets of Moray's spreadsheet in T1R030084 predict the Ior(n) levels to be used. For simplicity, sheets 1 and 2 have been left unchanged, and the levels used here are as proposed by Moray. Sheet 3, “Error analysis” has been adapted and two new sheets (4 and 5) have been added. Sheet 4, “Sensitivity analysis” shows the effect of a setting uncertainty on the relevant signals being presented to the UE, and is used in Stage 1 below. Sheet 5, “Error summation” shows how the effects are added together and is used in Stage 2 below. “Deltas from 25.133”, now sheet 6, is similar to T1R030084.

Stage 1 - Change the variables one at a time:

Instead of applying all the uncertainties to all the cells at once, each setting uncertainty is adjusted one at a time. In the adapted version of sheet 3, only the cells coloured pink are changed. The effect of each change is shown on Sheet 4, which simply compares the values obtained with the set values. Sheet 4 shows only those parameters critical to the UE, with the key cells coloured green.

With all the values as set, sheet 4 shows zero values in all the green cells. To observe the effect of a setting uncertainty on the level of Cell 1 at T1, the spreadsheet formula on sheet 3 in cell D3 has “+0.4” added. If this is done, the green cells on sheet 4 show the effect.

The effects are recorded, then Cell 1 is put back to its set value. To observe the effect of a setting uncertainty on the level of Cell 2 at T1, the spreadsheet formula on sheet 3 in cell F3 has “+0.4” added, and again the green cells on sheet 4 show the effect.

Doing this systematically for all the pink cells on sheet 3 gives the following results:

· Set Îor on Cell 1 at T1 0.4dB high.

Effect on Cell 1 CPICH Ec/Io: +0.302dB

Effect on Cell 2 CPICH Ec/Io: -0.098dB

Effect on Cell 3 CPICH Ec/Io: -0.098dB

Effect on Cell 1 / Cell 2: +0.400dB          

· Set Îor on Cell 2 at T1 0.4dB high.

Effect on Cell 1 CPICH Ec/Io: -0.221dB

Effect on Cell 2 CPICH Ec/Io: +0.179dB

Effect on Cell 3 CPICH Ec/Io: -0.221dB

Effect on Cell 1 / Cell 2: -0.400dB 

· Set Îor on Cell 3 0.4dB high.

Effect on Cell 1 CPICH Ec/Io: -0.018dB

Effect on Cell 2 CPICH Ec/Io: -0.018dB

Effect on Cell 3 CPICH Ec/Io: +0.382dB

Effect on Cell 1 / Cell 2: 0dB

· Set Îor on Cell 4 0.4dB high.

Effects same as for Cell 3, except that

Effect on Cell 3 CPICH Ec/Io: -0.018dB

· Set Îor on Cell 5 0.4dB high.

Effects same as for Cell 4

· Set Îor on Cell 6 0.4dB high.

Effects same as for Cell 4

· Set CPICH Ec/Io on Cell 1 0.1dB high.

Effect on Cell 1 CPICH Ec/Io: +0.100dB

Effect on Cell 2 CPICH Ec/Io: 0dB

Effect on Cell 3 CPICH Ec/Io: 0dB

Effect on Cell 1 / Cell 2: +0.100dB

· Set CPICH Ec/Io on Cell 2 0.1dB high.

Effect on Cell 1 CPICH Ec/Io: 0dB

Effect on Cell 2 CPICH Ec/Io: +0.100dB

Effect on Cell 3 CPICH Ec/Io: 0dB

Effect on Cell 1 / Cell 2: -0.100dB

· Set CPICH Ec/Io on Cell 3 0.1dB high.

Effect on Cell 1 CPICH Ec/Io: 0dB

Effect on Cell 2 CPICH Ec/Io: 0dB

Effect on Cell 3 CPICH Ec/Io: +0.100dB

Effect on Cell 1 / Cell 2: 0dB

· Set CPICH Ec/Io on Cell 4 0.1dB high.

Effects same as for Cell 3, except that

Effect on Cell 3 CPICH Ec/Io: 0dB

· Set CPICH Ec/Io on Cell 5 0.1dB high.

Effects same as for Cell 4

· Set CPICH Ec/Io on Cell 6 0.1dB high.

Effects same as for Cell 4

· Set Noise 1.0dB high.

Effect on Cell 1 CPICH Ec/Io: -0.052dB

Effect on Cell 2 CPICH Ec/Io: -0.052dB

Effect on Cell 3 CPICH Ec/Io: -0.052dB

Effect on Cell 1 / Cell 2: 0dB          

Each effect of each setting uncertainty is then divided by the change in setting value to give a number representing the sensitivity in dB/dB. These numbers are entered on sheet 5 “Error summation” into the cells D11 to P11, cells D14 to P14, cells D17 to P17, and cells D20 to P20. For example, the sensitivity of Cell 1 CPICH_Ec/Io to a change in Cell 2 signal level is 0.553dB/dB, so that value is entered in cell F11. The process of obtaining the sensitivities has been done manually here, although it could be automated.

Stage 2 - Add up the effects of all the uncertainties:

Since all the individual uncertainties are already two-sigma values, and each one in turn is composed of several independent uncertainties, it is valid to add them up as root-sum-squares to get an overall two-sigma value. In the spreadsheet, a new sheet 5 called "Error summation” takes each uncertainty and uses the sensitivity factors (gearing) derived in stage 1 to predict the overall effect on the parameters we're interested in.

· The uncertainties in the levels of the 6 cells, and the uncertainty in the noise, are entered in the pink cells in row 3 of sheet 5. The uncertainties in the channel ratios of the 6 cells are entered in the pink cells in row 5 of sheet 5. The numbers used here are the ones proposed in reference [6]. For this exercise only the cell levels at T1 are considered, since the outcome at T2 will be the same but with the effects from cells 1 and 2 reversed. 

· The four main parameters we are interested in are listed in rows 11, 14, 17 and 20 on sheet 5. Each parameter has a figure for its sensitivity to each of the setting uncertainties, which was obtained in stage 1. The numbers were entered manually after going through stage 1, and are only valid for levels near those defined in 34.121. The uncertainties are multiplied by the relevant sensitivities, to give the individual effect on each parameter.

· In the column headed "Sum" on sheet 5, all the individual effects are added up as root-sum-squares, to give an overall figure in the yellow coloured cells. As the fundamental uncertainties are two-sigma figures, the overall figures will also be two-sigma.    

Stage 3 – Predicting the spread of the critical values:

The figures in the “sum” column of sheet 5 are the overall spread that can be expected for those parameters. They are then used back in sheet 3, “Error analysis” to give high and low figures. For example, the set value of Cell 1 CPICH Ec/Io at T1 is –15.569dB as shown in cell D20, but it may be as high as –15.176dB (cell D21) or as low as –15.962dB (cell D22). The high and low values are obtained by simply adding or subtracting the two-sigma uncertainties to the set value. Other critical parameters are treated in the same way. 

Stage 4 - Determining the channel power ratios:

The main reason for offsetting the Cell 1 and Cell 2 CPICH channel power ratio as derived by Moray's analysis in reference [1] was to maintain the difference in CPICH Ec/Ior between Cell 1 and Cell 2. This analysis arrived at a figure of 0.7dB, which has been retained here in cell K27 of sheet 3.

The RAN 4 guidelines in reference [2], and the subsequent report of discussions in reference [5] state that the other active channels on Cells 1 and Cell 2, for example SCH, should be offset by the same amount of 0.7dB. This figure has been used in cell K26 of sheet 3. The power in OCNS decreases to keep the overall power of Cell 1 and Cell 2 correct.

Initially the channel power ratios in Cells 3 to 6 were not given an offset, but comparing the Cell 3 CPICH Ec/Io (high) and CPICH Ec/Io (low) values with the RAN 4 guidelines showed that CPICH Ec/Io (low) was falling just below the –24dB limit. Although this limit is not explicitly stated in he RAN 4 guidelines of reference [2], the explanation for its value is given in reference [4] which states that values lower than –24dB are outside the CPICH Ec/Io reporting range of the UE.

Introducing an offset of 0.1dB to the Cells 3 to 6 CPICH channel power ratio ensures that both CPICH Ec/Io (high) and CPICH Ec/Io (low) values fall with the RAN 4 guidelines of –23dB max and –24dB min. The offset is entered in cell K25 of the spreadsheet, and a corresponding offset is applied to the other active channels of Cells 3 to 6 via cell K24.  

Stage 5 – Checking the results:

The application of the RAN 4 guidelines was discussed in reference [3], and a more formal definition of the requirements for handling test system uncertainty has been proposed in reference [4]. Although the CR contained in reference [4] is not yet agreed, the draft gives the most complete statement of test requirements currently available. The results from the error analysis were therefore compared to these requirements.

1) The Worst-case CPICH Ec/Io of cell 1 and cell 2 shall not fall below the values stated in table A.5.2. This will prevent the UE from entering a less accurate CPICH_Ec/Io reporting range. 

Sheet 3 cells D22 and E22 give –15.962dB and –12.205dB, which comply with the requirements of -16dB and –13dB for Cell 1 at T1 and T2 respectively. (
Sheet 3 cells F22 and G22 give –12.205dB and –15.962dB, which comply with the requirements of -13dB and –16dB for Cell 2 at T1 and T2 respectively. (
2) The worst-case difference during time T1 between Cell 2 CPICH_Ec/Io and Cell 1 CPICH_Ec/Io shall not be less than 3 dB, the value implied in table A.5.2.

Sheet 3 cell D24 gives a difference of -3.017dB for Cell 1 CPICH_Ec/Io / Cell 2 CPICH_Ec/Io, which complies with the requirement of -3dB during time T1. (
3) The worst-case difference during time T2 between Cell 1 CPICH_Ec/Io and Cell 2 CPICH_Ec/Io shall not be less than 3 dB, the value implied in table A.5.2.

Sheet 3 cell E25 gives a difference of 3.017dB for Cell 1 CPICH_Ec/Io / Cell 2 CPICH_Ec/Io, which complies with the requirement of 3dB during time T2. (
4) In order to ensure the geometry factors Îor/Ioc remain centred on the values stated in table A.5.2, the nominal Io stated in table A.5.2 shall not be modified.

Sheet 3 cell D27 and E27 give a nominal Io of –56.731dBm, which complies with the stated value of –56.73dBm. (
5) The worst-case CPICH_Ec/Io of cells 3 through 6 shall not be higher than the value stated in table A.5.2. This will prevent the interfering cells from having a larger impact on the test than originally intended.

Sheet 3 cells H21 to O21 all give values of –23.001dB, which comply with the requirements of -23dB for Cells 3 to 6. (
6) Provided guideline 3 is met first, the worst-case CPICH_Ec/Io of cells 3 through 6 shall not be fall below the CPICH_Ec/Io reporting range of –24 dB.

Sheet 3 cells H22 to O22 all give values of –23.936dB, which comply with the requirements of -24dB for Cells 3 to 6. (
7) The worst-case Ec/Io ratios of all other channels (except OCNS) for cell 1 and cell 2 shall not fall below the values implied in table A.5.2.

Sheet 3 cells D11 to G14 show that the channel power ratios of all the other channels for Cell 1 and Cell 2 (except OCNS) are increased by the same amount as the CPICH. As their variability at the UE is subject to the same influences as the CPICH, which has already been shown to comply under requirement 1, the other channels (except OCNS) will not fall below the stated Ec/Io ratio. (
8) All other parameter stated in table A.5.2 shall remain unchanged.

The channel power ratios of all the active channels in Cells 3 to 6 have been increased by 0.1dB, so it could be argued that this requirement has not been met. However, this condition is lowest in priority, the offset is no larger than the uncertainty in the channel power ratio, and has been applied to meet guideline 6. It is suggested that guideline 9 be amended to “All other parameters stated in table A.5.2 shall not be changed by more than 0.15dB”. This change will have no material effect on the test. Provisional (
9) The test requirement in A.5.5.1.2 should only be modified if there is significant uncertainty in determining the time of the T1/T2 transition event, or the time of the first PRACH pre-amble on cell 1 after the event.

No modification of the test requirement is envisaged here. ( 

Correlation

The analysis so far has assumed that all the sources of uncertainty are uncorrelated. The validity of the assumption can be tested by looking at the major contributions to the parameters as seen by the UE, which can be seen by looking at sheet 5 of the spreadsheet, “Error Summation”.

For example, if we look at the biggest contributions to uncertainty in Cell 1 CPICH_Ec/Io, we see:

Cell 1 CPICH_Ec/Io 

Effect of Cell 1 level uncertainty +0.302dB (spreadsheet cell D12)

Effect of Cell 2 level uncertainty -0.221dB (spreadsheet cell F12)

The point to note is that these two effects have opposite sign: if the level of cells 1 and 2 both went up, the effects would mostly cancel. Hence, the two uncertainties would need to be anti-correlated to give a worse result than the assumption of independence. For practical implementations of the signal generation system, anti-correlation seems most unlikely. 

Applying the same test to the other parameters, we see: 

Cell 2 CPICH_Ec/Io

Effect of Cell 2 level uncertainty +0.179dB (spreadsheet cell F15)

Effect of Cell 2 channel power ratio +0.100dB (spreadsheet cell G15)

Effect of Cell 1 level uncertainty -0.098dB (spreadsheet cell D15)

Here the first two effects are of the same sign, but there is no reason to suspect a correlation between a power level setting (likely to be set using a Power meter and Spectrum analyser) and a channel power ratio (likely to be set digitally). The Cell 2 and Cell 1 level uncertainty effects are of opposite sign, and as before anti-correlation seems unlikely in a practical implementation. 

Cell 3 CPICH_Ec/Io

Effect of Cell 3 level uncertainty 0.382dB (spreadsheet cell H18)

Effect of Cell 2 level uncertainty -0.221dB (spreadsheet cell F18)

The Cell 3 and Cell 2 level uncertainty effects are of opposite sign, and as before anti-correlation seems unlikely.

Ratio Cell 1 / Cell 2 CPICH

Effect of Cell 1 level uncertainty +0.400dB (spreadsheet cell D21)

Effect of Cell 2 level uncertainty -0.400dB (spreadsheet cell F21)

The Cell 1 and Cell 2 level uncertainty effects are of opposite sign, and as before anti-correlation seems unlikely.

Although this is not a fully rigorous analysis, the conclusion is that the assumption of independence is valid for practical implementations of the signal generation system.   

Conclusions

· The test conditions on sheet 3 of the spreadsheet comply with all the requirements, provided a small alteration is made to the lowest priority guideline.

· The test meets all the requirements with the following values for measurement uncertainties:

a) Îor level uncertainty of +/-0.4dB. 

b) Channel power ratio setting uncertainty of +/-0.1dB.

c) Ioc level uncertainty of +/-1.0dB

There is no separate requirement for the uncertainty in Io.  
