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1 Introduction

The RSSI requirement and in particular the relative RSSI requirement for the BS was discussed at the WG4 meeting in San Diego. Having looked closer at the specification we believe that a number of clarifications are needed. 

· The definition is unclear.

· The requirement lacks a lower limit.

· Handling of measurement uncertainties is not decided for TS.25 133.

The following sections focus on the hardware related problems, and do not discuss the impact on congestion- or admission-control algorithms. 

2 Definition

In TS25.215 the definition of RSSI is

Definition
Received Signal Strength Indicator, the wide-band received power within the UTRAN uplink carrier channel bandwidth in an UTRAN access point. The reference point for the RSSI measurements shall be the antenna connector.

The first observation is that the name RSSI is unfortunate, since the intention is to measure the “wide-band received power”, and not the signal.  However this is clarified in the definition.

Having talked to people at different companies it is apparent that different interpretations have been made of what sort of measurement is intended. The difference between the two “lines of interpretation” is weather the internally generated noise, i.e. the noise factor, shall be included in the measurement or not. The question “what value shall be reported with terminated ports?” will be answered with different values –108 dBm or –103 dBm (assuming a NF of 5 dB) depending on the interpretation. 

WG4 is asked to clarify if the internally generated noise shall be included or not. 

2.1 Implications for the relative RSSI measurement

Depending on the outcome of the above question, the test for relative RSSI and the associated difficulties will be different. These are discussed below.  To illustrate the problems possible test has been included. . They are not intended to be included in TS25.141, as BS requirements in TS25.133 are not intended to part of conformance testing. It has been done in order to highlight the problems.

2.1.1 RSSI definition including internally generated noise

A test for the relative RSSI requirement could look like this:

1. Terminate the BS RX inputs, measure the RSSI and record it.

2. Attach an AWGN generator to the RX input.

3. Increase the power of the AWGN until the by the BS measured RSSI value has increased 3 dB.
Assuming an implementation with 5 dB NF => -103 dBm/4MHz. 
4. Measure the power into the BS (or the power from the generator and the attenuation in the test equipment). 

5. Calculate the required AWGN levels.
For instance an increase from -102.5 dBm to -101.5 dBm and Nosie floor of -103 dBm.
a. Set the AWGN generator to -112.1 dBm and record the reported RSSI value (-112.1dBm +-103 dBm =-102.5 dBm)
b. Set the AWGN generator to -106.8 dBm and record the reported RSSI value.

6. The difference between the reported RSSI values shall be accurate within +/-0.5 dB. In this case 1 dB +/-0.5.

As can be seen in the above description the test is rather complicated and contains several measurements and relative power settings. It does also use (in step 3) the relative RSSI measurement, which is supposed to be verified and the result from this measurement influences the following steps. The design will have to be better than 0.5 dB in order to pass this test. It is also our belief that the measurement inaccuracy will at least be in the order of 0.5 dB.

It can be seen from the described test that that the lower limit for this requirement should be –103 dBm.

2.1.2 RSSI definition not including internally generated noise

A test for the relative RSSI requirement will then be simpler, however other aspects will come into effect.

1. Attach an AWGN generator to the RX input.

2. Generate a signal for instance –108 dBm and record the RSSI.
3. Increase the input signal by 1 dB
4. The difference between the reported RSSI levels shall be accurate within +/-0.5 dB. In this case 1 dB +/-0.5
It can be seen from the described test that that the lower limit for this requirement should be –108 dBm.

2.1.2.1 Technical impacts of not including internally generated noise

Since the measurement is performed by the A/D-converter, it will be effected by the internally generated noise. The impact will be higher for low input signals. This is illustrated in fig 1. The noise at the ADC has been transposed back to the input to ease the comparison. In fig 2 an enlargement of the region with lower input signals can be seen. From these two pictures at least the following conclusions can be drawn:

· A compensation curve is needed

· That an increase of the input signal with 1 dB results in a change that is smaller than 0.5 dB by the ADC at the lower en of the scale.
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Figure 1 Signal at ADC and input
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Figure 2 Enlargement of figure 1

2.1.2.1.1 Compensation curve

In fig 3 the ideal compensation curve for NF 5 has been plotted. There are two obvious ways to produce this compensation curve.

· A default curve 

· Calibration

If the approach would be to use a default curve, the associated problems are that there will be a spread between individual and over temperature. If one assumes that the NF of the system is set by the first stage and that a typical receiver is designed with several components providing gain, frequency conversion and filtering the requirement for absolute RSSI accuracy is reasonable. This can be supported by the following calculation.

For typical general-purpose amplifier the MGA 82563 from Agilent the std dev. for the following parameter is specified as:

Gain std dev= 0.35

NF std dev= 0.2

This means that for a 3 sigma design (i.e 99.7% of the units in between 2 values) the gain of one component will have a spread of +/-1.05 dB and the Noise factor of +/- 0.6 dB

One can also see that over temperature the NF and gain will vary. Further details to the behaviour of this specific component can be found at http://literature.agilent.com/litweb/pdf/5965-9685E.pdf
It seems unlikely that a default curve approach would be successful. Instead some form of calibration seems likely to be necessary. This calibration will introduce additional uncertainty. Currently in TS25.141 the absolute accuracy of signal generators are specified to be better than +/- 0.8 dB. The relative accuracy however is believed to be better over a limited range. 
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Figure 3 Ideal compensation curve

3 Measurement uncertainties

That a clear rule of how to handle the measurement uncertainties is lacking is a general observation for TS25.133, It may seem unnecessary to specify this for the BS since there a decision has been made not to include any of these tests in the conformance test specification. However we believe that the inaccuracies are of the same magnitude as the requirement for the relative RSSI measurement and this makes it important to state what principle are to be used. If different node B manufacturers interpret this differently, it seems likely that the admission and congestion control algorithms using relative RSSI measurements would behave differently.

If the measurement inaccuracies are not included when setting the requirements, the principle “never fail a good DUT” shall be used 

4 Proposal

Given the above reasoning we are convinced that for small signals the relative RSSI performance will be better if the internal noise is included. The following procedure is therefore proposed.

· Wg4 confirms that this is the case, and that the following definition is adopted.

Definition
Received Signal Strength Indicator, the wide-band received power including the internally in the BS generated noise, within the UTRAN uplink carrier channel bandwidth in an UTRAN access point. The reference point for the RSSI measurements shall be the antenna connector. In case of Node Bs with receiver diversity the reported value shall be the linear average of the power in the diversity branches.

· A LS to WG1 is sent proposing to change the definition in TS25.215.

· An Editors note is added in TS25.133 that the requirement shall be reviewed when WG1 has responded to the LS.




























