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1. Introduction

During the joint session on EDCH RRM measurements in Scottsdale, 14 – 18 February 2005, feasibility and accuracy requirements of Node B UL load (interference) measurements related to the EUL scheduler were discussed. Received Total Wideband Power (RTWP) and Rise over Thermal (RoT) measurements were identified as potential candidate physical measurements.

2. Definition of relative power measurements

2.1 Received Total Wideband Power

RTWP is an existing Node B physical measurement and is defined in TS 25.215 as follows:

The received wide band power, including noise generated in the receiver, within the bandwidth defined by the receiver pulse shaping filter. The reference point for the measurement shall be the Rx antenna connector. In case of receiver diversity the reported value shall be linear average of the power in the diversity branches. When cell portions are defined in the cell, the total received wideband power shall be measured for each cell portion.

TS 25.133 contains the following RTWP accuracy requirements (valid after layer 1 filtering, assuming 100 ms measurement period):

1. Absolute accuracy requirement of ( 4 dB

2. Relative accuracy requirement of ( 0.5 dB, in which the relative accuracy is defined as the RTWP measured at one frequency compared to the RTWP measured from the same frequency at a different time. 
Reference [1] provides the rationale why the definition of the received wide band power includes also the noise generated within the receiver. 

2.2 Rise over Thermal

RoT has been proposed as a new Node B physical measurement in support of EUL RRM. A tentative definition of RoT may be as follows:

RoT is the ratio between the received wide band power, including noise generated in the receiver, within the bandwidth defined by the receiver pulse shaping filter and a reference received wideband power, including noise generated in the receiver, obtained at an earlier time. The reference point for the measurement shall be the Rx antenna connector. In case of receiver diversity the reported value shall be linear average of the received RoT in the diversity branches. When cell portions are defined in the cell, the received RoT shall be measured for each cell portion.

3. Accuracy of relative RTWP Measurement from the Node B perspective

In this section the accuracy of relative received wideband power measurements is discussed. The perspective taken here is the one appropriate for discussing Node B RF requirements at the antenna connector, without consideration of wider system operation related aspects.
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Fig. 1. Received wideband power measurements

Figure 1 shows in highly schematic form the received wideband power measurement process as used in RTWP or RoT measurements. The Node B receive chain from the antenna connector to the wideband power measurement point is here characterised by a constant gain G and a NF F.  The wideband power measurement point is typically after A/D conversion [1] and can be accurately performed by averaging the power of the received wideband samples before despreading. The thermal noise generated within the components of the analog receive chain is included in the wideband power measurement and when referred back to the antenna connector equals 
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may be applied at the antenna connector.
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With this notation we obtain for a RTWP measurement (in linear units):

in which 
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 is an estimate of the gain of the receive chain from the Node B antenna connector up to the wideband power measurement location. 
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is needed in order to refer the measured wideband power 
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 back to the antenna connector.
For a RoT measurement we obtain (in linear units):
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in which at time 
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 a reference interference level
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has been applied at the Node B antenna connector. It is clear that RoT is by definition a relative received wide band power measurement of the form
[image: image9.wmf])

(

)

(

ref

t

wp

t

wp

 and that the RoT is dependent on the choice for the reference received wideband power 
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The following observations regarding the accuracy of relative received wideband power measurements can be made:

1. Both, the RTWP and the RoT are based on received wide band power measurements 
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 within the Node B receive chain and it can be assumed that the wide band power measurement location and method within the Node B are essentially the same for both types of measurements.

2. As the reference point for the reported RTWP measurement according to the definition in TS 25.215 is the Rx antenna connector, the Node B needs to scale the obtained wideband power measurement result by an estimate 
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of the gain 
[image: image13.wmf]G

of the receive chain from the Rx antenna connector up to the wideband power measurement location. The inherent uncertainties of this receiver gain estimate 
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determine the absolute accuracy of ( 4 dB of the RTWP measurement.
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The numerical difference of 2 reported RTWP measurements corresponds to a relative received wideband power as referred to the Rx antenna connector and in units of [dB]. It should be noted that the previously mentioned error in the receiver gain estimate 
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cancels itself out in this case. This error cancellation allows the relative accuracy of the RTWP measurement to be specified as only ( 0.5 dB. This is shown as follows (in linear units):
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The numerical difference of 2 reported RTWP measurements in which one measurement represents a reference received wideband power measurement, is identical to the RoT according to the above definition. This is shown as follows (in linear units):
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Note, that this identity holds even if we assume that that the receiver gain 
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and NF 
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depend on time (temperature):

5. If RAN WG1 were to introduce a new RoT physical measurement, one would based on aspect 4.) expect the achievable accuracy to be of the same order as the relative accuracy of the existing RTWP measurement under comparable conditions, i.e. approximately ( 0.5 dB. However, this may require further investigations within RAN WG4, e.g. regarding the impact of potentially shorter measurement periods and linear dynamic range requirements on the measurement accuracy.

In summary, the RoT can be obtained accurately as the numerical difference of 2 RTWP measurements (in which one measurement represents the reference received wideband power) and it should be noted that the RTWP is an already existing Node B physical measurement with defined relative accuracy requirements. The need for any new Node B physical measurements such as RoT should therefore be carefully evaluated.

4. Some System Level Aspects

The single practical difference between RTWP and RoT measurement usage is that with RoT the generation of the reference received wideband power value is Node B internal and not visible to, nor controllable by the RNC. When considering the system aspects the accuracy for relative RTWP measurements (in which e.g. one low load measurement represents a reference received wideband power value) is the same as for RoT (that has to utilise a reference received wideband power value just as well). Thus all the system related sources of inaccuracy would effect both measurements in exactly the same way. 

We believe that there has to be a possibility for the system operator to determine the reference received wideband power used by the Node B for RoT or relative RTWP measurements in order to have control and transparency over these system related inaccuracies in a multi-vendor environment. Hence, in our opinion setting the reference received wideband power value should not be hidden inside the Node B implementation.

One obvious choice to accomplish this would be to re-use the already existing RTWP measurements available at the RNC and to report a value derived from these back to the Node B for use as reference received wideband power for HSUPA RRM. This approach would leave freedom for different tuning and filtering mechanisms for the reference received wideband power value derivation and still provide the visibility and controllability to the network operator. In this manner also consistency with Rel99/4/5 RRM is ensured as both, the Node B and RNC, could operate on identical reference wideband powers.

Regardless of whether the system relies on RoT or RTWP measurements, the RNC defined E-DCH load threshold can be signalled to the Node B in dB relative to the reference received wideband power.

5. Conclusions

In this document we have discussed the usage of an existing Received Total Wideband Power (RTWP) measurement and a new Rise over Thermal (RoT) measurement in the uplink load (interference) measurements for the HSUPA. We have noted that the two approaches are in essence the same, investigated the error sources of the both approaches and again concluded that the error sources affecting the accuracies are the same.

We also considered the control over setting the reference wideband power value for use with both RTWP and RoT measurements and concluded that in our opinion the RNC should be in control of setting the reference received wideband power value to be used in the uplink load estimation in order to provide better control and visibility to the network operator and ensure that the Node B and the RNC are using the same reference value.

Finally we emphasized the benefit of rather using a mechanism that already exists in the UTRAN specifications rather than defining a new measurement in order to obtain something that is obtainable with existing mechanisms.

Thus we propose to report the RTWP measurements as of today from the Node B to the RNC and to provide a reference received wideband power value from the RNC to the Node B for the Node B scheduler purposes.
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