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1
Introduction
In RAN4#50bis, discussion on RSRP measurement accuracy with two downlink transmit antenna case took place. In [1], RSRP measurement using two reference symbols of R0 and R1 was proposed, it was concluded that further investigation considering the actual measurement conditions etc. would be needed. This contribution discusses brief analysis on the measurement accuracy of RSRP.
2
Measurement accuracy improvements due to R1
As stated in [1], in case 2TX configuration case is applied in downlink transmission, the reference symbol power boosting would be 3dB lower than that of in single Tx configuration case while the required measurement accuracy should be kept uncharged. Since the RSRP measurement using R0 and R1 can use twice amount of reference symbols than the measurement using only R0, it would provide better measurement accuracy since reduced variance (corresponds to the noise power) of the order of 
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, where N represents number of sampled symbols per a measurement occation (see Annex for more detail).
To evaluate the expected measurement accuracy, simple analysis has been made assuming an envelope power measurement with thermal noise. Fig.1a (and Fig 1b) represents signal power or signal plus noise power measured where all the power terms are normalized by noise power of 1.0. It should be noted that in real life, the noise power would involve band limited thermal noise power (
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) as well as total noise power created in the UE receiver (represented as NF) and all the power are in relative term. Red dashed line denotes ideal signal power and horizontal 0dB line corresponds to the thermal noise floor plus the noise figure of the UE receiver.
An actual receiver will receive not only a desired signal power but also the noise power as well. At or blow the noise floor, contribution of the noise power is relatively high and the total received power at the receiver should be considered as “S+N” rather than simple “S”. The total power sum of “S+N” is denoted by the blue line in the figure. When the signal power reduces and becomes lower than the noise floor, the noise power dominates the total power of “S+N” and the blue line converges to the horizontal line of 0dB (the noise floor plus NF).
Averaging the measured samples improves measurement accuracy since it would reduce the contribution of the noise power by 
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 where N is the number of samples. As far as power measurement is concerned and a normal distribution is assumed for the noise element, its amplitude distribution is given by a Rayleigh distribution. In this case, its probability distribution function and cumulative distribution function are given by 
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 respectively, where γ2 and σ2 corresponds to the total power of “S+N” and the noise power “N” respectively. In case 5% confide level is assumed, upper bound and lower bound of measurement error caused by the noise (the thermal noise plus NF) becomes 
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 where p = 0.05/2.
Dashed lines in Fig.1a (or Fig.1b) shows upper bounds and lower bounds of the measured total power with 10 and 20 samples involving the error caused by the noise power of 1.0 given by the above mentioned equations. The case of 10 sample can be considered as RSRP measurement using averaging of ten R0 symbols in a measurement and the 20 sample case would be considered as the measurement using both R0 and R1 symbols simultaneously in the same measurement period. Fig.1b provides the enlarged chart derived from Fig.1a.. In case 1.5dB measurement error from the ideal signal power (red line) to upper bound of the total measured power is taken as a reference, doubled samples would allow about 1.5dB expansion of the lower limit of the measurement range. (N.B. in TS36.133, measurement accuracy of 2.5dB is required for normal cases).

It should be noted that actual lower boundary of the measurement dynamic range would be at several dB higher than the noise floor because of other causes, such as implementation margin, quantization noise or dynamic propagation conditions etc. Although these aspects should also be taken into account when estimating actual measurement errors or benefit of using both R0 and R1 symbols, the above mentioned simple analysis would give a good guidance.
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Fig.-1a Standard deviation vs. number of samples (Normal distribution case)
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Fig.-1b Standard deviation vs. number of samples (Normal distribution case) [Enlarged]
3
Other benefits of Using both R0 and R1
This section provides some analysis about other benefits of using both R0 and R1 for the serving cell measurements.
In general, the second downlink transmit antenna is located in the same place as the first downlink transmit antenna with reasonable separation distance such as more than 10 wave length, and hence the reference symbols of R0 could cover the whole area in the cell. In real network, however, only the reference symbols of R1 could be visible and the reference symbols of R0 could not be received in some areas due to shadow fading, although it would be quite rare cases. Furthermore, in particular scenarios, such as indoor cell and distributed antenna cell, the second downlink transmit antenna would not always be located in the same places as the first downlink transmit antenna, and it would increase the probability that the reference symbols of R0 could not be received although the reference symbols of R1 are visible. It is noted that the importance of such cells is increasing nowadays and stable operation would be required. If UE would monitor only the reference symbols of R0 for the serving cell in such area where the reference symbols of R0 could not be received, unnecessary handover would happen and the service quality would be degraded. From a stable operation point of view, it is proposed that UE should use both R0 and R1 for the serving cell measurements.
4
Conclusion
A very brief observation on RSRP measurement accuracy using both R0 and R1 is provided. Although consideration on RSRP measurement of the neighbouring cells would need further consideration, the measurement using these two RSs would improve signal strength measurement from the serving cell somewhat. Furthermore, other benefits of using both R0 and R1 for the serving cell measurements were discussed. Based on the above discussions, it is proposed that UE should monitor both R0 and R1 for the serving cell measurements. If it is agreeable, RAN4 should send an LS to RAN1 to request corresponding modifications of the RSRP definition in Release 9.
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Sample standard deviations for a normal distribution as a function of number of samples are given by the equations below. It can be seen that doubled samples reduces the sample standard deviations by 
[image: image10.wmf])

1

2

(

)

1

(

-

-

N

N

 and converges 
[image: image11.wmf]2

1

 when N becomes larger. On the other hand, when N is less than 10, more than 70% reduction of the sample standard deviation can be achieved.
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In terms of sample variance which corresponds to the noise power, the reduction ratio is given by the following equation.
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Fig.A-1 Standard deviation vs. number of samples (Normal distribution case)



























































































































































































Enlarged in Fig.1b
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