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1 Introduction
UE measurements for RX diversity was discussed at RAN4#44bis with an objective to “Find a way to progress on CPICH measurements with Rx diversity in a manner that will enable that UE does not experience worse coverage of UTRA than those UEs with single antenna reception”; the outcome of the discussions can be found in [1]. In order to address this, proposed changes to the current CPICH Ec/No and RSCP definitions in TS 36.214 were presented in [2]. 
In this contribution we take a further look at the proposed changes in [2]. It turns out that use of the maximum of the measured CPICH Ec/No on each diversity element (similar to switching diversity) results in a 1 dB higher reported value at low Ec/No that typically occur at the cell edge or in areas where e.g. Inter-RAT reselection might occur. Furthermore, the conclusions in [1] state that the use of the uplink antenna for RSCP is not feasible, but it should perhaps be noted that this method is already used today in TS 34.121. 
The proposed new definitions can be found in [2].

2 CPICH Ec/No

CPICH Ec/No is the relevant downlink measure, which gives an indication of the required power allocation in the Node B. This quantity is obviously also measured in the downlink by the UE. The combined CPICH Ec/No metric for the diversity receiver should indicate better conditions than the worst of the two diversity elements (antennas) so that the presence of two antennas is exploited, or preferably not worse than any of the two elements. The combined metric should also work in RRC Idle in which all combining methods may not be feasible.  
First we look at the interference contributions at the diversity elements, if separately measured then the CPICH
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where 
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 denotes the received intra-cell interference, 
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 the inter-cell interference and N the thermal noise for antenna element i. The ratio own-signal and the intra-cell interference 
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will be the same on both antennas regardless of their mutual correlation since the channel is the same, but 
[image: image5.wmf]oci

ci

I

E

/

 may be different on the two elements for the inter-cell interference has a different channel (cf. the setup for the SIMO case). 

Next the current definition for the combined CPICH Ec/No in TS36.214 is 
(2.1)
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where Eci and N0i denote the received CPICH energy and noise spectral density for each diversity antenna element. The variability of this quantity should preferable not be larger than any of the constituent elements, for this may result in poor reselection performance and e.g. ping-pong effects.  In [2] it was proposed to use the maximum quality of the two antenna elements measured separately, that is, similar to selection diversity:
(2.2)
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and we observe immediately that the combined Ec/No will then never be worse than that of the best antenna for any interference scenario. 
Upon comparing these two definitions there are a number of cases that should be considered.

a. Dominating intra-cell interference

In this case both Ec1 / N01 and Ec2 / N02 will have low variability since the desired and interferer signals arrive at the antennas over the same channels. The two metrics above will yield the same result regardless of the antenna correlation.

b. Dominating inter-cell interference, low antenna correlation
This is the case in which the geometry factor is G < 0 dB. The variability of CPICH Ec/No at both antennas is dominated by the ratio
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and will be larger since the desired signal and inter-cell interferers are not correlated; a typical situation at the cell border when several weak pilots may be present and where cell reselection may be needed. Furthermore, 
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and hence 
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will be different since at each antenna for their correlation is low. 
If noise is neglected, then the current definition in (2.1) yields the result
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The variance of the numerator and denominator (low correlation) is now larger which means that the ratio can have a larger variation than the best antenna.

For (2.2) the combined Ec/No will not be worse than that of the best antenna, and in most cases it will be better since the Ec/No variability of the two antennas will be different.

Simulations (Annex A) show that up to 1 dB higher value is reported with (2.2) at low speeds and low Ec/No. 
c. Dominating inter-cell interference, high antenna correlation
In this case the inter-cell interference will (almost) be the same on both antenna elements, (2.1) and (2.2) will yield identical results if both antennas operate well above the noise floor. This is also evident from the simulations presented in Annex A.
d. Impact of thermal noise
An example case here is that in which the user puts his finger on one of the antennas. However, the difference between (2.1) and (2.2) will still be negligible in this case.
To sum up, we note that different combined Ec/No will occur for the case in which inter-cell interference is dominating and where the UE antenna correlation is low (b). However, this is the case a cell borders where cell reselection typically occurs and could therefore merit a change in the definition of the combined Ec/No. The maximum in (2.2) then yields a lower variability of the Ec/No (easier to avoid ping-pong) and the reported value is about 1 dB higher on average. The diversity is then exploited and unnecessary reselections (e.g. to GSM) may be reduced. Furthermore, the definition (2.2) works for the case in which only one antenna is measured at the time in order to save power in RRC Idle.    
3 CPICH RSCP
It has been agreed not to use uplink Tx antenna as a reference antenna for the for the CPICH RSCP measurement [1]. CPICH RSCP is relevant for the uplink, but is measured in the downlink. However, the use of the antenna associated with uplink transmission was not considered feasible from an implementation viewpoint. Nevertheless, it should be noted that this arrangement is still used for diversity tests in TS34.121 (Annex A: Connection for single cell tests with Multi-path Fading propagation and UE receive diversity), see Figure 1.
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Figure 1: conditions for single cell tests with Multi-path Fading propagation and UE receive diversity.
4 Conclusions
The case at the cell border with many weak pilots merits a change of the definition of the combined CPICH Ec/No, use of the maximum of the Ec/No reported from each antenna will lead to a lower variability of the combined Ec/No and more robust reselection. Simulations show a 1 dB higher value reported on average at low speeds using the maximum of the two diversity elements.
For RSCP use of the antenna associated with uplink transmission is already a test case in TS34.121.  
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Annex A      Simulation Results
To study the CPICH Ec/No statistics simulations have been performed with the following assumptions:

· 9 hexagon cells with 500 meters cell radius 
· RBS power: 43 dBm

· CPICH power: 33 dBm

· Traffic load: 10 speech users/cell (low load)
· Propagation conditions: TU3; TU50

· Antenna correlation: Case 1: 0.1; Case 2: 0.8

· Receiver for CPICH: RAKE for each antenna to get CPICH Ec/No for each antenna;

· Demodulator loss:  depends on the mobile speed

· Simulation time: at least 200 s, i.e. 1000 CPICH Ec/No samples as one sample every 200 ms

A fast fading map is created for each antenna with different correlation (0.1; 0.8), and an individual calculation of both the interference and received CPICH power is made for each antenna.

Figure A.1 displays the CPICH Ec/No distribution for TU3 and 10 users per cell. It can be seen that (2.2) yields up to 1 dB higher value at low antenna correlation and Ec/No lower than -10 dB, say (cf. case b above).  For higher correlation there is no difference (case c), just as for high Ec/No closer to the sites (case a). 
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Figure A.1 Results for TU3 and 10 users per cell.
At higher speeds (TU50) there is essentially no difference between (2.1) and (2.2) since the fading is averaged out.
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Figure A.2 Results for TU50.
To show the impact of averaging we also display the TU50 results for a 2 ms averaging window, see Figure A.3 below.  
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Figure A.3 Results for TU50 but with a 2 ms averaging window.
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