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1
Introduction

Within the new Work Item that has been opened on GERAN Physical Layer evolution ([1]), Receive Diversity for GERAN has been the subject of a number of discussions (see [2], [3]). 
At 3GPP GERAN #25, the discussion revolved, in addition to other aspects, around the nature of the correlation factor(s) experienced by the RxDiv-capable GERAN terminal.
This contribution elaborates on the aforementioned aspect and brings relevant measurements results.

2
Background
As discussed in [3], within a RxDiv scenario, each signal (C or I) is received by each diversity branch separately. 

At the same time, each signal (C or I) experiences a different Angle of Departure (AoD) and Angle of Arrival (AoA), where AoD and AoA of each signal depend on cell layout and, to some extent, on the motion of the mobile.
This suggests in our opinion that the correlation between the diversity branches will be different for each signal (C or I), as the correlation is a function of the corresponding AoD and AoA.
Whether such a difference is however detectable in the real world was a subject of contention at 3GPP GERAN #25. 

3
Measurement data
3.1 
General 

The following sections provide correlation measurements for three routes, with a full view and a zoomed view into one of the more interesting areas. The routes/scenarios are:

1. Indoor, Pedestrian Speed. No repeater.
2. Indoor, Pedestrian Speed. With Repeater
3. Outdoor (U.S. Highway 163-South)
These field data were taken with a QUALCOMM MSM6500 diversity FFA. The phone has an external stubby dipole antenna and an internal meander line antenna.  Data were recorded during traffic calls on Verizon's San Diego network at 800 MHz. Note that Verizon’s network is not a GSM network but the correlation measurements do not depend on the employed airlink.

The measurements are derived from complex estimates from each receive chain correlated over a sliding 1-second period. The plots show 
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on the y axis.
In all of the following plots some of the BTS’s are collocated, i.e. signals from different BTS’s come from the same physical site. This will be indicated when applicable.

3.2 
Indoor, Pedestrian Speed. No repeater
The following figures come from measurements performed at pedestrian speed in an indoor scenario. In this scenario, BTS B and BTS C are from the same site. However, due to the rich scattering environment, even the correlation of those signals is not the same. 
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Figure 1. Indoor, Pedestrian Speed. No repeater. Full view
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Figure 2. Indoor, Pedestrian Speed. No repeater. Zoom view

3.3 
Indoor, Pedestrian Speed. With repeater
The following figures come from measurements performed at pedestrian speed in an indoor scenario with the presence of a repeater. In this scenario, BTS A and BTS B are from the same site, while BTS C is not.  However, due to the repeater, the correlation of all signals is the same. The verification of this obvious conclusion can be considered as a validation of the measurement process 
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Figure 3. Indoor, Pedestrian Speed. With repeater. Full view
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Figure 4. Indoor, Pedestrian Speed. With repeater. Zoom view

3.4 
Outdoor (highway)
The following figures come from measurements performed at driving speed along U.S Highway 163 Southbound. In this scenario, BTS A and G are from the same site, and BTS C and F are from the same site. This explains e.g. why the correlations of C and F match in the zoom view.
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Figure 5. Outdoor, Highway Speed. Full view
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Figure 6. Outdoor, Highway Speed. Zoom view


4 
Conclusions

This paper has presented field data for correlation measurements in a number of receive diversity scenarios. 

It can be observed that receive diversity terminals experience widely different correlation factors for signals coming from different sites. 

This is also counter-proofed by the fact that correlation factors of different signals do match only for signals coming from the same site, either because of the presence of a repeater or because of collocation (and even in that case, only in those cases where scattering is not exceedingly rich).
This allows us to conclude that the correlation factors do depend on the angles or arrival and departure. 
Thus, the evaluation models of GERAN Receive Diversity should take this into account by employing different correlation factors for the useful signal and each of the incoming interferers.
It is proposed to agree with such conclusion and to include the considerations of this paper in the GERAN Feasibility Study.
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