3GPP TSG RAN WG1 Meeting #72
R1-130498
St. Julian’s, Malta, January 28th – February 1st 2013
Agenda item:     7.3.6.2
Source:         
Nokia Siemens Networks, Nokia
Title:
Shadow Fading Observations for the 3D Channel Model
Document for:

Discussion
1. Introduction
The log-normal shadow fading is a large-scale parameter that models how the average power at an individual location varies due to nearby obstructions, reflectors, etc.  The shadow fading has already been defined for the 2D channel in [2].  In this contribution we investigate the effects of shadow fading on the ray-based 3D (aka GCM (geometry-based stochastic channel model)) proposed in [1].  The following observations are made:
1. The shadow fading model from the 2D ITU channel model is sufficient for the 3D channel modeling.
2. Different downtilts will experience a different final shadow fading as measured from channel power despite the fact that the shadow fading before the downtilt (i.e., before the elevation beam pattern is applied) is a large-scale parameter which is applied the same for all downtilts.
2. Shadow Fading with the 3D Ray-Based Model
As is the case with the 2D channel model, 3GPP needs a simple shadow fading model for the 3D channel model  which is independent of the actual antenna array used and also any array beamforming weights.  Thus it is proposed in [3] that the shadow fading from the 2D model of [2] be used for the 3D model with no changes.  Basically the shadow fading is log-normally distributed with a fixed standard deviation which is selected based on the environment being simulated.  For example, the shadow-fading standard deviation is 6 dB for the NLOS UMa environment.  Of course this does not imply the shadow fading would still be 6 dB when measured from the average power of the final channel realizations (i.e., individual realizations from [1]).  Take for example a single channel realization from the UMa NLOS 3D channel as seen in Figure 1 and Figure 2.  When the downtilt (either electrical or mechanical) is changed then different rays in the channels are highlighted relative to other downtilts.  Take for example an electrical downtilt of 0 degrees (i.e., a beamforming weight of all ones) with an array of 10 elements in the vertical direction with a spacing of 0.9 wavelengths as shown in Figure 1.  In this case the rays broadside to the eNB array are highlighted relative to ones away from the array.  When the same channel is illuminated with an electrical downtilt of 10 degrees, the rays corresponding to the 10 degree downtilt are highlighted relative to the other rays as is seen in Figure 2.  It should be noted too that the average power of the channel seen by the UE is not unsurprisingly different for each downtilt, 4.06 dB for a 0 degree downtilt and 2.32 dB for the 10 degree downtilt.

Thus the way the different rays are highlighted by the different downtilts will change the final shadow fading (as measured from the average final channel power taking into account path loss) despite the initial shadow fading draw being fixed for all downtilts (the initial shadow fading is a large-scale parameter).  To see this effect, refer to Figure 3 which shows the final shadow fading for different downtilts.  The final shadow fading is clearly affected by the downtilt, despite the initial (long-term) shadow fading before the elevation beam weight (downtilt) is applied being the same for all downtilts.  Note that the final shadow fading value seen is always higher than the original value of 6 dB.
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Figure 1. Relative power of the rays (dB) for an electrical downtilt of 0 degrees.  The black X marks the location of the LOS ray to the UE.
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Figure 2. Relative power of the rays (dB) for an electrical downtilt of 10 degrees.  The black X marks the location of the LOS ray to the UE.
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Figure 3. Final shadow fading at different downtilt values.
3. Conclusion
In this contribution shadow fading effects associated with the 3D GCM (geometry-based stochastic channel model) proposed in [1] were investigated.  The following conclusions are drawn:
1.  The shadow fading model from the 2D ITU channel model is sufficient for the 3D channel modeling.

2.  Different downtilts will experience a different final shadow fading as measured from channel power despite the fact that the shadow fading before the downtilt (i.e., before the elevation beam pattern is applied) is a large-scale parameter which is applied the same for all downtilts.
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