3GPP TSG RAN WG1 Meeting #84bis
R1-162956
Busan, Korea, April 11-15, 2016
Agenda Item:
8.2.2
Source:
Huawei, HiSilicon
Title:
Discussion on the sum-of-sinusoids based LSPs
Document for:
Discussion and decision 
1 Introduction

At RAN Plenary#69, it was agreed that 3GPP should study performance and feasibility of using high frequency spectrum for further evolution beyond LTE-Advanced and for technology advancement towards 5G (Study Item Description in [1]). The aim of the study is to develop a channel model framework for using high frequency spectrum up to 100 GHz. The Study Item should also consider possible implication of the new channel model on the existing 3D channel model for below 6 GHz, and take into account the outcome of RAN-level discussion and discussion in the ‘5G’ requirement study item [2]. 
The channel model requirements were agreed in Malta [2].
This contribution discusses the complexity of spatially consistent LSPs, especially shadowing.
2 Discussion
Spatial consistency of LSPs is handled via autocorrelation of the LSPs. Between two closely located users, the LSPs should be correlative. However, two users far apart each other do not see the same LSPs anymore.

In 5G systems, both transmitter and receiver may be in arbitrary locations (e.g. D2D/V2V case or moving base station). In the GSCM models spatially consistent correlation of LS parameters (e.g. shadowing) could be calculated by pre-calculating a map of each location (x, y, z) of the simulated world. If both TX and RX are located in a random location, the required map is 6-dimensional (6D) in which the TX location is determined by (x1, y1, z1) and RX location by (x2, y2, z2). Since all combinations of TX and RX could be possible, the calculated map should be 6D (x1, y1, z1, x2, y2, z2). This would lead to a memory problem very quickly. For example, if the number of possible positions in x and y axes is 500 and the number of possible positions in z axis is 50, the number of the elements in the 6D-map is 500^4*50^2 = 1.5625*10^14. This is too much in practice.

A solution proposed in this contribution is based on summing sinusoids [3], [4], or actually waves in a 6D space. The method provides consistent joint correlation, and desired correlation distances and standard deviation for the LSP process. This Tdoc takes shadowing as an example.
The shadowing realization is calculated for a link with TX and RX locations defined by a 6D location vector in a coordinate system with arbitrary fixed origin, as follows:
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where K is the number of waves, 
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is the target standard deviation of SF in decibels, 
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 is the location vector of Tx/Rx pair in 6D space, and 
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 coordinates refer to TX and RX locations, respectively, 
 is the wave vector of kth wave, 
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 is a random initial phase in range [0,2π].
In practice it is done by drawing randomly each of the six elements of vector 
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 from distribution Uni~[-1,1]. The norm of all K wave vectors is scaled to
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where 
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 is the target correlation distance in meters and 
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 is the zeroth order Bessel function of the first kind. For
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, where 
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 is the 1D auto-correlation function, the value x can be found numerically.
The method is efficient in computational complexity and especially in memory consumption. Instead of a huge 6D matrix, only K(6+1) real numbers have to be stored in the memory. In principle all the other (auto-) correlated large scale parameters could be generated with the method as well.

3 Simulation Results

Figure 1 below shows the comparison of 3D shadowing map implemented by traditional filtered noise method and the sum-of-sinusoids method.
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	a) Filtered noise method.
	b) Sum-of-sinusoids method.


Figure 1. Comparison of filtered noise and sum-of-sinusoids methods.
The complexity saving is huge in the sum-of-sinusoids method as can be seen from Figure 2.
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Figure 2. Complexity comparison of filtered noise and sum-of-sinusoids methods.
4 Conclusion
Sum-of-sinusoid method provides spatially consistent LSPs such as shadowing with reasonable complexity.
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