3GPP TSG RAN WG1 Meeting #84b                                                                                    R1-162743
Busan, Korea, 11th - 15th April 2016

Agenda Item:	8.2.3.2
Source:	Lenovo, Motorola Mobility
Title:	Discussion of spatial consistency modeling
Document for:	Discussion

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction 

At the RAN #69 meeting [1], a new study item on channel model for frequency spectrum >6 GHz was approved. This channel model needs to support the following additional features:
· Foliage, atmosphere and rain attenuations
· The blockage caused moving objects such as human body and vehicle
· The spatial consistency which involves the evolutionary features and the correlation of channels between adjacent UEs or links on the large and small scale. This is useful for support of massive MIMO, mobility and beam tracking
· Support of large bandwidth (possibly up to 10% of carrier frequency)
· Support of 3D beamforming with large arrays

The issue of spatial consistency drew significant attention from the companies and this was reflected in the many contributions in the recent meetings [3][4][5][6][7][8]. Most companied proposed to introduce spatially consistent random variable in the drop based model. In the last channel modeling ad hoc meeting in May, the following was agreed as a working assumption:
 
Alternative 1 (spatial consistent random variable based approach) in R1-161622 is set as working assumption for this SI.

The key to alternative 1 is to generate spatially correlated random variables in the area modeled. 
Ideally the correlation between two random variables at any two different locations is , where r is the separation between the two locations and  is the correlation distance. Because a UE moving through space and time should experience smooth variation of the channel parameters, the channel coefficients should be computed in a semi-continuous 2D or 3D space. A few examples of generating such random variables were provided in [6]. In this contribution we analyze and compare the approaches proposed in [6] [7] and [8].    


Discussion on channel modeling methodologies

Generate spatially correlated random variables through interpolation
We analyze two methods to generate spatially correlated random variable through interpolation. According to [6], spatially consistent random variables can be generated by interpolating i.i.d. random variables deployed in the simulation area. One spatially consistent uniform distributed random variable can be generated by dropping four complex normal distributed i.i.d. random variables on four vertex of one grid with dcorr de-correlation distance and interpolated using these i.i.d. random variables. Because only 4 random variables need to be generated for a square area of dcorr*dcorr , random variables for every point within the square area are generated through interpolation, the computation load is very light. 



Figure 1. Generate spatially correlated random variables through interpolation.
In the method proposed by Intel [3], within a square, the random variable is generated as



The correlation of two random variables at (), () within the same square can be computed as:



It is clear that the correlation does not follow the desired exponential function (). Depending not only the inter-site distance , it also depends on the position of (), (). Therefore the random field created through interpolation  does not possess the statinarity property. 

Another method based on interpolation was proposed by Samsung [8]. In this method, spatially correlated random variable is generated as


.

With this formula the correlation between two random variables Z(), Z() is 



This satisfies the spatial correlation property only if  have opposite signs and (or equivalently  have opposite signs and ). In other words, it only produces the right spatial correlation in some one dimensional cases.

Based on these analysis, we conclude neither interpolation method produces the desired spatial correlation property.

Generate spatially correlated random variables through 2D filtering

Correlation between random variables can be introduced by applying a filter to a sequence or a field of i.i.d random variables. To introduce correlation to a 2D random field, proper 2D filtering can be designed and applied. This is made easy by the fact that most random variables required for channel model are either Gaussian random variables or can be derived from Gaussian random variables. We follow the methodology proposed in [7].

The area of interest is partitioned into a fine grid and only the random variables at the grid points are computed. The size of the grid  should be much smaller than the correlation distance and it defines the spatial resolution of the generated random field. A reference value  of is . 


Figure 2. Generate spatially correlated random field through 2D filtering.

For each grid point (m,n), generate i.i.d Gaussian random variable  with 0-mean and unit-variance. There is no correlation between them. To introduce correlation with the desired property   between any two points separated by r, a 2D filter  is constructed as follows: In an area centred at the origin with size L by L, where ,  where k can be 6 or 8. This corresponds to correlation of e-3 or e-4, anything weaker is ignored. Let
 ,
The 2D filter is given by 




where and are the two-dimensional Fourier transform and inverse Fourier transform function respectively. 

The random field C with the desired spatial correlation property is obtained by applying the 2D filter H to the random field R:



Because  has a fixed size and 2D filtering is a linear operation, this method is computationally efficient. Figure 3 compares the spatial correlation of the random field C with the theoretic correlation. It is clear that the random field generated from 2D filtering exhibits the desired spatial correlation property.


[image: ]
[bookmark: _Ref447101316]Figure 3. Spatial correlation of the random field generated by 2D filtering.

If the interest is to study the fine channel variation within distance less than , either a smaller value of  can be used, or some interpolation can be done within a grid using the 4 values at the corners. Because of the small size of  errors introduced by interpolation will also be to be small. However, we believe with  or , it is probably sufficient to use the variable of the closest grid point.   

The correlated complex Gaussian random field C can be converted to other types of random variables. To convert to uniformly distributed random variable in , the following formula can be used:

.

This can be used to determine the LOS/NLOS probability. Figure 4 shows the LOS/NLOS state of an area, where black represents the LOS state. 

[image: ]
[bookmark: _Ref447109793]Figure 4. LOS/NLOS state created from a random field generated by the 2D filtering method. The area is 8 by 8.

Based on this analysis, we propose to adopt the 2D filtering method to generate spatially correlated random variables.

Proposal: Generate spatially correlated random variables with the 2D filtering method.


Conclusions

We have analyzed and compared methods of generating spatially correlated random fields through interpolation and 2D filtering. The interpolation methods proposed in [3] and [8] fail to generate the desired spatial correlation property, while the 2D filtering method proposed in [7] generates the spatial correlation property properly. Therefore we propose the following:  

Proposal: Generate spatially correlated random variables with the 2D filtering method.

References	
[1] [bookmark: _Ref307931325][bookmark: _Ref442474572]RP-151606, “New SID Proposal: Study on channel model for frequency spectrum above 6 GHz”, Samsung, Nokia Networks, 3GPP RAN Plenary#69.
[2] [bookmark: _Ref445117447]TR-36.873, “Study on 3D channel model for LTE (Release 12)”, June 2015. 
[3] [bookmark: _Ref447029512]R1-160437,	“Spatial consistency modeling in drop based model”, Intel Corporation
[4] [bookmark: _Ref447029514]R1-161622, “Spatial Consistency modeling in drop based model”, Intel, Ericsson, Huawei, HiSilicon, Nokia, Samsung, AT&T, CMCC, KT Corporation, NTT DoCoMo, Qualcomm.
[5] [bookmark: _Ref447029516]R1-161603, “Consideration on spatial consistency modeling”, Huawei, HiSilicon.
[6] [bookmark: _Ref447029522]R1-161726, “WF on spatial consistency”, Intel Corporation, Ericsson, InterDigital, Nokia, ALU, ASB, Samsung, NTT DoCoMo. 
[7] [bookmark: _Ref447029523]R1-161653, “Discussion of additional features for channel model for >6GHz”, Lenovo, Motorola Mobility.
[8] [bookmark: _Ref447029525]R1-161708, “Discussion on spatial consistency”, Samsung.


image2.wmf
Z

d

y

x

Z

d

y

x

Z

Z

Z

y

x

~

exp

1

exp

corr

0

,

0

corr

,

þ

ý

ü

î

í

ì

+

-

-

+

þ

ý

ü

î

í

ì

+

-

=


oleObject1.bin

image3.wmf
)

))

,

(

(

(

)

,

(

1

k

l

T

k

l

H

Á

Á

=

-


oleObject2.bin

image4.wmf
Á


oleObject3.bin

image5.wmf
1

-

Á


oleObject4.bin

image6.png
09

08

07

06

05

04

03

02

01

Spatial Correlation

—— Computed
—— Theoreic

Normalized distance (urt d




image7.png




image1.emf
Y

0,1

~ CN(0, 0,1) Y

1,1

~ CN(0, 0,1)

Y

0,0

~ CN(0, 0,1) Y

1,0

~ CN(0, 0,1)

d

corr

=50

(0,0)

Y

(x, y)

x

y


Microsoft_Visio_Drawing1.vsdx
Y0,1~ CN(0, 0,1)
Y1,1~ CN(0, 0,1)
Y0,0~ CN(0, 0,1)
Y1,0~ CN(0, 0,1)
dcorr=50
(0,0)
Y(x, y)
x
y



