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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN1 #84bis meeting in Busan, dynamic modeling for time evolution was discussed in [1] and [2]. For the current agreed spatial consistency model for supporting MU-MIMO in [3], the delay/angle of the weak clusters may be varied faster than physically allowed along a UE trajectory [4][5]. 
[bookmark: _Ref129681832]In this contribution, we present a method on cluster delay with time evolution which can be combined with the spatial consistency model in [3].
Revisit the spatial consistency model in [3]
The idea of the spatial consistent model in [3] is to generate spatially consistent random number as the input to generate delay, power and angle. Fig. 1 summarizes method for uniform random number Xn. 

Fig. 1 The method generating spatially consistent uniform random number
Problem: Simulations on the model in [4] shows that the cluster delay may vary too fast to utilize for 5G evaluations, particularly in mobility cases.
· LOS case: The varying speed of delay reaches 80ns per meter in case of dcorr=50m, and 200 ns in case of dcorr=10m. 
· NLOS case. The varying speed of delay reaches 57.5ns per meter in case of dcorr=50m, and 225 ns per meter in case of dcorr=10m. 



Analysis:  The root problem is that the variables Y(x,y) are independent with each other. This may lead to a big different of Xn in (0, 0) location and (1,1) location. For example, Y0,0=exp(j*0.0001), Y1,1=exp(j*pi). The corresponding Xn are Xn =0.0001, in location (0,0), and Xn =1 in location (1,1).  Take the Xn to the formula in generating delay . The delays are then =3316 ns in location (0,0) and =0 ns in location (1,1). Suppose UE moves from location (0,0) to (1,1), the average varying rate of the cluster delay is 3316ns/50m/sqrt(2) = 47ns/m which is too fast for mobility evaluation.
Proposed solution
We propose to limit the variables Y(x,y) with correlation matrix.  With random numbers Y0,0, Y0,1, Y1,0, and Y1,1 generated from complex Gaussian distribution N(0,1), calculate the random numbers Y’(x,y):



, or ,						(1)


where  is the correlation matrix, and correlation coefficient  can take value in [-1, +1]. Then calculate the random numbers Xn  by using Y’(x,y) instead of Y(x,y). 
[image: ]
Fig. 2 The diagram of delay vs distance



With the solution, the diagram of delay vs distance is shown in Fig. 2. It is seen that with increasing correlation coefficient , the delay can vary slowly. The varying rate of delay in cases of =0, 0.3, 0.4, 0.5 are 14, 6, 4.6, 3.4 ns/m.  Based on the observation, it is suggested =0.3.

Proposal 1: Adopt the correlation matrix method in (1) to slow down the varying rate of cluster delay.  
Conclusions
Based on the analysis above, the spatial consistency model in [3] can be modified with the proposal.
Proposal 1: Adopt the correlation matrix method in (1) to slow down the varying rate of cluster delay.  
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B Complex normal distribution is used for
the corner of one correlation grid

* Uncorrelated Real/Imag
B Interpolation is used to generate the
complex normal random variable
Yoy =
\/1 - y/dcorr(\/l - x/dcorryl),l) +
V x/dcorryl,l)) +
+ \/y/dcorr(\/l - x/dcorryl),l +

V x/dcorryl,l)

B Uniform distribution is generated from
the phase of Y, .

e X, = |angle(Y(X,y))/n|
* | | ensures no abrupt change of X,
between 0 and 1 spatially





image2.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


