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7.6.3.2
Spatially-consistent UT mobility modelling
For mobility simulation enhancement, two alternative spatial consistency procedures – Procedure A and Procedure B – are described as follows. The procedures presented below consider the downlink direction same as in Section 7.5.
Procedure A:
For t0=0 when a UT is dropped into the network, spatially consistent powers/delays/angles of clusters are generated according to Section 7.6.3.1.
At t0+t, update channel cluster power/delay/angles based on UT channel cluster power/delay/angles, moving speed moving direction and UT position at t0.
Cluster delay is updated as: 
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(7.6-9)
where 
[image: image2.wmf]c


 is the speed of light, 
  is the UT velocity vector on the horizontal plane,
 is the speed of the UT, and 
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 is UT moving direction on the horizontal plane. Also,
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where 
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 are cluster specific arrival and departure angles. 
Cluster power is updated using Step 6 with cluster delay 

.
Cluster departure angles  (
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(7.6-11)
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and


[image: image23.wmf](

)

p

f

f

f

f

f

180

)

(

)

(

)

(

sin

)

(

)

(

0

2D

AOA

,

0

AOA

,

0

0

AOA

,

0

AOA

,

t

d

t

t

vt

t

t

t

n

n

v

n

n

¢

+

-

-

=

+


(7.6-13)
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(7.6-14)
where 
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 is 2D distance between Tx/Rx;
 
 is 3D distance between Tx/Rx; 
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 are cluster specific reflection surface angles. These angles equal 0 for LOS path and are generated using spatially consistent random numbers with uniform distribution U(-180o, 180o) and 50m correlation distance for 

 and 

; and U(-90o, 90o) and 100m correlation distance for [image: image38.wmf]ZOD
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Procedure B:

In procedure B, spatial or time evolution of the channel is obtained by generating channel realizations separately for all links to different Rx positions using Steps 1-12 of Section 7.5 together with the spatially consistent procedure of Section 7.6.3.1. In the case of mobility these positions may be a function of time along one or more Rx trajectories. Furthermore, to ensure that the spatial or time evolution of delays and angles are within reasonable limits, Steps 5, 6, and 7 in Section 7.5 should be replaced by the below procedure.
Note: For implementation purposes, LSPs and SSPs may be interpolated within the coherence length or time of the respective parameter.
Step 5: Generate delays  

, with 
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 delays are drawn randomly from a uniform distribution. 
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(7.6-15)
Normalise the delays by subtracting the minimum delay:
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In the case of LOS, set the delay of the first cluster 
[image: image47.wmf]1

t

 to 0. 
Step 6: Generate 
[image: image48.wmf]N

 arrival angles and departure angles for both azimuth and elevation using (7.6-16) instead of (7.5-9) and (7.5-14).
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(7.6-16)
with 
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. This step is repeated independently for AOD, AOA, ZOD, and ZOA with corresponding maximum angles for the uniform distribution. In case of LOS, set the angle of the first cluster (
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The autocorrelation distances are 

 for AOD, and ZOD, while they are fixed to 50m for AOA, and ZOA.

Offset angles etc are applied in the modified Step 7b below after cluster powers have been calculated

Step 7: Generate cluster powers 
 

Cluster powers are calculated assuming a single slope exponential power profile and Laplacian angular power profiles. The cluster powers are determined by
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(7.6-17)

where 
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 (autocorrelation distance same as for shadow fading) is the per cluster shadowing term in [dB]. Delay spread 
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 and angular spreads 
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are generated in Step 4 of Section 7.5. Normalize the cluster powers so that the sum of all cluster powers is equal to one, i.e., 
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(7.6-17a)

In the case of LoS condition, substitute 
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} respectively to preserve the delay and angular spreads. 
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 is the Ricean K-factor as generated in Step 4 converted to linear scale. Furthermore, an additional specular component is added to the first cluster. Power of the single LoS ray is:
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(7.6-17b)
and the cluster powers are not normalized as in equation (7.6-17a), but:
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(7.6-17c)
where ((.) is Dirac’s delta function.
Assign the power of each ray within a cluster as Pn / M, where M is the number of rays per cluster.

Step 7b: Apply offset angles

The ray AOA angles are determined by
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where 
[image: image78.wmf]AOA
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 is the LOS direction defined in the network layout description, see Step1c.

The generation of AOD (
[image: image79.wmf]AOD
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) follows a procedure similar to AOA as described above.

The ZOA angles are determined by
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where 
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 if the BS-UT link is O2I and 
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otherwise. The LOS direction is defined in the network layout description, see Step1c.
The ZOA angles are determined by 
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(7.6-17f)
where 
[image: image84.wmf]lgZSD

m

is the mean of the ZSD log-normal distribution.
Some of the delay and angle spreads and standard deviations used in equations (7.6-15) and (7.6-16) may be frequency-dependent. In the case of multi-frequency simulations according to Section 7.6.5, the largest value among all the simulated frequencies should be used in (7.6-15) and (7.6-16) so that the cluster and ray delays and angles (but not the powers or the resulting delay or angular spreads) are the same for all frequencies. 
--- unchanged parts are omitted ---
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