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Text Proposal
7.6.3
Spatial consistency 

7.6.3.1
Spatial consistency procedure
A new procedure, namely a spatial consistency procedure, can be used for both cluster-specific and ray-specific random variables to be generated in various channel generation steps in Section 7.5, so that they are spatially consistent for drop-based simulations. (Alternatively, this can be used together with Procedure B described in Section 7.6.3.2 for spatially consistent mobility simulations.) 

The procedure can be considered as a 2D random process (in the horizontal plane) given the UT locations based on the parameter-specific correlation distance values for spatial consistency, specified in Table 7.6.3.1-2. The cluster specific random variables include:
-
Cluster specific random delay in step 5;
-
Cluster specific shadowing in step 6; and
-
Cluster specific offset for AoD/AoA/ZoD/ZoA in step 7.
-
Cluster specific sign for AoD/AoA/ZoD/ZoA in step 7.
-
Optionally in case of large bandwidth as described in Section 7.6.2.2 the procedure may apply as well for the parameters of rays within a cluster.
The procedure shall apply to each cluster before sorting the delay. Cluster specific sign for AoD/AoA/ZoD/ZoA in step 7 shall be kept unchanged per simulation drop even if UT position changes during simulation. The ray specific random variables include:
-
Random coupling of rays in step 8;
-
XPR in step 9; and
-
Random phase in step 10.
Table 7.6.3.1-2 Correlation distance for spatial consistency

	Correlation distance in [m]
	RMa
	UMi
	UMa
	Indoor

	
	LOS
	NLOS
	O2I
	LOS
	NLOS
	O2I
	LOS
	NLOS
	O2I
	

	Cluster specific random variables
	50
	60
	15
	12
	15
	15
	40
	50
	15
	10

	LOS/NLOS state 
	60
	50
	50
	10

	indoor/outdoor state
	50
	50
	50
	N/A


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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where 
[image: image3.wmf]c

 is the speed of light, 


 is the UT velocity vector on the horizontal plane,



 is the speed of the UT, and   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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and
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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: image51.wmf]ZOD
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Procedure B:
Modify Steps 5, 6, and 7 to include the following procedure:
Step 5: Generate delays 
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delays are drawn randomly from a uniform distribution. 
· 
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Step 6: Generate 
[image: image66.wmf]N

 arrival angles and departure angles for both azimuth and elevation.
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(7.6.3-8)
with 
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This step is repeated independently for AOD, AOA, ZOD, and ZOA with corresponding maximum angles.
The autocorrelation distances are 

 for AOD, and ZOD, while they are fixed to 50m for AOA, and ZOA.
Offset angles etc are applied as before but not until cluster powers have been calculated
Step 7: Generate cluster powers 
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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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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.
7.6.3.3
LOS/NLOS, indoor states and O2I parameters
The LOS state can be determined according to the spatial consistency procedure for random variables as mentioned in Section 7.6.3.1, by comparing a realization of a random variable generated with distance-dependent LOS probability. If the realization is less than the LOS probability, the state is LOS; otherwise NLOS. Decision of LOS and NLOS status should be used in Step 2 in Section 7.5 if this advanced simulation is performed.
The same procedure can be applied for determining the indoor state, with the indoor probability instead of the LOS probability. 
The correlation distance for LOS state and indoor/outdoor is specified in Table 7.6.3.1-2.

The indoor distance can be modeled as a spatially consistent uniform random variable within (0, 25) meters with correlation distance 25m.
Note in case the UT is in an indoor state, the pathloss model changes and a penetration loss is considered. For details on the model, see Section 7.4.3. Here, the focus is on modeling aspects with respect to spatial consistency. As described in Section 7.4.3, the penetration loss deviation σp represents variations within and between buildings of the same type. For spatial consistency this can be modeled as a spatially consistent random variable with correlation distance 10m, see Section 7.6.3.1. The “building type” is determined using a spatially consistent uniform random variable with correlation distance 50 m. The building type is determined by comparing the random variable with P1, where P1 is the probability of the building type with low loss penetration. If the realization of the random variable is less than P1, the building type is low loss; otherwise the building type is high loss.
In case there is a transition from LOS to NLOS due to UT mobility, there will be a hard transition in the channel response. This is because pathloss and LS parameters are different for these states, leading automatically to very different channel realizations. To circumvent such hard transitions the optional soft LOS state can be considered to determine the PL and the channel impulse responses containing characteristics of both LOS and NLOS. Soft LOS state 

 is generated by floating numbers between 0 (NLOS) and 1 (LOS) in the spatial consistency modeling. The value of 

is determined by 
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where: 

-


 is a spatially consistent Gaussian random variable with correlation distance according to Table 7.6.3.1-2; 
-


; and 
-


 is the distance dependent LOS probability function. 
After 

is obtained, Steps 2-12 of the channel coefficient generation described in Section 7.5 are performed twice, once with the propagation condition in step 2 set as LOS and once with the propagation condition in Step 2 set as NLOS. The resulting channel coefficients are denoted as 
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 and 
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 respectively, where 
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 is generated with the LOS path loss formula and channel model parameters while is 
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 generated using the NLOS path loss formula and channel model parameters. The channel matrix 
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 with soft LOS state is determined from a linear combination of 
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 as:
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It is noted that soft indoor/outdoor states are not modeled in this TR. The model thus doesn’t support move between indoor/outdoor states in mobility simulations. 
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