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[bookmark: _Toc430695232]< Unchanged parts are omitted >
[bookmark: _Toc452965571]7.6.3	Spatial consistency 
[bookmark: _Toc452965572]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. Note that for mobility modelling we refer to the procedures described in Section 7.6.3.2. The procedure iscan be considered as a 2D random process (in the horizontal plane) given the UT locations. Depending on required random variables this maybe 2D processes with Uniformely distributed (delays and angles) or Normaly distributed random variables (cluster shadowing)  based on the  with parameter-specific correlation distance values for spatial consistency, which can be foundspecified in Table 7.6.3.1-2. Various methods for the implementation of the 2D random processes can be found for instance in [18,19] or the QuaDRiGa channel model description. 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 UE 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,.
and are kept unchanged per simulation drop even if the UT position changes.
Table 7.6.3.1-2 Correlation distance for spatial consistency
	
	RMa
	UMi
	UMa
	Indoor

	
	LOS
	NLOS
	O-to-I
	LOS
	NLOS
	O-to-I
	LOS
	NLOS
	O-to-I
	

	Correlation distance (m) for cluster specific random variables
	50
	60
	15
	12
	15
	15
	40
	50
	15
	10

	Correlation distance (m) for LOS/NLOS state 
	60
	50
	50
	10

	Correlation distance (m) for indoor/outdoor state
	50
	50
	50
	N/A



[bookmark: _Toc452965573]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.
Procedure A:
-	For t0=0 when 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: 






where  is the speed of light,  is the UE UT velocity vector on the horizontal plane,   is the speed of the UTE, and  is UE UT moving direction on the horizontal plane. Also,

.


where  and are cluster specific arrival and departure angles. 
· 
Cluster power is updated using step 6 with cluster delay .
· 



Cluster departure angles  ( and) and arrival angles ( and) are updated as

,

,

,

;
and

,

,

,

,










where  is 2D distance between Tx/Rx;   is 3D distance between Tx/Rx; , ,  and  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, 180 o) and 50m correlation distance for  and ; and U(-90 o, 90 o) and 100m correlation distance for  and .
Note that procedure A is only valid over small distance/short time movements. After moving over a longer period the cluster parameters may need to be updated. In addition the approximation of the changes of angles and delays is not feasible for large movements. 
Procedure B:
-	Modify steps 5, 6, and 7 to include the following procedure:
· Step 5: Generate delays  .
-	Delays are drawn randomly from a uniform distribution. 




-	Calculate  where   is the maximum delay (), Xn is a spatially consistent uniform random variable  within (0,1), as defined in Section 7.3.6.1, and cluster index n = 1,…,N. 
· Step 6: Generate arrival angles and departure angles for both azimuth and elevation.




-	Calculate where   is the maximum angle, Yn ~ uniformUniform(0,1), obtained afrom a spatially consistent random process as defined in Section 7.3.6.1 and cluster index n = 1,…,N.
-	This step is repeated independently for AOD, AOA, ZOD, and ZOA with corresponding maximum angles.

-	The autocorrelation distances of the spatially consistent random processes isare  for AOD, ZOD, and 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 
-	Cluster powers are calculated assuming a single slope exponential power profile and Laplacian angular power profiles. The cluster powers are determined by



where  (autocorrelation distance same as for shadow fading) is the per cluster shadowing term in [dB]. 
Note that this method requires modification of steps 5 to 7 and thus appears to be slightly more complicated. However, as all parameters will depend on spatially consistent random variables it might be better suited for mobility over larger distances by updating all model parameters for each UT location. 
[bookmark: _Toc452965574]7.6.3.3	LOS/NLOS, indoor states and O-to-I 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. 
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 LOS state and indoor/outdoor is as specified in tTable 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 we focus more on modeling aspects with respect to spatial consistency. As described in Section 7.4.3 Tthe penetration loss deviation σp represents variations within and between buildings of the same type. For spatial consistency this, which can be modeled as a spatially consistent random variable with correlation distance 10 m, 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 of mobility of a UT from i.e. a LOS state to a NLOS state there will be a hard transition in the channel responses. This is because pathloss and LS parameters are different for these states leading automatically to widely different channel realizations. To circumvent such hard transitions the Ooptionally, soft LoS LOS state modeling can also be modeled considered to generate PL and 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 

,
where: 
-	 is the correlation distance (m) for LOS/NLOS state, 
-	 is a spatially consistent Gaussian random variable; 
-	; and 
-	 is the distance dependent LOS probability function. 
After is obtained, the path loss   and channel matrix  with soft LOS state are calculated as:




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. 
[bookmark: _Toc452965575]< Unchanged parts are omitted >
<Additional references to be added in the beginning of the TR>
[18]	Whitepaper, “5G Channel Model for bands up to 100 GHz”, 3rd Workshop on Mobile Communications in Higher Frequency Bands (MCHFB), IEEE Globecom 2016
[19]	T. Jämsä, P. Kyösti, “Device-to-Device Extension to Geometry-Based Stochastic Channel Models”, in Proc. EuCAP 2015
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