Page 1



3GPP TSG-WG1 Meeting #96
R1-1903129
Athens, Greece, February 25th – March 1st, 2019
	CR-Form-v11.4

	DRAFT CHANGE REQUEST

	

	
	38.901
	CR
	<CR#>
	rev
	-
	Current version:
	15.0.0
	

	

	For HELP on using this form: comprehensive instructions can be found at 
http://www.3gpp.org/Change-Requests.

	


	Proposed change affects:
	UICC apps
	
	ME
	
	Radio Access Network
	
	Core Network
	


	

	Title:

	Additional modelling components for Indoor industrial

	
	

	Source to WG:
	Ericsson

	Source to TSG:
	RAN1

	
	

	Work item code:
	FS_IIIOT_CM
	
	Date:
	2019-xx-xx

	
	
	
	
	

	Category:
	B
	
	Release:
	Rel-16

	
	Use one of the following categories:
F  (correction)
A  (mirror corresponding to a change in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)

Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	Use one of the following releases:
Rel-8
(Release 8)
Rel-9
(Release 9)
Rel-10
(Release 10)
Rel-11
(Release 11)
Rel-12
(Release 12)
Rel-13
(Release 13)
Rel-14
(Release 14)
Rel-15
(Release 15)
Rel-16
(Release 16)

	
	

	Reason for change:
	Addition of modeling components needed for the indoor industrial scenario

	
	

	Summary of change:
	Added new subclauses 7.6.9, 7.6.10 and 7.6.11 for capturing new additional modeling components

	
	

	Consequences if not approved:
	Outcome of FS_IIIOT_CM study item is not captured

	
	

	Clauses affected:
	7.6, 7.6.9 (new), 7.6.10 (new), 7.6.11 (new)

	
	

	
	Y
	N
	
	

	Other specs
	
	X
	 Other core specifications

	TS/TR ... CR ... 

	affected:
	
	X
	 Test specifications
	TS/TR ... CR ... 

	(show related CRs)
	
	X
	 O&M Specifications
	TS/TR ... CR ... 

	
	

	Other comments:
	This draft CR is based on the proposals agreed among the channel model experts in the following email discussions:

   [FS_IIIOT_CM-01] Frequency bands of interest 
   [FS_IIIOT_CM-02] Measurements and observations 
   [FS_IIIOT_CM-03] Scenario description 

on the channel model email reflector (3GPP_TSG_RAN_WG1_CHANNELMODEL@LIST.ETSI.ORG)


7.6
Additional modelling components 

The additional modelling components in this subclause are to support advanced simulations, such as simulations with very large arrays and large bandwidth, simulations affected by oxygen absorption (frequencies between 53 and 67 GHz), simulations in which spatial consistency is important (e.g. high number of closely located user), simulations of mobility, simulations of blockage effects, simulations of absolute time of arrival, simulations of dual mobility, and simulations that include sources of EM interference. These modelling components affect some of the steps between Step 1 and Step 12 in Subclause 7.5. 

These extensions are computationally more expensive and might not be required in all evaluation cases.
7.6.1
Oxygen absorption
Oxygen absorption loss is applied to the cluster responses generated in Step 11 in Subclause 7.5. The additional loss, OLn(fc) for cluster n at centre frequency fc is modelled as:
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where:
-
α(fc) is frequency dependent oxygen loss [dB/km] characterized in Table 7.6.1-1;
-
c is the speed of light [m/s]; and d3D is the distance [m];
-
τn is the n-th cluster delay [s] in Step 11 in Subclause 7.5;
-
τΔ is 0 in the LOS case and min(
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) is the minimum delay in Step 5.
For centre frequencies not specified in this table, the frequency dependent oxygen loss α(fc) is obtained from a linear interpolation between two loss values corresponding to the two adjacent centre frequencies of the centre frequency fc.
Table 7.6.1-1 Frequency dependent oxygen loss α(f) [dB/km]
	f in [GHz]
	0-52
	53
	54
	55
	56
	57
	58
	59
	60
	61
	62
	63
	64
	65
	66
	67
	68-100

	α(f) in [dB/km]
	0
	1
	2.2
	4
	6.6
	9.7
	12.6
	14.6
	15
	14.6
	14.3
	10.5
	6.8
	3.9
	1.9
	1
	0


For large channel bandwidth, first transform the time-domain channel response of each cluster (all rays within one cluster share common oxygen absorption loss for simplicity) into frequency-domain channel response, and apply the oxygen absorption loss to the cluster's frequency-domain channel response for frequency fc + Δf within the considered bandwidth. The oxygen loss, OLn(fc+ Δf) for cluster n at frequency fc+ Δf is modelled as:
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where:
-
α(fc+ Δf) is the oxygen loss (dB/km) at frequency fc+ Δf characterized in Table 7.6.1-1. Note that Δf is in [-B/2, B/2], where B is the bandwidth. Linear interpolation is applied for frequencies not provided in Table 7.6.1-1.
The final frequency-domain channel response is obtained by the summation of frequency-domain channel responses of all clusters.
Time-domain channel response is obtained by the reverse transform from the obtained frequency-domain channel response.
7.6.2
Large bandwidth and large antenna array
7.6.2.1
Modelling of the propagation delay 

The modelling in this subclause applies only when the bandwidth B is greater than c/D Hz, where

-
D is the maximum antenna aperture in either azimuth or elevation (m)

-
c is the speed of light (m/s)
Each ray within a cluster for a given u (Rx) and s (Tx) has unique time of arrival (TOA). The channel coefficient generation step (Step 11 in Subclause 7.5) is updated to model individual rays. In this case, the channel response of ray m in cluster n for a link between Rx antenna u and Tx antenna s at delay 
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 at time t is given by:
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(7.6-3) 
with 
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, which can be implemented by user's own method. The delay (TOA) for ray m in cluster n for a link between Rx antenna u and Tx antenna s is given by:
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(7.6-4)
Note that Equation (7.6-3) only considers the delays 
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 intentionally. If unequal ray powers are considered, 
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 are generated according to Subclause 7.6.2.2. Otherwise, ray powers are equal within a cluster, i.e., 
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 for all m. Note: this model is developed assuming plane wave propagation. 
7.6.2.2
Modelling of intra-cluster angular and delay spreads
With large antenna arrays or large bandwidths, the angle and/or delay resolution can be larger than what the fast fading model in Subclause 7.5 is designed to support. To model this effect, the following modifications to Step 7 in Subclause 7.5 can be optionally used.

1.
The offset angles m in (7.5-13), (7.5-18) and (7.5-20) are generated independently per cluster and ray using: 
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where 
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 denotes the continuous uniform distribution in the interval 
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. These random variables may further be modelled as spatially consistent with correlation distance equal to the cluster-specific random variable correlation distance of Table 7.6.3.1-2.

2.
The relative delay of m-th ray is given by 
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 is given in Table 7.5-6. These random variables may further be modelled as spatially consistent with correlation distance equal to the cluster-specific random variable correlation distance of Table 7.6.3.1-2. In this case, the sub-cluster mapping according to (7.5-26) and Table 7.5-5 shall not be applied. The delays to be used in Equation (7.6-3) are given by 
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3.
Ray powers are determined unequally by the following process:

The power of m-th ray in n-th cluster is given by 
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(7.6-6)
and 
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 are respectively the intra-cluster delay spread and the corresponding intra-cluster angular spread that are given in Table 7.5-6. The cluster zenith spread of departure is given by
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with 
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 being defined in Tables 7.5-7, 7.5-8, 7.5-9, and 7.5-10.
4.
The number of rays per cluster shall be calculated as follows:
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where:
-
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 is the upper limit of 
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, and it should be selected by the user of channel model based on the trade-off between simulation complexity and accuracy.
-
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 are the array size in m in horizontal and vertical dimension, B is bandwidth in Hz, 
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 are the cluster spreads in degrees, and 
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 is the wavelength.
-
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 is a "sparseness" parameter with value 0.5.
It is noted that each MPC may have different AOD, ZOD, and delay.
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 Subclause 7.5, so that they are spatially consistent for drop-based simulations. Alternatively, this can be used together with Procedure B described in Subclause 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 Subclause 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. 

The random coupling of rays in Step 8 and the intra-cluster delays in Step 11 shall be kept unchanged per simulation drop even if UT position changes during simulation.
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 and ray 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


[Editor’s note: InD parameters are FFS]

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 Subclause 7.5.
Procedure A:

For 
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 when a UT is dropped into the network, spatially consistent powers/delays/angles of clusters are generated according to Subclause 7.6.3.1. 

The updated distance of UT should be limited within 1 meter, i.e. when 
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, update channel cluster power/delay/angles based on UT channel cluster power/delay/angles, moving speed moving direction and UT position at 
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Cluster delay is updated as: 
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(7.6-9)

where 
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Also,
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where 
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 are cluster specific zenith and azimuth angles of arrival. 

After updating the delays according to equation (7.6-9), the delays over the mobility range are normalized. Equation (7.5-2) of the fast fading model is replaced by
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(7.6-10a)

in which 
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 covers the entire duration of the mobility model.
Cluster powers are updated as in Step 6 using the cluster delays from Equation (7.6-10a).

Cluster departure angles (
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) are updated using a cluster-wise transformation of the UT velocity vector given by 
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with 
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 being the rotation matrices around y-axis and z-axis as defined in Equation (7.1-2). Random variable 
[image: image71.wmf]{

}

1

,

1

-

Î

n

X

 is sampled from a uniform distribution on a NLOS cluster basis and is not changed during the UT mobility within a drop. The cluster specific decorrelation distances are 60m, 15m, 50m and 10m for RMa, UMi, UMa and Indoor scenarios, respectively.
Now, the departure and arrival angles in radians are updated as:
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and
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with 
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 being the spherical unit vectors defined in Equations (7.1-13) and (7.1-14).
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 Subclause 7.5 together with the spatially consistent procedure of Subclause 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 Subclause 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 cluster delays 

, with 
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 delays are drawn randomly from a uniform distribution. 
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Normalise the delays by subtracting the minimum delay:
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In the case of LOS, set the delay of the first cluster 
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 to 0. 

Step 6: Generate 
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 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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with 
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]

N

n

,

1

Î

. 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 angles 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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where 
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are generated in Step 4 of Subclause 7.5. Normalize the cluster powers so that the sum of all cluster powers is equal to one, i.e., 
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In the case of LOS condition, substitute 
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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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and the cluster powers are not normalized as in equation (7.6-17a), but:
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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 
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 is the LOS direction defined in the network layout description, see Step1c.

The generation of 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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otherwise. The LOS direction is defined in the network layout description, see Step1c.

The ZOA angles are determined by 
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where 
[image: image123.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 Subclause 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. 

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 Subclause 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 Subclause 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 the minimum of two spatially consistent uniform random variables 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 Subclause 7.4.3. Here, the focus is on modelling aspects with respect to spatial consistency. As described in Subclause 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 Subclause 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.
The cluster-specific and ray-specific random variables as defined in Subclause 7.6.3.1 on the same floor are generated in the spatial consistency modelling; otherwise, these variables across different floors are uncorrelated.
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 modelling. 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; 
-
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 is the distance dependent LOS probability function. 
After 

is obtained, Steps 2-12 of the channel coefficient generation described in Subclause 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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 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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It is noted that soft indoor/outdoor states are not modelled in this TR. Thus the model does not support transitions between indoor/outdoor states in mobility simulations. 
7.6.3.4
Applicability of spatial consistency

According to the characteristics of different cluster specific parameters and ray specific parameters, the following types on spatial consistency are defined:

-
Site-specific: parameters for different BS-UT links are uncorrelated, but the parameters for links from co-sited sectors to a UT are correlated.

-
All-correlated: BS-UT links are correlated.

In Table 7.6.3.4-1, correlation type for each large scale parameter, cluster specific parameter and ray specific parameter is clarified.

Table 7.6.3.4-1: Correlation type among TRPs

	Parameters
	Correlation type

	Delays
	Site-specific

	Cluster powers
	Site-specific

	AOA/ZOA/AOD/ZOD offset
	Site-specific

	AOA/ZOA/AOD/ZOD sign
	Site-specific

	Random coupling
	Site-specific

	XPR
	Site-specific

	Initial random phase
	Site-specific

	LOS/NLOS states
	Site-specific

	Blockage (Model A)
	All-correlated

	O2I penetration loss
	All-correlated

	Indoor distance
	All-correlated

	Indoor states
	All-correlated


Spatial consistency is not modelled in the following situations:

-
Different link types, e.g., outdoor LOS, outdoor NLOS or O2I

-
UE locates on different floors

Table 7.6.3.4-2, lists conditions in which each large scale parameter, cluster specific parameter and ray specific parameter is assumed not spatially correlated. 
Table 7.6.3.4-2: Conditions when parameters are not spatially correlated.

	Parameters
	Uncorrelated states

	Delays
	Outdoor LOS/outdoor NLOS/O2I (different floors)

	Cluster powers
	Outdoor LOS/outdoor NLOS/O2I (different floors)

	AOA/ZOA/AOD/ZOD offset
	Outdoor LOS/outdoor NLOS/O2I (different floors)

	AOA/ZOA/AOD/ZOD sign
	Outdoor LOS/outdoor NLOS/O2I (different floors)

	Random coupling
	Outdoor LOS/outdoor NLOS/O2I (different floors)

	XPR
	Outdoor LOS/outdoor NLOS/O2I (different floors)

	Initial random phase
	Outdoor LOS/outdoor NLOS/O2I (different floors)

	Blockage
	Outdoor/O2I (different floors)

	Standard deviation for O2I penetration loss
	Different building types, i.e., high/low loss


7.6.4
Blockage

Blockage modelling is an add-on feature to the channel model. The method described in the following applies only when this feature is turned on. In addition, the temporal variability of the blockage modelling parameters is on-demand basis. It is also noted that the modelling of the blockage does not change LOS/NLOS state of each link.

When blockage model is applied, the channel generation in Subclause 7.5 should have several additional steps between Step 9 and 10 as illustrated in Figure 7.6.4-1.
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Figure.7.6.4-1 Channel generation procedure with blockage model

Two alternative models (Model A and Model B) are provided for the blockage modelling. Both approaches have their own use cases. Model A is applicable when a generic and computationally efficient blockage modelling is desired. Model B is applicable when a specific and more realistic blocking modelling is desired. 
7.6.4.1
Blockage model A
Model A adopts a stochastic method for capturing human and vehicular blocking. 

Step a: Determine the number of blockers.
Multiple 2-dimensional (2D) angular blocking regions, in terms of centre angle, azimuth and elevation angular span are generated around the UT. There is one self-blocking region, and 
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= 4 non-self-blocking regions, where 
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 may be changed for certain scenarios (e.g., higher blocker density). Note that the self-blocking component of the model is important in capturing the effects of human body blocking. 
Step b: Generate the size and location of each blocker.
For self-blocking, the blocking region in UT LCS is defined in terms of elevation and azimuth angles, (
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).
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where the parameters are described in Table 7.6.4.1-1.
Table 7.6.4.1-1: Self-blocking region parameters.
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For non-self-blocking k = 1, …, 4, the blocking region in GCS is defined by
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where the parameters are described in Table 7.6.4.1-2, as well as the distance r between the UT and the blocker.
Table 7.6.4.1-2: Blocking region parameters.

	Blocker index (k = 1, …, 4)
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	r

	 InH scenario
	Uniform in 

[0o, 360o]
	Uniform in 

[15o, 45o]
	90o
	Uniform in 

[5o, 15o]
	2 m

	UMi, UMa, RMa scenarios
	Uniform in 

[0o, 360o]
	Uniform in 

[5o, 15o]
	90o
	5o
	10 m


[Editor’s note: InD parameters are FFS]

Step c: Determine the attenuation of each cluster due to blockers.
The attenuation of each cluster due to self-blocking corresponding to the centre angle pair (
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), is 30 dB provided that 

 and 
.
 Otherwise, the attenuation is 0 dB.
The attenuation of each cluster due to the non-self-blocking regions (k=1, …, 4) is given by


[image: image169.wmf](

)

(

)

(

)

2

1

2

1

1

log

20

10

dB

Z

Z

A

A

F

F

F

F

L

+

+

-

-

=


(7.6-22)

provided that 

 and 

. Otherwise, the attenuation is 0 dB. The terms in the above equation are given as 
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where 
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In the above formula for 
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Table 7.6.4.1-3: Description of signs
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Step d: Spatial and temporal consistency of each blocker.
The centre of the blocker is generated based on a uniformly distributed random variable, which is temporally and spatially consistent. The two-dimensional autocorrelation function 

 can be described with sufficient accuracy by the exponential function 
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The spatial correlation distance 

 for the random variable determining the centre of the blocker is given in Table 7.6.4.1-4 for different scenarios.

Table 7.6.4.1-4: Spatial correlation distance for different scenarios.
	Spatial correlation distance 
[image: image226.wmf]corr

d

 in [m] for the random variable determining the centre of the blocker
	UMi
	UMa
	RMa
	InH

	
	LOS
	NLOS
	O2I
	LOS
	NLOS
	O2I
	LOS
	NLOS
	O2I
	LOS
	NLOS

	
	10
	10
	5
	10
	10
	5
	10
	10
	5
	5
	5


[Editor’s note: InD parameters are FFS]

The correlation time
 is defined by 
, where 

 is the speed of the moving blocker.

Note: The rectangular blocker description is chosen for self-blocking region with the specific choices of 
(, 
[image: image233.wmf]sb

'

f

)
 assumed here. Generalization of this description to other choices should be done with care as the rectangular description may not be accurate. 

7.6.4.2
Blockage model B
Model B adopts a geometric method for capturing e.g., human and vehicular blocking. 

Step a: Determine blockers
A number, 
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, of blockers are modelled as rectangular screens that are physically placed on the map. Each screen has the dimension by height (
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) and width (
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), with the screen centre at coordinate 
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Note: 
-
The number of blockers (
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), their vertical and horizontal extensions (
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 and 
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), locations 
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, density, and movement pattern (if non-stationary) are all simulation assumptions, to allow different blocking scenarios to be constructed depending on the need of the particular simulation study.

Recommended parameters for typical blockers are provided in Table 7.6.4.2-5. 
-
The blocking effect diminishes with increasing distance to the blocker. For implementation purposes it may be sufficient to consider only the 
[image: image242.wmf]K

 nearest blockers or the blockers closer than some distance from a specific UT. 

Table 7.6.4.2-5: Recommended blocker parameters
	
	Typical set of blockers
	Blocker dimensions
	Mobility pattern

	Indoor; Outdoor
	Human
	Cartesian: w=0.3m; h=1.7m
	Stationary or up to 3 km/h

	Outdoor
	Vehicle
	Cartesian: w=4.8m; h=1.4m
	Stationary or up to 100 km/h


[Editor’s note: InD blockers are FFS]

Step b: Determine the blockage attenuation per sub-path
Attenuation caused by each blocker to each sub-path is modelled using a simple knife edge diffraction model and is given by 
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where 

, 

 and 

, 

 account for knife edge diffraction at the four edges, and are given by
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where 

 is the wave length. As shown in Figure 7.6.4.2-2, 

 are the projected (onto the side and top view planes) distances between the receiver and four edges of the corresponding blocker, and 

are the projected (onto the side and top view planes) distances between the transmitter and four edges of the corresponding blocker. The side view plane is perpendicular to the horizontal ground plane. The top view is perpendicular to the side view. For each cluster, the blocker screen is rotated around its centre such that the arrival direction of the corresponding path is always perpendicular to the screen. It should be noted that different rotations are required for each individual sub-path. Meanwhile, the base and top edges of the screens are always parallel to the horizontal plane. As the screen is perpendicular to each sub-path, 
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 is the distance between the transmitter and receiver for the direct path in LOS, and 
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 is the distance between the blocker screen and receiver, projected onto the incoming sub-path direction, for all the other (NLOS) paths. In the equation of 
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, the plus and minus signs are determined in such a way that, as shown in Figure 7.6.4.2-2, 

-
if the sub-path (terminated at the receiver or transmitter) does not intersect the screen in side view, minus sign is applied for the shortest path among 
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 in the NLOS case (
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in the LOS case) and plus sign is applied for the other edge. 
-
if the sub-path (terminated at the receiver or transmitter) does not intersect the screen in top view, minus sign is applied for the shortest path among 
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for the LOS case) and plus sign is applied for the other edge. 
-
if the sub-path intersects the screen plus signs are applied for both edges.

For the case of multiple screens the total loss is given by summing the losses of each contributing screen in dB units.
The model according to option B is consistent in time, frequency and space, and is more appropriate to be used for simulations with arbitrarily designated blocker density. 
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Figure 7.6.4.2-2(a): Illustration of the geometric relation among blocker, receiver and transmitter for the LOS path
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Figure 7.6.4.2-2(b): Illustration of the geometric relation between blocker and receiver for NLOS paths
7.6.5
Correlation modelling for multi-frequency simulations
This subclause describes how to generate parameters to reflect correlation across different frequencies for a BS-UT link, for simulations involved with multiple frequencies. 

For those simulations, the steps in Subclause 7.5 should be revised according to the following:

-
The parameters generated in Step 1 are the same for all the frequencies, except for antenna patterns, array geometries, system center frequency and bandwidth.
-
Propagation conditions generated in Step 2 are the same for all the frequencies. It is noted that soft LOS states may be different due to frequency dependent function.
-
The parameters generated in Step 4 are the same for all the frequencies, except for possibly frequency-dependent scaling of e.g. delay spread and angular spreads according to the LSP tables. I.e. let x be a random variable drawn from a Gaussian distribution: x ~ N(0,1). Then the delay spread at frequency f is DS(f)= 10^(lgDS(f) + lgDS(f)(x), where the same value of x is used for all frequencies. A corresponding procedure applies to each of the angular spreads.

-
The cluster delays and angles resulting from Steps 5-7 are the same for all frequency bands

-
Per-cluster shadowing n in Step 6 are independently generated for the frequency bands.
-
Cluster powers in Step 6 may be frequency-dependent.
-
Steps 8-11 are independently applied for the frequency bands.

In addition, when blockage is modeled according to Subclause 7.6.4, the positions of blockers are the same across all the frequencies.
Note:
The requirements above may not be fully aligned with the behavior of the model according to Subclause 7.5, since cluster delays and angles will be frequency-dependent in scenarios where the DS or AS is frequency-dependent. The procedure below may alternatively be used to ensure that cluster delays and angles are frequency-independently generated.

7.6.5.1 Alternative channel generation method

The alternative method replaces Steps 5-7 in Subclause 7.5 with the below Steps 5'-7'. The inputs to the alternative method are the delay and angular spreads determined according to Step 4 at an anchor frequency, e.g. 2 GHz: DS0, ASD0, ASA0, ZSD0, ZSA0, the delay and angular spreads determined according to Step 4 at a frequency of interest: DS, ASD, ASA, ZSD, ZSA, and the number of clusters N from Table 7.5-6.
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Generate N AODs from a wrapped Gaussian distribution with zero mean and standard deviation of 
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Generate N AOAs from a wrapped Gaussian distribution with zero mean and standard deviation of 
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Generate N ZODs from a wrapped Laplacian distribution with zero mean and standard deviation of 
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Generate N ZOAs from a wrapped Laplacian distribution with zero mean and standard deviation of 
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r is a proportionality factor, r=1.5. The principal value of the arg function should be used, e.g. (-180,180).

In case of LOS, set 
[image: image292.wmf]0

1

=

¢

t

, 
[image: image293.wmf]0

1

,

AOD

=

¢

f

, 
[image: image294.wmf]0

1

,

AOA

=

¢

f

, 
[image: image295.wmf]0

1

,

ZOD

=

¢

q

, and 
[image: image296.wmf]0

1

,

ZOA

=

¢

q

.

Step 6': Generate cluster powers 
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where 
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Normalize the cluster powers so that the sum of all cluster powers is equal to one, i.e., 



[image: image305.wmf]å

=

¢

¢

=

N

n

n

n

n

P

P

P

1


(7.6.30g)

or, in the case of LOS, so that
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where [image: image308.wmf]R

K



 is the K-factor converted to linear scale. 

Step 7': Generate delays 
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Repeat Steps 6'-7' for each frequency of interest, reusing the delays and angles from Step 5' for all frequencies.

Note: The resulting delay and angular spreads of channels generated with this alternative method will be similar but not identical to when using Steps 5-7 in Subclause 7.5.

7.6.6
Time-varying Doppler shift
The Doppler shift generally depends on the time evolution of the channel as it is defined as the derivative of the channels phase over time. It can be the result from Tx, Rx, or scatterer movement. The more general form of the exponential Doppler term as used in Equation (7.5-22) is given by
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Here, 
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 is the normalized vector that points into the direction of the incoming wave as seen from the Rx at time 
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Note that Equation (7.5-22) only holds for time-invariant Doppler shift, i.e. 
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7.6.7
UT rotation

UT rotation modelling is an add-on feature. When modelled, Step 1 in Subclause 7.5 shall consider UT rotational motion. 

Step 1:

Add: h) Give rotational motion of UT in terms of its bearing angle, downtilt angle and slant angle.

7.6.8
Explicit ground reflection model

In case the ground reflection shall be modelled explicitly, Equation (7.5-30) has to be replaced by
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with the delays for the ground reflected and the LOS paths being defined by their lengths, according to the Tx-Rx separation 
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 and the Tx and Rx heights 
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and
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The channel coefficient for the ground reflected path is given by
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(7.6-35)

with the normalized vectors pointing towards the ground reflection point from the Tx
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(7.6-36)
and from the Rx side



[image: image335.wmf](

)

ú

ú

ú

û

ù

ê

ê

ê

ë

é

=

=

ZOA

GR,

AOA

GR,

ZOA

GR,

AOA

GR,

ZOA

GR,

AOA

GR,

ZOA

GR,

GR

rx,

cos

sin

sin

cos

sin

,

ˆ

q

f

q

f

q

f

q

r

e

r

.
(7.6-37)

The angles for the ground reflected path are given by the geometry assuming a flat surface with its normal pointing into z-direction. The angles at the Tx side can be determined by
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and at the Rx side by
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The reflection coefficients for parallel and perpendicular polarization on the ground, cf. [21], are given by
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(7.6-38)

and
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(7.6-39)

with the complex relative permittivity of the ground material given by
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The electric constant 
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e

 is given by 8.854187817... × 10−12 F·m−1.

For applicable frequency ranges, the real relative permittivity can be modelled by
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(7.6-41)

while the conductivity in [S/m] may be modelled by
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with 
[image: image346.wmf]c

f

 being the center frequency in Hz.

A selection of material properties from [19] is given below. Since the simplified models for conductivity and relative permittivity are only applicable for frequencies between 1 and 10 GHz, Figure 7.6.8-1 presents curves up to 100 GHz at least for very, medium dry and wet ground, cf. [20].

Table 7.6.8-1 Material properties [19]

	Material class
	Relative permittivity
	Conductivity
	Frequency range in [GHz]

	
	
[image: image347.wmf]e

a


	
[image: image348.wmf]e

b


	
[image: image349.wmf]s

c


	
[image: image350.wmf]s

d


	

	Concrete
	5.31
	0
	0.0326
	0.8095
	1-100

	Brick
	3.75
	0
	0.038
	0
	1-10

	Plasterboard
	2.94
	0
	0.0116
	0.7076
	1-100

	Wood
	1.99
	0
	0.0047
	1.0718
	0.001-100

	Floorboard
	3.66
	0
	0.0044
	1.3515
	50-100

	Metal
	1
	0
	107
	0
	1-100

	Very dry ground
	3
	0
	0.00015
	2.52
	1-10

	Medium dry ground
	15
	−0.1
	0.035
	1.63
	1-10

	Wet ground
	30
	−0.4
	0.15
	1.30
	1-10
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Figure 7.6.8-1: Relative permittivity and conductivity as a function of frequency [20]
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