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1. Introduction
The new Study Item for 3D-channel model was agreed in the RAN58 meeting [1]. In RAN1 #72 meeting, there are many contributions discussing the possible modifications to current ITU model [2-4] [7-11]. Multipath fading characteristics in elevation domain and changes to large scale propagation parameters are proposed by many companies. 
In this contribution, a general framework for 3D channel modeling is proposed. The framework proposes approaches to extend the ITU-R channel models to 3D.
2. Framework for 3D channel model
The procedure of generating channel coefficients in ITU model is as follows which is also captured in WINNER II models [12]. This model has been widely used in 3GPP evaluations. Therefore it is proposed to reuse the existing ITU channel models as much as possible and reuse the azimuth angular parameters in this model in order to keep consistency. Besides the existing azimuth angular parameters, the elevation-related parameters and their correlation with other parameters should be defined and studied. 
Proposal 1: Reuse the framework of existing ITU channel models as much as possible and also reuse the current azimuth angular parameters. 
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Figure 1.
Channel coefficient generation procedure
Meanwhile, the procedure is a good example to illustrate how to extending existing model to 3D in a step-by-step way. An overview of the extension of ITU-R model was proposed as follows,
Proposal 2: Besides the existing azimuth angular parameters, the following components (yellow blocks in Figure 1)  can be considered to extend ITU-R model to 3D (described in Table 1).
Table 1. Step-by-step modifications to ITU-R models
	Step
	Block 
	Main modification
	Proposals

	2
	Assign propagation Conditions (LOS/NLOS)
	LOS/NLOS probability
	· In scenarios where UE is on different floors of building, a distance and UE height dependent LOS/NLOS probability should be used. 
· Details FFS

	3
	Calculate path loss
	Pathloss
	· 3D UE-BS distance is used for pathloss calculation for FFS
· A UE height dependent pathloss model should be considered for 3D channel model.
· Details FFS

	4
	Generate correlated large scale parameters (DS, AS, SF, K…)
	Correlation distance of ESD and ESA
	· Correlation distance of ESD and ESA should be considered 
· Details  FFS

	5
	Generate delays
	Distribution of ESA and ESD
	· Normal distribution for ESA and ESD.
· Distance dependency of ESA and ESD for FFS
· Mean of ESA and ESD depends on distance. 
· Variance of ESA and ESD depends on distance 

	6
	Generate cluster  powers
	Number of clusters
	Increase the number of clusters for FFS 

	7
	Generate arrival and departure angles
	Distribution of EoA and EoD, 
Mean value of EoA, EoD
	· Distribution of EoA and EoD 
· Choose the distribution of EoA and EoD from Laplace, asymmetric Laplace or wrapped Gaussian distribution. Downselect is FFS.

	8
	Perform random coupling of rays
	Cluster-wise  parameters
	· Cluster ESA, Cluster ESD should be given.
· Decide a method to group the four parameters (AoD, AoA, EoD, EoA) of rays within a cluster.

	11
	Generate channel coefficient 
	Cross-correlations for ESA/ESD
	· The correlation matrix is composed of the following parameters
· Elevation domain parameters
· ESD, ESA
· Legacy parameters defined in current model
· K, SF, ASD,ASA,DS
· The matrix (7x7) should be positive definite. 
· Detail coefficient values for elevation domain parameter as follows are FFS 
· ESD vs SF, ESA vs SF, ESD vs K, ESA vs K, ESD vs DS, ESA vs DS, ESD vs ASD, ESA vs ASD, ESD vs ASA, ESA vs ASA, ESD vs ESA

	12
	Apply pathloss shadowing
	Shadowing
	FFS for reuse current ITU model or introduce UE height dependent shadowing. Additional measurement data may be considered to check.


Note: EoA, EoD, ESA, ESD and other terminologies are given as follows 
· EoA
: Elevation angle of arrival
· EoD
: Elevation angle of departure
· ESA
: RMS elevation angle spread of arrival
· ESD
: RMS elevation angle spread of departure
· Cluster ESA: cluster-wise rms elevation angle spread of arrival
· Cluster ESD: cluster-wise rms elevation angle spread of departure
3. Detailed modificaitions
· LOS/NLOS probability
There is no spatial correlation in the selection of LOS/NLOS condition in current ITU-R based channel models and the LOS/NLOS probability only depends on 2D UE-eNB distance. However, if two UEs have the same 2D distance to BS, the LOS probability of UE on higher floor is larger than the LOS probability of UE on lower floor. So in scenarios where UE is on different floors of building, a distance and UE height dependent LOS/NLOS probability should be used [2].
Proposal: In scenarios where UE is on different floors of building, a UE-eNB distance and UE height dependent LOS/NLOS probability can be used.
· Pathloss

In current ITU pathloss model, the UE-eNB distance for pathloss is 2D. This fits for scenarios where the UE is far from BS (e.g., >25m) and the UE is on the ground. However, if UE is near the BS and UE is on high floors of a building, the 2D distance may be not suitable. In this case, a pathloss model based on 3D UE-eNB distance should be developed. 
Proposal: 3D UE-BS distance is used for pathloss calculation for FFS
On the other hand, there is already a UE height dependent pathloss model but the UE height is restricted not to exceed 10m. Considering UE in different vertical location may have different propagation loss, a new UE height dependent model which is higher than 10m is needed. This is also mentioned in [8]. For UE staying in high-floor, there is little scattering and reflection from environment, the path-loss model may be close to the free-space path-loss model.
Proposal: A UE height dependent pathloss model should be considered for 3D channel model.
· Shadowing

In [3], it is observed that the shadow fading model from the 2D ITU channel model is sufficient for the 3D channel modeling. 
However, there are also some proposals [8] to study the dependence of shadowing model and UE vertical location. Therefore, 
Proposal: FFS for reuse current ITU model or introduce UE height dependent shadowing. Additional measurement data may be considered to check.
· Distribution of EoA and EoD
Laplace, asymmetric Laplace or wrapped Gaussian distribution is proposed to model ESA and ESD [8]. 
Proposal：Choose the distribution of EoA and EoD from Laplace, asymmetric Laplace or wrapped Gaussian distribution. Downselect is FFS.
· Mean value of EoA, EoD 
For NLOS case, it is foreseen that the signals may deviate from the original LOS direction. For example (Figure 2), the signals from BS propagate along the rooftops and then diffract down to the UE on the street. Therefore, there is an offset between the EoD/EoA and related elevation angle of LOS direction. The same phenomenon is found in [7]. In [4], a fixed offset value is used for simplification. In [5], it is proposed the mean value of EoA and EoD has normal distribution with non-zero mean value. In general, mean value of EoA and EoD may depend on the UE-eNB distance and UE-eNB height. [6] proposes the mean value of EoA and EoD as a function of UE-eNB azimuth distance. It is proposed as follows.
Proposal 7: Mean value of EoA and EoD is dependent on the UE-eNB azimuth distance.
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Figure 2. Offset between the EoD/EoA and the elevation angle of LOS
· Distribution of ESA and ESD
It is proposed that ESA/ESD follows Gaussian distribution. Mean of ESA/ESD and variance of ESA/ESD may depend on UE-eNB distance [9][10]. 
Proposal: Normal distribution for ESA and ESD.
· Cross-correlation with other LS parameters
The correlation matrix should be composed of both legacy parameters and elevation domain parameters. That is to say, the cross-correlation of ESD and ESA with other LS parameters should be given. Therefore, the parameters for cross-correlation are expanded into the followings
· Elevation domain parameters: ESD, ESA

· Legacy parameters defined in current model: K, SF, ASD,ASA,DS

An important characteristic for the cross-correlation matrix is to keep it positive definite, otherwise it may make correlation of the other large scale parameters impossible for simulations [11].
One example of the cross-correlation matrix [6] shows some values of cross-correlations based on our measurement campaign in Beijing.
Proposal 8：The following coefficient values for elevation domain parameter should be studied (Figure 2). And the correlation matrix should be positive definite.
Table 2: Cross-correlation with other LS parameters
	Cross-correlation
	value

	ESD vs SF
	

	ESA vs SF 
	

	ESD vs K 
	

	ESA vs K 
	

	ESD vs DS 
	

	ESA vs DS 
	

	ESD vs ASD 
	

	ESA vs ASD 
	

	ESD vs ASA 
	

	ESA vs ASA 
	

	ESD vs ESA 
	


· Cluster-wise  parameters 
[8][10] also provides a proposal to further refine the methodology when considering additional dimension. These includes 
· Decide a method to group the four parameters (AoD, AoA, EoD, EoA) of rays within a cluster.
· Random grouping the four parameters (AoD, AoA, EoD, EoA) of rays within a cluster is baseline. 
· Cluster ESA, Cluster ESD should be given.
4. Conclusion
3D channel model is still a big new step to further extend the current model to elevation domain. Extending the current ITU-R model can keep consistency to previous models and also gives enough accuracy.
In this contribution,  a framework for 3D channel model based on ITU-R model is proposed:
Proposal 1: Reuse the framework of existing ITU channel models as much as possible and also reuse the current azimuth angular parameters.
Proposal 2: Besides the existing azimuth angular parameters, the following components (yellow blocks in Figure 1) can be considered to extend ITU-R model to 3D.
	Step
	Block 
	Main modification
	Proposals

	2
	Assign propagation Conditions (LOS/NLOS)
	LOS/NLOS probability
	· In scenarios where UE is on different floors of building, a distance and UE height dependent LOS/NLOS probability should be used. 

· Details FFS

	3
	Calculate path loss
	Pathloss
	· 3D UE-BS distance is used for pathloss calculation for FFS
· A UE height dependent pathloss model should be considered for 3D channel model.

· Details FFS

	4
	Generate correlated large scale parameters (DS, AS, SF, K…)
	Correlation distance of ESD and ESA
	· Correlation distance of ESD and ESA should be considered 

· Details  FFS

	5
	Generate delays
	Distribution of ESA and ESD
	· Normal distribution for ESA and ESD.

· Distance dependency of ESA and ESD for FFS

· Mean of ESA and ESD depends on distance. 

· Variance of ESA and ESD depends on distance 

	6
	Generate cluster  powers
	Number of clusters
	Increase the number of clusters for FFS 

	7
	Generate arrival and departure angles
	Distribution of EoA and EoD, 
Mean value of EoA, EoD
	· Distribution of EoA and EoD 

· Choose the distribution of EoA and EoD from Laplace, asymmetric Laplace or wrapped Gaussian distribution. Downselect is FFS.

	8
	Perform random coupling of rays
	Cluster-wise  parameters
	· Cluster ESA, Cluster ESD should be given.

· Decide a method to group the four parameters (AoD, AoA, EoD, EoA) of rays within a cluster.

	11
	Generate channel coefficient 
	Cross-correlations for ESA/ESD
	· The correlation matrix is composed of the following parameters

· Elevation domain parameters

· ESD, ESA

· Legacy parameters defined in current model

· K, SF, ASD,ASA,DS

· The matrix (7x7) should be positive definite. 

· Detail coefficient values for elevation domain parameter as follows are FFS 

· ESD vs SF, ESA vs SF, ESD vs K, ESA vs K, ESD vs DS, ESA vs DS, ESD vs ASD, ESA vs ASD, ESD vs ASA, ESA vs ASA, ESD vs ESA

	12
	Apply pathloss shadowing
	Shadowing
	FFS for reuse current ITU model or introduce UE height dependent shadowing. Additional measurement data may be considered to check.
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