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1
Introduction
In RAN1 #73 meeting, it was agreed to reuse the ITU channel coefficient generation procedure including 12 steps in which some of steps will be impacted to take elevation domain into account. The followings are the agreements from the proposed way forward [1]:

· At least the following six parameters will be  added in 3D channel modeling

· EoA: Elevation angle of arrival

· Includes Median EoA

· EoD: Elevation angle of departure

· Includes Median EoD

· ESA: RMS elevation angle spread of arrival

· ESD: RMS elevation angle spread of departure

· Cluster ESD: cluster elevation angle spread of departure

· Cluster ESA: cluster elevation angle spread of arrival

· Identify necessary modification of each step due to the introduction of the above parameters, e.g.

· Step 4 will be impacted by ESA/ESD

· Step 7, 8 and  11 will be impacted by EoA/EoD

In RAN1 #74, there was further progress on some of the remaining issues including pathloss, LoS probability, channel coefficients generation. In this contribution, we discuss on remaining details of 3D channel model.

2
Remaining Issues on 3D Channel Model
Among the steps agreed to reuse for 3D channel mode extension, major modifications seem to be required for the step 4, 7, and 8 as mentioned in the agreed way forward [1] except for the step 11 as RAN1 agreed channel coefficient equation in previous meeting [6].Following 12 steps will be reused for 3D channel model and some of steps are required to be modified in order to take elevation dimension into account:
· Step 1: Set environment, network layout, and antenna array parameters

· Step 2: Assign propagation condition (LOS/NLOS)

· Step 3: Calculate path loss

· Step 4: Generate correlated large scale parameters

· Step 5: Generate delays

· Step 6: Generate cluster powers

· Step 7: Generate arrival angles and departure angles

· Step 8: Coupling of rays within clusters

· Step 9: Generate XPRs

· Step 10: Draw random initial phases

· Step 11: Generate channel coefficients

· Step 12: Apply pathloss and shadowing 

In step 4, the large scale parameters and their correlation properties need to be defined. As an example, the 7 large scale parameters and cross-correlation values provided in [2] may be used. Since the cross-correlation values of the 7 LSPs defined in [2] result in a non-positive definite cross-correlation matrix which prohibits a required Cholesky factorization of the cross-correlation matrix during channel generation. In this case, an approximation method to obtain a closest positive definite cross-correlation matrix can be used as described in [3]. Alternatively, the parameters from field measurements [2]-[4] which provides positive definite cross-correlation matrix may be adopted. For the sake of the simplicity and more realistic channel model, the correlation properties based on field measurement seems to be appropriate as long as RAN1 can reach a consensus to select one among the candidates. 

Proposal-1: select one of large scale parameters and correlation properties based on the measurement from companies.

In addition, it has been observed that the elevation angular spread is dependent on the distance between eNB and UE as well as UE height [4]-[5] as different from azimuth angular spread. Therefore, elevation angular spread may be defined as a function of distance and UE height with a reasonable offset if it deemed necessary.

Proposal-2: the distance and/or UE height need to be taken into account for elevation angular spread definition. 
In step 7, the elevation related arrival and departure angles (i.e. EoD and EoA) need to be generated on top of azimuth related arrival and departure angles (i.e. AoD and AoA). There have been proposals to define the EoD and EoA as Laplacian distributions with measured parameters and it seems that the views are quite aligned among the companies. Therefore, the Laplacian distribution can be adopted for EoA and EoD and select one of proposed parameters from candidates.

Proposal-3: use Laplacian distribution for EoA and EoD and select one of proposed parameters from companies 
In step 8, random coupling has been used for AoD and AoA of rays within a cluster. Since EoA and EoD are added for 3D channel model, the coupling method for these four parameters of rays may need to be defined. For the sake of simplicity, these four parameters of rays within a cluster may be randomly again coupled such that azimuth departure vs. azimuth arrival and elevation departure vs. elevation arrival are coupled first and then coupled azimuth and elevation rays.  
Proposal-4: randomly couple four parameters (AoA, AoD, EoA, EoD) of rays within a cluster.
In Table 1, the required changes for 3D channel model extension discussed above.  For other steps not covered here, the process will be similar as existing 2D channel model generation or require minor modifications which are to some extent straightforward. 

Table 1.Modifications required for 3D channel extension
	Steps requiring modifications
	Annex B in TR 36.814
	Full 3D channel generation   

	Step 1
	Give locations of eNB and UE, or equally distances of each eNB and UE, relative directions and (LOS and (LOS of each eNB and UE
	Give locations of eNB and UE, or equally distances of each eNB and UE and relative directions and azimuth angle of arrival 
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 of each eNB and UE in the LOS direction .

	Step 4 
	Generate correlated large scale parameters, i.e., DS, ASA, ASD, K, SF.
	Generate correlated large scale parameters, i.e., DS, ASA, ASD, ESA, ESD, K, SF. 

	Step 7 
	Step 7: Generate arrival angles 
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  and departure angles 
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	Generate azimuth arrival angles
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. Generate elevation arrival angles
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	Step 8 
	Random coupling of rays within clusters 
	Random coupling of rays within clusters (azimuth departure vs azimuth arrival; elevation departure vs. elevation arrival; azimuth vs. elevation). 


3
Simulation Results
To verify the distribution of extended 3D channel model, we implement the 3D channel model generation and studied the distribution of small scale and large small parameters. For the distribution of small scale and large scale parameters, we used the parameters provided in WINNER+ [2].
3.1 Small scale parameters generation  

The distribution of AoA, AoD, EoA, EoD are respectively shown in Figures 1 (a) ~ (d) for UMa channel and in Figures 2 (a)~(d) for UMi channel. 
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(a) AoA                                 (b)   AoD 
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(b) EoA                                       (d) EoD

Figure 1. CDF distribution for AoA/AoD/EoA/EoD in UMa  
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(c) AoA                                   (b)   AoD 
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               (c) EoA                                    (d)   EoD

Figure 2. CDF distribution for AoA/AoD/EoA/EoD in UMi  

3.2 Large scale parameters generation  

The elevation angular spreads, ESA and ESD, are respectively shown in Figure 3 and Figure 4 for UMa and UMi respectively.  
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(a) ESA                               (b)    ESD     

Figure 3. Distribution of angular spreads in elevation ESA and ESD for UMa 
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(a) ESA                              (b)    ESD      
Figure 4. Distribution of angular spreads in elevation ESA and ESD for UMi  

4
Summary
In this contribution, we discussed on the required modification for 3D channel generation especially for the step 4, 7, 8, and 11 and showed distributions of small and large scale parameters for elevation domain. From the discussions, we propose followings:

Proposal-1: select one of large scale parameters and correlation properties based on the measurement from companies.

Proposal-2: the distance and/or UE height could be taken into account for elevation angular spread definition. 

Proposal-3: use Laplacian distribution for EoA and EoD and select one of proposed parameters from companies 
Proposal-4: randomly couple four parameters (AoA, AoD, EoA, EoD) of rays within a cluster.
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: Elevation parameters. BS: ESD, MED and CESD, UT: ESA, MEA and CESA.

Elevation parameters

Scenario Indoor (A1) 021 (B4) UMi (B1) UMa (C2) SMa (C1)
Condition LOS NLOS NLOS LOS NLOS LOS NLOS os | Nros
ESD 7.6 115 7.6 5 4 5 s 5 3
MED -1.6 -1.6 12 2 2 2 2 2

CESD 3 3 3 3 3 3 3 3

ESA 8.7 12.6 102 4 75 9 18 12 10
MEA 1.6 1.6 12 2 2 6 10 55 7
CESA 3 3 3 7 7 7 7 7 7





[image: image24.png]Table 4-3: Elevation parameters for five propagation scenarios
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[image: image25.png]Table 4-5: Cross-correlations of elevation parameters.

Senarios Tndoor 021 UMi UMa SMa
LOS | NLOS | NLOS | LOS | NLOS | LOS | NLOS | LOS | NLOS

ESDvsSF | -04 0 0 0 0 0 0 0 0
ES4 vs SF 0 0 0 0 0 038 08 08 08
ESDvsK 0 NA. | NA 0.0 NA. 0.0 NA. 0.0 NA
EsAvsK 0 NA. | NA 0.0 NA. 0 NA. 0 NA.

Cross- ESD vs DS 05 0.6 0.6 05 05 05 05 05 05

Correlations  [ES4 vs DS 0.7 0 0 0.0 0.0 0 0 0 0
ESDvsASD | 05 05 05 05 05 05 05 05 05
ES4 vs ASD 0 05 05 04 04
ESD vs ASA 0 0 0
EsAvsASA | 05 05 05 04 0 04 0
ESDvsESA | 04 05 05 0 0 0
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