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1. Introduction

In RAN1#73 meeting in Fukuoka, following ITU channel coefficient generation procedure and steps presented in [1] are agreed as working assumption:
•
Step 1: Set environment, network layout, and antenna array parameters
–
Choose scenario from 
•
3D UMa 
•
3D UMi 
•
Step 2: Assign propagation condition (LOS/NLOS)
•
Step 3: Calculate path loss
•
Step 4: Generate correlated large scale parameters, i.e. delay spread, angular spreads, Ricean K factor and shadow fading term
•
Step 5: Generate delays
•
Step 6: Generate cluster powers
•
Step 7: Generate arrival angles and departure angles
–
Both azimuth and elevation
•
Step 8: Coupling of rays within clusters
–
Both azimuth and elevation 
•
Step 9: Generate XPRs
•
Step 10: Draw random initial phases
•
Step 11: Generate channel coefficients
•
Step 12: Apply pathloss and shadowing  
It is also agreed that 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
It was indicated that it is necessary to identify essential modification of some steps 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 

Summarizing, current remaining issues and related steps are as follows:

•
Step 2: parameters related to LOS/NLOS conditions (i.e. height dependant LOS probability)

•
Step 3: parameters related to path loss 

•
Step 4: large scale parameters (i.e. delay spread, angular spreads, Ricean K factor and shadow fading term) and correlation of them.

–
Crosscorrelation matrix, including elevation.

–
Height dependant ES

–
Distance dependant ES, EoD, EoA

•
Step 7: Parameters related to arrival angles and departure angles

–
Distribution of EoD, EoA

Regarding Step 7, several companies show divergent views about the points described above. Step 4 should also be checked, since Large Scale Parameters (LSPs) are essential to determine fast fading modeling, and is desirable to be considered as high priority issues to make proper model.

In this contribution, several controversial issues in 3D-channel fast fading modeling are listed up, and we discuss the divergent views in order to help decision progress.
2. Distribution of EoD and EoA
Generation method for arrival angles (  and departure angles ( presented in [2] is given as in the formula of
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Formula (2) and (3) are for the wrapped Gaussian distribution case and Laplacian distribution case (InH scenario), respectively. Wrapped Gaussian and Laplacian distribution are used to represent azimuth angle distribution in 2D channel model. 
Several opinions about the distribution of elevation angle spread introduced for 3D channel model were presented in RAN1#74 meeting, including Laplacian, wrapped, and truncated Gaussian distributions. Wrapped Gaussian as the distribution of elevation angle was suggested in [3], which is used to depict AoD and AoA. In contrast, it was presented in [4-9] that the elevation angle distribution shows similar behaviors to Laplacian distribution than wrapped or truncated Gaussian distribution.
Meanwhile, the necessity of joint generation of AS and ES was suggested in [10][11], and VMF was referred to as an example of AS – ES joint distribution. Different distributions for different environment – Gaussian (for outdoor), Gaussian (for NLOS indoor), and Laplacian distribution (for LOS indoor) – are suggested in [12].
It seems majority of companies showed the opinion that Laplacian distribution is better to represent ES distribution than wrapped or truncated Gaussian distribution, so that it can be a possible decision for the distribution of  EoA and EoD.
Observation 1: Majority of results show that Laplacian distribution is better to represent ES distribution than wrapped or truncated Gaussian distribution.

Proposal 1: Laplacian distribution is adopted for the distribution of EoA and EoD.
3. Crosscorrelation
Crosscorrelation is crucial to determine fast fading modeling since it is necessary for generating angle spread. It would be better to determine these parameters with high priority to make effective progress.

When introducing elevation angle, companies first tried to combine the ES-related cross correlation matrix with the previous AS-related one, but there has been an issue that the combined cross correlation matrix does not show positive definite property. There were two different approaches to deal with this problem:

1)
Measure and redefine whole cross correlation matrix including ES parameters.

2)
Combine and tune with WINNER+[13] model to have positive definite property.

Regarding the second approach, there were two methods suggested in previous meetings:
2-1)  Modify only elevation spread related parameters in cross correlation matrix to have positive definite property.
2-2)  Modify whole cross correlation matrix to have positive definite property (e.g., Higham algorithm).

According to [14], Higham algorithm finds the closest correlation matrix to an input matrix, where the input matrix should be symmetric and have no nonpositive eigenvalue. Note this algorithm can make the input matrix converged to a correlation matrix, but does not guarantee the one with positive definite. Although our input matrix meets such criteria, it is found that the resulting correlation matrix does not show the positive definite property. Therefore, if the whole measurement for the correlation matrix could not be performed, the other approach of the constrained correlation matrix approximation in [10] as 2-1) can be one way of resolving this issue.

Proposal 2: RAN1 should first decide whether whole measurement of correlation matrix is conducted or the correlation matrix of large scale parameters is modified to have positive definite. If the latter is decided, the constrained correlation matrix approximation can be adopted.
4. Height / distance dependent ES
In RAN1#72bis meeting, it is agreed to study on the height dependency of ES. Necessity of the study for distance and/or height dependency of ES was presented in [5]. Function that determines ESD in O2I LOS case was represented in [12], by considering the relation between eNB, UE, and the window which the transmitted wave goes through. Measured values about ESD and ESA gathered from various floors in O2I case were represented in [8] and [15]. It is noted in [8] that the measured values do not represent obvious height dependency in EoD and CESD spread. Median EoD and UE height relation was also presented in [8].
Several companies brought results for distance dependency in RAN1#73 meeting as well. Necessity of prioritizing distance-dependent elevation spread model was addressed in [10]. Distance dependency of 0.013 degrees/meter for ESA in LOS condition was suggested in [6], while ESD was almost constant with distance. It was also referred in [6] that both the ESD and ESA generally decrease with the increase of distance in NLOS condition. Distance dependency in UMa NLOS case with measurement and ray-tracing was shown in [3][8]. Especially, distance dependency of ES, variance of ES, and median elevation angle were shown, and roughly 1/distance dependency and proper formula for mean of the log of ES were also represented.
It is observed there would be some difficulties in combining measurement results from several companies, since there is no agreed common measurement environment. For example, different base station heights in different measurement results may be one of critical factors. As seen in Figure 1, different base station height can affect ESD and ESA even with the same UE height. Similarly, different UE heights that each company assume for the measurement can also be a crucial factor.
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Figure 1. Difference in ESD with different BS height
There were several companies that suggested distance dependency of ESD and ESA, but it would also cause some difficulties in comparing the measurement results unless there is commonly defined setup for a particular distance between eNB and UE in the measurements.

Summarizing, it seems important that a unified measurement environment taking into account such common base station and UE heights as well as a particularly chosen distance between eNB and UE. Otherwise, height/distance dependent measurement results may not be verified to replace the previous WINNER+ measurement results which represent values in an averaged sense.
Proposal 3: Height/distance dependent measurement results may not be verified to replace the previous WINNER+ measurement results, unless assumptions on eNB and UE heights as well as the distance between eNB and UE are unified in measurement environment.
5. Conclusion
In this contribution, several issues to be decided about determining parameters related to 3D-channel fast fading modelling are discussed, including the distribution of EoD and EoA, cross correlation matrix, and height / distance dependent ES. The following observation and proposals were given based on the discussion:
Observation 1: Majority of results show that Laplacian distribution is better to represent ES distribution than wrapped or truncated Gaussian distribution.

Proposal 1: Laplacian distribution is adopted for the distribution of EoA and EoD.
Proposal 2: RAN1 should first decide whether whole measurement of correlation matrix is conducted or the correlation matrix of large scale parameters is modified to have positive definite. If the latter is decided, the constrained correlation matrix approximation can be adopted.

Proposal 3: Height/distance dependent measurement results may not be verified to replace the previous WINNER+ measurement results, unless assumptions on eNB and UE heights as well as the distance between eNB and UE are unified in measurement environment.
______________________________________________________________________
References

[1] R1-132748, Way Forward on Introduction of Elevation Domain Parameters in 3D Channel Modeling, NSN, ALU, ASB, Anite, Broadcom, CATT, CMCC, Elektrobit, ETRI, HiSilicon, Huawei, Intel Corporation, InterDigital, KDDI, LG Electronics, Motorola Mobility, NEC, New Postcom, Nokia, NTT DOCOMO, Orange, Qualcomm, Samsung.
[2] TR 36.814, Evolved Universal Terrestrial Radio Access (E-UTRA); Further advancements for E-UTRA physical layer aspects.
[3] R1-132314, Detailed 3D Channel Model, Nokia Siemens Networks, Nokia.
[4] R1-132678, Discussion on 3D-channel modeling, LG Electronics.
[5] R1-131861, Discussion on 3D channel modeling and text proposals, Huawei, HiSilicon.
[6] R1-132063, 3D Channel Measurement Results for UMa Scenario, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent.
[7] R1-132340, Consideration on further issues of extending the ITU-R channel model, NEC Group
[8] R1-132369, Views on 3D-Channel Model for Elevation Beamforming and FD-MIMO, NTT DOCOMO.
[9] R1-132543, UMa channel measurement results on elevation related parameters, CMCC, CATT.
[10] R1-132498, Modifications to 3GPP Evaluation Methodology for Elevation beamforming and FD-MIMO, Qualcomm Inc..
[11] R1-132624, An Approach for a 3D Channel Model with Time Evolution (QuaDRiGa), Fraunhofer IIS.
[12] R1-132100, Discussion on 3D channel Modelling, ZTE.
[13] WINNER+ D5.3 v1.0, WINNER+ final channel models.
[14] Computing the Nearest Correlation Matrix - A Problem from Finance, Higham N.J.
[15] R1-132544, O2I channel measurement results on elevation related parameters, CMCC






PAGE  

_1437483763.unknown

_1437483765.unknown

_1437483769.vsd
�

�


_1437483764.unknown

_1437483761.unknown

