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1. Introduction

In RAN1#74 meeting, WF on fast fading models [1] was taken as working assumption to progress on simulation and evaluation [2]. However, detailed channel model parameters have not been discussed up to now.
In this contribution, we provide our understandings on current progress and initial calibration results for 3D fast fading channel modeling.

2. Understandings on 3D fast fading channel modeling
2.1. Coordinate system for 3D channel
Email discussion on 3D coordinate system [3] and tilting [4] has confirmed that:

· Use one Global Coordinate System (GCS) and several Local Coordinate Systems (LCSs),
· BS and UE LCSs are mapped onto GCS based on their orientation.
· For both antenna pattern and propagation parameters, theta () is the zenith angle,  = 0° points to zenith and  = +90° points to horizon; Companies are encouraged to use abbreviations Elevation (EoA, EoD, ESA, ESD etc.) when referencing to the angles 0 degrees pointing to horizon, and Zenith (ZoA, ZoD, ZSA, ZSD etc.) when referencing to the angles 0 degrees pointing to zenith.

· Retain the ability to model mechanical down-tilt.
2.2. Channel coefficient generation procedure
Though WF on fast fading models was agreed as working assumption to progress on simulation and evaluation, no agreements were achieved on EoD and EoA distributions in email discussion. According to the work assumption, the channel coefficient generation procedure includes:
· Step 1: Set environment, network layout, and antenna array parameters, here also introduce LOS EoD and EoA;
· Step 2: Assign propagation condition (LOS/NLOS);

· Step 3: Calculate path loss;

· Step 4: Generate correlated large scale parameters, including DS, AS, SF, K, also ESD and ESA;

· Step 5: Generate delays;

· Step 6: Generate cluster powers;

· Step 7: Generate arrival & departure angles;

· Step 8: Perform random coupling of rays;

· Step 9: Generate XPRs;

· Step 10: Draw random initial phases;

· Step 11: Generate channel coefficient;
· Step 12: Apply path loss & shadowing

The disagreement is mainly focused on step 4 and step 7. The open issues include: the distribution model and distribution parameters of EoD and EoA, value of EoD offset, cluster ESD/ESA, association of EoD/EoA to AoD/AoA, O-to-I fast fading parameters for outdoor cases, and cross-correlation among large scale parameters.
2.3. Channel coefficients
According the agreement in RAN1#74, channel coefficients of 3D channel are generated as below [5],

for NLOS path, 
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for LOS path, 


[image: image2.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

'

,,,,

,,,,,,,,

1

,,,,,,,,

1

0,

1

()

1

,,

exp0

1

1

,,

0exp

ˆ

.exp2.

usnusn

R

T

M

rxuLOSEOALOSAOAtxvLOSEODLOSAOD

LOS

R

m

R

rxuLOSEOALOSAOAtxvLOSEODLOSAOD

LOS

T

rxLOS

HtHt

K

FF

j

K

n

K

FF

j

jr

qq

ff

qjqj

d

qjqj

pl

=

-

=

+

éùéù

éù

F

+-

êúêú

êú

+

-F

êúêú

êú

ëû

ëûëû

å

(

)

(

)

(

)

(

)

(

)

1

,0,,

ˆ

exp2.exp2

T

rxutxLOStxsLOS

djrdjvt

plp

-


where
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 are the receive antenna element u field patterns for the direction in terms of the spherical basis vector, 
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 are the counterparts at the transmit side, respectively; 
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, where n is the cluster and m is the ray  within one cluster, 
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 is the counterpart at the ttransmit side; 
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is the location vector of receive antenna element u,  
[image: image15.wmf],

txs

d

 is the location vector of transmit antenna element s; 
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 is the cross polarisation power ratio in linear scale; 
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 are the random initial phases in the depolarization matrix; 
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 is the Doppler frequency component, which is calculated from the arrival angle, UT velocity vector 
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 is the Ricean K-factor.
2.4. Second phase calibration
Though evaluation assumptions for the second phase calibration [6] and UE attachment modelling [7] were discussed by Email, output metrics, antenna configurations, and UE attachment modelling for Cases 2 and 3 are still FFS. Detailed simulation assumption for second phase calibration needs further discussion.
3. Initial calibration results
Since detailed channel model parameters are yet to be determined, for the open issues we adopt:
· EoD and EoA distribution: Laplacian
· EoD and EoA distribution parameters: μ and σ in [8]
· Value of EoD offset: 0

· Cluster ESD/ESA: 3° and 7°
· Association of EoD/EoA to AoD/AoA: random
· O-to-I fast fading parameters for outdoor cases: same with LOS/NLOS parameters for LOS/NLOS case
· Cross-correlation among large scale parameters: cross-correlation parameters in [9]
Although detailed simulation assumptions for second phase calibration are yet to be agreed, we evaluate some key channel parameters unrelated with detailed simulation assumption. Table1 gives the median output values of delay spread, azimuth angle spread and elevation angle spread. Figure 1~5 show the distribution of DS, ASD, ASA, ESD, and ESA, respectively.
For NLOS path, the angle spread is computed as
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is the number of clusters, 
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is the number of rays per cluster, 
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 is the cluster power, 
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 is the delay of each cluster, and 
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 is the angle of each ray, which can be the azimuth arrival or departure angle, or elevation arrival or departure angle.
Delay spread is calculated as
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where 
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 is cluster delay.
For LOS path, the angle spread is computed as
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 is Rician K-factor in linear scale, and 
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 is the angle of LOS, which can be the azimuth arrival or departure angle, or elevation arrival or departure angle.
Delay spread is calculated as
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Observations:

· The statistical DS output from the simulation platform can well match the ideal delay spread for both UMa LOS and NLOS cases. 
· The statistical ASD, ASA, and ESD are in line with the corresponding ideal ones for UMa NLOS cases. And the difference between statistical of ASD and ideal ASD is also marginal for UMa LOS case. While the statistical ESA has an offset of 1.5 degree from the ideal ESA for NLOS case.
· ASA, ESD, and ESA have greater difference between the statistical value and ideal ones. Misunderstanding on channel generation or statistical method of rms angle spread may exist for LOS case. Calibration is necessary to align the understanding of fast fading generation.
Proposal: 

· Include additional statistical metrics in phase 2 calibration, including DS, ASD, ASA, ESD, and ESA.
Table1. Expectation of (median) output values for large scale parameters

	Scenario
	DS (ns)
	AS at BS (º)
	AS at UT (º)
	ES at BS (º)
	ES at UT (º)

	UMa
LOS
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	93
	14
	65
	7
	7

	
	Step 4
	88
	14
	65
	7
	7

	
	Statistical
	91
	16
	18
	10
	11

	UMa
NLOS
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	365
	26
	74
	8
	11

	
	Step 4
	352
	28
	75
	8
	11

	
	Statistical
	337
	28
	76
	8
	13
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Figure 1: Delay spread for UMa LOS/NLOS
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Figure 2: Azimuth spread of departure angle for UMa LOS/NLOS
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Figure 3: Azimuth spread of arrival angle for UMa LOS/NLOS
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Figure 4: Elevation spread of departure angle for UMa LOS/NLOS
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Figure 5: Elevation spread of arrival angle for UMa LOS/NLOS
4. Conclusion
We provide our understandings on current progress on 3D fast fading channel modeling, and evaluate some key channel parameters unrelated with detailed simulation assumption. We suggest that
· Include additional statistics metrics in phase 2 calibration, including DS, ASD, ASA, ESD, and ESA.
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