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1. Introduction
In RAN1#73 meeting, more details of 3D channel model calibration were discussed [1].  Three evaluation cases and two phases were defined as follows:
· First phase: 
 (Case 1): Geometry and coupling loss, elevation related parameters (without modelling of fast fading)

· K = 1, M
· Second phase: 
· (Case 2): Baseline performance with K = 1

· Transmission scheme, total number of antenna ports and elements FFS

· 1-1 mapping from antenna elements to antenna ports 

· Full buffer and 10 users 

·  (Case 3): Baseline performance with K = M
· Transmission scheme, total number of antenna ports and elements FFS

· M vertical antenna elements are mapped per antenna port

· Full buffer and 10 users
In the RAN1#74 meeting, LOS probability and path loss was discussed.  The agreements regarding 3D channel model[2] are listed as follows:

· 3D-UMi NLOS PL:
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where α = 0.3.

· 3D-UMa NLOS PL height gain: α = 0.6 
· UMa LOS probability:


[image: image3.wmf](

)

(

)

3UTUT

Pr(,)Pr()1,

DUMaLOSITUUMaLOS

dhdCdh

---

=×+



[image: image4.wmf](

)

UT

1.5

UT

UT

UT

0,13

,

13

(),1323

10

h

Cdh

h

gdh

ì

<

ï

=

í

æö

-

££

ï

ç÷

èø

î

，
[image: image5.wmf](

)

63

1.2510exp/150,18

()

0,otherwise

ddd

gd

-

ì

××->

=

í

î


· Given an LOS event, probability to determine hE = 1m:
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With probability 1-P(d,hUT), environment height is a discrete uniform distribution with step size of 3m: 
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In this contribution, we give some simulation results for initial calibration of channel model based on these agreements.  
2. Case 1 - Geometry and coupling loss for 2D and 3D  channel model
2.1 Consideration on downtilt angles and K values with initial calibration results
Based on the agreements made in RAN1#73, the system level simulation of the first phase is performed to obtain the UE geometry with different downtilt angles.  In the following two sub-sections, we provide the calibration results with number of antenna elements per antenna port K=1 and K=10 respectively.   The pathloss model and NLOS height gain α is based on the agreements made in [2,3,4].  
2.1.1 One antenna element per port (K=1)
Figures 1 and 2 show the UE geometry and coupling loss with different downtilt angles under UMI and UMA scenarios respectively in case of K=1 (i.e. one element per port).   It can be observed from the results that different downtilt angles varying from 96°to 102° don't affect the performance much.   This is due to wider 3dB elevation beamwidth (65°) achieved by one antenna element.  102° downtilt angle (i.e. 
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=102°) can be used in this case as it provides sufficient coverage in elevation domain under the current assumption of UE height distribution. This choice also aligns with the value used for 2D channel.
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Figure 1. UE geometry and coupling loss with different downtilt angles in case of K=1,UMI 
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Figure 2. UE geometry and coupling loss with different downtilt angles in case of K=1,UMA 
It can be observed that coupling loss of 3D channel is less than 2D due to the height dependent property of  the pathloss of 3D channel.  Less pathloss is expected as there is height gain factor for 3D NLOS channel.   On the contrary, SINR is slightly worse for 3D channel.  This can be explained by higher probability of NLOS channel for the interference.  Therefore, height gain has larger impact on the pathloss for interference channel.
Proposal 1:  In case of one antenna element per port, downtilt angle is set to 102°  (
[image: image13.wmf]etilt
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=102°). 
2.1.2 Ten antenna elements per port (K=10)
Figures 3 and 4 show the UE geometry with different downtilt angles under UMI and UMA scenarios respectively in case of K=10 (i.e.10 elements per port) for vertical antenna spacing D equal to 0.5λ.  On the contrary to K=1, K=10 has much narrower 3dB beamwidth.  Different downtilt angles varying from 96 to 102°affect the performance quite significantly.  It can be observed from the results that the best choice seems to be setting downtilt angle to 102°for both UMI and UMA
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Figure 3. UE geometry and coupling loss with different downtilt angles in case of K=10 , D=0.5λ,UMI
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Figure 4. UE geometry and coupling loss with different downtilt angles in case of K=10 , D=0.5λ,UMA

Similarly, results are generated for vertical antenna spacing D equal to 0.8λ which are shown in figures 5 and 6.  Because of small 3dB beamwidth in case of D=0.8λ, it is more sensitive to the variation of downtilt angle.  Choosing the correct downtilt angle is particularly important in this case.  Based on the results, the best choice seems to be setting downtilt angle to99°for both UMI and UMA.  Note that these values are smaller than the case of 0.5λ to ensure the coverage for higher floor UEs with smaller 3dB beamwidth.  
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Figure 5. UE geometry and coupling loss with different downtilt angles in case of K=10 , D=0.8λ,UMI
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Figure 6. UE geometry and coupling loss with different downtilt angles in case of K=10 , D=0.8λ,UMA

Proposal 2:  In case of 10 antenna elements per port with 0.5λ vertical antenna spacing, downtilt angle 
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 is set to 96° for UMI and 102° for UMA.  In case of 10 antenna elements per port with 0.8λ vertical antenna spacing, downtilt angle is set to 93° for UMI and 99° for UMA. 
3 Cases 2 and 3 - Simulation results with fast fading
In this section, system level simulation for the second phase is performed to obtain the simulation results of 3D channel modeling with fast fading.  In the following two sub-sections, we provide the calibration results with number of antenna elements per antenna port K=1 and K=10 respectively.  The pathloss model is based on the agreements made in [2][3][4] and the System level simulation parameters can be seen in appendix 1.  The UE attachment proposed in [5] was discussed in [6] and potential methods are evaluated in this section.
3.1.1 One antenna elements per port (K=1)
T Table 1 shows the cell average spectrum efficiency and cell edge spectrum efficiency under UMI scenarios in case 2-0 and case 2-1 with  K=1 for vertical antenna spacing D equal to 0.5λ . Table 2 shows the cell average spectrum efficiency and cell edge spectrum efficiency under UMA scenarios in case 2-0 and case 2-1.   
Table 1. UMI, system level performance for case 2-0 and case 2-1
	Case 
	UE Attachment Mode
	Cell average spectrum efficiency
	Cell edge spectrum efficiency

	Case 2-0
	Los  Direction only
	2.3568
	0.0561

	
	Mean angles
	1.7994
	0.0187

	
	Angle of all cluster
	2.286
	0.0295

	
	Angle of all ray
	2.3473
	0.0394

	Case 2-1
	Los  Direction only
	2.0465
	0.0485

	
	Mean angles
	1.2881
	0.0182

	
	Angle of all cluster
	1.8588
	0.0251

	
	Angle of all ray
	2.0330
	0.0366


Table 2. UMA, system level performance for case 2-0 and case 2-1
	Case 
	UE Attachment Mode
	Cell average spectrum efficiency
	Cell edge spectrum efficiency

	Case 2-0
	Los  Direction only
	2.1005
	0.0394

	
	Mean angles
	1.558
	0.0163

	
	Angle of all cluster
	2.1188
	0.0273

	
	Angle of all ray
	2.0234
	0.0337

	Case 2-1
	Los  Direction only
	1.8434
	0.0354

	
	Mean angles
	1.218
	0.0153

	
	Angle of all cluster
	1.6372
	0.0243

	
	Angle of all ray
	1.8612
	0.0305


3.1.2 Ten antenna elements per port (K=10)

Table 3 shows the cell average spectrum efficiency and cell edge spectrum efficiency under UMI scenarios in case 3-1 and 3-2 with K=10 for vertical antenna spacing D equal to 0.5λ . Table 4 shows the cell average spectrum efficiency and cell edge average spectrum efficiency  under UMA scenarios in case 3-1 and 3-2 ,with K=10 for vertical antenna spacing D equal to 0.5λ. 
Table 3. UMI, system level performance for case 3-1 and case 3-2
	Simulation Case 
	UE Attachment Mode
	Cell average spectrum efficiency
	Cell edge spectrum efficiency

	Case 3-1
	Los  Direction only
	2.1561
	0.0238

	
	Mean angles
	1.2857
	0.0102

	
	Angle of all cluster
	1.8539
	0.0171

	
	Angle of all ray
	2.0940
	0.0254

	Case 3-2
	Los  Direction only
	2.2044
	0.0151

	
	Mean angles
	1.1302
	0.009

	
	Angle of all cluster
	2.0887
	0.113

	
	Angle of all ray
	2.1363
	0.0181


Table 4. UMA, system level performance for case 3-1 and case 3-2
	Simulation Case 
	UE Attachment Mode
	Cell average spectrum efficiency
	Cell edge spectrum efficiency

	Case 3-1
	Los  Direction only
	1.9761
	0.0248

	
	Mean angles
	1.3434
	0.0153

	
	Angle of all cluster
	1.7559
	0.0186

	
	Angle of all ray
	1.8949
	0.0289

	Case 3-2
	Los  Direction only
	2.0965
	0.0256

	
	Mean angles
	1.3445
	0.0136

	
	Angle of all cluster
	1.944
	0.0173

	
	Angle of all ray
	1.9851
	0.0242


It can be seen from the tables 1-4 that using 'mean angle' method of UE attachment  results in very different performance comparing with other methods including angle of all way which should reflect the RSRP measurement more accurately.   Therefore, we should preclude the 'mean angle' method.  Using 'Angle of all cluster' also seems to result in some difference.  Therefore, we propose to either adopt 'Angle of all ray' approach or to adopt LOS direction only' for simplicity.
Proposal 3:  Adopt 'Angle of all ray' approach for UE attachment or to adopt LOS direction only' for simplicity.
4 Conclusion
In this contribution, we provide our initial calibration results for all the three cases.  We also investigate into the effect of downtilt angle and number of elements per port on the performance.   Based on our initial calibration results, we have the following observation and proposals:

Proposal 1:  In case of one antenna element per port, downtilt angle is set to 102°  (
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=102°). 
Proposal 2:  In case of 10 antenna elements per port with 0.5λ vertical antenna spacing, downtilt angle 
[image: image24.wmf]etilt

q

 is set to 96° for UMI and 102° for UMA.  In case of 10 antenna elements per port with 0.8λ vertical antenna spacing, downtilt angle is set to 93° for UMI and 99° for UMA. 
Proposal 3:  Adopt 'Angle of all ray' approach for UE attachment or to adopt LOS direction only' for simplicity.
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Appendix 1：

Table 1 System level simulation parameters
	Parameters
	Case 2
	Case 3

	eNB antenna configuration
	2-0:    X 
          X
         X

         X
2-1:     |

            |

            |

| 

K =1
	3-1: | |

 3-2: X

K=10

	UE antenna configuration
	2-0:    X 
2-1:     |  |
	3-1: | |

 3-2: X



	eNB antenna pattern (azimuth)（2D channel）
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 = 65°,  Am = 30 dB 
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	eNB antenna pattern (elevation) （2D channel）
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K=1：
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	Combining method in 3D antenna pattern（2D channel）
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K=1，
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K=1:
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K=10: 
[image: image38.wmf],

17

EMax

GdBi

=



	Antenna pattern (3D channel)
	--
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	Down tilting
	102°
	102°

	Antenna modeling
	2D channel：Port based antenna pattern

3D channel：Element based antenna pattern

	2D channel：Port based antenna pattern

3D channel：Element based antenna pattern


	horizontal antenna spacing
	0.5λ
	0.5λ

	UE antenna pattern
	Omnidirectional
	Omnidirectional

	Macro eNB antenna height
	UMA：25m

UMI：10m
	UMA：25m

UMI：10m

	UE antenna height
	Outdoor UE :1.5m

               Indoor UE: ((N-1)*3+1.5)m

where N is the floor number
	Outdoor UE :1.5m

               Indoor UE: ((N-1)*3+1.5)m

where N is the floor number

	Channel model
	UMI/UMA
	UMI/UMA

	eNB TX power 
	   UMA: 46dBm

   UMI: 41dBm
	   UMA: 46dBm

   UMI: 41dBm

	UE distribution
	Randomly and uniformly distributed in azimuth domain and also in elevation domain for indoor scenario
	Randomly and uniformly distributed in azimuth domain and also in elevation domain for indoor scenario

	Number of UE per NB 
	10
	10

	Fraction of indoor UE
	80%
	80%

	Number of floor of one building 
	Randomly and uniformly chosen between 4 and 8
	Randomly and uniformly chosen between 4 and 8

	UE speed of interest
	3km/h only in Azimuth domain
	3km/h only in Azimuth domain

	eNB noise figure
	5 dB
	5 dB

	UE noise figure
	7 dB
	7 dB

	UE antenna gain
	0 dBi
	0 dBi

	Thermal noise level
	-174 dBm/Hz
	-174 dBm/Hz
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