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Introduction
In the RAN1#73 meeting, the agreements for the initial calibration were the following [1]:
1. Three evaluation cases for 3D channel modeling calibration
0. First phase: 
 			(Case 1): Geometry and coupling loss, elevation related parameters (without modelling of fast fading)
0. K = 1, M
0. Second phase: 
(Case 2): Baseline performance with K = 1
1. Transmission scheme, total number of antenna ports and elements FFS
1. 1-1 mapping from antenna elements to antenna ports 
1. Full buffer and 10 users 
1. Note: Does not have any impact on choice of traffic model, number of UEs, and antenna configuration for later performance assessments
(Case 3): Baseline performance with K = M
1. Transmission scheme, total number of antenna ports and elements FFS
1. M vertical antenna elements are mapped per antenna port
1. Full buffer and 10 users 
1. Note: Does not have any impact on choice of traffic model, number of UEs, antenna configuration for later performance assessments
1. For Cases 1 and 3, companies are encouraged to provide reference results using corresponding 2D channel model
1. For Case 1, UE attachment is modeled considering LOS angles only
2. [bookmark: OLE_LINK72][bookmark: OLE_LINK73]When K = M, for both UMa and UMi, example electrical downtilt values are qetilt = 96, 99, 102 (in degree).
1. For Cases 2 and 3, UE attachment modeling is FFS
3. Whether to use LOS angles only, or to take into account ESD and median EoD as well, for RSRP modeling.
1. Note: 
4. multiple downtilt value is needed in the first phase (Case 1) for evaluation and investigation, and the group may converge on a single donwtilt value per calibration  scenario (e.g., 3D UMi, 3D UMa, antenna spacing, etc) in the second phase  (Cases 2&3).
In this contribution, we provide our initial simulation results for Case 1, including evaluation of coupling loss and geometry both for scenario UMa and UMi.  
Discussion 
In the RAN1#73 meetings, most related parameters, or formulas( as shown in the Appendix) have been achieved for the initial calibration, except that some details need to be determined as follows:
· LoS probability calculation for scenario UMa
· Effective environment height for pathloss calculation of UMa LoS
· Pathloss calculation for UMi NLoS
In this paper, we will provide our initial simulation results based on the following assumptions:
· Environment height is assumed to be 1 m. (constant value) for the UMa scenario
· LOS probability is equivalent to that of the 2D channel model LOS probability in TR 36.819 for UMa
· Linear compensation is assumed for UMi NLoS, i.e. [image: ].
In addition, we provide simulation results based on different mechanical downtilts (MT= 90,96,99,102) for number of element per antenna port K=1, and also simulation results based on different electrical downtilts (ET=96,99,102) for K=10,in where MT is 90. UE height compensation factor α is set to be 0.6 in Figure 1 and 2. The comprehensive parameters and assumptions we adopted are listed in the Appendix within 3 tables for Common, UMa and UMi, respectively.
For Down-tilt: (90), 96, 99 and 102 degrees
[image: ][image: ]
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Figure 1(a) UE geometry and coupling loss CDF for UMa, K=1 based on different mechanical downtilt
[image: ][image: ]
Figure 1(b) UE geometry and coupling loss CDF for UMi, K=1 based on different mechanical downtilt
[bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK58]As description of Figure 1(a) and 1(b), different mechanical tilt (MT) introduce little impact on both geometry and coupling loss distribution, which is because of large vertical half power beam-width(65degree HPBW) for the case of K=1.
[bookmark: OLE_LINK59]Observation1: Different mechanical tilt has little impact on both on geometry and coupling loss distribution for K=1. It is because the vertical half-power beamwidth is large (65 degrees) such that different mechanical tilt does not affect the wave propagation significantly.
[image: ][image: ]
[bookmark: OLE_LINK37][bookmark: OLE_LINK40][bookmark: OLE_LINK41]Figure 2(a) UE geometry and coupling loss CDF for UMa, K=10, 0.5λ vertical antenna space based on different electrical downtilt
[image: ][image: ]
Figure 2(b) UE geometry and coupling loss CDF for UMa, K=10, 0.8λ vertical antenna space based on different electrical downtilt
[image: ][image: ]
Figure 2(c) UE geometry and coupling loss CDF for UMi, K=10, 0.5λ vertical antenna space based on different electrical downtilt
[image: ][image: ]
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Figure 2(d) UE geometry and coupling loss CDF for UMi, K=10, 0.8λ vertical antenna space based on different electrical downtilt
[bookmark: OLE_LINK46][bookmark: OLE_LINK49]As shown in Figure 2(a) and 2(c) for UMa and UMi case with 0.5λ vertical antenna space, the electrical tilt of 102 degrees has the best performance. Although smaller tilts have larger coupling loss distribution, i.e. most UE have less path loss when the ET is smaller, the larger interference from neighbouring cells is introduced, especially for the 0.5λ vertical antenna space. It can be observed that102 degree downtilt has the best performance in terms of geometry for 0.5λ vertical antenna space.
On the other hand, as demonstrated in Figure 2(b) and 2(d) where 0.8λ vertical antenna space is adopted, the narrower vertical beam will be formed. As a result, the interference from neighbouring cells is moderately reduced, and 99 degree ET can provide the best compromise between signal and interference, such that the geometry is superior than those of 96 and 102 degrees ET.
[bookmark: OLE_LINK63]Observation2: For vertical antenna space 0.5λ, 102 degree downtilt have better performance in terms of the geometry , but 99 degree have better geometry performance for 0.8λ antenna space both for UMi and UMa. In this case, since 0.5λ has a larger half-power beamwidth than 0.8λ, it needs larger down-tilt angle to effectively limit interference to other cells.
For α in PL equation: 0.6 and 0.9
[image: ][image: ]

[bookmark: OLE_LINK54][bookmark: OLE_LINK55](a) Scenario UMa
[image: ][image: ]
(b) Scenario UMi
 Figure 3 UE geometry and coupling loss CDF, 0.5λ vertical antenna space (ET=102 for K10)  based on differentα
As illustrated in Figure 3 for UMa and UMi case, largerαcan increase slightly coupling loss due to more compensation to UE height, but it, in the meanwhile, incurs slightly geometry performance loss due to large interference to neighbouring cells for K=1. In case of K=10, α= 0.6 and 0.9 provide almost similar geometry performance because of reasonable downtilt.
[bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Observation3: α= 0.6 and 0.9 have similar geometry distribution both for UMa and UMi, but the former is slightly better for K=1. This is because path loss compensation withα= 0.6 limits the interference to other cells than that withα= 0.9, which explains thatα= 0.6 has the slightly better geometry.
Conclusion
In this contribution, we provided initial simulation results for calibration of coupling loss and geometry. We can observe that:
Observation 1: Different mechanical tilt has little impact on both on geometry and coupling loss distribution for K=1. It is because the vertical half-power beamwidth is large (65 degrees) such that different mechanical tilt does not affect the wave propagation significantly.
Observation 2: For vertical antenna space 0.5λ, 102 degree downtilt have better performance in terms of the geometry , but 99 degree have better geometry performance for 0.8λ antenna space both for UMi and UMa. In this case, since 0.5λ has a larger half-power beamwidth than 0.8λ, it needs larger down-tilt angle to effectively limit interference to other cells.
Observation 3: α= 0.6 and 0.9 have similar geometry distribution both for UMa and UMi, but the former is slightly better for K=1. This is because path loss compensation withα= 0.6 limits the interference to other cells than that withα= 0.9, which explains thatα= 0.6 has the slightly better geometry.
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Appendix
Table 1: Common simulation assumptions
	[bookmark: OLE_LINK38][bookmark: OLE_LINK39]Parameters
	Value

	Layout and scenario

	Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Carrier frequency 
	2 GHz

	UE height model
	hUE=3(nfl – 1) + 1.5m
· for outdoor UE, nfl = 1;
· for indoor UE, nfl  is uniformly distributed in [1, Nfl], and Nfl is the number of floors, where Nfl is uniformly distributed with average value 6 and variation range [-2, 2].

	Indoor UE fraction
	80%

	UE distribution (in x-y plane)
	uniform in cell

	[bookmark: _Hlk360093604]Antenna assumptions

	Number of vertical antenna element
	K = 1 / 10

	Vertical antenna element spacing
	0.5 / 0.8 λ

	Complex weight for antenna element
	[image: ], where m=1,…,K

	Antenna element vertical radiation pattern (dB)
	

	Antenna element horizontal radiation pattern (dB)
	

	Combining method for 3D element antenna pattern (dB)
	

	Maximum directional gain of an antenna element GE,max
	8 dBi

	Pathloss assumptions

	O-I pathloss modeling
	[image: ]
PLtw = 20 dB
PLin = 0.5 din, where din = Uniform(0, min(25, d)).  
Where d is 3D distance

	PL calculations
	2D distance is replaced with 3D distance
For environment height calculation, 2D distance is used

	LoS probability
	2D distance is used

	Thermal Noise power
	-174 dBm/Hz

	UE noise figure
	9dB


[bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK74][bookmark: OLE_LINK75]
Table 2 UMa simulation assumptions
	[bookmark: OLE_LINK60]Parameters
	Value

	Layout and scenario

	ISD
	500m

	BS antenna height
	25m

	Total BS Tx Power
	46 dBm for10M

	Min. UE-eNB 2D distance
	35m

	Antenna assumptions

	Electrical tilting angle
	96, 99, 102 for K=10

	Pathloss assumption

	LoS probability 
	A function of d and hUT.

	 PL for NLoS
	[image: ][image: ]
Where
α = [0.6][0.9]. 

	PL for LoS
	LoS UE’s environment height is 1m with probability p(d, hUT)
Otherwise the environment height is hE(hUT).
Details of p(d, hUT) and hE(hUT) FFS, e.g. if hE(hUT)  is a deterministic or stochastic function



Table 3 UMi simulation assumptions
	Parameters
	Value

	Layout and scenario

	ISD
	200m

	BS antenna height
	10m

	Total BS Tx Power
	41 dBm for10M

	Min. UE-eNB 2D distance
	10m

	Antenna assumptions

	Electrical tilting angle
	96, 99, …  for K=10

	Pathloss assumption

	LoS probability 
	


	 PL for NLoS
	·  Alt 1:
[bookmark: OLE_LINK31][bookmark: OLE_LINK32][image: ]
·  FFS height gain α 
· Alt2:
· Decrement of PL is a non-linear function of height and/or distance
· Alt3:
· Proposal as in R1-132100


	PL for LoS
	Environment height is 1m
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