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1 Introduction

At RAN1#72bis meeting, the assumptions on the layout, UE dropping, the antenna modeling and path loss for UMa with high UE density have been agreed for 3D channel modeling [1]. For the LOS/NLOS probability, modification of breakpoint distance and path loss for UMi with high UE density, it has not reached the agreement and will continue to be discussed. However, at this stage, we can perform initial calibration of channel model based on the already agreed assumptions. In this contribution, our initial calibration results for the UMa deployment scenario with both coupling loss and geometry are presented.  In addition, we also share our view on the remaining antenna modeling issue.
2 Evaluation assumptions
In addition to the agreed basic evaluation assumptions in Table 1, the details of vertical antenna pattern, path loss and UE dropping assumed in the evaluation of coupling loss and geometry are clarified in this section.  

· Antenna pattern

The horizontal antenna pattern is same as the horizontal antenna element pattern defined in [1] , and the vertical antenna pattern is derived by applying a DFT based weighting factors on K vertical antenna elements.  For the vertical antenna pattern, the following three cases are considered:

1) 3D antenna pattern with antenna element pattern in [1]  , K=1

2) 3D antenna pattern with antenna element pattern in [1]  , K=10, vertical antenna element spacing 0.5lambda

3) 3D antenna pattern with antenna element pattern in [1]  , K=10, vertical antenna element spacing 0.8lambda

· Path loss equation: 

1) 2D distance is replaced by 3D distance in the equation of LOS/NLOS PL.

2) The equation of LOS probability is same as TR36.814

3) For LOS PL, the LOS PL formula defined in TR36.814 with the new UE height is used. For the breakpoint distance calculation, the effective environment height is assumed to be 1m.
4) For outdoor UEs, LOS/NLOS PL equations at hUT = 1.5 m in 36.814 is used.
5) For indoor UEs, the equation for O-to-I is changed to

·  
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· PLtw = 20 dB

· PLin = 0.5 din, where din = Uniform (0, min(25, d)).

· 
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 for NLOS is determined as
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where, the value of 
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is assumed to be 1.1 [2]. 
· UE dropping

1) 3D UE distribution, 80% indoor UEs are dropped according to uniform (1, X), 20% outdoor UEs are fixed with 1.5m height, where X is uniformly selected from [4, 5, 6, 7, 8].

In the following section, we give the overall curves which are used for calibration according to the simulation assumption agreed in [1] in Fig.1 and Fig.2. 

It is noted that the coupling loss and geometry of the basic 2D case, i.e., using 3D antenna pattern and LOS/NLOS PL defined in TR36.814 and 2D UE dropping, is also shown in Appendix for reference.
3 Evaluation results
According to the agreed 3D UE distribution methodology, the UE now can be distributed in the elevation dimension. The previous down tilt for 2D UE distribution may not be applicable for 3D UE distribution. One simple method to determine the optimal down tilt is under the principle of UE down tilt distribution. It can be seen in Fig.1, most UEs’ down tilt are distributed around 95 degree. Therefore, in our simulation, 95 degree mechanical down tilt is assumed.  
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Fig.1: PDF of UE down tilt distribution

Based on the evaluation assumptions in section 2, the coupling loss and geometry corresponding to three different vertical antenna patterns (K=1, K=10 with element spacing 0.5 lambda and 0.8 lambda) for calibration, which is shown in Fig.2 and 3. 
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Fig.2: CDF of coupling loss                                    Fig.3: CDF of geometry
From Fig.2, we can see that the coupling loss of K=10 has around 10dB gain over K=1.This is because more array gain can be achieved by increasing the number of vertical antenna element. However, with the same number of vertical antenna element, the coupling loss becomes worse by increasing the antenna element spacing .It can be explained that the half power antenna beam width becomes narrower and less UE can be covered by the antenna beam as seen in Fig.3. 

For the geometry in Fig.3, the curves of three antenna pattern configurations are overlapped in the lower SINR region. But for high SINR region, K=10 achieves slightly better performance than K=1. This can be explained that for cell center UEs, the received signal power is dominant over interference and the signal power is higher due to larger array gain for K=10.  
[image: image8.emf]0 20 40 60 80 100 120 140 160 180

-40

-35

-30

-25

-20

-15

-10

-5

0

elevation angle

Antenna gain dB

Antenna gain

 

 

0.5lambda

0.8lambda


Fig.4: Antenna gain of antenna spacing with 0.5lambda and 0.8lambda

Observations
· Increasing the number of vertical antenna element for one antenna has better coupling loss.  
· Given the same number of vertical antenna element for one antenna, the coupling loss degrades when increasing the antenna element spacing.
· The geometry of three antenna pattern configurations is overlapped in the lower SINR region. But for high SINR region, K=10 achieves better performance than K=1.
4 Antenna modeling
Two antenna modeling methodologies were discussed during RAN1 72bis meeting. One methodology is to define the element pattern and the related parameters to generate the port antenna pattern. Alternatively, the composite port antenna pattern is directly defined.

· Alt. 1: element based antenna modeling

1) define the element pattern ,

2) define the element spacing

3) define the K value

4) define the weight factor W

· Alt. 2: port based antenna modeling

1) define the port antenna pattern 
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Fig.5: Antenna gain of antenna spacing                     Fig.6: Antenna gain of antenna spacing

Alt. 1 was agreed as the assumption for the initial calibration [1]. But for the further investigation on elevation beamforming and performance evaluation, the antenna modeling should be carefully considered. In Fig.6, it can be seen that the geometry for these two models are significantly different, which will impact the consequent evaluations. For element based antenna modeling, it has the side lobe fluctuation, which can reflect the real spatial channel characteristic more accurately. For the port based antenna modeling, it is simple but too realistic. It can hardly be achieved by the product in practical. On the other hand, comparing with the fixed port antenna pattern, the element based antenna pattern is enabled to vary by just adjusting the element number or the weight factors to cope with different scenarios, e.g. different coverage. According the aforementioned analysis, we have the following proposal:

Proposal: Element pattern and the related parameters should be defined to generate the desired port antenna pattern.
5 Conclusion
In this contribution we presented our initial calibration results under the agreed assumptions [1], and have the following observations:

· Increasing the number of vertical antenna element for one antenna has better coupling loss.  
· Given the same number of vertical antenna element for one antenna, the coupling loss degrades when increasing the element spacing.
· The geometry of three antenna pattern configurations is overlapped in the lower SINR region. But for high SINR region, K=10 achieves the better performance than K=1
For the antenna modeling, we compare the two candidate modeling methodologies, and have the following proposal:

Proposal: Element pattern and the related parameters should be defined to generate the desired port antenna pattern.
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Appendix
Table 1: Simulation assumptions
	Parameters
	Value

	Layout and scenario

	Layout
	UMa, Hexagonal grid, 19 micro sites, 3 sectors per site

	ISD
	500m

	UE mobility
	3 kmph

	BS antenna height
	25m

	Total BS Tx Power
	46dBm

	Min. UE-eNB 2D distance
	35m

	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

	UE number per sector
	20

	Antenna assumptions

	Number of horizontal antenna element
	4

	Number of vertical antenna element
	K = 1 / 10

	Number of vertical antenna 
	1

	Vertical antenna element spacing
	0.5 / 0.8 lambda

	Complex weight for antenna element
	 SHAPE  \* MERGEFORMAT 


, where m=1,…,K

	Electrical vertical tilting angle
	0 (90° represents perpendicular to array).

	Mechanical tilting angle
	95 °

	Transmission assumption

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Traffic model
	Full buffer
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