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1. Introduction
In RAN1#72bis meeting, scenarios of UE-specific elevation beamforming and FD-MIMO were discussed.  After the discussion of [1][2], some agreements[5] have been reached. The agreements regarding UE dropping and heterogeneous network are listed as follows:

· Working assumption on number of floors (for UE height):
· Uniformly distributed with an average and variation range
· Average number of floor:  6 for both UMa and UMi
· Variation range:  [-2 to 2]
· Additional  values or adjustments can be FFS as needed
· For a given UE, the UE height calculation has a two-step process:
· Follow the above-mentioned distribute to find the number of floors  x,
· The actual floor the UE is on follows the uniform distribution of [1,x],
· Heterogeneous Networks:
· Channel models developed for Urban Micro cell with high UE density and Urban Macro cell with high UE density scenarios shall support heterogeneous deployment scenarios.
· It is assumed that for heterogeneous deployment scenarios the macro BS height is at 25m and the lower-power node is at 10m height.
The agreements regarding antenna modeling are listed as follows:
· Number of horizontal antenna elements (the total number of antennas in a single row, counting across both polorizations in case of cross-pol)

· Cross-pol: 2,4,8

· Co-pol: 1,2,4,8

· For calibration of channel modeling purpose, working assumption is

· K takes two values, 1 and M

· M=10 as baseline, other values FFS

· Vertical antenna spacing is (0.5, 0.8) lambda 

· Complex weight for antenna element m is



where m=1,…,K, 
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is electrical vertical steering angle and the angle is defined between 0° and 180°    

            (90° represents perpendicular to array).

· The value of  SHAPE  \* MERGEFORMAT 


 is FFS, and taking into account the UE height modelling 

· FFS how to develop weights corresponding to the 3GPP antenna model [Table A.2.1.1-2 in TR36.814]

· Acting as one reference scheme when later evaluating proposed solutions

In this contribution, we discuss remaining issues of antenna modeling and give some simulation results for initial calibration of channel model.  
2. Consideration on downtilt angles and K values with initial calibration results
Based on the agreements made in RAN1#72bis, system level simulation with large-scale fading 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 is based on the agreements made in [3].  Our companion contribution [4] shows that pathloss variation for different candidates of the α value  (i.e. 0.6, 0.9, 1.2, 1.5)  is small.  Here we pick α=0.9 for the following analysis.

2.1 One antenna element per port (K=1)
Figures 1a and 1b show the UE geometry with different downtilt angles under UMI and UMA scenarios respectively in case of K=1 (i.e. one element per port).   Figures 2a and 2b show the corresponding coupling loss. It can be observed from the results that different downtilt angles varying from 0 to 18°don't affect the performance much.   This is due to wider 3dB elevation beamwidth (65°) achieved by one antenna element.  Zero downtilt angle (i.e. 
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=0) can be used in this case as it provides sufficient coverage in elevation domain  under the current assumption of UE height distribution.
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(a) UMI                                                                                                              (b) UMA 
Figure 1. UE geometry with different downtilt angles in case of K=1 
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(a) UMI                                                                                                              (b) UMA 

Figure 2. UE Coupling loss with different downtilt angles in case of K=1 
Proposal 1:  In case of one antenna element per port, downtilt angle is set to zero  (
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=0). 
2.2 Ten antenna elements per port (K=10)
Figures 3a and 3b 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.  Figures 4a and 4b show the corresponding coupling loss.  On the contrary to K=1, K=10 has much narrower 3dB beamwidth.  Different downtilt angles varying from 0 to 18°affect the performance quite significantly.   It can be observed from the results that the appropriate downtilt angle is 6°for UMI and 12°for UMA.  In UMI, some UEs are located above the eNB antennas.  The range of elevation angle is large (e.g. between 45°and 135°).  Setting too large downtilt angle cannot ensure the coverage of the UEs on higher floors.   For UMA, UEs are distributed under eNB antennas.  Relatively, the range of elevation angle is smaller (e.g. between 90°and 124°).  Therefore, it can be seen from the graph that UMA is less sensitive to the variation of downtilt angle.  In this case, larger downtilt angle can be used as it can reduce inter-cell interference.  

Similarly, results are generated for vertical antenna spacing D equal to 0.8λ which are shown in figures 5a and 5b. Figures 6a and 6b show the corresponding coupling loss.  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 to 3°for UMI and 9°for 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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(a) UMI, K=10, D=0.5λ                                    (b) UMA, K=10, D=0.5λ
Figure 3. UE geometry with different downtilt angles in case of K=10 and D=0.5λ
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(a) UMI, K=10, D=0.5λ                                    (b) UMA, K=10, D=0.5λ
Figure 4. UE coupling loss with different downtilt angles in case of K=10 and D=0.5λ
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(a) UMI, K=10, D=0.8λ                                   (b) UMA, K=10, D=0.8λ
Figure 5. UE geometry with different downtilt angles in case of K=10 and D=0.8λ
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(a) UMI, K=10, D=0.8λ                                   (b) UMA, K=10, D=0.8λ
Figure 6. Coupling loss with different downtilt angles in case of K=10 and D=0.8λ
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 6° for UMI and 12° for UMA.  In case of 10 antenna elements per port with 0.8λ vertical antenna spacing, downtilt angle is set to 3° for UMI and 9° for UMA. 
2.3 Other K values
Besides K=1 and K=10, it was decided to leave other K values for further studies.  It is beneficial to consider other K values to adapt to different scenarios.   In some scenarios, 3dB vertical beamwidth does not need to be as large as 65° because the building is not too high in the agreed scenarios.  On the other hand, K=10 doesn't provide enough coverage because the vertical beam is very sharp.  To avoid opening up excessive ports while keeping good coverage for different UE heights, K values between 1 and 10 should be considered.    
For UMA scenarios,  UEs are below eNB antennas.  As discussed in section 2.2, the range of elevation angle is not as large as UMI.  In figures 7a and 7b, CDF curves of antenna gain plus potential vertical beamforming gain are plotted based on the agreed UE dropping.  Here the potential vertical BF gain are assumed to be 9dB,6dB,3dB,0dB for K=1,2,4,10 respectively.  The maximum antenna gain is calculated according to the following equation (1):
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Where 
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is the 3dB horizontal beamwidth of antenna gain pattern，
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 is the 3dB vertical beamwidth of antenna gain pattern.
It can be seen that some UEs do not have good coverage when K=10 in both cases of D=0.5λ and D=0.8λ .  In case of D=0.8λ,  K=4 doesn't seem to provide sufficient coverage for small portion of UEs. On the other hand, K=4 needs less antenna ports.  Therefore, depending on different situations, K=2 or K=4 should be considered in UMA.     
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(a) UMA, D=0.5λ                                                           (b) UMA, D=0.8λ
Figure 7. Antenna gain and BF gain with different K values in UMA
Proposal 3: K=2 or K=4 should be considered as an optional value for UMA.
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(a) UMI, D=0.5λ                                                             (b) UMI, D=0.8λ
Figure 8. Antenna gain and BF gain with different K values in UMI

In figures 8a and 8b, CDF curves of antenna gain is plotted based on the agreed UE dropping in UMI.  Again, K=10 doesn't provide good enough coverage for considerable amount of UEs.  More UEs are in the blind spot in UMI scenario.  This is due to the fact that wider range of elevation angles is required when the eNB antennas are below surrounding buildings in UMI.  Since we only assume 8 floors at maximum, the CDF curves of K=1 and K=2 don't have too much difference especially for the case of D=0.8λ. Considering less antenna ports is needed,  K=2 seems to be a reasonable choice in most of the cases according to the antenna gain CDF.   
Proposal 4: K=2 should be considered as an optional value for UMI.
3. Conclusion
In this contribution, we analyze the parameters of antenna modelling including downtilt angle and number of antenna elements per port.  Based on our initial calibration results, we have the following proposals:

Proposal 1:  In case of one antenna element per port, downtilt angle is set to zero  (
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=0). 
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 6° for UMI and 12° for UMA.  In case of 10 antenna elements per port with 0.8λ vertical antenna spacing, downtilt angle is set to 3° for UMI and 9° for UMA.
Proposal 3: K=2 or K=4 should be considered as an optional value in UMA.

Proposal 4: K=2 should be considered as an optional value in UMI.
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