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1 Introduction
In RAN1#72bis, some progress has been made with regard to 3D channel modelling, including 3D UE dropping, antenna modelling and height dependent pathloss calculation. Although the pathloss model will continue to be polished in RAN1#73 especially for UMi, the partially agreed model does enable some preliminary system level simulations at least for UMa, which can validate the current agreement. This contribution provides some preliminary large-scale simulation results to validate the current agreement on 3D channel modelling from RAN1#72bis.
2 Antenna Gain
For antenna gain calibration, the following is agreed in RAN1#72bis [1]:
· 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
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where m=1,…,K,        
·       
[image: image2]     is electrical vertical steering angle and the angle is defined between 0° and 180°    
      (90° represents perpendicular to array).

· The value of 
[image: image3] is FFS, and taking into account the UE height modeling 
· 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

The definition of some of the parameters such as M can be found in [3].

Accoding to Section 5.4.4.1.5 of [2], the antenna radiation pattern can be modeled as equation (1) if one antenna port is mapped to K antenna elements:
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where 
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w

 is the complex weight applied to antenna element m, 
[image: image6.wmf]m

v

 is the phase shift due to the array placement and 
[image: image7.wmf]r

 is the antenna correlation level.
The radiation pattern per antenna element can be modeled as:
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where
[image: image9.wmf]dB

3

q

 = 65° is the vertical 3 dB bandwidth and 
[image: image10.wmf]v

SLA

is the lower limit which is set as 30 dB.
Thus, the antenna array radiation pattern is modelled as the sum of the radiation pattern per antenna element and the antenna array gain.
On the other hand, in Table A.2.1.1-2 of [4], the vertical antenna radiation pattern is modelled as:
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where 
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 = 10 and SLAv = 20 dB. 
If we modify SLAv in equation (3) to be 30 dB and compare equation (1) with 8 dB per antenna element gain and 10 elements per port and equation (3) with 17 dB antenna gain, we can arrive at the results shown in Figure 1.
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Figure 1: Antenna gain comparison for 12 degree electrical tilting and 10 antenna elements per port and 0.5λ spacing
It can be seen that the main lobes of the two modeling methods match quite well with the major difference being on the side lobes. The difference in the side lobes can have non-negligible impact on the total coupling loss and geometry distribution calculation.
3 Large-scale coupling loss and geometry
In Section 2, the main difference of the antenna gain pattern using the new methodology compared to the one documented in Table A.2.1.1-2 of 36.814 was shown. Other than the antenna gain, the following bullets were agreed in RAN1 #72bis in order to include a 3D flavour in the pathloss calculation:

· For NLOS/LOS UMa/UMi PL calculations, the 2D distance shall be replaced with 3D distance.
· For outdoor UEs, reuse ITU UMi LOS/NLOS and ITU UMa LOS/NLOS PL equations at hUT = 1.5 m in 36.814.
· PLb for LOS: Both for UMi/UMa, reuse the ITU LOS PL formula  (with the new UE height)

· PLb for NLOS : [image: image14.emf])) , ( ), , ( max( ) , (
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· Where [image: image15.png]PLiyios(dsTir) = PLip a5 (A Ty =1.5) = a(hyp —1.5)



,α is FFS, and to be chosen from 0.6, 0.9, 1.1 and 1.5.
Additionally during the post RAN1#72bis email discussion [72b-19], the following was agreed:
· The ITU two-slope model can be reused by modifying only its breakpoint distance. (The free space propagation formula up to the breakpoint distance and the slopes need not be modified, and we keep the continuity at the breakpoint.)

· The breakpoint distance d’BP should model the dependency of breakpoint on UE height.

· Exclude the option that always keeps the effective environment height of 1m when applying the UE elevation, as the free space propagation distance tends to be extended too excessively.
· Study modifications to ITU UMi NLOS PL capturing a decrement of PL with hUT. Complete proposals are solicited for RAN1#73.
During the email discussion, there were different opinions on how to model the breakpoint distance for a UE on higher floors. As commented by some companies, since the ray bounce of the LoS path may not be from the ground, the environment height can be scenario dependent. Thus, simply reusing the new UE height without changing the environment height can cause too excessive free space transmission. Before such a scenario dependent environment height model is agreeable, we test the large scale coupling loss and geometry in UMa. The results will be updates once the new model is agreed upon.
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Figure 2: Large-scale coupling loss and geometry for K=10, 0.5λ, 3D UE dropping and 3D pathloss, 12 degree fixed downtilt, α=1.1 for height dependent pathloss gain in NLoS pathloss equation
In Figure 2, we compare the large-scale coupling loss and geometry for four cases as listed in the following:
Case 1: 36.814 with 10 degree vertical 3 dB beamwidth, 65 degree horizontal 3 dB beamwidth and SLA changed to 30 dB

Case 2: Same as case 1 except for 3D UE dropping and 3D pathloss with fixed environment height equal to 1m
Case 3: 10 antenna element per port and 65 degree vertical 3 dB beamwidth

Case 4: Same as case 3 except for 3D UE dropping and 3D pathloss with fixed environment height 1m
It can be seen that compared to Case 1, the geometry difference of Case 4 seems to be less significant than the coupling loss difference.  We believe that the difference is mainly caused by the antenna gain side lobes instead of the pathloss.
4 Conclusion
In this contribution, we report some preliminary large-scale system level simulation results for coupling loss and geometry in UMa. Although the new modeling of the antenna pattern, 3D UE dropping and height dependent pathloss gain has significant impact on the coupling loss, the impact on geometry seems to be much smaller in the investigated interference limited scenario. Since the geometry distribution has larger impact on the final system-level simulation throughput than the coupling loss distribution in an interference limited scenario, it may be preferable to finalize the remaining details about the breakpoint distance modeling in RAN1#73 and then proceed to the next level of details regarding elevation beamforming.
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