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1 Introduction
In RAN1#75, a WF on UE dropping and alternatives for high rise scenario modeling were agreed [1]. Companies were encouraged to study alternatives for large scale channel modeling and bring forward their recommendations targeting convergence of views in the email discussion [2]. From chairman’s notes
Observation:

· Scenario description

· One high-rise per sector with 300m ISD

· It is important to model high rise UEs within buildings to ensure consistency with the proposed scenario

· Proposal: High-Rise buildings are modeled in system level evaluation:

· UEs in high-rises are dropped within 25m radius of the position of their respective high rise, elevation as already agreed

· Note: clustered UE dropping is already performed in heterogeneous deployment scenario Config 4b as well as Small cell scenarios 1, 2a, 2b

· Slide 4 in R1-136015 provides examples of alternatives for the respective issues. Companies are encouraged to further study the alternatives on slide 4. Other alternatives are not precluded.  

In this contribution, we summarize and discuss our views on the different alternatives for channel modeling for the “3D UMa with one high rise per sector with 300 m ISD” scenario as well as our views on antenna configurations and beam tilting used for this scenario.

2 Line-of-Sight Probability
The discussion in RAN1 #75 down-selected the alternatives to compute the LoS/NLoS state of the users to two alternatives.  
a) Alt. a: Checking intersection of LOS direction with high-rise buildings (cylinders) combined with UMa LoS probability function (to see impact of low-rise layer) [3]
b) Alt. b: Determined stochastically based on a LoS probability formula function of a UE’s height and distance 
The merit of Alt.(a) is that it takes into account the locations of the high rise buildings with respect to the UEs and computes the LoS state in a geometrical fashion based on the intersection of the direct path between the base station and the UE with the high rise buildings, modeled as cylinders. This subsequently models the spatial correlation in the LoS state between the UEs in the high rise scenario. Alt.( a) can, however, lead to more complexity in computation, than the stochastic method in Alt. (b). 

Alt. (b) is consistent with previous modeling of 3D UMa/UMi LoS states, and brings forward a complete modeling of the LoS state of all UEs in the 3D MIMO with one high rise scenario. Alt. (b) does not, however, model the spatial correlation of the LoS probability in the high rise scenario. Incorporating the spatial correlation in LoS probability in the derived LoS probability expression is important. 
Proposal 1: The methodology of deriving the LoS/NLoS state for 3D UMa with one high rise per sector scenario can follow the stochastic method used for 3D UMa/UMi, while incorporating the effect of spatial correlation of users located in close proximity.
3 Pathloss Expressions and Environment Height
1. Environment Height for UEs above 8th floor
a) Alt. a: hE=1m with a probability equal to 1/(1+C(d2D, hUT)) and chosen from a discrete uniform distribution uniform(12,15,…, min(hUT,hBS)-1.5) otherwise. Note that C(d2D, hUT) might be the LoS probability function in the modified 3D UMa scenario. 

The environment height expression in the 3D UMa scenario depends on the LoS probability. If the LoS probability expression were to be changed for the 3D UMa scenario with one high rise, the probability of choosing the environment height from a discrete uniform distribution will change accordingly. 

The range of the environment height will also need to be increased for the users in the high rises above the 8th floor. For the breakpoint distance 
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to stay positive, when using the same step-wise discrete uniform random variable formulation for the environment height, a value of 24 m can be added to the range of the random variable. 24m falls below 25 m, and thus ensures a positive breakpoint distance; it further does not violate the 5000m applicability range of the pathloss expressions in Table 7.2-1 of [4].  A value of d’BP = 24 m further captures the plausible scenario of when the rays reflect over the rooftop of the highest low rise buildings. 
Proposal 2: hE is chosen to be equal to 1m with a probability equal to 1/ (1+C (d2D, hUT)) and chosen from a discrete uniform distribution uniform U(12, 15… min (24, hUT-1.5)) otherwise.
2. NLoS path-loss height dependence 
a) Alt. a. Path-loss formula depends on whether the UE is well-into low-rise layer (38log(d) distance dependence), well-into high-rise layer (20log(d) distance dependence and high-rise shadowing loss, possibly based on determination of blocking high-rises), or in-between [3]
b) Alt. b. For UEs below 8 floors, reuse 3D UMa, Linearly increase with 0.04 for UEs above 8 floors 

The NLoS path-loss expression dependence on UE height can be derived using ray tracing by considering a path around the building and a path above the rooftops. For the 3D UMa with one high rise scenario, the same method can be applied to derive the dependence of the NLoS path-loss on the UE height. 

For the UEs in the low rises and the UEs below the 9th floor, the NLoS pathloss dependence is expected to be the same as the 3D UMa scenario. Since the UE height dependence is mainly caused by the variation in the diffraction angle in the above the rooftop path, this angle variation will be limited when diffracted on top of the high rise building towards the users in the low rises.
 For the users above the 9th floor, the UE height dependence can be caused by the diffraction above the rooftops of the low rises. The decrease of the path-loss as a function of the UE height for this case is to be determined.
The dependence of the NLoS pathloss expression on the UE height and the 2D distance of the UE from the base station are to be investigated via ray tracing. It remains to be checked through ray tracing whether the dependence is linear. If linear, the linear decrease is to be determined based on the UE height and its 2D distance from the base stations. Similarly to the 3D UMa/UMi case, the NLoS pathloss expression is to be upper bounded by the LoS pathloss expression from the UE to the base station thus ensuring that some of the concerns in alt. (a) are met.

Proposal 3: Reuse the 3D UMa scenario NLoS pathloss expression for the users below the 8th floor.

Proposal 4: The NLoS pathloss UE height and 2D distance dependence for the users above the 8th floor needs further study.

4 Antenna Configuration and Beam Tilting
The antenna configuration and the antenna port virtualization need to be revisited for the 3D UMa scenario with one high rise per sector calibration and baseline assumptions. The current weighing vectors used for calibration of 3D UMa/3D UMi scenarios assume a downtilt angle of 102, a fixed antenna spacing of 0.5 λ, and K = M = 10 antennas per port.
As the base station needs to cover a larger vertical range of users (from users at 1.5 m to users at 88.5 m), the beam shape and the main lobe tilt may need to be changed so that all the users are covered with acceptable signal strength. This affects the choice of the antenna spacing, the number of antennas per port, as well as the tilt angle.
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Figure 1: Geometry for UEs for 3D UMa with one high rise per sector
Figure 1 shows the geometry for the 3D UMa scenario with one high rise per sector, assuming 3D UMa channel models. The figure shows that an antenna tilt of 102, using the same weighting vectors as 3D UMa and 3D UMi, yield the best geometry, when considering all the users in the network. The users in the high floors, nfl > 20, however, show considerably lower SINR distribution. When the tilt is decreased to 96, for example, the geometry of the users in the high floors increases. 

To improve the geometry of the users in the higher floors while not sacrificing the overall network performance, one option would be to serve them using a dedicated beam. The main lobe of the two beams used to serve the users in the higher floors and the users in the lower floors, respectively, can be sufficiently apart to minimize intra-cell interference. The half-power beamwidth and the tilt of the antenna can be chosen such that the coverage of the users is maximized. This requires a judicious choice of the number of antenna elements per array, and the vertical spacing of the antennas. The beams can be formed either using vertical sectorization or multi-user vertical beamforming.

Observation 1: The weighting vector used for antenna port virtualization can be modified for the 3D UMa with one high rise scenario.
Observation  2:  Separate beams can be formed to serve the high rise users and the non-high rise users.

5 Conclusion

In this contribution, we discussed some large scale channel modelling aspects of the “3D UMa with one high rise per sector with 300 m ISD” scenario. We proposed the following.
Proposal 1: The methodology of deriving the LoS/NLoS state for 3D UMa with one high rise per sector scenario can follow the stochastic method used for 3D UMa/UMi, while incorporating the effect of spatial correlation of users located in the close proximity. 
Proposal 2: hE is chosen to be equal to 1m with a probability equal to 1/ (1+C (d2D, hUT)) and chosen from a discrete uniform distribution uniform (12, 15… min (24, hUT-1.5)) otherwise.
Proposal 3: Reuse the 3D UMa scenario NLoS pathloss expression for the users below the 8th floor.

Proposal 4: The NLoS pathloss UE height and 2D distance dependence for the users above the 8th floor needs further study. 
We also discussed the antenna configuration for the high rise scenario, and made the following observations.
Observation 1: The weighting vector used for antenna port virtualization can be modified for the 3D UMa with one high rise scenario.
Observation  2:  Separate beams can be formed to serve the high rise users and the non-high rise users.
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