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1.    Introduction
In RAN1#74, a WF on introducing a new high rise scenario was agreed [1]. The new high rise scenario models urban environments with high buildings surrounded by several lower buildings. The lower buildings follow from the UMa and UMi scenarios with a maximum of 8 floors and a minimum of 4 floors. The high rises have a minimum of 20 floors and a maximum of 30 floors. For the 3D UMa with one high rise per sector scenario, the eNBs are placed on top of the low rises at a height of 25 m.

In RAN1#74bis, a WF on the evaluation scenario was agreed [2]
· Density of high rise buildings is one per sector

· The name of high-rise scenario is “3D UMa with one high rise per sector with 300 m ISD”

· Note: Propagation modeling should consider multiple high rise buildings in the network

In this contribution, we evaluate the introduced “3D UMa with one high rise per sector with 300 m ISD” scenario and we discuss changes that need to be made to the channel model to accommodate the presence of the high rise building. 
2. Impact on UE Dropping

As the number of high rises per sector is limited in this scenario to be 1, an explicit modeling of the building dimensions becomes logical. For 3D UMi and 3D UMa, an explicit building modeling was not necessary because the buildings heights were all homogeneous on average, and the users were distributed uniformly in the sector and assigned a random height depending on the number of the floors in the buildings. For the 3D UMa with one high rise scenario, however, 40% of the users need to be located inside the high rise building. The location of the high rise can be chosen uniformly inside the sector, and with explicit modeling of the building dimensions, the users can be distributed randomly inside the building, assuming a certain building height, width and length. 
When the building dimensions are not specified, however, one might assume that all the users in the high rise building have the same (x,y) location, and are distributed uniformly on the z-axis, given the maximum number of floors in the building.
Observation 1: Explicit modeling of the building dimensions is needed for the 3D UMa with one high rise per sector scenario
3. Impact on 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. The current weighting 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 2: The weighting vector used for antenna port virtualization can be modified for the 3D UMa with one high rise scenario.
Observation 3:  Separate beams can be formed to serve the high rise users and the non-high rise users.
 4. Impact on Channel Modelling
In this section, we discuss parameters that need to be changed in the channel modelling SI to accommodate the new 3D UMa with one high rise scenario.
1. Line-of-sight Probability

The LoS probability currently used as a working assumption for the UMa scenario [3] targets the UEs up to 23 m, corresponding to the low rise buildings in the 3D UMa with one high rise per sector scenario. For the UEs above 23 m, the LoS probability expression in [4] is only a function of the 2D distance and is independent of the UE height. 

The LoS probability expression used in [3] for the UMa scenario predicts a higher LoS probability for the UEs as their height increases. While this is expected to hold for the UMa high rise scenario, the LoS probability expression will need to be changed for all the users due to the blocking introduced by the high rise building, that affects the users in the low rises. New ray tracing efforts should be conducted to compute a new LoS probability expression as a function of the UE height and the distance.
Proposal 1: The LoS probability expression used for 3D UMa scenario needs to be revisited for the 3D UMa with one high rise per sector scenario, for all the UEs. 
2. Environment Height and Path-loss Expressions

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 to stay positive
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, and 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 [3].  
Proposal 2: A value of 24 m can be added to the range of the environment height random variable to accommodate the users above the 9th floor in the high rise.
3. NLoS Path-loss height dependence
The NLoS path-loss expression dependence on UE height is 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 pathloss 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 pathloss as a function of the UE height for this case is to be determined.
Proposal 3: Reuse the 3D UMa scenario NLoS pathloss expression for the users below the 8th floor.

Proposal 4: The NLoS pathloss UE height dependence for the users above the 8th floor needs further study.
5. Conclusion
We made the following observations on UE dropping and antenna configurations.
Observation 1: Explicit modeling of the building dimensions is needed for the 3D UMa with one high rise per sector scenario
Observation 2: The weighting vector used for antenna port virtualization can be modified for the 3D UMa with one high rise scenario.
Observation 3:  Separate beams can be formed to serve the high rise users and the non-high rise users.

We have the following proposals for channel modelling:
Proposal 1: The LoS probability expression used for 3D UMa scenario needs to be revisited for the 3D UMa with one high rise per sector scenario, for all the UEs. 
Proposal 2: A value of 24 m can be added to the range of the environment height random variable to accommodate the users above the 9th floor in the high rise.

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

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

[1] R1-133916, “WF on high rise scenarios”, CMCC, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, ANITE, CATR, CATT, Elektrobit, Fraunhofer IIS, Huawei, HiSilicon, KDDI, Nokia, NSN, Samsung, ZTE

[2] R1-134943
“WF on Further Progressing High Rise Scenario”,
CMCC, KDDI, CATT, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, ZTE, Samsung, CATR, Huawei, HiSilicon, Fraunhofer IIS
[3] TR 36.873 v1.1.1 “Study on 3D channel model for LTE”, Release 12, Sept. 2013.
[4] R1-132123 “LOS 3D-Channel Modeling”, Ericsson, ST-Ericsson, 3GPP TSG RAN WG1 Meeting #73, Fukuoka, Japan, 20th-24th May, 2013 
Appendix
	
	Urban Micro cell with high UE density
	Urban Macro cell with high UE density
	3D UMa with one high rise per sector with 300 m ISD

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

	UE mobility (horizontal)
	3kmph
	3kmph
	3kmph

	BS antenna height
	10m
	25m
	25m

	Total BS Tx Power
	41/44 dBm for 10/20MHz
	46/49 dBm for 10/20MHz
	46/49 dBm for 10/20MHz

	Carrier frequency
	2 GHz 
	2 GHz 
	2 GHz 

	Min. UE-eNB 2D dist.
	10m [other values FFS] 
	35m
	35m

	UE height model
	general
	hUE=3(nfl – 1) + 1.5m
	hUE=3(nfl – 1) + 1.5m
	hUE=3(nfl – 1) + 1.5m

	
	Outdoor nfl 
	1
	1
	1

	
	Indoor nfl
	nfl ~ [1 x], x~[4 8]
	nfl ~ [1 x], x~[4 8]
	Low: nfl ~ [1 x], x~[4 8]

High:nfl ~ [1 x], x~[20 30]

	Indoor UE fraction
	80%
	80%
	Low buildings: 40% ;  

high building: 40%

	Number of UE per sector
	25
	25
	25

	din
	uniform(0,25m)
	uniform(0,25m)
	uniform(0,25m)

	Outdoor UE distribution
	uniform in cell 
	uniform in cell 
	uniform in cell 

	ISD
	200m
	500m
	300m
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