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1 Introduction
One of the objectives proposed in the study [1] is to: 

· Identify the typical usage scenarios of UE-specific elevation beamforming and FD-MIMO
In the RAN WG1 meeting #72 [2], the following agreements have been achieved: 
· Both UMi and UMa with high (outdoor/indoor) UE density should be considered with first priority
· Indoor hotspot with high UE density (focus on single-floor scenarios) and Rural scenarios are with second priority
In addition, the following items were identified for further study and agreement
· Details of building dropping modelling for UE dropping

· Details such as floor height, building location/height distribution needed

· Details of multi-floor indoor UE dropping modelling

· Details of hilly terrain outdoor UE dropping modelling

· Details of Macro-pico scenarios for Hetnet

· Azimuth-adaptable or (Azimuth+Elevation)-adaptable antennas for Macro/Pico.

· Pico: outdoor only or indoor/outdoor mix
In this contribution, we discuss some further issues associated with the elevation beamforming and the FD-MIMO scenarios, including remaining issue on typical usage scenarios, UE distribution in 3D space, vertical sectorization and 2D antenna modelling. 
2 Discussion
2.1  Macro-Pico scenarios
Hetnet deployment (Macro-Pico) is one of the ways operators satisfy the demand for increase in capacity. However, the main challenge for Hetnet deployments is interference and various ways to reduce the interference in Hetnet scenarios was considered for Release 11. It is generally believed that the Macro-Pico scenario should NOT be excluded from the typical usage scenarios for 3D-MIMO. Employing AAS to pico node is attractive from network construction point of view, in that AAS reduces the bulkiness and power consumption compared to a conventional passive antenna, therefore satisfies pico node deployment objective to enable flexibility in deployment location.
Macro sites configured with AAS can effectively improve the cell coverage and the throughput by means of providing more accurate signal beams and accordingly reducing the interferences from Macro to Pico UEs. Pico sites configured with AAS are capable of providing a potential traffic offloading mechanism by raising the down-tilt when too many UEs are connected the Macro site. There are some scenarios with dense UEs who are served by Pico sites only, e.g., the hotspot scenarios. We believe that in those scenarios, the Pico sites can still take the advantage of the additional beam dimension provided by 3D-MIMO (especially for MU-MIMO). We therefore propose:
Proposal 1: The two scenarios with AAS-Pico, i.e. Macro with AAS + Pico with AAS and Macro without AAS + Pico with AAS, should be prioritized to be considered and evaluated, and the application of AAS in the Pico only scenarios is FFS.

	Profile
	Priority

	Macro with AAS + Pico with AAS
	Prioritized

	Macro without AAS + Pico with AAS
	Prioritized

	Application of AAS in the standalone Pico Scenarios
	FFS


We believe outdoor Pico scenario where there is potentially higher interference (with Macro) could be prioritized. Therefore, it is sufficient to consider the Pico cell on the ground plane and the outdoor UEs.
2.2 Outdoor UE distribution in hilly terrain
In the last meeting, one outdoor UE distribution case is FFS which is related to the hilly terrain. Since the characteristics of the terrains vary a lot among different areas, it is very hard, if not totally impossible to find one general model for all the situations. Thus, for the sake of computational simplicity, we propose two approaches for modeling the hilly terrain,
Approach 1: Define the terrain height distribution at UE locations (for e.g. terrain height at UE locations are distributed uniformly within a range). 

· Easy to model, fewer model parameters

· Terrain profile could be quite rugged and dependent on UE position
Approach 2: Define the terrain height at rectangular grid points within the layout (for e.g. terrain height at rectangular grid points are distributed uniformly within a range). Obtain the height at UE location using a 2D interpolation/filtering. 

· More complicated than Approach 1

· The smoothness of the terrain can be controlled by adjusting the grid resolution
In the below table we capture the parameters needed to model Approach 2 and suggest values for them
	
Parameters
	Value

	Grid resolution
	FFS

	Maximum terrain height
	Rural – 50m, UMi/UMa - 10m 

	Terrain height distribution at grid positions
	Uniform

	Interpolation method
	Linear 2D


Proposal 2: Define the terrain height at rectangular grid points within the layout. Obtain the height at UE location using a 2D interpolation/filtering.
2.3 UE distribution in 3D space in UMi and UMa scenarios

2.3.1 Percentage of indoor UEs

The percentage of indoor UEs has been defined in the dual stripe model [3] and can be reused. Besides, we can reuse the simulation assumptions defined in [4][5]. Therefore, the percentage of indoor UEs could be 0%, 35%, 80%, and 100%.
2.3.2 Indoor UE distribution

There are two approaches to model the building dropping,
Approach 1: Clustered distribution, i.e. “cluster of buildings” are dropped uniformly over the sector layout. This distribution requires additional model for “cluster of buildings”
Approach 2: Uniform distribution, i.e. the buildings are uniformly distributed over the sector layout. Uniform distribution is easier to model and require fewer model parameter than clustered distribution.
Considering the fact that [4] has adopted the dual stripe model for Femto cell system in multi-floor buildings, we propose to use Approach 1 and reuse the dual stripe model for indoor UEs [3]. Figure 1 demonstrates the dual stripe model. 
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Figure 1. The dual stripe model for indoor UEs
In Figure 1, the block contains two stripes, and each stripe denotes one building. The building consists of 2 by N apartments (as an example, N is equal to 10 in Figure 1) in each floor. The size of each apartment is 10*10 (m2). In addition, each stripe of building is surrounded by a 10-meter-wide street, and the size of one block can be derived as 10*(N+2)*70 (m2). The number of floors for both buildings within the block is equal and is randomly chosen.
The detailed steps of generating UE positions are as follows:
Step 1: Determine block positions. As demonstrated in Figure1, each block is of size 10*(N+2)*70 (m2), where N is selected uniformly between 1 and 10. On average 2 blocks per Macro/Micro sector should to be dropped uniformly and blocks shall not overlap with each other.
Each block has a random position and a random direction ([0o, 180o]) and every one of its membering apartments shall be within one sector. 

Step 2: Determine the number of floors for the dropped blocks in both UMa and UMi. In order to get the number of floors for each single block, we can choose an uniformly distributed random numbers in the range (1, Nfloor,UMa) for UMa and the range (2, Nfloor,UMi) for UMi. On that basis, the buildings in different blocks could have different numbers of floors. With the purpose to exploit the potential gain, the values of Nfloor,UMa and Nfloor,UMi should be sufficiently large to exploit the potential gain. The height of one floor is set to be 3 meters. Besides, we should also provide a set of values for Nfloor,UMa and Nfloor,UMi for different scenarios. Exemplary values for Nfloor,UMa and Nfloor,UMi could be 10 and 20, respectively.
Step 3: Determine UE positions.

Determination of an UE's position can be done according to the following procedure:

Step 3.1: Draw a random number to decide whether the considered UE is an indoor UE or an outdoor UE;

Step 3.2: If the considered UE is an indoor UE, then the UE should be dropped into an apartment in one of the buildings located in the considered sector. It is worth noting that we assume the indoor users are evenly distributed among all the floors of all the buildings, considering the fact that different buildings may have different number of floors. Therefore, in order to cast the possibility that a large number of UEs may be crowded into small buildings, we will at first pile up all the buildings within the sector and randomly choose a floor within the ‘temporary skyscraper’. Then, we know which floor and which building the UE is located, and the height of the UE is determined by the height of the chosen floor plus 1.5 meters. Note that in horizontal domain indoor UEs are randomly and uniformly distributed within one building area as illustrated in Figure 1, and the UE is going to be located into one of the apartments within the floor decided before. 
Step 3.3: If the considered UE turns out to be an outdoor UE, its height should be fixed as, e.g. 1.5 meters, and in the horizontal plane, it should be randomly and evenly distributed outside of the buildings in the area of the considered sector.   
2.3.3  UE mobility

Although UEs’ vertical motion may introduce Doppler shift, we believe that it is more important to consider the horizontal motion for both indoor and outdoor UEs in the scenarios where an UE's horizontal speed is significantly higher than its vertical speed. 
Proposal 3: Reuse the dual stripe model to generate indoor UE locations. On average, 2 blocks are dropped randomly in both UMa and UMi scenarios. Indoor UEs should be dropped in the apartment, while outdoor UEs can be randomly dropped outside of the apartments. Assume that both indoor and outdoor UEs move only in the azimuth domain, and indoor UEs have lower mobility than outdoor UEs.
2.4 Vertical sectorization 
According to the simulation results from Artist 4G [6], the vertical sectorizaiton can introduce gain by just two fixed downtilts. Considering the fact that the radio distribution network (RDN) in the scenario of vertical sectorization is generally static and the relevant operations are usually treated as implementation issues, which do not need any additional standardization support in RAN1 (except CoMP, eICIC, and other interference mitigation schemes), we believe the comparison of the vertical sectorization technology and the UE-specific beamforming technology (which have challenges in terms of reference signal, codebook, feedback design) should be done.
Proposal 4: It is highly recommended to compare the vertical sectorization technology with the UE specific beamforming technology.
2.5 3D antenna model
The elevation beamforming and FD-MIMO are both based on active antenna system (AAS) of which general description has been agreed in RAN4 [7]. Being different from the conventional passive antenna with a fixed downtilt and a narrow vertical 3dB beamwidth defined in [4], AAS can take adaptive downtilt and beamwidth achieved by multiple vertical antenna elements. 

Because antenna pattern of AAS is a composite of individual element radiation that has been modelled in RAN4 [7], element radiation pattern defined by RAN4 should be used. The formula is as below:
Table 1 Element pattern

	Horizontal Radiation Pattern 
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	Front to back ratio
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	Vertical Pattern  method
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	Side Lobe lower level
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	3D element Pattern 
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Further similar as in RAN4 [7], the amplitude of the weighting vector is assumed to be indentical for each radiating element, phase of the weighting vector is used to implement electrical down tilt and is dependent on the required tilt and the element spacing. For a baseline comparison of ITU channel model and 3D channel model, the 3D radiation pattern should form a similar narrow beam in vertical domain by vertical antenna elements of which number is general {2,4,8}. Figures below describe the vertical radiation pattern with parameters in Table1. Figure 2(a) shows 8 vertical elements pattern can form more narrow beam than 4 and 2 with 0.5 lambda element spacing. Figure 2(b) shows 0.5 lamda antenna space adopted by 36.814 can form more similar beam with conventional passive antenna than 0.9 lamda used by RAN4. Furthermore, side-lobe with 0.5lamda antenna space is smaller when bore sight beam is not zero degree observed from Figure 2(c). 
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Figure 2(a) comparison of different number of vertical element

[image: image9.emf]-80 -60 -40 -20 0 20 40 60 80

-30

-25

-20

-15

-10

-5

0

vertical degree

gain(dB)

radiation pattern

 

 

0.5 lamda

0.9 lamda

ITU vertical pattern


Figure 2(b) comparison of different number of vertical antenna space
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Figure 2(c) comparison of different number of vertical antenna space for 12〫electrical downtilt 

As described in Figure 2(c), higher side-lobe can be observed when bore sight beam departs zero degree which means more interference generated in unwanted direction. To reduce the impact of the above scan loss took by electrical tilt, a proper mechanical tilt should be set by practical scenarios. Because UE distribution and BS height etc. maybe changed in 3D area, so mechanical tilt should also be set differently with previous ones. For example, agreement of that Base station is below surrounding buildings in Urban Mirco cell has been done at RAN1#72, i.e. many users are higher than BS, so mechanical tilt should not be set as previous that.
The radiation pattern in the above figures are all normalized, i.e. maximum gain is 0 dB. Considered the overall gain should match with that in [4], so 
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 should be set by number of vertical elements. E.g. if number of vertical elements is 8, 
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can be equal to 8 to make sure overall gain be 17dBi which was used in [4] because maximum gain is 9dB by 8 vertical elements. Here
[image: image13.wmf],max

E

G

 is assumed to include cable loss.

Proposal 5: For baseline evaluations, element radiation pattern used by RAN4 should be used. 8 vertical element should be most priority. 0.5 lamda vertical antenna space is better than 0.9 lambda. Mechanical tilt should be re-set by simulation scenarios in 3D area. 
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 should be set by number of vertical elements.

3 Conclusion

In this contribution, we propose: 
Proposal 1: The two scenarios with AAS-Pico, i.e. Macro with AAS + Pico with AAS and Macro without AAS + Pico with AAS, should be prioritized to be considered and evaluated, and the application of AAS in the Pico only scenarios is FFS.
	Profile
	Priority

	Macro with AAS + Pico with AAS
	Prioritized

	Macro without AAS + Pico with AAS
	Prioritized

	Application of AAS in the standalone Pico Scenarios
	FFS


Proposal 2: Define the hilly terrain height at rectangular grid points within the layout. Obtain the height at UE location using a 2D interpolation/filtering.
Proposal 3: Reuse the dual stripe model to generate indoor UE locations. On average, 2 blocks are dropped randomly in both UMa and UMi scenarios. Indoor UEs should be dropped in the apartment, while outdoor UEs can be randomly dropped outside of the apartments. Assume that both indoor and outdoor UEs only move in the azimuth domain, and indoor UEs have lower mobility than outdoor UEs.
Proposal 4: It is highly desirable to compare the vertical sectorization technology with the UE specific beamforming technology.
Proposal 5: For baseline evaluations, element radiation pattern used by RAN4 should be used. 8 vertical element should be most priority. 0.5 lamda vertical antenna space is better than 0.9 lambda. Mechanical tilt should be re-set by simulation scenarios in 3D area. 
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 should be set by number of vertical elements.
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