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1 Introduction 
During RAN#65, the new study item (SI): ‘‘Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE’’ is approved [1]. The objective of this SI is to understand the performance benefit of two-dimensional antenna array with 8 or more transceiver units (TXRUs) per transmission point (each TXRU has independent phase and amplitude control). The first phase of the SI is to identify antenna configurations and evaluation scenarios, and evaluate Rel-12 downlink MIMO based on 3D-channel model in [2] with realistic non-full buffer traffic. The second phase is to study and assess the possible enhancements performance benefits. Design principles and potential specification impact should also be identified in this phase. 
According to the SI description [1], the followings are to be investigated during phase 1 (RAN1#78bis).
· Identify antenna configurations for 2D antenna arrays with {8, 16, 32, 64} TXRUs and evaluation scenarios, including homogeneous and heterogeneous scenarios, for feasibility study, taking into account the outcome of 3D channel model SI.
· Decide antenna element spacing, number of antenna elements per TXRU, polarization, etc.
· Decide how to model virtualization of antenna elements per single TXRU. 
· Identify target operating frequency range considering practical antenna size limitations.
· Evaluate the performance of Rel-12 downlink MIMO (including both SU- and MU-MIMO) using 3D-UMa and 3D-UMi channel models.
· Number of TXRUs for evaluation is 8, where each TXRU is connected to an antenna port and the antenna ports constitute a horizontal array.
In this contribution, we discuss the deployment scenarios and evaluation methodology for LTE elevation beamforming/full-dimension MIMO.
2 Deployment scenarios
2.1 Homogeneous scenarios
The homogeneous deployment scenarios of Urban Macro and Urban Micro with high UE density (i.e. 3D-UMa and 3D-UMi) have been defined in [2] for calibration purposes. It is proposed to use Table 6-1 in TR 36.873 (reproduced below as Table 2‑1) as a starting point for discussions on evaluation scenarios.
Table 2‑1 Homogeneous network scenario
	
	
	Urban Micro cell 

with high UE density

 (3D-UMi)
	Urban Macro cell

 with high UE density

 (3D-UMa)

	Clause-1

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

	UE mobility (movement in horizontal plane)
	
	3km/h
	3km/h

	BS antenna height
	
	10m
	25m

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

	Carrier frequency
	
	2 GHz
	2 GHz

	Min. UE-eNB 2D distance (note 1)
	
	10m [other values FFS]
	35m

	UE height (hUT) in meters
	general equation
	hUT=3(nfl – 1) + 1.5
	hUT=3(nfl – 1) + 1.5

	
	nfl for outdoor UEs
	1
	1

	
	nfl for indoor UEs
	nfl ~ uniform(1,Nfl) where

Nfl ~ uniform(4,8)
	nfl ~ uniform(1,Nfl) where

Nfl ~ uniform(4,8)

	Indoor UE fraction
	
	80%
	80%

	Clause-2 (note 2)

	UE distribution (in x-y plane)
	Outdoor UEs
	uniform in cell
	uniform in cell

	
	Indoor UEs
	uniform in cell
	uniform in cell

	ISD
	
	200m
	500m (FFS: 200m)


As shown in Table 2‑1, there are two parts of simulation assumptions. We think the simulation assumptions in Clause-1 can be reused. Other carrier frequencies in addition to 2GHz can also be taken into account (e.g. 3.5GHz and 5.8GHz). For simulation assumptions in Clasuse-2, it is described in [2] that these assumptions are for calibration purposes only. Thus we propose to use the assumptions in Clause-2 as baseline assumptions. Other UE distributions and ISD values can be further discussed if there are any concerns. In addition, number of UEs per cell is not defined in the above table and should be specified. Since 3D-UMa and 3D-UMi scenarios are with high UE density, it is suggested to consider 30 or 60 UEs per macro cell geographical area for high UE density scenarios.
Observation 1: Table 6-1 in TR 36.873 can be a starting point for evaluation scenario discussions.
Proposal 1: It is proposed to use the scenario assumptions in TR 36.873 as baseline assumptions. Other carrier frequencies in addition to 2GHz can also be taken into account.
Proposal 2: Number of UEs per cell is not defined and should be specified. It is suggested to consider 30 or 60 UEs per macro cell geographical area for high UE density scenarios.
2.2 Heterogeneous scenarios
The evaluation scenarios for heterogeneous networks have been discussed and some target scenarios are defined in [3]. From our point of view, we are more interested in the application scenarios of small cell scenario 1(co-channel deployment of macro and small cell) and scenario 2a (separate frequency deployment of macro and small cell) in [3], and the corresponding performance enhancement of elevation beamforming/FD-MIMO in these scenarios. In [2], there are some assumptions related to heterogeneous network. Assumptions such as BS and LPN height, carrier frequencies, and transmission power of LPN are listed. These assumptions are quite aligned with the assumptions in [3]. Thus it is proposed to consider small cell scenario 1 and scenario 2a in [3] as the evaluation scenarios for heterogeneous network, and reuse the assumption in [3] as much as possible. Jointly considering [2]

 REF _Ref399187665 \n \h 
[3], the following is the suggested evaluation assumptions for small cell scenario 1 and scenario 2a.
Table 2‑2 Heterogeneous network small cell scenario 1
	
	Macro cell
	Small cell

	Layout
	Hexagonal grid, 3 sectors per site, case 1
Both 19 Macro sites and 7 Macro sites can be used. Companies should indicate whether 19 or 7 sites are used when presenting the results.
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Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	Carrier frequency 
	2.0 , 3.5, 5.8 GHz (FFS)

	Carrier number
	1

	Total BS TX power (Ptotal per carrier)
	46/49 dBm for 10/20MHz
	30/33 dBm for 10/20MHz 

	Pathloss model
	3D-UMa [referring to Table 7.2-1 in TR36.873]
	3D-UMi [referring to Table 7.2-1 in TR36.873]

	BS Height: 
	25m
	10m

	UE Height
	general equation
hUT=3(nfl – 1) + 1.5
nfl for outdoor UEs
1
nfl for indoor UEs
nfl ~ uniform(1,Nfl) where

Nfl ~ uniform(4,8)


	Fast fading channel between eNB and UE
	3D-UMa
	3D-UMi

	Number of clusters/buildings per macro cell geographical area
	1, 2, optional of 4

	Number of small cells per cluster
	4, 10

	Number of small cells per Macro cell
	[4,10]*Number of clusters per macro cell geographical area

	Number of UEs 
	30 or 60 UEs per macro cell geographical area (FFS)

	UE dropping
	Baseline: 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	70m
	

	Minimum distance (2D distance)
	Small cell-small cell: 20m

	
	Small cell-UE: 5m

	
	Macro –small cell cluster center: 105m

	
	Macro – UE : 35m
	

	
	cluster center-cluster center: 2*Radius for small cell dropping in a cluster


Table 2‑3 Heterogeneous network small cell scenario 2a

	
	Macro cell
	Small cell

	Layout
	Hexagonal grid, 3 sectors per site, case 1
Both 19 Macro sites and 7 Macro sites can be used. Companies should indicate whether 19 or 7 sites are used when presenting the results.
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Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	Carrier frequency 
	2.0 GHz
	3.5, 5.8 GHz (FFS)

	Carrier number
	1

	Total BS TX power (Ptotal per carrier)
	46/49 dBm for 10/20MHz
	30/33 dBm for 10/20MHz 

	Pathloss model
	3D-UMa [referring to Table 7.2-1 in TR36.873]
	3D-UMi [referring to Table 7.2-1 in TR36.873]

	BS Height: 
	25m
	10m

	UE Height
	general equation
hUT=3(nfl – 1) + 1.5
nfl for outdoor UEs
1
nfl for indoor UEs
nfl ~ uniform(1,Nfl) where

Nfl ~ uniform(4,8)


	Fast fading channel between eNB and UE
	3D-UMa
	3D-UMi

	Number of clusters/buildings per macro cell geographical area
	1, 2, optional of 4

	Number of small cells per cluster
	4, 10

	Number of small cells per Macro cell
	[4,10]*Number of clusters per macro cell geographical area

	Number of UEs 
	30 or 60 UEs per macro cell geographical area (FFS)

	UE dropping
	Baseline: 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	70m
	

	Minimum distance (2D distance)
	Small cell-small cell: 20m

	
	Small cell-UE: 5m

	
	Macro –small cell cluster center: 105m

	
	Macro – UE : 35m
	

	
	cluster center-cluster center: 2*Radius for small cell dropping in a cluster



The exact carrier frequency, number of UEs, and prioritization of scenarios can be FFS. We prefer scenario 2a where the carrier frequency of Macro is 2GHz and the carrier frequency of small cell is 3.5GHz.
Proposal 3: It is proposed to consider small cell scenario 1 and 2a defined in TR 36.872 as target evaluation scenario for heterogeneous network.
Proposal 4: Small cell scenario 2a with Macro carrier frequency 2GHz and small cell carrier frequency 3.5GHz has higher priority for heterogeneous scenario evaluation.

2.3 Target operating frequency range
One of the objectives of this study item is to identify target operating frequency range considering practical antenna size limitations. In practice, when deploying a base station, one should not only consider the limited room of the site, but also how to ‘‘hide’’ the base station antennas, especially in densely populated areas. For typical urban scenarios, it’s difficult for operators to find places to install base stations. In addition, operators usually have to share the same place for base stations. Due to the above reasons, the size of antennas should be kept small. From our experiences, for a typical three-sector site, it will be crowded to place more than two 4-port antennas for each sector. Take practical antenna models as an example, the dimension of the 4-port single band Kathrein 742 237 model [4] is 1147 x 323 x 71 mm (height x width x depth), and the dimension of the 4-port dual band Kathrein 800 10765V01 model [5] is 1918 x 300 x 152 mm. Thus the maximum size of a single antenna should approximately not exceed 2m in height and 0.6m (2 x 0.3m) in width for each sector.
Consider cross polarized 2D antenna arrays with {8, 16, 32, 64} TXRUs, where each TXRU is connected to an antenna port and the antenna ports constitute a horizontal array. In this antenna configuration, increase the number of TXRUs will widen the antenna array. Assume the antenna ports separation is 0.5 wavelengths and consider the antenna size limitation mentioned above, the feasibility of the number of TXRUs for 2GHz carrier frequency is 8 and 16, while the feasibility of the number of TXRUs for 3.5GHz carrier frequency can be up to 32.
Observation 2: The feasibility of the number of TXRUs should consider the practical antenna size limitation when the antenna port to TXRU mapping is one to one.
3 2D antenna array modelling
The 2D antenna array modelling can take the antenna modelling results in [2] (reproduced below as Table 3‑1). We propose to reuse Clause-1 as the baseline assumption. Regarding Clause-2 in Table 3‑1, we propose to continue use the same complex weight for antenna element in elevation as baseline. For vertical antenna element spacing dV and number of antenna elements with the same polarization in each column M, previous baseline assumption for calibration is dV=0.5λand M=10. Due to the number of TXRUs is a multiple of 8, M=8 can also be considered for TXRU to antenna element mapping flexibility. When M=8, dV=0.64λ can result in similar antenna gain and 3dB beamwidth as shown in Figure 3‑1.
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Figure 3‑1 Vertical antenna patterns for antenna downtilt=102o
Proposal 5: Clause-1 and complex weight for antenna element in elevation in Table 3-1 as baseline assumptions.

Proposal 6: Down selection between Config-1(dV=0.5λ, M=10) and Config-2(dV=0.64λ, M=8) for vertical configuration. 
Table 3‑1 Antenna modelling parameters
	Parameter
	Applicability
	Values

	Clause-1

	Number of horizontal antenna elements
	cross-pol
	2, 4, 8

	
	co-pol
	1, 2, 4, 8

	Polarization slant angle
	cross-pol
	+/- 450

	
	co-pol
	00

	Horizontal antenna element spacing dH
	
	0.5λ baseline (other values FFS)

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
	3D-UMa, 3D-UMi, 

LPN deployments
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	3D-UMi, LPN deployments
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	
	8 dBi

	Clause-2 

	Vertical antenna element spacing dV
	
	0.5λ, 0.8λ

	Number of antenna elements with the same polarization in each column M
	
	10 baseline, other values FFS

	Complex weight for antenna element m in elevation
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where m=1,…,K. [image: image10.png]


 is the 

electrical vertical steering angle defined between 00 and 1800 

(900 represents perpendicular to the array). K = 1, M.


For TXRU to antenna port mapping, we propose to consider one TXRU mapped to one antenna port (i.e. number of TXRU=number of antenna port) as baseline. Regarding TXRU to antenna element mapping, it is possible to have multiple TXRUs mapped to the same M antenna element (option 1) or partition M antenna element into S groups, and each TXRU is one-to-one mapped to each S groups as shown in Figure 3‑2. For option 2, number of antenna elements per group and the case when M is not divisible by S can be FFS. We don’t have strong preference over the two options.
Proposal 7: One-to-one TXRU to antenna port mapping is proposed as baseline.

Proposal 8: For TXRUs to antenna element mapping, down selection between option 1 and option 2.

[image: image11]
Figure 3‑2 TXRU to antenna element mapping options
4 Conclusion

In this contribution, we discussed the evaluation scenarios of homogeneous and heterogeneous network, and the 2D antenna array modelling. And we have the following observations and proposals.
Observation 1: Table 6-1 in TR 36.873 can be a starting point for evaluation scenario discussions.

Observation 2: The feasibility of the number of TXRUs should consider the practical antenna size limitation when the antenna port to TXRU mapping is one to one.
Proposal 1: It is proposed to use the scenario assumptions in TR 36.873 as baseline assumptions. Other carrier frequencies in addition to 2GHz can also be taken into account.

Proposal 2: Number of UEs per cell is not defined and should be specified. It is suggested to consider 30 or 60 UEs per macro cell geographical area for high UE density scenarios.
Proposal 3: It is proposed to consider small cell scenario 1 and 2a defined in TR 36.872 as target evaluation scenario for heterogeneous network.
Proposal 4: Small cell scenario 2a with Macro carrier frequency 2GHz and small cell carrier frequency 3.5GHz has higher priority for heterogeneous scenario evaluation.

Proposal 5: Clause-1 and complex weight for antenna element in elevation in Table 3-1 as baseline assumptions.

Proposal 6: Down selection between Config-1(dV=0.5λ, M=10) and Config-2(dV=0.64λ, M=8) for vertical configuration.

Proposal 7: One-to-one TXRU to antenna port mapping is proposed as baseline.

Proposal 8: For TXRUs to antenna element mapping, down selection between option 1 and option 2.
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