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1. Introduction
A SID on 3D-channel model for elevation beam forming and FD-MIMO is agreed in RAN # 58 meeting [1]. The objectives of the study are to: 

· Identify the typical usage scenarios of UE-specific elevation beam forming and FD- MIMO

· Identify modifications to the 3GPP evaluation methodology needed to support the proper modeling and performance evaluation for the scenarios identified being typical:

· Modeling a two dimensional array structure at the eNodeB including any modifications to the antenna patterns (taking relevant RAN4 work into account)

· 3-dimensional channel modeling including the multipath fading characteristics in both elevation and azimuth

· Identify the need for defining a new way of modeling the location of outdoor and indoor UEs within a sector in both the horizontal and vertical domains.  

· Identify the need for defining a new way of modeling the mobility of outdoor UEs in both the horizontal and vertical domains. 

In RAN1#72, the scenarios of UE-specific beam forming and FD-MIMO were agreed, which include UMi (Base station is below surround buildings) and UMa (Base station is above surround buildings). In this contribution, a preliminary system level evaluation on the two use cases of UE-specific elevation beam forming, i.e., vertical cell splitting and proactive cell shaping [2],  is performed in UMi. The simulation results show that a substantial performance gain can be achieved from vertical cell splitting and proactive cell shaping.  
Regarding the 3D channel model used in the simulation, the modeling of a two dimensional array structure at the eNodeB can refer to our companion contribution [3], and 3D channel modeling including the multipath fading characteristics in both elevation and azimuth is given in another companion contribution [4].   
2. Typical use cases and models
The identified typical use cases include vertical cell splitting and proactive cell shaping [2]. In these use cases, Macro cell and Pico cell can be both configured with active antenna system (AAS) BS.  
2.1. Vertical Cell splitting

Cell splitting in vertical direction can improve the spectrum efficiency by reusing the time-frequency resource. The typical scenario for vertical cell splitting is hotspot area, where UEs are located in the high buildings and distributed over different floors, as shown in Fig. 1. Low power node with AAS can enable the cell to be split into different sectors without introducing serious inter-cell interference, which is an important use case of AAS implementation. In section 3, evaluation result of vertical cell splitting is presented and substantial performance gain is observed.

[image: image1.emf]Sector 4

Sector 3

Sector 2

Sector 1


Fig. 1 Vertical cell splitting in hotspot area

2.2. Proactive cell shaping 
Due to the difference of transmit power for Macro and Pico node in heterogeneous network, more UEs choose to connect to the Macro cell, which lead to significant unbalanced traffic distribution. Cell range extension was introduced in eICIC to offload the traffic from macro cell to Pico cell, but this operation is an enforced offloading which didn’t consider the UE’s real channel quality. The UEs within the extended range which are forced to connect to Pico cell may have very low SINR due to the interference from Macro node and cannot perform reliable communication with Pico cell.  To cope with this, almost blank subframe is applied to reduce the interference from macro for the offloaded UEs in the dimension of time domain coordination. 
The additional control in elevation of 2D antenna port array provides the possibility of the interference coordination in spatial domain. As shown in Fig. 2, Pico node configured with AAS, with same or different carrier with Macro node, can raise the down-tilt and more UEs can achieve better receiving quality from Pico cell.  Hence, these UEs can connect to the Pico cell, which will enable offloading from Macro cell.  

[image: image12.emf]
[image: image2]          
[image: image3]
Fig. 2 Concept of proactive cell shaping
3. Simulation results

The simulation assumptions for vertical cell splitting and proactive cell shaping are summarized in Section 6. The performance gain is shown in the form of average and cell-edge spectrum efficiency for full buffer and user perceived throughput (UPT) for burst buffer.   
The evaluation is in HetNet scenario, in which there are 4 Pico nodes within each Macro cell. All the UEs in the Pico cell are assumed to be indoor UEs which are distributed uniformly over 8 floors. For vertical cell splitting, each Pico cell is split into 4 sectors in the vertical direction, and the performance is presented in Table 1 with comparison with the performance of no-splitting Pico cell. 
Table 1. Simulation results of vertical cell splitting

	
	Average user throughput 
[bps/Hz]
	Cell edge user throughput 
[bps/Hz]

	
	Total
	Macro
	Pico
	Total
	Macro
	Pico

	No cell splitting
	9.5
	1.62
	1.9
	0.061
	0.04
	0.08

	Cell splitting
(gain)
	21.8
+129.5%
	1.64
+1.2%
	5.1
+168.4%
	0.085
+39.3%
	0.047
+17.5%
	0.24
+200%


Observation 1:
Vertical Cell splitting provides significant gain for both cell average and edge, which is mainly provided from Pico. 
For proactive cell shaping, FTP I is used in order to model the offload effect of proactive cell shaping at low, median and high traffic load.  For the simulation simplicity, cell range extension (CRE) and user specific beamforming are used to approximately simulate the effect of proactive cell shaping. In the simulation, the following three cases are simulated and compared:

Case 1: Neither CRE nor user specific beam forming is used

Case 2: Only CRE is used. 
Case 3: Both CRE and user specific beam forming is used.

The detailed simulation results can be found in Table 2, Table 3 and Table 4, where the red numbers represent the performance gain of Case3 over Case1 and Case2 respectively. 

Table 2. Simulation results at low traffic load (lamda = 0.2)
	
	RU
(%)
	5% UPT
[bps/Hz]
	50% UPT

[bps/Hz]
	Average UPT
[bps/Hz]
	95% UPT
[bps/Hz]

	Case1
	1.67

	3.175
+21.13%
	5.195
+5.47%
	4.868
+7.95%
	5.479
+5.80%

	Case2
	1.63

	3.175
+21.13%
	5.263
+4.10%
	4.9  
+7.24%
	5.479
+5.80% 

	Caes3
	1.42
	3.846
	5.479
	5.255
	5.797


Table 3. Simulation results at median traffic load ( lamda = 1)

	
	RU
(%)
	5% UPT
[bps/Hz]
	50% UPT

[bps/Hz]
	Average UPT
[bps/Hz]
	95% UPT
[bps/Hz]

	Case1
	12.69

	1.498
+63.82%
	3.361
+45.14%
	3.503
+28.60%
	5.479

+4.29%

	Case2
	12.29

	1.515
+61.98%
	3.448
+41.47%
	3.562  
+26.47%
	5.479

+4.29% 

	Caes3
	8.67
	2.454
	4.878
	4.505
	5.714


Table 4. Simulation results at high traffic load (lamda = 2.5)

	
	RU
(%)
	5% UPT
[bps/Hz]
	50% UPT

[bps/Hz]
	Average UPT
[bps/Hz]
	95% UPT
[bps/Hz]

	Case1
	51.33


	0.505

+145.20%
	1.626

+87.79%
	1.824

+101.05%
	3.922

+39.73%

	Case2
	47.32


	0.565

+119.20%
	1.818

+67.94%
	1.996  
+83.69%
	4.211

+30.14% 

	Caes3
	29.91
	1.238
	3.053
	3.667
	5.479


Observation 2:
The simplified proactive cell shaping brings substantial performance gain for cell edge and cell average when the traffic load becomes higher.
4. Conclusions
In this contribution, we give the preliminary evaluation results of vertical cell splitting and proactive cell shaping which are two typical use cases of UE specific elevation beam forming. Based on these simulation results for cell splitting and proactive cell shaping, there are the observations:
Observation 1: Cell-splitting provides about 130% gain for cell average and 40% gain for cell edge than no cell-splitting.
Observation 2: The simplified proactive cell shaping brings substantial performance gains for cell edge and cell average when the traffic load becomes higher.
These observations show that AAS employed in Pico node can bring substantial performance gain in the form of vertical cell splitting and proactive cell shaping. Therefore, the application of AAS in Pico node should be considered.  
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6. Appendix

Table 5: System level assumptions.
	Parameter assumptions

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Macro cell layout
	Hexagonal grid, 3-sector sites, 57 sectors

	Scenario
	CoMP scenario 3

	Indoor/Outdoor UEs
	Macro: 100% outdoor UEs for Macro, 
Pico: 100% indoor UEs

	UE distribution
	Configuration 4b: 10 UEs/Macro cell, 5 UEs/Pico node, 4 Pico nodes/Macro cell.
Indoor UEs are located at the building with multi-floors

	Max Floor number
	  8 

	Floor height
	  3m

	Macro antenna configuration
	Azimuth: 3GPP like antenna, 2 Tx cross-pol
Elevation: 8 physical antenna element, 1antenna port

	Macro antenna tilts
	12°downtilt

	Pico antenna tilts
	0°downtilt

	Macro antenna pattern
	Azimuth:
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Elevation:
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3D element pattern:
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	Pico antenna configuration
	Azimuth: 3GPP like antenna, 2 Tx cross-pol
Elevation: 8 physical antenna element,1 antenna ports 
Or   8 physical antenna element, 8 antenna ports

	Pico antenna tilts, 
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	0°downtilt

	Macro point transmit power
	46 dBm

	Pico point transmit power
	30 dBm

	Receiver filter
	MMSE

	Traffic Model
	Full buffer for Cell splitting evaluation;

FTP I for Proactive cell shaping evaluation, 

lamda = 0.2,  1, 2.5

	Control region overhead
	3 OFDM symbols per subframe

	DMRS overhead
	Yes

	Cell selection
	RSRP, 1 dB handover margin

	Cell range extension threshold 
	 6

	OLLA
	Yes, 10 % target BLER

	HARQ
	Yes, max 5 retransmissions

	Receiver filter
	MMSE with no inter point IRC

	UE speed
	3 km/h

	UE antenna configuration
	2 antenna, X pol
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