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1	Introduction
In RAN1 #78bis, there was a noticeable progress on the antenna modelling and evaluation methodologies for elevation beamforming and FD-MIMO. In this contribution, we provide initial evaluation results of potential enhancements for 2D antenna array using adaptive downtilt, vertical sectorization, and FD-MIMO schemes based on the agreed evaluation assumptions in the 3D channel model.
2	Initial Results for Elevation Beamforming
The elevation beamforming techniques such as adaptive downtilt and vertical sectorization are evaluated in this section. The same simulation setup (4Tx and full-buffer traffic model) for calibration is used. The details simulation assumptions are listed in the Table A in Annex. 

2.1 Adaptive Downtilt 
For the adaptive downtilt evaluation, cell-specific downtilt optimization is considered, where a system with  cells using adaptive downtilt and optimize the downtilt angle for each cell to maximize wideband signal-to-interference-plus-noise-ratio (SINR) as a representative measure of system performance. Each cell is equipped with a 2D antenna array which is capable of forming a vertical beam with a downtilt angle  in each cell,The beamforming weights to form each vertical beam, which are applied as a vector to the antenna elements of the 2D array in the vertical domain, can be found in [2]. The SINR of the UE  served by cell ,, is given by 
                                                                      ,                   (1)
where  denotes the received signal power measured at UE  from its serving cell . In (1), the denominator consists of the noise power  and the co-channel interference from the interfering cells  It is observed from (1) that   is a function of downtilt  as well as the downtilt angles  from all interfering cells   . To simplify the adaptive downtilt optimization problem, we can restrict the joint design to be over a neighboring cell set (a subset of the whole system set) and restrict a candidate downtilt set consisting of downtilt angles,, from which downtilt angles may be selected in each cell. We then obtain the best downtilt angle for each cell from the candidate downtilt set [3].  
Table 1 shows the throughput performance of the fixed downtilt and adaptive downtilt according to the downtilt angle and/or the downtilt candidate sets. From the table 1, it can be seen that the adaptive downtilt scheme achieves up to 5% cell average and 11% cell edge spectral efficiency gain over the fixed downtilt baseline (102o). 
Table 1. Spectral efficiency of fixed and adaptive downtilt 
	
	Fixed downtilt
	Adaptive downtilt


	Downtilt Angle
	98o
	100o
	102o
	104o
	100o/102o
	98o/100o/102o
	96o/98o/100o/102o

	Cell average
[bps/Hz]
	1.96
(-10%)
	2.10
(-3.7%)
	2.18
(0%)
	1.82
(-16%)
	2.25
(3.2%)
	2.28
(+4.6%)
	2.29
(+5.1%)

	Cell  edge
[bps/Hz]
	0.075
(-0.1%)
	0.059
(-20%)
	0.074
(0%)
	0.053
(-28%)
	0.076
(+2.7%)
	0.080
(+8.1%)
	0.082
(+11%)



Observation:
· Cell specific adaptive downtilt can improve both cell average and cell edge spectral efficiency compared to the baseline system with a fixed downtilt.   

2.2 Vertical Sectorization
We consider a system using vertical sectorization in which there are  cells and  vertical sectors in each cell. The vertical sector  in cell  can be formed with a vertical beamforming vector with elevation downtilt angle ; thus,  vertical beamforming vectors with different elevation angles are required to form  vertical sectors. Since multiple vertical beams are transmitted through the same set of transmit antennas, the total transmission power should be split into  vertical sectors with a power split ratio which can be flexible. 
A UE served by a cell  with a vertical sector  experiences interference from the other cells   and the other vertical sectors  in the same cell . Assuming equal power split for  vertical sectors, the wideband SINR of UE  in cell  served by the vertical sector ,, is given by 
,        (2)
where   denotes the received signal power measured at UE  from its serving vertical sector  in cell . In (3), the denominator consists of the noise power the inter-sector interference in the same cell  , and the sum of the inter-cell interference from each cell . Inter-cell interference can be expressed as the summation of interferences from all vertical sectors in cell , i.e., .  
Table 2 shows the throughput performance of the vertical sectorization with two vertical sectors (S=2). For simplicity, it is assumed that the same elevation angle set [ ] is used for all cells in the network. As seen in the table, the vertical sectorization with the elevation angle set (,) provides the best cell average performance among the elevation angle sets in the system considered and exhibits significant performance gain (~ 30%) over single vertical sector with fixed downtilt baseline. 
Table 2. Spectral Efficiency of Vertical Sectorization (two sectors)
	
	Vertical Sectorization (S=2 for two sectors) 

	Elevation angle set [ ]
	[93o,96o]
	[96o,99o]
	[99o,102o]
	[102o,105o]

	Cell average
[bps/Hz]
	2.58
	2.59
	2.80
	2.77

	Cell  edge
[bps/Hz]
	0.079
	0.068
	0.076
	0.088



Observation:
· Vertical sectorization provides significant performance gain by increasing spatial reuse of time and frequency resources using multiple vertical beams. 

3	Initial Results for FD-MIMO 
The FD-MIMO performance is evaluated in this section based on the agreed assumptions [5-6]. The FD-MIMO performance is compared with baseline (fixed downtilt) and vertical sectorization with the same 2D antenna setup with (M, N, P) = (8, 2, 2). The simulation assumption details are listed in Table A and Table B.  
The table 3 shows the performance of elevation beamforming and FD-MIMO with different number of antenna ports using full buffer traffic and ideal SVD feedback in order to see the upper bound of the performance without codebook design impact. Also, dynamic SU and MU-MIMO switching was used at the transmitter. The different number of antenna ports for FD-MIMO is implemented by antenna virtualization using DFT weight with downtilt [6].
Table 3:  Full buffer results (SVD based precoding) 
	Antenna configuration
 (8,2,2) 
	Performance metric
	3D-UMa (SU/MU)
	3D-UMi (SU/MU)

	K=8, Mv=1, tilt = 100 
Baseline (V1H4) 
	Cell avg. (b/Hz/s)
	2.20   (0%)
	2.31 (0%)

	
	Cell edge (b/Hz/s)
	0.075 (0%)
	0.058 (0%)

	K=8, Mv=1, tilt = 100, 104  
Vertical sectorization
	Cell avg. (b/Hz/s)
	3.04  (+38%)
	3.27 (+42%)

	
	Cell edge (b/Hz/s)
	0.094 (+25%)
	0.098 (+69%)

	K=4, Mv=2, tilt = 100 
FD-MIMO (V2H4)
	Cell avg. (b/Hz/s)
	2.68 (+22%)
	2.93 (+27%)

	
	Cell edge (b/Hz/s)
	0.089 (+19%)
	0.083 (+43%)

	K=2, Mv=4, tilt = 100
FD-MIMO (V4H4)
	Cell avg. (b/Hz/s)
	2.95 (+34%)
	4.00 (+73%)

	
	Cell edge (b/Hz/s)
	0.076 (+1%)
	0.100 (+72%)

	K=1, Mv=8, tilt = 100
FD-MIMO (V8H4)
	Cell avg. (b/Hz/s)
	3.10 (+41%)
	4.33 (+87%)

	
	Cell edge (b/Hz/s)
	0.102 (+36%)
	0.120 (+106%)



From the table 3, it is observed that the FD-MIMO performance gets better as the number of antenna port increased even though the same number of antenna elements is used. The gain from the fixed downtilt goes up to 87% cell average throughput and 106% cell edge throughput. In addition, the vertical sectorization showed a significant performance gain as compared with single vertical sector with a fixed downtilt due to its spatial reuse gain.

The table 4 shows the performance of elevation beamforming and FD-MIMO in non-full-buffer targeting 80% resource utilization. The LTE codebook based feedback is also used to see more realistic performance results. As for the number of antenna ports larger than 8, a combination of LTE codebook with Kronecker product was used. 

Table 4: non-full buffer results (high load) with offered load ~10.4 Mbps/sector  
	Antenna  (8,2,2) 
	Performance metric
	3D-UMa (SU/MU)
	3D-UMi (SU/MU)

	K=8, Mv=1, tilt = 100 
Elevation beamforming, LTE 4Tx codebook
	Mean throughput
(Mbps)
	15.3
	13.9

	
	5% UE 
throughput (Mbps)
	2.4
	1.9

	
	RU (%)
	63%
	66%

	K=8, Mv=1, tilt = 100, 104  
Vertical sectorization
LTE 4Tx codebook 
	Mean throughput
(Mbps)
	14.2
	13.8

	
	5% UE 
throughput (Mbps)
	3.6
	4.1

	
	RU (%)
	63%
	65%

	K=4, Mv=2, tilt = 100 
FD-MIMO (V2H4)
LTE 8Tx codebook
	Mean throughput
(Mbps)
	13.1
	14.8

	
	5% UE 
throughput (Mbps)
	2.95
	3.5

	
	RU (%)
	59.5%
	60%

	K=2, Mv=4, tilt = 100
FD-MIMO (V4H4)
16Tx codebook 
(Kronecker product with two LTE 4Tx codebook)  
	Mean throughput
(Mbps)
	15.6
	16.5

	
	5% UE 
throughput (Mbps)
	4.6
	4.1

	
	RU (%)
	66%
	        67% 


  
As seen in the table 4, the similar tendency is observed that the larger number of antenna port provide better performance in FD-MIMO. However, the relative gain is reduced since the MU-MIMO performance is reduced in non-full-buffer traffic and the codebook-based feedback loses beamforming gain.

Observation:
· The FD-MIMO with 2D antenna ports provides significant performance gain especially in larger number of antenna port as compared with the baseline antenna configuration using horizontal ports only.
4	Summary
In this contribution, we provided initial evaluation results of adaptive downtilt, vertical sectorization, and FD-MIMO using 2D antenna array in 3D-UMa and 3D-UMi channels. Both full buffer and non-full buffer traffic models are considered.  
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Annex
The 2D Antenna array used in the simulation is configured as below.    


There are M elements in a column and 2xN elements in a row. All the elements in a column are weighted to form the desired downtilt angle .  
 Table A. System Level Simulation Assumptions for Adaptive Downtilt and Vertical Sectorization
	Parameter
	Assumption

	Network layout
	7-site 21-cell wraparound

	Channel model
	3D Urban Macro (3D-UMa)  [2]

	eNB antenna configuration
	,   spacing in H/V, cross-polarization

	UE antenna configuration
	 cross-polarization, 0o/90o

	UE attachment
	based on RSRP  formula in [2]

	UE distribution 
	according to Table 6-1 [2]

	Adaptive downtilt angle candidate set
	 = 96o/ 98o/100o/102o

	Vertical sectorization
	[] =  [93o, 96o], [96o,99o], [99o,102o], [102o,105o]

	Number of UEs per cell
	10

	UE distribution
	uniformly dropped according to [2]

	Traffic model
	full buffer

	Scheduler
	proportional fair (PF)

	Transmission scheme
	SU-MIMO with rank adaptation

	Codebook
	Rel-8 4Tx 

	Feedback
	subband  channel quality index (CQI),  wideband precoding matrix index   

	Link adaptation
	AMC with OLLA, 10% BLER target

	Receiver 
	MMSE-IRC, ideal channel estimation, ideal interference modelling

	Feedback
	PUSCH 3-1, CQI and PMI reporting triggered per 5ms 

	
	feedback delay is 5 ms 

	Hybrid ARQ
	maximum 4 transmissions




Table B. Additional Assumptions for FD-MIMO evaluation   
	Parameter
	Assumption

	Channel model
	3D-UMa, 3D-UMi  [2]

	eNB antenna configuration 
	(,   spacing in H,  spacing in V, 
cross-polarization (X-pol) 

	Downtilt 
	= 100o   

	Number of ports per vertical column 
	8 (K=1); 4 (K=2); 2 (K=4); 1 (K=8)

	Ttraffic model
	Full buffer, 
non-full buffer FTP model 1, packet size 0.5M bytes, 
offered sector load 10 Mbps/sector

	Transmission scheme 
	SU/MU-MIMO dynamic switching with SU-MIMO feedback,
Non-transparent MU-MIMO

	Codebook
	SVD based precoding, Rel-12 4Tx and 8Tx codebook, Kronecker-based 16Tx, 32Tx codebook   
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