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1. Introduction

In the previous meeting, it was determined that companies are encouraged to share details of the baseline case before RAN1#80 via email discussion. Through the email discussion [79-08], companies submitted various candidates of baseline schemes. In this contribution, we evaluate some of candidates, which are vertical sectorization system and the system with wide deployment of an antenna array.
2. Performance of vertical sectorization
In this section, we present throughput results for vertical sectorization submitted in the email discussion [79-08]. We consider both of full connection and sub array models for the simulations. We assume that there are 2 vertical TXRUs per polarization, and each TXRU is virtualized with an 8-element DFT weight for full connection, and with an 4-element DFT weight for sub array. For the simulation, it is assumed that the high sector is tilted to 80 degrees, and the low sector tilted to 100 degrees for full connection, and that the high sector is tilted to 73 degrees, and the low sector tilted to 105 degrees for sub array. Antenna array configuration is (M, N, P, Q) = (8, 4, 2, 16) where each 8-TXRU covers one sector. Also, CSI-RS to TXRU virtualization is one-to-one mapping. In addition, cell association is based on RSRP of CRS port 0 for each sector which is mapped to the corresponding 8 TXRUs, weighted by [1,0,0,...,0] for high sector and [0,1,0,...,0] for low sector. In Annex A, detailed evaluation assumptions are given that we applied.
In Table 1, we evaluate non-full buffer simulation results in 3D-UMi scenario. For comparison, both of vertical sectorization systems and no vertical sectorization systems are shown in the table. For fair comparison, the loading factors of vertical sectorization are chosen as half value of that of no vertical sectorization system. The percentage values in tables are for comparison between two cases with same loading factors. 
Table 1: Mean, 5%, 50% UE throughput results of non-full buffer simulation in 3D-UMi scenario
	
	Mean UE Throughput (bps/Hz)
	5% UE Throughput (bps/Hz)
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	UMi w/o vertical sect.
	3.75
	1.27 (100%)
	4.00
	0.17
	1.6

	UMi w/o vertical sect.
	2.45
	0.418 (100%)
	2.04
	0.53
	3.4

	UMi w/o vertical sect.
	1.92
	0.194 (100%)
	1.36
	0.74
	4.3

	UMi with vertical sect.
(full connection)
	3.99
	1.54 (121%)
	4.44
	0.08
	0.8

	UMi with vertical sect.

(full connection)
	2.80
	0.701 (168%)
	2.52
	0.27
	1.7

	UMi with vertical sect.

(full connection)
	2.28
	0.441 (227%)
	1.86
	0.40
	2.15

	UMi with vertical sect.

(sub array)
	3.91
	1.44 (113%)
	4.30
	0.09
	0.8

	UMi with vertical sect.

(sub array)
	2.66
	0.667 (159%)
	2.31
	0.28
	1.7

	UMi with vertical sect.

(sub array)
	2.10
	0.398 (205%)
	1.67
	0.42
	2.15


It is observed in Table 1 that the performance of vertical sectorization is better than the system without vertical sectorization. The performance gap is getting larger as FTP loading factor increases. In addition, we can see that full connection model has a better performance than sub array model.

Also, we plot throughput results of full buffer model for vertical sectorization in Table 2. We can see in the table that vertical sectorization has 27~30% performance gain compared to the conventional system at 5% UE throughput.
Table 2: 5%, 50% UE and average sector throughput results of full buffer simulation in 3D-UMi scenario

	
	Average sector Throughput (bps/Hz)
	5% UE Throughput (bps/Hz)
	50% UE Throughput (bps/Hz)

	UMi w/o vertical sect.
	3.16
	0.0686 (100%)
	0.249

	UMi with vertical sect.

(full connection)
	2.14
	0.0891 (130%)
	0.329

	UMi with vertical sect.

(sub array)
	1.99
	0.0873 (127%)
	0.310


3. Performance of wide deployment of an antenna array
In this section, we present throughput results for wide deployment of an antenna array submitted in the email discussion [79-08] and also submitted in [2]. For the evaluation, we consider three types of antenna configuration, which are (M, N, P, Q) = (8, 4, 2, 8), (4, 8, 2, 8), (2, 16, 2, 8), respectively. Those antenna configurations also are depicted in Figure 1. For the simulation, it is assumed that vertical tilting angle is 100 degree for (8, 4, 2, 8), 108 degree for (4, 8, 2, 8), 122 degree for (2, 16, 2, 8) in UMa, and 130 degree for (2, 16, 2, 8) in UMi. Horizontal tilting angles are assumed to be 0 degree for all the cases. Also, CSI-RS to TXRU virtualization is one-to-one mapping. In addition, cell association is based on RSRP of CRS port 0 which is mapped to the first TXRU. In Annex A, detailed evaluation assumptions are given that we applied.
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Figure 1. Three types of antenna configurations defined by (M, N, P, Q)

In Tables 3 and 4, we evaluate non-full buffer simulation results in 3D-UMi scenario and 3D-UMa scenario, respectively. For comparison, three types of antenna configuration in Figure 1 are evaluated in the tables. For fair comparison, the same loading factors are used for both of them. The percentage values in tables are for comparison among three cases with same loading factors.
Table 3: Mean, 5%, 50% UE throughput results of non-full buffer simulation in 3D-UMi scenario

	
	Mean UE Throughput (bps/Hz)
	5% UE Throughput (bps/Hz)
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	UMi with (8, 4, 2, 8) 
	3.75
	1.27 (100%)
	4.00
	0.17
	1.6

	UMi with (8, 4, 2, 8) 
	2.45
	0.418 (100%)
	2.04
	0.53
	3.4

	UMi with (8, 4, 2, 8) 
	1.92
	0.194 (100%)
	1.36
	0.74
	4.3

	UMi with (4, 8, 2, 8) 
	3.77
	1.29 (102%)
	4.04
	0.17
	1.6

	UMi with (4, 8, 2, 8) 
	2.49
	0.414 (99%)
	2.09
	0.52
	3.4

	UMi with (4, 8, 2, 8) 
	1.96
	0.194 (100%)
	1.40
	0.73
	4.3

	UMi with (2, 16, 2, 8) 
	3.53
	1.05 (82%)
	3.60
	0.19
	1.6

	UMi with (2, 16, 2, 8) 
	2.18
	0.284 (68%)
	1.69
	0.60
	3.4

	UMi with (2, 16, 2, 8) 
	1.66
	0.115 (59%)
	1.01
	0.81
	4.3


Table 4: Mean, 5%, 50% UE throughput results of non-full buffer simulation in 3D-UMa scenario

	
	Mean UE Throughput (bps/Hz)
	5% UE Throughput (bps/Hz)
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	UMa with (8, 4, 2, 8) 
	3.72
	1.20 (100%)
	3.96
	0.18
	1.6

	UMa with (8, 4, 2, 8) 
	2.57
	0.486 (100%)
	2.21
	0.49
	3.4

	UMa with (8, 4, 2, 8) 
	2.03
	0.246 (100%)
	1.52
	0.69
	4.3

	UMa with (4, 8, 2, 8) 
	3.59
	1.04 (87%)
	3.74
	0.19
	1.6

	UMa with (4, 8, 2, 8) 
	2.45
	0.405 (83%)
	2.04
	0.53
	3.4

	UMa with (4, 8, 2, 8) 
	1.94
	0.198 (81%)
	1.39
	0.72
	4.3

	UMa with (2, 16, 2, 8) 
	3.30
	0.875 (73%)
	3.20
	0.22
	1.6

	UMa with (2, 16, 2, 8) 
	2.00
	0.230 (47%)
	1.47
	0.65
	3.4

	UMa with (2, 16, 2, 8) 
	1.50
	0.0965 (39%)
	0.813
	0.84
	4.3


Also, in Tables 5 and 6, we provide throughput results of full buffer model for three types of antenna configuration depicted in Figure 1. 
Table 5: 5%, 50% UE and average sector throughput results of full buffer simulation in 3D-UMi scenario

	
	Average sector Throughput (bps/Hz)
	5% UE Throughput (bps/Hz)
	50% UE Throughput (bps/Hz)

	UMi with (8, 4, 2, 8) 
	3.16
	0.0686 (100%)
	0.249

	UMi with (4, 8, 2, 8) 
	3.15
	0.0685 (99.9%)
	0.248

	UMi with (2, 16, 2, 8) 
	2.93
	0.0594 (87%)
	0.224


Table 6: 5%, 50% UE and average sector throughput results of full buffer simulation in 3D-UMa scenario

	
	Average sector Throughput (bps/Hz)
	5% UE Throughput (bps/Hz)
	50% UE Throughput (bps/Hz)

	UMa with (8, 4, 2, 8) 
	3.32
	0.0720 (100%)
	0.271

	UMa with (4, 8, 2, 8) 
	3.24
	0.0698 (97%)
	0.256

	UMa with (2, 16, 2, 8) 
	2.88
	0.0564 (78%)
	0.220


4. Conclusion
In this contribution, we present initial throughput results for some of baseline candidates submitted in the email discussion [79-08], which are vertical sectorization and the system with wide deployment of an antenna array. 
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 Annex A: Simulation assumptions
Table A-1. Simulation assumptions for baseline performance 

	Scenarios 
	3D-UMa with ISD = 500m in 2GHz, 

3D-UMi with ISD = 200m in 2GHz

	MS antenna configurations 
	2 Rx X-pol (0/+90) 

	System bandwidth 
	10MHz (50RBs) 

	UE attachment 
	Based on RSRP (formula) from CRS port 0 

	Duplex
	FDD

	Network synchronization
	Synchronized

	Number of UEs per cell
	10 for full buffer

	UE distribution 
	Follows [1] 

	UE speed
	3km/h

	Polarized antenna modeling 
	Model -2 from [1] 

	UE array orientation 
	ΩUT,α  uniformly distributed on [0,360] degree, ΩUT,β = 90 degree, ΩUT,γ = 0 degree 

	UE antenna pattern 
	Isotropic antenna gain pattern A’(θ’,ф’) = 1 

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU, medium ~50% RU, high ~70%RU), Full buffer model

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)  

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions 

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions 

	CSI-RS, CRS 
	CSI-RS one-to-one mapping to TXRU, only CRS port 0 is modeled for UE attachment, CRS port 0 is associated with the first column with +45 degree pol, CRS port 0 to TXRU mapping is given by [1, 0, 0, 0, 0, 0, 0, 0]

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback 
	PUSCH 3-2

	
	CQI, PMI and RI reporting triggered per 5ms 

	
	Feedback delay is 5 ms 

	
	Rel-10 8Tx codebook 

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB 

	Transmission scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation (no CoMP) 

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB 

	Metrics
	Mean, 5%, 50% UE throughput
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