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1. Introduction

In the previous meeting, it was agreed that the following four categories of baseline schemes are captured in TR36.897: 

Agreement:

· Following four categories of baseline (a.k.a. implementation based enhancement) schemes are captured in TR 36.897 based on RAN1#80 contributions: 

· Category 1:  Sectorization (in one or both of vertical and horizontal domains) with different cell-ID for each sector

· Category 2:  Virtual sectorization using one or more beamformed CSI-RS resource(s) with a single cell-ID (single sector as a special case)

· Category 3:  Kronecker precoding with 2 CSI processes

· Category 4:  SRS based precoding scheme in TDD

· Detailed text for each category is written by Rapporteurs based on inputs from email discussion [79-08], including:

· Set of numbers of TXRUs

· TXRU virtualisation (if any)

· CSI-RS to TXRU mapping

· Number of CSI-RS processes

· etc

Continue discussion until RAN1 #80bis meeting to develop the more detailed text for the TR, and detailed text will be provided by rapporteur in his TP
· Companies are encouraged to provide/update the corresponding results under the categorized implementation based enhancement schemes until RAN1#80bis.
In this contribution, we evaluate throughput results of vertical sectorization of category 1 for the baseline performance.

2. Performance of vertical sectorization
In this section, throughput results for vertical sectorization submitted in the email discussion [80-05] are presented. We consider the antenna array configuration with 
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. As shown in Figure 1, three vertical sectorization schemes which are full connection, sub array model 1 and 2 are considered. 
Firstly, in the full connection, there are 2 TXRUs per column per polarization, and each TXRU is virtualized with an 8-element DFT weight. Also, it is assumed that the high and low sectors are tilted to 82 and 100 degrees, respectively, and covered by 8 TXRUs each. CSI-RS to TXRU virtualization is one-to-one mapping.  In addition, cell association is based on RSRP from CRS port 0 for each sector which is mapped to the corresponding 8 TXRUs weighted by 
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Figure 1: Illustration of three vertical sectorization schemes with 
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Secondly, there are 2 TXRUs per column per polarization, and each TXRU is virtualized with a 4-element DFT weight in the sub array model 1. Also, it is assumed that the high and low sectors are tilted to 73 and 105 degrees, respectively. Similar to the full connection, CSI-RS to TXRU virtualization is one-to-one mapping and CRS port 0 is mapped to the 8 TXRUs via 
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Lastly, in the sub array model 2, there are 2 TXRUs per column per polarization and a TXRU is virtualized to four adjacent antenna elements in the same column and polarization with tilting of 100 degrees. In this case, each CSI-RS port is mapped to 2 TXRUs corresponding to one column of co-polarized antenna elements, and down tilt values of DFT beams for high and low sectors are set to 85.52 and 94.48 degrees, respectively. CRS port 0 is mapped to the CSI-RS port 15. Detailed evaluation assumptions are listed in Annex A.
Table 1: Baseline performance of vertical sectorization in 3D-UMi with 
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	Mean UE Throughput (bps/Hz)
	5% UE Throughput (bps/Hz)
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Full connection
	3.388
	1.064 

(100 %)
	3.333
	0.15
	1.2

	Sub array model 1
	3.419
	1.102 

(103 %)
	3.390
	0.15
	

	Sub array model 2
	3.212
	0.973 (91.5 %)
	3.007
	0.16
	

	Full connection
	1.848
	0.275 

(100 %)
	1.394
	0.54
	2.5

	Sub array model 1
	1.835
	0.286
(103 %)
	1.384
	0.52
	

	Sub array model 2
	1.466
	0.182

(77.5 %)
	0.985
	0.61
	

	Full connection
	1.419
	0.144 
(100 %)
	0.932
	0.71
	3.0

	Sub array model 1
	1.374
	0.145
(101 %)
	0.913
	0.67
	

	Sub array model 2
	1.047
	0.088
(61 %)
	0.572
	0.75
	


Table 1 presents UE throughput results for 3D-UMi scenario where FTP model 1 in [2] and antenna configuration (M, N, P, Q) = (8, 4, 2, 16) are deployed. It is observed from Table 1 that full connection model and sub array model 1 show almost identical 5% UE throughput performance. Also, we can figure out that the full connection model provides 9.5~39 % performance gains in terms of 5% UE throughput over the sub array model 2. This is due to that the range of beam in sub array model 2 is limited by TXRU virtualization beam pattern [3]. In other words, the beam pattern cannot be formed well if the difference of CSI-RS beam direction and TXRU main beam direction becomes large. 
3. Conclusion
In this contribution, we have presented baseline performance of various vertical sectorization schemes for 3D-UMi scenario with 
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Annex A: Simulation assumptions
Table A-1. Simulation assumptions for baseline performance 

	Scenarios 
	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) from [2]

	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 (For the sub array model 2,  each CSI-RS port mapped to two TXRUs corresponding to one column of co-polarized antenna elements),

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 
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 (CRS port 0 is mapped to CSI-RS port 15 for sub array model 2)

	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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