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1. Introduction

We resubmit baseline performance for co-channel HetNet scenarios. Based on the submitted model in the email discussion [80-05], we evaluate throughput results. 
2. Baseline performance of co-channel HetNet
In this section, we present non-full buffer throughput results for the baseline performance in co-channel heterogeneous network. We assume that there are 1 TXRU per polarization for both macro and small cells, and each TXRU is virtualized with an 8-element DFT weight for macro cell. For small cell, 4-element DFT weight is used for each TXRU. For both macro/small cells, CSI-RS to TXRU virtualization is assumed to be one-to-one mapping, and CRS port 0 mapped same as CSI-RS port 15. In Annex A, detailed evaluation assumptions are given that we applied.

The above described baseline model is the same as the assumption of phase 1 for co-channel HetNet scenario except for the tilting angle. The comparison between 90 degree tilting angle and 120 degree tilting angle is shown in Annex B. It can be observed in Annex B that the performance of the 90 etilt cases are better than 120 etilt cases by the gap from 111% to 324% in 5%-UE throughput.
We evaluate the results of the 90 etilt case based on the target RU 20%, 50%, 70% of macro cell in Table 1.
Table 1: Mean, 5%, 50% UE  throughput results of non-full buffer simulation in co-channel HetNet

	
	Mean UE Throughput (bps/Hz)
	5% UE Throughput (bps/Hz)
	50% UE Throughput (bps/Hz)
	5% UE Throughput of macro/small (bps/Hz)
	RU of  macro/small cell 
	FTP load, λ (UEs/s/macro region)

	Directional ant. with 90 etilt
	3.83
	1.38
	4.12
	1.17
	1.55
	0.24/0.12
	7.0

	Directional ant. with 90 etilt
	3.28
	0.89
	3.17
	0.67
	1.09
	0.4/0.2
	10.0

	Directional ant. with 90 etilt
	2.43
	0.38
	2.06
	0.22
	0.59
	0.72/0.38
	15.0

	Omni antenna with 90 etilt
	3.92
	1.53
	4.30
	1.49
	1.54
	0.16/0.13
	7.0

	Omni antenna with 90 etilt
	2.44
	0.50
	2.09
	0.40
	0.54
	0.54/0.43
	15.0

	Omni antenna with 90 etilt
	1.71
	0.20
	1.21
	0.14
	0.23
	0.79/0.68
	20.0


· Offered traffic load
It is assumed that the FTP load λ used in Tables 1, B-1, and B-2 is defined per macro region which have one macro cell and 4 small cells. 
3. Conclusion
In this contribution, we present throughput results of co-channel HetNet scenarios for the baseline performance. 
______________________________________________________________________
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 Annex A: Simulation assumptions
Table A-1. Simulation assumptions for baseline performance 

	Deployment scenario
	3D-UMa with ISD = 500m 

	BS antenna configurations 
	(M,N,P) = (8,4,2), MTXRU = 1, 0.5λ H/0.8 λ V for macro cells

(M,N,P) = (4,4,2), MTXRU = 1, 0.5λ H/0.5 λ V for small cells

	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 clusters per macro cell
	1

	Number of small cells per cluster
	4

	Small cell distribution
	Follows the agreements of RAN1#79

	UE distribution 
	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.

	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)

	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 mapped same as CSI-RS 15

	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

	Carrier Frequency 
	2GHz for macro cells and small cells


Annex B: Simulation results
In Tables B-1 and B-2, there are throughput results for directional antenna and omni-directional antenna, respectively. In each table, three loading factors for the case with 120 etilt value are considered to target 20%, 50% and 70% resource utilization of macro cell. Also, throughput results for the case with 90 etilt value are shown in each table. For fair comparison, the same loading factors are used for both of them. The percentage values in tables are for comparison between two cases with same loading factors. 
Table B-1: Mean, 5%, 50% UE  throughput results of non-full buffer simulation with directional antenna

	
	Mean UE Throughput (bps/Hz)
	5% UE Throughput (bps/Hz)
	50% UE Throughput (bps/Hz)
	5% UE Throughput of macro/small (bps/Hz)
	RU of  macro/small cell 
	FTP load, λ (UEs/s/macro region)

	Directional ant. with 120 etilt
	4.11
	1.55 

(100%)
	4.71
	1.35
	1.96
	0.2/0.04
	3.75

	Directional ant. with 120 etilt
	3.09
	0.647 (100%)
	2.92
	0.493
	1.16
	0.52/0.11
	7.5

	Directional ant. with 120 etilt
	2.51
	0.284 (100%)
	2.15
	0.202
	0.853
	0.76/0.17
	10.0

	Directional ant. with 90 etilt
	4.48
	2.11 

(136%)
	5.19
	1.89
	2.23
	0.11/0.05
	3.75

	Directional ant. with 90 etilt
	3.74
	1.29 

(199%)
	3.96
	1.08
	1.43
	0.26/0.13
	7.5

	Directional ant. with 90 etilt
	3.28
	0.920 (324%)
	3.17
	0.709
	1.093
	0.4/0.2
	10.0


Table B-2: Mean, 5%, 50% UE throughput results of non-full buffer simulation with omni-directional antenna

	
	Mean UE Throughput (bps/Hz)
	5% UE Throughput (bps/Hz)
	50% UE Throughput (bps/Hz)
	5% UE Throughput of macro/small (bps/Hz)
	RU of macro/small cell
	FTP load, λ (UEs/s/macro region)

	Omni antenna with 120 etilt
	3.76
	1.30 (100%)
	4.04
	1.12
	1.41
	0.25/0.13
	7.4

	Omni antenna with 120 etilt
	2.95
	0.697 (100%)
	2.74
	0.503
	0.868
	0.5/0.25
	11.5

	Omni antenna with 120 etilt
	2.41
	0.382 (100%)
	2.03
	0.237
	0.566
	0.7/0.38
	14.8

	Omni antenna with 90 etilt
	3.85
	1.44 (111%)
	4.17
	1.36
	1.46
	0.18/0.14
	7.4

	Omni antenna with 90 etilt
	3.07
	0.837 (120%)
	2.88
	0.729
	0.877
	0.35/0.28
	11.5

	Omni antenna with 90 etilt
	2.52
	0.527 (138%)
	2.19
	0.439
	0.564
	0.51/0.42
	14.8
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