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1. Introduction
RAN1 #79 meeting [2] has made good progress about heterogeneous evaluation scenarios and simulation assumptions.  It was agreed to have the following priority of heterogeneous scenarios for Elevation BF/FD-MIMO.  
· HetNet scenario with separate frequency bands 

· HetNet scenario with same frequency bands with no Elevation BF/FD-MIMO in small cells 

· HetNet scenario with same frequency bands with Elevation BF/FD-MIMO in small cells 
This contribution provides our phase 1 evaluation results of heterogeneous network for the first two scenarios.
2. Performance for Co-channel heterogeneous network 
In this section, our initial evaluation results of Rel-12 downlink SU/MU-MIMO using 3D channel model are provided for the HetNet scenario with same frequency bands with no Elevation BF/FD-MIMO in small cells.  In additional to [4], we follow the antenna configuration in [6] for macro.  For macro, antenna array configuration is 8TXRUs with a XPOL (i.e.P=2) horizontal array and (M,N,K)=(8,4,8), (dH,dv) = (0.5λ, 0.8λ).   For pico, omni-directional 2Tx cross-polarized antenna is used.   One cluster with four pico cells is dropped in each macro area.
Phase 1 simulation focuses on setting up a reference with the current scheme supported by the standard.  Therefore, Rel-10 8Tx codebook and Rel-8 2Tx codebook are used on macro and pico respectively.  Rel-12 CSI feedback with PUSCH 3-2 feedback is used.  TM10, single CSI process with SU/MU-MIMO dynamic switching is used.  More details of simulation assumptions can be found in the Appendix.
Table 1: Performance of Co-channel HetNet scenario  under FTP traffic model 1 
	Scenario
	Traffic Load
	Mean UPT (Mbps)
	5% UPT 
(Mbps)
	50% UPT (Mbps)
	Macro 5% UPT 
(Mbps)
	Macro 50% UPT (Mbps)
	Pico 5% UPT 
(Mbps)
	Pico 50% UPT (Mbps)

	Co-channel HetNet  
	Low

(Macro RU ~= 20%)
	32.70
	8.08
	30.53
	9.43
	33.06
	7.75
	29.85

	
	Medium

(Macro RU ~= 50%)
	18.13
	2.15
	13.47
	3.30
	16.95
	1.93
	12.27

	
	High
(Macro RU ~= 70%)
	16.52
	1.61
	11.76
	2.24
	14.71
	1.49
	10.96


Table 1 provide the simulation results of co-channel HetNet scenario [4] under FTP traffic.   For FTP traffic, low,  medium and high loads are evaluated.  Note that zero bias is used for the simulation.  It would be also interesting to see the performance of CRE with non-zero bias in the future.
3. Performance for heterogeneous network scenario with separate frequency bands
In this section, our initial evaluation results of Rel-12 downlink SU/MU-MIMO using 3D channel model are provided for the HetNet scenario with separate frequency bands.  We follow the antenna configurations agreed in [2].  For macro, antenna array configuration is 8TXRUs with a XPOL (i.e.P=2) horizontal array and (M,N,K)=(8,4,8), (dH,dv) = (0.5λ, 0.8λ). For pico, antenna array configuration is 8TXRUs with a XPOL (i.e.P=2) horizontal array and (M,N,K)=(4,4,4), (dH,dv) = (0.5λ, 0.5λ). One cluster with four pico cells is dropped in each macro area.
Regarding cell association method, the following working assumption has been made in RAN1#79[2].
· Use the following UE association method for HetNet scenario with separate frequency evaluations for Phase 1 evaluation:

· Geometry-based UE association with bias (i.e., RSRP of the target cell divided by the summation of RSRPs of all cells in the same frequency plus noise power for only simulation). Bias value is FFS

· Tilting value for small cells and bias value are jointly determined with targeted small cell UE ratios of 2/3 for phase 1

The geometry based UE association method has been agreed in the subsequent email discussion.  For bias value and tiling value,  2dB and 120 degree are used in our simulation which approximately reaches the targeted small cell UE ratio of 2/3.  
Since it is understood that macro is only for cell association, only small cells performance is shown.  Rel-10 8Tx codebook and Rel-12 CSI feedback with PUSCH 3-2 is used for MIMO operation in small cells.   In TM10, single CSI process with SU/MU-MIMO dynamic switching is used.  More details of simulation assumptions can be found in the Appendix.
Table 2: Performance of HetNet scenario with separate frequency bands under FTP traffic model 1
	Scenario
	Traffic Load
	Small cell Mean UPT (Mbps)
	Small cell 5% UPT 
(Mbps)
	Small cell 50% UPT (Mbps)

	HetNet scenario with separate frequency bands  
	Low

(Small cell RU ~= 20%)
	34.96
	9.09
	37.31

	
	Medium

(Small cell RU ~= 50%)
	27.44
	5.19
	27.09

	
	High
(Small cell RU ~= 70%)
	23.06
	2.23
	20.22


Table 2 provides the simulation results of the HetNet scenario with separate frequency bands under FTP traffic.   For FTP traffic, low, medium and high loads are evaluated.  
4. Conclusion

In this contribution,  phase 1 evaluation results on the following two HetNet scenarios are provided.  

· HetNet scenario with separate frequency bands 

· HetNet scenario with same frequency bands with no Elevation BF/FD-MIMO in small cells 
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Appendix A
Table A:  Simulation assumptions for heterogeneous network
	
	Macro
	Pico

	Carrier Frequency
	2 GHz
	Co-channel: 2 GHz
NoCo-channel:3.5 GHz

	Duplex Mode
	FDD
	FDD

	System band
	10 MHz
	10 MHz

	Network synchronization
	Synchronized

	eNB Antenna Configuration
	(M,N,K)=(8,4,8), X-pol(+/-450)
(dH,dv): (0.5λ,0.8λ)

Element antenna pattern: Same as 36.873
	Co-channel:

 (M,N,K)=(1,1,1) , X-pol(+/-450)

(dH,dv): (0.5λ,0.5λ)

Element antenna pattern: Omni or isotropic antenna gain A’(θ’,Φ’) =1
Noco-channel:

 (M,N,K)=(4,4,4), X-pol(+/-450)

(dH,dv): (0.5λ,0.5λ)

Element antenna pattern: Same as 36.873

	Channel Model
	3D-UMA
	3D-UMI

	Tx Power
	46 dBm
	30 dBm

	eNB antenna height
	25m
	10m

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE Antenna Configuration
	2Rx, cross-pol(00/+900)

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

	UE antenna height
	Same as 36.873

	Cellular Layout
	Hexagonal grid, 19 sites, 3 Macro cells per site

	Number of Pico clusters per macro
	1

	Number of small cells per cluster
	4

	Number of small cells per Macro cell
	4*Number of clusters per macro cell geographical area

	UE dropping
	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.

	Radius for small cell dropping in a cluster
	50m

	Radius for UE dropping in a cluster
	70m

	Minimum distance (2D distance)
	Small cell-small cell: 20m

	
	Small cell-UE: 10m

	
	Macro –small cell cluster center: 105m

	
	Macro – UE : 35m

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

	Wrapping method
	Geographical distance based

	Handover margin
	3dB

	CRE Bias
	Co-channel:0dB   Noco-channel:2dB

	UE attachment
	Co-channel:Based on RSRP (formula) from CRS port 0
Noco-channel: Based on RSRQ

	Metrics
	Mean, 5%, 50% UPT

	UE Speed
	3km/h

	CQI/PMI reporting interval and frequency granularity
	5ms for CQI/PMI, 6RB

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2

8TX codebook for macro, 2Tx codebook for small cell

CQI, PMI and RI reporting triggered per 5ms

Feedback delay is 5 ms

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

	Scheduler
	Proportional Fair, Frequency selective scheduling (multiple UEs per TTI allowed)

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

	Receiver
	MMSE-IRC

With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom

(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel estimation
	Non-ideal modeling of channel estimation error modeling
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is used,

based on CSI-RS for channel measurements, based on DMRS for data demodulation, based on IMR for interference measurement

	CSI-RS, CRS
	CSI-RS 1-1 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

	Downtilt
	θetilt = 100 degree
	Co-channel: θetilt = 90 degree
Noco-channel: θetilt = 120 degree
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