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1. Introduction
In RAN #47, it was agreed to identify and evaluate non-CA based strategies of heterogeneous network deployments, as well as determine the standardization work necessary to support enhanced inter-cell interference coordination solutions for control and data channels if need is identified (targeted for completion by RAN#49) [1]. 
In light of the work item description, it is necessary to identify the existing problems of co-channel with different Het-Net deployment before the further corresponding solutions and standardization work are determined.  That will help us make clear the crucial interference situation and its serious degree due to co-channel deployments and subscriber state. Farther, according to current supported solutions, the identification of problem can show us a guideline to converge interference managements. That in fact can efficiently mitigate the pain on the tight timeline. 

2. Macro-Femto deployment

2.1. Performance without interference management

DL performances of Macro-Femto deployment without Interference Management (IM) are listed below:

Table 5 Macro-Femto Co-channel Performance Evaluation without IM

	
	DL

	Cell Throughput (kbps/Hz)
	Macro only
	1.60

	
	MUE
	1.15

	
	FUE
	72.70

	SINR of 5% Worst UE (dB)*
	Macro only
	-2.71

	
	MUE
	-29.67

	
	FUE
	-0.81


*Control channel SINR requirement: DL  -2dB[5], UL -4.4dB[3]

The simulation results show that:

· For DL performance:
· The throughput of FUE is quite huge, while the throughput of MUE decreases.
· Without any interference management, DL control channel of edge MUE cannot work.
2.2. DL Performance with power control

In order to improve the DL performance of MUE, Power Control (PC) can be applied and optimized. The detail of algorithm is described in [5], which needs HeNB measurement or FUE assistant measurement. The evaluation results are summarized below:

Table 6 Macro-Femto Co-channel Performance Evaluation with PC

	
	DL (w/o PC)
	DL (w/ PC)

	Cell Throughput (kbps/Hz)
	Macro only
	1.60
	1.60

	
	MUE
	1.15
	1.38

	
	FUE
	72.70
	10.88

	SINR of 5% Worst UE (dB)*
	Macro only
	-2.71
	-2.71

	
	MUE
	-29.67
	-8.0

	
	FUE
	-0.81
	-8.0


*Control channel SINR requirement: DL -2dB[5], UL -4.4dB[3]

The simulation results show that:

· With PC, the DL performance of MUE can be improved. However, it still cannot fulfil the requirement of PDCCH. 

· With the IM method described in [6], the CCH requirement of both MUE and FUE can be almost fulfilled.

Proposal1: R8 mechanism and potential enhancement, power control (e.g. by HeNB measurement or FUE assistant measurement), can introduce improvement to control channel of Macro-Femto deployment. Besides, additional interference managements are needed, such as MBSFN method.

3. Macro-Pico deployment
3.1. Without range expansion schemes
3.1.1. Performance without interference management
Macro-Pico deployment performances without range expansion (RE) and interference management (IM) are listed below:
Table 1 Macro-Outdoor Pico Co-channel Performance Evaluation without RE and IM
	
	DL
	UL

	Macro cell area throughput (kbps/Hz)
	Macro only
	1.70
	0.94

	
	Het-Net
	7.57
	5.49

	SINR of 5% Worst UE (dB)*
	Macro only
	-3.26
	-1.28

	
	Het-Net
	-2.04
	-13.08


*Control channel SINR requirement: DL -2dB[5], UL -4.4dB[3]
The simulation results show that:

· For DL performance:
· System average throughput has been increased dramatically. 
· SINR of 5% worst UE can fulfil the requirement of PDCCH. There is no risk to user outage.
· For UL performance:
· System average throughput has been increased dramatically. 

· For SINR of 5% worst UE, there are still some risks to cell edge UE due to low geometry.
3.1.2. UL Performance with power control

In order to improve the UL performance of dense MUE case, power control (PC) can be applied and optimized. The details of algorithm are described in [2][3]. The evaluation results are summarized below:

Table 2 Macro-Outdoor Pico Co-channel Performance Evaluation without RE but with PC

	
	UL (w/o PC)
	UL (w/ PC)

	Macro cell area throughput (kbps/Hz)
	Macro only
	0.94
	0.94

	
	Het-Net
	5.49
	6.02

	SINR of 5% Worst UE (dB)*
	Macro only
	-1.28
	-1.28

	
	Het-Net
	-13.08
	-3.19


*Control channel SINR requirement: DL -2dB[5], UL -4.4dB[3]

The simulation results show that:

· Power control can mitigate the UL coverage problem. 

· Without range expansion, good performance of data channel can be achieved in both uplink and downlink. However, PUCCH coverage of Macro-Pico deployment is limited. 
· Similar UL power control optimization can also be considered for Macro-Femto deployment.

Proposal2: In order to solve the low power node (LPN) UL problem, R8 mechanism, such as power control optimization, is identified workable. Other enhancement for flexible and adaptive adjustment can be further studied.
3.2. With range expansion schemes
3.2.1. Performance without interference management

Macro-Pico deployment performances with RE (bias = 20dB) but without IM are listed below:

Table 3 Macro-Outdoor Pico Co-channel Performance Evaluation with RE but without IM

	
	w/o RE
	w/ RE

	
	DL
	UL
	DL
	UL

	Macro cell area throughput (kbps/Hz)
	Macro only
	1.70
	0.85
	1.70
	0.85

	
	Het-Net
	7.57
	5.15
	5.98
	6.05

	SINR of 5% Worst UE (dB)*
	Macro only
	-3.26
	-1.28
	-3.26
	-1.28

	
	Het-Net
	-2.04
	-13.08
	-16.68
	-0.77


*Control channel SINR requirement: DL -2dB[5], UL -4.4dB[3]

The simulation results show that:

· For DL performance:
· Without any IM, due to introduction of RE, control channel of Pico edge UE could not be workable. 

· Without any IM, system average throughput will be decreased, compared with no RE case.
· For UL performance:
· System average throughput has been increased by about 17%, compared with no RE case. 

· SINR of 5% worst UE can fulfil the requirement of PUCCH. There is no risk to user outage.
3.2.2. DL Performance with resource partition
In order to improve the DL performance with RE, resource partition (RP) can be used. The detail of algorithm is described in [4]. The evaluation results are summarized below. Here we only provide the promoted RP method E (overlap RP, muting ratio adaptive):

Table 4 Macro-Outdoor Pico Co-channel Performance Evaluation with RE and RP
	
	DL (w/o RE, w/o RP)
	DL (w/ RE, w/o RP)
	DL (w/ RE, w/ RP)

	Macro cell area throughput (kbps/Hz)
	Macro only
	1.70
	1.70
	1.70

	
	Het-Net
	7.57
	5.98
	8.12

	SINR of 5% Worst UE (dB)*
	Macro only
	-3.26
	-3.26
	-3.26 

	
	Het-Net
	-2.04
	-16.68
	0.07


*Control channel SINR requirement: DL -2dB [5], UL -4.4dB [3]

The simulation results show that:

· With RP to avoid interference, edge UE can be workable. 
· Compared with the case without RE, the improvement of about 7% is achieved when RP is applied. Here we present the result of 20dB bias. If bias is decreased, the performance gain will be less.
Proposal3: RE may be treated as optimization of Macro-Pico deployment to improve the system performance. The UL performance is improved with bias increase, while the DL performance is damaged unless additional IM is applied. When the bias is high, the solutions in Macro-Femto can be considered in this deployment. 
4. Conclusion
In this contribution, we identify the existing problems and needs of co-channel with different Het-Net deployment, and provide the performance with the current supported solutions including R8 mechanism and its enhancement. With them, some problems can be solved, and some not. Detailed proposals are listed below.
Proposal1: R8 mechanism and potential enhancement, power control (e.g. by HeNB measurement or FUE assistant measurement), can introduce improvement to control channel of Macro-Femto deployment. Besides, additional interference managements are needed, such as MBSFN method.

Proposal2: In order to solve the LPN UL problem, R8 mechanism, such as power control optimization, is identified workable. Other enhancement for flexible and adaptive adjustment can be further studied.

Proposal3: RE may be treated as optimization of Macro-Pico deployment to improve the system performance. The UL performance is improved with bias increase, while the DL performance is damaged unless additional IM is applied. When the bias is high, the solutions in Macro-Femto can be considered in this deployment. 
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6. Annex
· A1.System Simulation Assumptions
Table4. Macro-cell system assumptions
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 3 sectors per site, reuse 1.

	System bandwidth
	10 MHz

	Inter-site distance
	500 m

	Number sites
	19sites (=57 cells) with wrap-around.

	Shadowing standard deviation
	8 dB

	Auto-correlation distance of Shadowing
	50 m 

	Shadowing correlation
	Between cells
	0.5 

	
	Between sectors
	1.0 

	Penetration Loss (assumes UEs are indoors)
	20dB

	BS antenna gain after cable loss
	14 dBi

	BS noise figure
	5 dB

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9 dB

	Total BS TX power (Ptotal)
	46 dBm

	UE power class
	23 dBm (200 mW)

In order to keep the simulations simple it is not necessary to model Maximum Power Reduction (MPR) versus modulation scheme.

	Inter-cell Interference Modelling
	Explicit modelling (all cells occupied by UEs)

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Minimum distance between UE and cell
	>= 35 m


Table5. Pico system assumptions

	Parameters
	Assumptions

	Carrier frequency
	2000 MHz

	System bandwidth
	10 MHz

	Path loss model
	See Table6

	Lognormal shadowing
	Log Normal Fading with 6 dB standard deviation

	Antenna gain
	5 dBi 

	Pico BS noise figure
	6 dB

	Maximum Pico TX power
	24dBm 

	Min separation UE to Pico BS
	10 m 

	Radius
	40m

	Minimum distance between pico and macro
	75m

	Minimum distance between Picos
	40m

	Number of UE clusters K
	4

	Number of UEs in each cluster Nh
	10

	Number of UEs uniformly distributed in macro cell Nm
	20


Table6. Path loss models for Pico deployment
	Path Loss (dB)

	UE to macro BS
	PLLOS(R)= 103.4+24.2log10(R) 
PLNLOS(R)= 131.1+42.8log10(R) 
For 2GHz, R in km.
Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)


	UE to pico BS
	PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)

For 2GHz, R in km

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))




· A2.Frequency Efficiency Calculation Methodology

The resource amount of each UE is decided by the number of UEs belonging to the same cell. We assume that the resources are allocated uniformly. 

For a single UE, it is supposed that: the number of PRB used is N, the bandwidth of a PRB of 180kHz and the system bandwidth is W( W is 10MHz if the Macro cell and the Local cell use the same carrier, or 20MHz if Macro cell and Local cell employ two different 10MHz carrier respectively). Then the UE's frequency efficiency calculation procedure is presented as follow:

1. The frequency efficiency on one PRB can be obtained from SINR by using the look-up table of Table A.2 in 36.942. We use linear interpolation to make the results smoother.
2. N is calculated. N=W/number of UEs connected to the target cell.

3. The frequency efficiency of each UE should be multiplied by N.

4. The frequency efficiency can be normalized by dividing the system bandwidth W, whose unit is then bps/Hz.[image: image1.png]















