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1. Introduction
In Macro-Pico co-channel deployment, the introduction of new low power nodes benefit the system average throughput due to the cell-split gain, while the UEs may suffer from the interference caused by another cell layer. Range Expansion (RE) was proposed to extend low power nodes coverage and cell-split gain, but there is an apparent interference problem in the presence of RE, which can be referred in [3]. Consequently the performance gain resulting from RE is somewhat ambiguous if no interference mitigation scheme is adopted.
Several contributions in the Meeting RAN1 #60 proposed some solutions in Heterogeneous Network to deal with the coverage limitation. The methods mentioned are mainly based on the resource partitioning either in the time domain or in the frequency domain. Also the resources allocation modes could either be “overlap mode” or “non-overlap mode” between Macro cell and low power nodes cell.
This contribution gives some evaluations of the effects of resource partitioning modes mentioned above. The results show that both the cell average and cell edge performance can be improved efficiently by appropriate resource partitioning with RE. Besides, we assume that all the schemes referred in this contribution are employed in data channel interference management. 
2. Resource partitioning
A typical interference-limited case when adopting RE is that a noticeable fraction of cell edge Pico UEs (PUEs) will suffer from Macro cell interference. In order to make those PUEs work, it is fairly reasonable that some parts of the time/frequency resources are reserved only for PUEs. Without the interference from the Macro eNodeB (MeNB), those PUEs can work well in the reserved resources. So the cell edge UE performance can be improved.
In this section, we discuss the performance differences among the Resource Partitioning Modes (RPM) of interest by frequency domain cooperative muting evaluation results. Moreover, it should be noticed that the frequency and time domain muting schemes are considered equivalent in the sense of resource available for data channel case. The following three RPM are evaluated:
· “Reuse-1”: MeNBs and Pico eNodeB (PeNBs) can transmit on all subframes.
· “Non-overlap RP”: When this Resource Partitioning (RP) method is adopted, MeNBs will be mute in a fraction of subframes, where the PeNB can transmit data. On the other hand, PeNBs will mute other subframes, where the MeNB could transmit data. The two parts of resource are non-overlapping with each other.
· “Overlap RP”: The PeNBs will occupy all the resource, while MeNB will be mute in a fraction of subframes.
The Muting Ratio (MR) between Macro cell and Pico cell referred in “Non-overlap RP” and “Overlap RP” can be either fixed or adaptive. In our simulation, the case of “fixed muting ratio=0.5” and “adaptive muting ratio” are both evaluated. When adopting RE, the bias of 20dB is used in the simulation.

Simulation assumptions, parameters and channel models are all aligned with [1]. The placing of new nodes, UE dropping methodology and the UE distributions in the macro cell coverage area are treated as follows: 
· In Macro-pico deployment, 4 UE-clusters with 10 uniformly dropped UE in each are dropped randomly in macro cell area and then 20UEs are located uniformly per macro cell. New nodes are allocated in the centers of UE clusters. The total number of UEs in the macro coverage area is 20+4*10.

Details of the assumptions including large scale channel model and system assumptions are summarized in the Annex A1. The large scale SINR to frequency efficiency curve is referred to [2] and the frequency efficiency of UE is calculated through the method described in Annex A2. In our simulation, it is assumed that the resources are allocated evenly to the UEs served by the serving cell.
There are 6 cases we consider and compare in the simulations:

A. Reuse-1, w/o RE, w/o muting;

B. Reuse-1, w/ RE, w/o muting;

C. w/ RE, Non-overlap TP, muting ratio of MeNB = Pico connection ratio, muting ratio of PeNB = 1- Pico connection ratio;

D. w/ RE, Non-overlap TP, muting ratio of MeNB = 0.5, muting ratio of PeNB = 0.5;

E. w/ RE, Overlap TP, muting ratio of MeNB = Pico cell connection ratio, muting ratio of PeNB = 0;

F. w/ RE, Overlap TP, muting ratio of MeNB = 0.5, muting ratio of PeNB = 0;

Simulation results are shown in the Table1 below:
Table1. System performance of the resource partitioning schemes

	Evaluation cases
	Downlink throughput (kbps)
	Muting Ratio of PeNB
	Muting Ratio of MeNB
	Pico Connection Ratio

	
	Edge 5%
	AVE
	
	
	

	A (baseline)
	141.53
	1265.27
	0
	0
	49.08%

	B
	0 (-100%)
	1020.42 (-19.35%)
	0
	0
	84.50%

	C
	192.06 (35.70%)
	1513.38 (19.61%)
	0.15
	0.85
	84.50%

	D
	223.55 (57.95%)
	1055.17 (-16.61%)
	0.5
	0.5
	84.50%

	E
	204.07 (44.19%)
	1611.27 (27.35%)
	0
	0.85
	84.50%

	F
	313.41(121.44%)
	1354.45 (7.05%)
	0
	0.5
	84.50%


In the Table1, the simulation results show that:
· In the co-channel deployment, the RE may cause system performance degradation if no interference management is introduced due to the downlink severe interference from MeNB suffered by PUE. The result of case B tells that the 5% edge users fail to work and the system average throughput gets a loss of 19.35% comparing with case A.
· It can be derived from the performance of cases C, D, E and F that the resource partitioning scheme is able to work out the cell edge users’ problem well caused by RE. 

· It is obvious that in our simulation scenario, “Overlap RP” is a little bit more beneficial than the “Non-overlap RP” scheme. The performance of cases E and F is relatively desirable compared with cases C and D respectively. The main reason is the throughput loss in the Pico muting subframes in “Non-overlap RP”. The downlink channel quality of MUE is not affected by PeNB that much, especially in the scenario using RE. Hence the PeNB muted resource cost is not worthy for the comparatively little MUE performance gain.
Therefore we give following conclusions:
Conclusion1: The resource partitioning method helps to improve system performance of the Macro-Pico co-channel deployment with Range Expansion.
Conclusion2: Only the nodes will cause severe interference to other layers’ UE needs to be mute, i.e. in macro-pico deployment, only the macro eNB need to be mute; in macro-femto deployment, only the femto need to be mute.

Conclusion3: The muting ratio between the cell layers can be adaptive according to the served UE numbers.
3. Conclusion
In this contribution, we provide some evaluation results of the enhanced interference management scheme by resource partitioning, which proves to work out for data channel. The main motivation of this method is to increase the performance of the edge PUE while considering the more effective resource schedule.
We propose that:

· The resource partitioning method is needed to improve system performance of the Macro-Pico co-channel deployment with Range Expansion.
· We interpret that the Overlap resource partitioning mode is preferable compared with Non-overlap RPM. Only the nodes will cause severe interference to other layers’ UE needs to be mute, e.g. in Macro-Pico deployment, only resources of Macro need to be mute; in Macro-Femto case, only resources of Femto need to be mute. This conclusion can be derived from both of the interference scenario analysis and simulation results. 
· The muting ratio between the cell layers can be adaptive according to the served UE numbers.

· eICIC is needed in data channel to support achieving remarkable performance gain.
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Annex
· A1.System Simulation Assumptions
Table3. 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


Table4. Hotzone system assumptions

	Parameters
	Assumptions

	Carrier frequency
	2000 MHz

	System bandwidth
	10 MHz

	Path loss model
	See Table5

	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


Table5. Path loss models for Hotzone 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.
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