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1. Introduction
In Macro-Pico co-channel deployment, the introduction of new low power nodes benefits 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 would be an apparent interference problem with the presence of RE, which can be referred in [3]. In this case, the macro eNB (aggressor) can mute transmission in a fraction of resources which can be referred in [4]. 
In this contribution, we present simulation results that illustrate the potential gain of RE and appropriate interference management by resource partitioning (RP) scheme. We assume that all the schemes referred in this contribution are employed in data channel interference management. 
2. Simulation Assumptions
2.1 Simulation parameters and assumptions
The basic simulation assumptions are set according to the latest TR 36.814 [1] and summarized in Annex A1. The Pico nodes and UEs are deployed according to configuration 4b (clustered placement), as follows:

· 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.

The serving cell selection is based on Biased-RSRP to extend Pico nodes coverage and different biased values will be analyzed. {0, 6, 12, 16, 20, 22} dB bias and {0, 6, 12, 16} dB bias is given to the Pico nodes with lower power of 24 dBm and the higher power of 30 dBm, respectively.

In our simulation, the large scale SINR to frequency efficiency curve is referred to [2]. Frequency efficiency of UE is calculated through the method described in Annex A2, which is assumed that the resources are allocated evenly to the UEs scheduled by the serving cell for all the cases. 

2.2 Resource partitioning scheme and CRS interference modeling

In this contribution, we evaluate Overlap Resource Partitioning (RP) where macro eNBs are mute in a fraction of resources, while Pico nodes can transmit in all resources. In such a resource partitioning case, Pico-UEs (PUEs) have “protected” resources in which significant interference from macro eNBs is removed. According to the resource division at Pico cell side we consider two methods “RR” and “SS” defined in the following. 
There are three simulation scenarios according to resource allocation:

· “Reuse-1”: conventional co-channel deployment where macro eNBs and Pico nodes can transmit on all subframes.
· “RR”: when adopting “Overlap RP”, muting and non-muting corresponding resources at Pico cell side are allocated evenly to the PUEs no matter edge or center users The Muting Ratio of Macro cell can be either fixed or adaptive. In our simulation, the case of “fixed muting ratio=0.5” is evaluated. 

· “Selective scheduling (SS)”: to achieve more desirable performance gain, when adopting “Overlap RP”, we consider scheduling the edge PUEs only at interfered cell side in the muted resources and other PUEs can be scheduled in muted or non-muted resources, i.e, PUEs with bad channel quality should be only scheduled in interference-lightened resources. These UEs could be distinguished by a certain SINR threshold. Macro muting ratio of 0.5 and SINR threshold of 0dB are adopted.
It should be noted that when adopting RR and SS, whether the CRS is transmitted should be clarified. When the CRS at interfered cell side is not transmitted in muting resources such as MBSFN subframe scheme (MB) [5], there is no interference in muting resources. On the other hand, when the CRS is transmitted in muting resources such as Almost Blank scheme [5] (AB), the interference from CRS in muting resources can not be ignored. Therefore, we also evaluate the impact of CRS in muting resources on the system performance. In our simulation, the interference from CRS is modeled through interference averaging over one resource block and the average interference factor is 0.1 (i.e.12/120) considering two antenna ports. This modeling is more optimistic than the actual interference condition. 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.
3. Numerical Results
· Pico Transmit Power = 24 dBm
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Figure1. SINR distribution of different bias values (Pico Transmit Power = 24 dBm)
Table1. System performance of different RE with resource partitioning schemes – 24dBm
	24dBm
	Bias(dB)
	0
	6
	12
	16
	20
	22

	Reuse1
	5% edge UE throughput（bps/Hz)
	0.01520 (100.0%)
	0.01916（126.1%）
	0.00490 （32.2%）
	0.000（0.0%）
	0.000（0.0%）
	0.000（0.0%）

	
	Cell area throughput(macro eNB+Pico)(bps/Hz)
	7.53112 (100.0%)
	6.77314 (89.9%)
	6.27267（83.3%）
	6.28347 (83.4%)
	6.09276 (80.9%)
	6.02030 (79.9%)

	MB_RR
	5% edge UE throughput(bps/Hz)
	N.A
	0.01671 (109.9%)
	0.02749 (180.9%)
	0.03206 (210.9%)
	0.03278 (215.7%)
	0.03208 (211.1%)

	
	Cell area throughput(macro eNB+Pico)(bps/Hz)
	N.A
	8.87226 (117.8%)
	8.59184 (114.1%)
	8.28076 (110.0%)
	8.15233 (108.2%)
	8.15330 (108.3%)

	MB_SS
	5% edge UE throughput(bps/Hz)
	N.A
	0.01618 (106.4%)
	0.02235 (147.0%)
	0.02340 (153.9%)
	0.02322 (152.8%)
	0.02233 (146.9%)

	
	Cell area throughput(macro eNB+Pico)(bps/Hz)
	N.A
	16.59276 (220.3%)
	14.86205 (197.3%)
	14.14094（187.8%）
	13.60472 (180.6%)
	13.68486（181.7%）

	AB_RR
	5% edge UE throughput(bps/Hz)
	N.A
	0.01598 (105.1%)
	0.02405 (158.2%)
	0.02233 (146.9%)
	0.01697 (111.6%)
	0.01451 (95.5%)

	
	Cell area throughput(macro eNB+Pico)(bps/Hz)
	N.A
	7.43742 (98.8%)
	6.67914 (88.7%)
	6.57422 (87.3%)
	6.22260 (82.6%)
	6.11184（81.2%）

	AB_SS
	5% edge UE throughput(bps/Hz)
	N.A
	0.01546 (101.7%)
	0.01684 (110.8%)
	0.01175（77.3%）
	0.00569 (37.4%)
	0.00425 (28.0%)

	
	Cell area throughput(macro eNB+Pico)(bps/Hz)
	N.A
	15.58524 (206.9%)
	13.38709 (177.8%)
	12.84980 (170.6%)
	12.23958（162.5%）
	11.94508（158.6%）

	
	Pico connection ratio
	0.485
	0.631
	0.737
	0.799
	0.851
	0.871


· Pico Transmit Power = 30 dBm
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Figure2. SINR distribution of different bias values (Pico Transmit Power = 30 dBm)

Table2. System performance of different RE with resource partitioning schemes – 30dBm
	30dBm
	bias(dB)
	0
	6
	12
	16

	Reuse1
	5% edge UE throughput

(bps/Hz)
	0.02276(100.0%)
	0.02278(100.09%)
	0.00770(33.83%)
	0.00000 (0.00%) 

	
	Cell area throughput(macro eNB+Pico)

(bps/Hz)
	8.51036(100.0%)
	8.03177(94.38%)
	7.79105(91.55%) 
	7.67118(90.14%) 

	MB_RR
	5% edge UE throughput

(bps/Hz)
	N.A
	0.02821(123.95%)
	0.03724(163.62%)
	0.03949(173.51%)

	
	Cell area throughput(macro eNB+Pico)

(bps/Hz)
	N.A
	9.63164(113.18%)
	9.46054(111.16%)
	9.35950(109.98%)

	MB_SS
	5% edge UE throughput

(bps/Hz)
	N.A
	0.02286(100.44%)
	0.02509(110.24%)
	0.02496(109.67%)

	
	Cell area throughput(macro eNB+Pico)

(bps/Hz)
	N.A
	15.46989(181.78%)
	14.97554(175.97%)
	14.55877(171.07%) 

	AB_RR
	5% edge UE throughput

(bps/Hz)
	N.A
	0.02806(123.29%)
	0.03190(140.16%)
	0.02949(129.57%)

	
	Cell area throughput(macro eNB+Pico)

(bps/Hz)
	N.A
	8.55354(100.51%)
	8.09139(95.08%)
	7.86389(92.40%)

	AB_SS
	5% edge UE throughput

(bps/Hz)
	N.A
	0.02197(96.53%)
	0.01894(83.22%)
	0.01317(57.86%)

	
	Cell area throughput(macro eNB+Pico)

(bps/Hz)
	N.A
	14.90181(175.10%) 
	14.05548(165.16%)
	13.49532(158.58%) 

	
	Pico connection ratio
	0.631 
	0.737 
	0.832 
	0.871 


The simulation results show that:

1) The results demonstrate that there is an apparent interference problem in the presence of range-expansion, especially when the bias is large. The enhanced ICIC should be required.
2) Increase of Pico nodes’ transmission power can make more users connected to Pico nodes and the benefit is significant. Similarly, the range-expansion method can also adjust the user connection ratio to Pico and macro nodes through adjusting bias value, resulting in a positive effect of load balance between Pico nodes and macro nodes and it is expected that this effect can be more remarkable in actual traffic cases, such as non-full buffer traffic.
3) In term of MB scheme, the combination of RE with MB can provide additional benefits both for cell average performance and edge performance and the performance is better than that of reuse1 without RE (datum line in the simulation). Moreover, comparing the resource allocation method of “RR” with “SS”,
a)   the average performance of SS is better than that of RR. The reason is that adopting SS, the edge PUEs only can be selectively scheduled in muting resource and other PUEs can also be scheduled in muting resource resulting in lighted-interference to edge PUEs and sufficient resources to centre  PUEs. 
b)   the edge performance of RR is better than that of SS. The reason is that the edge PUEs can be scheduled in muting resources and non-muting resources resulting in more resources to edge PUEs. 
Furthermore, there is an observation that with the increase of bias value, for RR and SS method, both the average performance and edge performance tend to be stable or even to have slight degradation. That illuminates, firstly, some aspects of resource allocation method need to be optimized further, such as resource muting ratio of Macro nodes and the division muting resources between edge and centre PUEs; secondly, when the bias increases up to a certain value, that can achieve good traffic load balance between Macro and Pico nodes and the better system performance, and hence it is not advisable to increase the bias unlimitedly.
4) Enhanced ICIC mechanism such as MB and AB can achieve additional gain. But in any case of bias, when AB is applied instead of MB, the performance of both edge and average will have degradation. Especially when a large bias is adopted, the MB scheme gets an obvious advantage over the AB scheme. That is to say, in term of interference problem of CRS, the interference from CRS is obvious and should not be ignored.
4. Conclusion
In this contribution, we provide some evaluation results of the enhanced interference management scheme by resource partitioning based on Biased-RSRP cell selection at different biased values, which proves that it works for data channel. 
Our conclusions are as follows:
· Range expansion schemes significantly deteriorate cell-edge UE performance in the absence of any inter-cell interference coordination when bias is large.
· Further improvement with large bias seems possible if macro interference to Pico-UEs can be mitigated from data channel perspective. Guaranteeing robust performance of range expansion schemes necessitates enhanced interference management scheme such as Almost Blank scheme and MBSFN subframe scheme. With the interference management scheme, there is performance gain with large (to a certain extent) bias, , as long as control channel performance can be promised. 
· The interference from CRS can affect the system performance and should not be ignored. The MBSFN subframe scheme outperforms Almost Blank schemes in term of system performance especially when the bias is large.
· The increase of Pico power can provide SINR and throughput gains and can increase the footprint of the Pico nodes as the range expansion scheme. The range-expansion method can also adjust the user connection ratio to Pico and macro nodes through adjusting bias value, resulting in a positive effect of load balance between Pico nodes and macro nodes and it is expected that this effect can be more remarkable in actual traffic cases.
· Some aspects of resource allocation can be optimized to explore better performance. Also, when the bias increases up to a certain value , that can achieve good traffic load balance between Macro and Pico nodes and the better system performance , and hence it is not advisable to increase the bias unlimitedly.
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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

	Inter-cell Interference Modeling
	Explicit modeling (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 /30dBm

	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.[image: image3.png]



