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1 Introduction

As per the guidance in [1], RAN4 has been requested to consider time-domain and power setting solutions to mitigate interference in heterogeneous deployments of macro-femto or macro-pico scenarios.  In particular if femto-cells or Home eNB’s (HeNB) are operating in a closed subscriber group (CSG) mode, the HeNB UL may see significant interference from macro UE’s (MUE) being served by the macro eNB. This contribution shows the impact of the uplink interference to the HeNB from a macro UE transmitting to its serving macro eNB.
2 Scope of Discussion
Consistent with the WF in [2] this contribution investigates the specification of the UL MUE transmit interference to the UL of a HeNB operating in a co-channel CSG scenario. This is a well known interference problem as illustrated in Figure 1.

[image: image1.emf]-50 -40 -30 -20 -10 0 10 20 30

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Macro UE UL SINR

cdf

HeNB Interference from MUE = 

 

 

10 HeNB


Figure 1: Macro UE UL  interfering with the UL of a HeNB UE.

For macro UEs that are near the cell edge of the macro cell and in close proximity to the HeNB, an effective coverage hole for the HeNB can exist due to the near-far problem between the CSG HeNB and the macro eNB relative to a HeNB UE. This problem could be quite severe for a MUE power controlled to its maximum power due to high path loss to the eNB if the MUE is at the cell edge of its serving eNB and in a link budget limited coverage area. From a performance perspective this interference scenario will primarily affect the performance of a single HeNB UE, however if the MUE is within the CSG coverage and very close to the HeNB (i.e. the MUE is indoors within the CSG coverage), it could desensitize the HeNB receiver and block all coverage by the CSG HeNB. The effects of this MUE interference on the HeNB UL could potentially be mitigated through the HeNB allowing the HeNB UE (HUE) to be power controlled to a higher transmit power (within the limits of the current LTE standard). 
This contribution investigates through simulation the co-channel interference as a function of the HeNB SINR versus relative HeNB to MUE SINR and physical distance. These metrics are parameterized relative to the MUE transmit power. From these results the probability of coverage holes or outage of the HeNB can be derived as a function of the MUE transmit power, the number of HeNBs per macro cell and relative distance between the MUE and the nearest HeNB
The simulation methodology employed for analysis of this scenario is based on the approach defined in [3] and [4]. Nominally up to 10 HeNB’s are assumed to be randomly distributed within the macro cell each with a transmit power of 20 dBm. Up to 20 MUEs are assumed to be randomly dropped within the macro cell. All MUE’s are assumed to be non-CSG from a HeNB perspective. Up to 5 HUE’s are assumed to be randomly dropped within the HeNB coverage area. A worst case scenario of macro and HeNB interference is assumed for which 100% reuse of RBs in the macro network between eNBs is modelled and 100% reuse of RBs is also assumed for each deployed HeNB. Both the MUE and HUEs are assumed to be power controlled by the macro eNB and HeNB respectively. In order to illustrate a typical power control scenario, the power control scheme employed is based on the set 2 (PC2) scheme defined in [3]. Further details of the assumptions employed in the simulation are provided in Appendix A.
3 Simulation Results
Figure 3 below illustrates the SINR as seen by the HeNB without and with interference from the MUE’s present in the macro network for a Case 1 (ISD=500m) propagation deployment. Power control scheme PC2 was employed for the simulations of Figure 2 with the same power control criteria applied to both the MUE’s in the macro network as well as the HUE’s in the HeNB cells. From the geometry curves of Figures 2 the average and 5 percentile throughput losses of the HeNB UL due to MUE interference were calculated based on the truncated Shannon bound approach defined in [3]. The resulting degradation is summarized in Table 1 as well as the corresponding throughput degradation for a macro network employing a Case 3 ISD of 1732 m. 
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Figure 2:  HeNB SINR with and without interference from MUEs. Power control scheme PC2 was employed with a Case 1 ISD of 500 m for the macro network.

Table 1: Average and 5 Percentile Throughput loss of CSG HeNB UL due to MUE Interference
	Scenario
	Average throughput loss (%)
	5 Percentile throughput loss (%)

	Case 1 with PC2
	3.5
	15

	Case 3 with PC2
	2.1
	9.6


4 Discussion of Results
From the results of Section 3 above, it can be seen that with use of power control scheme PC2 employed by the MUE’s and HUE’s the degree of degradation in throughput seen by the UL HeNB in a CSG deployment is close to an acceptable level. Use of power control scheme 2 results in an average throughput loss of 3.45% which is within a 5% degradation limit. The 5 percentile loss is in the range of 9% to 15% and would need to be improved.  
For a Case 3 macro propagation deployment it can be seen that the degree of throughput loss decreases relative to the Case 1 scenario. This is due to the larger macro cells reducing the probability that a MUE will be within close proximity to a CSG HeNB.

5 Conclusion and Recommendations
This contribution has analyzed through simulation the throughput performance impact of MUE’s on the UL of co-channel CSG HeNB’s deployed in a macro network. It has been shown that use of a typical power control scheme by both the MUE’s and HUE’s results in minimal performance degradation to the CSG HeNB UL by the non-CSG MUE’s. It is proposed to further study the optimization of the MUE transmit power to minimize degradation to the HeNB CSG UL as well as any potential impact on the macro network uplink performance. 
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Appendix A: Simulation Assumptions

Table A-1 below provides more detailed simulation assumptions in addition to those provided in section 2.
Table A-1. System Simulation Assumptions [6]

	Parameter
	Assumption

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

	System bandwidth
	10MHz

	Inter-site distance
	500 m, 1732 m

	Number sites
	19sites (=57 cells) 

	Shadowing standard deviation
	To HeNB: 8 dB
To Macro eNB: 10 dB

	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

	UE Antenna gain
	0 dBi

	HeNB receive antenna
	1

	Number of macro UE Tx antennas
	1 

	Number of HUE tx antenna
	1

	Total BS TX power (Ptotal)
	46 dBm

	UE power class
	23 dBm (200 mW)



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

	UE distribution
	UEs dropped with uniform density within the indoors/outdoors macro coverage area, subject to a minimum separation to macro and HeNBs.














