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Discussions 
1 Introduction 
Different DL power setting solutions have been discussed in RAN4 [1]-[3] as one of the two considerations to mitigate co-channel interference in Macro-Femto deployment. In this contribution, we extend our studies to the uplink in a CSG Femto-Macro deployment.  

2 Home eNB Uplink Interference  
The co-channel and unplanned HeNB deployment could potentially result in severe interference conditions especially in the case of a CSG HeNB. Two dominant UL cross-layer interfering scenarios are shown in Figure 1 and described below:

1. Scenario 1: HUE ( MeNB:

If the HeNB is located close to the MeNB, interference from the HUE to the MeNB can be significant. However, interference from the HUE to the MeNB is negligible when HeNB is at the cell edge of the MeNB,
2. Scenario 2: MUE ( HeNB:

The MUE at cell edge normally use high transmission power to compensate the large pathloss to their serving base stations. As it result of this large uplink transmit power, it may significantly interfere with the HeNB uplink, especially in the case when the macro-cell edge UE is located near a HeNB.

The above scenarios can present performance impact onto the existing MeNB and HeNB uplink performance. Uplink fractional power control (FPC) is an important operation needed to ensure the required received signal quality at the serving eNB and at the same time control the interference to other neighbouring cells. As shown in Figure 1, a co-channel overlaid of HeNBs and MeNB could result in two possible scenarios, each occur under different deployment conditions. In this contribution, these performance impacts are evaluated and studied through system simulation.
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Figure 1:  HeNB UL Interference scenarios
3 System Simulation Results 
This section presents the simulation results from this study to evaluate the impact of both scenarios on existing uplink performance of HeNB and MeNB, respectively. Existing uplink power control based on Fractional Power control is simulated for both MUE and HUE.  Simulation results are provided with full buffer traffic. Additional references to the simulation assumptions are given in Table 3-5 in the Annex.  
The following performance metric has been evaluated:

· Scenario 1: 

i. Average MeNB Uplink Average and 5% Sector Throughput 

ii. Throughput Loss (compared to no HUE interference). 

· Scenario 2: 

i. Average HeNB Uplink Average and 5% Sector Throughput 

ii. Throughput Loss (compared to no indoor MUE interference). 

As shown in Figure 2 for interference Scenario 1, different number of HeNB (0-64) are assumed to be randomly distributed within the macro cell with 500m ISD and one HUE is randomly dropped within each HeNB cell.10 MUEs are randomly dropped in the macro cell and all the MUE are assumed to be within the CSG or outdoors. From the results of Figure 2 and Table 1, it can be seen that the MUE uplink performance degrades as the number of HeNB increases. The impact of the HeNB deployments is significantly more severe for cell edge MUEs with degradation of 10% with 2 HeNBs/Macro cell.
Similarly, the HeNB performance is investigated under different indoor MUE percentage. In this simulation, the HeNB and HUE number are kept fixed in each macro cell, but the indoor MUE percentage varies from 0 to 60%. From Figure 3 and Table 2, it can be seen that HUE performance decreases as the percentage of MUE in the apartment (i.e,MUE is close to HUE) increases. Compared to Scenario 1, the degradation to the HUE throughput is signicantly higher in Scenario 2 due to the difference in uplink transmit power of the MUE relative to the HUE transmit power.
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Figure 2.  MUE performance in interference scenario 1

[image: image3.emf]0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

0

1

2

x 10

4

Indoor MUE percentage in HeNB

HUE average throughput(kbps)

 

 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

0

1

2

x 10

4

HUE edge throughput(kbps)

HUE edge throughput

HUE average throughput


Figure 3.  HUE performance in interference scenario 2

	Number of HeNB per Macro sector
	 MUE Average Throughput loss (%)
	5% MUE Throughput loss (%)

	1
	0.25
	8.3

	2
	0.88
	9.9

	4
	3.6
	18.1

	16
	4.7
	40.1

	64
	10.4
	70.1


Table 1: MUE Throughput loss (relative to no HUE Interference)

	  Indoor MUE percentage in HeNB
	 HUE Average Throughput Loss (%)
	5% HUE Throughput Loss (%)

	10%
	25
	60.3

	20%
	46
	82.6

	30%
	59.7
	83.5

	60%
	72.4
	84.1


Table 2: HUE Throughput loss (relative to no MUE Interference)

4 Conclusions

In this contribution, we have presented simulation studies of the UL performance for a co-channel MeNB and HeNB deployment with Rel-8/9 uplink Fractional Power Control scheme. The impact of MUE and HUE on HeNB uplink and MeNB uplink, respectively, have been evaluated and shown. These preliminary results highlight the potentially significant interference degradation in a co-channel Macro- CSG HeNB deployment. The effectiveness Rel-10 agreed eICIC solutions based on Time partitioning and Power Setting is only applicable to the downlink. 
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6 Annex
	Parameter
	Assumption

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

	System bandwidth
	10MHz

	Inter-site distance
	500 m

	Number sites
	19sites (=57 cells) 

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Auto-correlation distance of Shadowing
	50m

	BS antenna gain (after Cable loss)
	14 dBi

	Antenna pattern (horizontal)
	eNB antenna pattern: 3 sectorized antenna elements with 14dBi gain. UE antenna pattern: Omni

	UE Antenna gain
	0 dBi

	Number of macro BS Rx antennas
	2 

	Number of UE Tx antennas 
	1

	UE power class
	24 dBm 



	MUE uplink power control
	Open loop FPC 

P0=-106, alpha=1

	Scheduler 
	Frequency Selective Proportional Fair

	Traffic model
	Full buffer 

	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.

	Minimum distance between UE and cell
	>= 35 m  

	Probability of Macro UE being indoors 
	As one parameter 


Table3: MeNB Simulation Assumptions
	Parameter
	Assumption

	HeNB Cell Layout
	Dual Strip 

	HeNB Spectrum
	Same frequency as MeNB

	Min Separation MUE (or HUE) to HeNB
	3m

	HeNB Antenna Pattern
	Omni

	HeNB antenna gain (after Cable loss)
	5 dBi

	Shadowing standard deviation
	To HUE: 4 dB
To MUE: 8 dB

	Number of Dual Strip per Sector
	1

	HUE deployment 
	10% HeNB UEs are outdoor

	Number of HUE per HeNB
	1

	K (number of cells per column )
	2

	N (number of cells per row )
	5 for ISD 500m

	L (number of floors per block)  
	1


Table 4: HeNB Simulation Assumptions
	Cases
	Path Loss (dB)

	UE to macro BS
	(1) UE is outside 
	PL (dB) =128.1 + 37.6log10R, R in km [18]

             = 15.3 + 37.6log10R, R in m

	
	(2) UE is inside a house
	PL (dB) =15.3 + 37.6log10R + Low, R in m [19]

	UE to femto BS
	(3) UE is inside the same house as femto BS
	PL (dB) = 38.46 + 20 log10R + 0.7d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46)  [19]

R and d2D,indoor are in m 

n is the number of penetrated floors

In case of a single-floor house, the last term is not needed

	
	(4) UE is outside
	PL (dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + Low
R and d2D,indoor are in m

	
	(5) UE is inside a different house
	PL(dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + Low,1 + Low,2
R and d2D,indoor are in m


Table 5   Path loss models
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