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1 Introduction

During the #57AH meeting discussions, it has been agreed that

· In parallel to link level studies, the group should also evaluate the system performance,
· The interference levels agreed as working assumptions for link simulations can be revisited depending on further system/link level simulations.
This contribution provides system-level simulation results for studying signal levels and interference variation for defining side conditions in eICIC-related UE requirements for macro-femto deployments.

2 System-level simulation assumptions
In Table 1, 2, and 3, we list the system-level simulation assumptions for both MeNB and HeNB [1], and the Path loss model, respectively. In addition, additional parameters as discussed in RAN4#57AH and described in [2] are used.
Furthermore, it is noted the following: 
· ABS subframes with no PDSCH transmissions are configured at the macro layer only, in all macro cells simultaneously, which is a straightforward network configuration. 
· Full load full buffer traffic is assumed in non-ABS subframes. 
· Results of both Random and planned PCI (i.e., with or without inter-layer cell planning) are presented [3].
· The cell selection/reselection offset is limited to maximum 6 dB [4].
Table 1: MeNB Simulation Assumptions
	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
	8 dB, 10dB

	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 Tx antennas
	1 

	Number of HeNB Tx antennas
	1 

	Number of UE receive antennas 
	1

	Total Macro BS TX power (Ptotal)
	46 dBm

	UE power class
	23 dBm (200 mW)



	UE Noise Figure
	9 dB

	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 
	80%


Table 2: HeNB Simulation Assumptions
	Parameter
	Assumption

	HeNB Cell Layout
	Dual Strip (See Figure 1)

	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

	HeNB Tx power (Ptotal)
	20 dBm

	Number of Dual Strip per Sector
	1

	Number of HUE per HeNB
	1

	K (number of cells per column )
	2

	N (number of cells per row )
	5 for ISD 500m and 10 for ISD 1732m

	L (number of floors per block)  
	1

	Probability active HeNB in apartment
	0.1


Table 3: Path Loss Model
	Cases
	Path Loss (dB)

	UE to macro BS
	(1) UE is outside 
	PL (dB) =15.3 + 37.6log10R, R in m

	
	(2) UE is inside an apt
	               PL (dB) =15.3 + 37.6log10R + Low, R in m

	UE to femto
	(3) Dual-stripe model: UE is inside the same apt stripe as femto
	  PL (dB) = 38.46 + 20 log10R + 0.7d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46)  + q*Liw
R and d2D,indoor are in m

n is the number of penetrated floors

q is the number of walls separating apartments between UE and femto

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

	
	(4) Dual-stripe model: UE is outside the apt stripe
	PL (dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor 

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

q is the number of walls separating apartments between UE and femto 

	
	(5) Dual-stripe model: UE is inside a different apt stripe
	PL(dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low,1 + Low,2 

R and d2D,indoor are in m

q is the number of walls separating apartments between UE and femto

	
	(6) Dual-stripe model or 5x5 Grid Model: UE is within or outside the apartment block
	PL(dB) = 127+30log10(R/1000)
R in m

This is an alternative simplified model based on the LTE-A evaluation methodology which avoids modelling any walls. 


3 Performance metrics
The following performance metrics are to be studied:
· Received energy per CRS RE (Ês),
· Received energy per CRS RE over the received power spectral density of the total noise and interference for the certain CRS RE (Ês/Iot).
The 5%-ile of the CRS Ês CDFs and CRS Ês/Iot CDFs as well as the 90%-ile of the absolute difference between 
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 in ABS and non-ABS subframes shall be presented separately for 
· each scenario and ISD,

· each offset,

· all, macro, and pico UEs,
· non-ABS and ABS subframes.

The results are shown in Figures 1-4 and 5-8 for ISD=500m and ISD=1732m, respectively, and are summarized in the following Table 4.
Table 4. Summary of the 5%-ile results
	ISD [m]
	Offset, [dB]
	UEs
	5%-ile

CRS 
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 [dB]
	90%-ile absolute difference between non-ABS and ABS with inter-layer cell planning (per UE) [dB]
	HUE ratio

	
	
	
	
	Non-ABS
	ABS
	
	

	
	
	
	
	
	Random PCI
	Planned

PCI
	
	

	500
	0
	All
	-100.6
	-29.0
	-4.9
	-2.9
	57.4
	3.33%

	
	
	Macro
	-100.8
	-29.3
	-5.7
	-4.4
	56.5
	

	
	
	Pico
	-70.7
	2.9
	4.2
	7.8
	66.5
	

	
	6
	All
	-100.6
	-29.0
	-4.9
	-2.9
	57.4
	3.33%

	
	
	Macro
	-100.8
	-29.3
	-5.7
	-4.4
	56.5
	

	
	
	Pico
	-70.7
	2.9
	4.2
	7.8
	66.5
	

	1732
	0
	All
	-122.5
	-53.2
	-43.6
	-43.6
	41.0
	6.67%

	
	
	Macro
	-122.8
	-53.7
	-44.7
	-44.6
	39.3
	

	
	
	Pico
	-70.1
	0.9
	0.9
	0.9
	61.1
	

	
	6
	All
	-122.5
	-53.2
	-43.6
	-43.6
	41.0
	6.67%

	
	
	Macro
	-122.8
	-53.7
	-44.7
	-44.6
	39.3
	

	
	
	Pico
	-70.1
	0.9
	0.9
	0.9
	61.1
	


It is worth noting that due to the strong wall separation and the assumption of only one HUE per HeNB, the offset value has no impact on the cell selection result, i.e., the UE association results are the same for 0dB offset and 6dB offset. As a result, the same 5%-ile values for both 0dB and 6dB offsets are obtained. In addition, there are only 2 and 4 active HeNBs in the Dual-trip model per cell since the probability of active HeNB in apartment equal to 0.1 are used.

Hence, the HUE ratios for ISD=500m and ISD=1732m are 3.33% and 6.67%, respectively (note: the total number of UEs per cell in average is 60.)
Similarly, due to the large ISD and the strong wall separation (80% macro UEs are indoor users), we can hardly get benefit from of inter-layer cell planning when ISD=1732m. This is why we get almost the same 5%-ile results whether we do PCI planning or not.
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Figure 1. CRS received power, ISD=500m.
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Figure 2. CRS signal quality, ISD=500m, non-ABS subframes.
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Figure 3. CRS signal quality, ISD=500m, ABS subframes, no inter-layer cell planning.
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Figure 4. CRS signal quality, ISD=500m, ABS subframes, inter-layer cell planning.
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Figure 1. CRS received power, ISD=1732m.
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Figure 2. CRS signal quality, ISD=1732m, non-ABS subframes.
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Figure 3. CRS signal quality, ISD=1732m, ABS subframes, no inter-layer cell planning.
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Figure 4. CRS signal quality, ISD=1732m, ABS subframes, inter-layer cell planning.

4 Summary
In this contribution, system-level results for macro-femto scenario to identify typical interference levels have been presented. As expected, the results indicate that with CSG HeNB co-channel deployment, the CRE Es/Iot is more severe compared to the macro-pico deployment. 
Further agreement on a more representative system scenario and parameters for a Macro-Femto co-channel deployment may be needed. Possible separate considerations (i.e. side condition) may be needed to both Macro-Pico and Macro-Femto.
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