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1 Introduction 
In order to protect downlink control and/or data channels the operation of HeNB is likely to be constrained. Several classes of constraints have been considered so far for HetNet:

· Restriction of DL power

· Restriction of RB usage (PDSCH) 

· Restriction of PDCCH aggregation level and PDCCH usage
· Restriction of subframe usage/cooperative silencing (eg. transmit a certain subset of subframes as MBSFN subframes or “almost blank” subframes)

· Puncturing of REs corresponding to macro CRS positions (eg. [3])

Irrespective of the final solutions employed, such restrictions will generally lead to a degradation of HeNB performance.

One feature of downlink protection is that victim MUEs only need protecting when they are close to an aggressor HeNB. At other times restricting HeNB operation is unnecessary, and is wasteful of HeNB resources. For this reason the idea of victim UE aware protection was considered in 36.921 [1] and has also been mentioned in relation to HetNet [2-6].

In this paper performance of the DL for MUE and HUE is considered in the case where power restrictions are applied at HeNB. Specifically the following cases are evaluated:

· No power setting

· Power setting based on strongest receiving power of MeNB at the HeNB (no victim UE detection (VUED))

· Power setting based on strongest receiving power of MeNB at the HeNB with victim UE detection (VUED) at HeNB

· In this case the power setting is only applied at HeNB if the UL SINR of a victim UE at the HeNB is above a threshold.
Note that MUEs are most likely to be victims in the DL when they are at or close to their cell edge and therefore their UL transmission power will be high. Since they are close to the HeNB then the SINR received at the HeNB will be high.
2 Simulated Performance
The detailed simulation assumptions and parameters can be found in Appendix 1 compliant to TR 36.814. 
Figure 1 shows the UE SINR distribution of MUE. 
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Figure 1 MUE SINR in Macro-Femto co-channel deployment
As shown in this figure, a MUE may suffer significant interference in the case where HeNB power setting is not performed. In the case where power setting is performaced the SINR is improved, including the case with VUED with thresholds for detecting victim UE of up to 30dB SINR (UL SINR of victim UE at HeNB). 

Figure 2 shows the UE SINR distribution of HUE. 
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Figure 2 HUE SINR in Macro-Femto co-channel deployment
As shown in this figure, a HUE may suffer significant SINR degradation due to power restriction in the case without VUED. With VUED the degradation is successively reduced as the VUED detection threshold is increased. A threshold in the range of 20 to 30dB is appropriate.
Note that VUED detection performance is considered in [7].
3 Conclusions

In this contribution, we have shown that Power Setting combined with VUED can mitigate the degradation in performance at HeNB due to power restrictions to protect MUEs, while still providing protection to MUEs that require it. The expected impacts on the standardization work are to specify detection method (in RAN1) and to define performance requirement of the method (in RAN4).
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Appendix 1
Table 1 System simulation parameters of Macro eNB
	Parameter
	Assumption

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

	Inter-site distance
	500m

	Number sites
	7 sites (21 Macro cells) with wrap-around.

	Carrier Frequency
	2000 MHz

	Shadowing standard deviation
	8 dB

	Auto-correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Antenna pattern (horizontal)
(For 3-sector cell sites with fixed antenna patterns)
	 eNB antenna pattern: 3 sectorized antenna elements with 14dBi gain 
UE antenna pattern: Omni

	BS antenna gain after cable loss
	14 dBi

	BS noise figure
	5 dB

	Number of BS antennas
	2 Tx

	UE Antenna gain
	0 dBi

	UE Noise Figure
	7 dB

	Number of UE antennas
	1 Rx

	Total BS TX power
	46 dBm

	UE distribution
	dropped with uniform density within the indoors/outdoors macro coverage area

	Minimum distance between UE and cell
	>= 35 m

	UE speeds 
	3 km/h


Table 2 System simulation parameters of Femto Cell

	Parameter
	Assumption 

	Carrier bandwidth
	10 MHz

	Femto Frequency Channel
	same frequency and same bandwidth as macro layer

	Cell Radius
	10 m

	Min separation UE to femto
	3m

	Number of Tx antennas at femto
	1 

	Femto antenna pattern
	omni antenna elements

	Femto antenna gain
	5 dBi

	Min/Max Tx power femto
	-10/20 dBm

	Maximum number of femto UE per femto
	1


Table 3 Femto Modelling parameters
	K (number of cells per column )
	4

	N (number of cells per row )
	10

	M (number of blocks per sector)
	1

	L (number of floors per block)  
	6

	R (deployment ratio )
	0.1

	P (activation ratio)
	1

	Probability of macro UE being indoors
	35%


Dual Strip Model

[image: image3.emf]10 m

10 m

10 m

10 m

10 m


Table 4 Path loss models for dense apartment deployment 

	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


Liw is the penetration loss of the wall separating apartments, which is 5dB.

The term 0.7d2D,indoor takes account of penetration loss due to walls inside an apartment. 
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