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1. Introduction
At RAN1#62, RAN1 concluded that for the DL femto to macro case, power setting, without backhaul coordination, is one of the agreed baseline solutions for eICIC. This contribution considers the specification impacts related to such power setting approaches.

2. RAN1 Status
In [2], several power setting schemes are described for the femto to macro case:

· Power setting based on strongest receiving power of MeNB at the Femto
· Power setting based on Femto -> MUE Pathloss
· Power Setting based on objective SINR of HUE
· Power setting based on SINR of MUE
However due to the assumption “No backhaul coordination (X2, S1)” as described in [1], only the first and third of these appears to be feasible for rel10. Out of these two approaches, the first is based on measurements of neighboring macro eNBs by a home eNB, whereas the third is based on DL measured total noise plus interference, and as such we believe the first approach will lead to a more accurate power setting approach. In [2] this approach (“Power setting based on strongest receiving power of MeNB at the Femto”) is described as follows:

The Femto shall adjust its maximum transmit power according to the following formula

P_tx = max (min (α • P_M + β , P_max), P_min) [dBm]                                              

where parameters P_max  and P_min  is the maximum and minimum Femto transmit power settings, P_M is the received power from the strongest co-channel macro cell on Femto. Parameter α is a linear scalar that allows altering the slope of power control mapping curve, β is a parameter expressed in dB that can be used for altering the dynamic range of power control.
In addition [2] describes an additional feature: 
Victim-UE aware power setting/control, whereby "power control based on strongest receiving power of MeNB at the Femto” … is only enabled by Femto if it detects a MUE …
3. Power Setting for Adjacent Channel Protection in 36.104
In 36.104 section 6.2.4 describes “Home BS output power for adjacent E-UTRA channel protection” with the aim of “adjusting the transmitter output power to minimize the interference level on the adjacent channels licensed to other operators in the same geographical area while optimize the Home BS coverage”. The power setting is described as follows:

	Input Conditions
	Output power, Pout

	Ioh > CRS Êc + 
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and CRS Êc ≥  -127dBm
	≤ 10 dBm

	Ioh ≤  CRS Êc +  
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and CRS Êc ≥ -127dBm
	≤ max(8 dBm, min(20 dBm,  CRS Êc + 
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If CRS Êc < -127dBm, then there are unlikely to be UEs in the vicinity of the Home eNodeB connected to this adjacent channel eNodeB, since the signal is weak, and no power reduction by the Home eNodeB is required. Otherwise, if CRS Êc <Ioh - 
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- 30 dB then it is considered that the power measurement on the adjacent channel is unreliable due to adjacent channel interference from the uplink channel being used by the Home eNodeB and the femto maximum output power is set to an intermediate value of 10 dBm, otherwise the maximum output power is set between 8 and 20 dBm depending on CRS Êc.
4. Proposal
It is proposed that power setting for the cochannel DL femto to macro case is specified by RAN4 in 36.104/36.141 in a way similar to the existing power setting to protect adjacent channels. Specifically it is proposed to define a new HeNB performance requirement in 36.104 “Home BS output power for co E-UTRA channel protection” which builds upon the power setting scheme “Power setting based on strongest receiving power of MeNB at the Femto” considered by RAN1 and on the 36.104 “Home BS output power for adjacent E-UTRA channel protection” requirement.

Some issues to consider when defining such a requirement in 36.104 include:
· The home eNB should measure the DL CRS Êc of the strongest co-channel macro neighbour
· If CRS Êc < -127dBm, then there are unlikely to be UEs in the vicinity of the Home eNodeB connected to this co- channel eNodeB, since the signal is weak, and no power reduction by the Home eNodeB is required.
· Unlike the adjacent channel case, there is no need to exclude measurements due to interference from the uplink channel being used by the Home eNodeB
· The home eNB  is required to set its output power in a way similar to “Power setting based on strongest receiving power of MeNB at the Femto” defined by RAN1, but only in cases where victim UEs are present
· As the HeNB is located further from the macro eNB, more DL protection is required however the uplink power from victim UEs received at the eNode B increases. This means that a fixed threshold in UL power at a HeNB for providing protection to a victim UE is appropriate.
Based on the above observations, the following power setting approach is proposed:

	Input Conditions
	Output power, Pout

	Iob > y  dBm
and CRS Êc ≥  -127dBm
	≤ CRS Êc + 
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where y and  are TBD. Iob is the Received Interference Power defined in 36.214 (maximum over resource blocks) due to non-served UEs at the home eNB in dBm. 
· Some notes on this proposed requirement:

· When testing this requirement the victim UE should be represented by a single non-served active mode UE. 

· The  corresponds to the  in the equation for “Power setting based on strongest receiving power of MeNB at the Femto” as described in section 2. The has been dropped for simplicity.
· Should a vendor choose to, the power restriction could also be applied in the case that one or both of the input conditions are not met. This would still provide protection to the macro eNB, and may simplify HeNB implementation but at the cost of degraded performance for the HeNB DL.
· The condition “Iob > y” does not preclude more sophisticated techniques for Victim UE Detection

Some system level simulation results for the case of an urban “dual stripe” deployment model are given in the Appendix showing that the condition “Iob > y” is sufficient to protect the macro eNB DL.
5. Conclusions

It is proposed that power setting for the cochannel DL femto to macro case is specified by RAN4 in 36.104/36.14. Specifically it is proposed to define a new HeNB performance requirement in 36.104 “Home BS output power for co E-UTRA channel protection” which builds upon the power setting scheme “Power setting based on strongest receiving power of MeNB at the Femto” considered by RAN1 and also on the existing 36.104 “Home BS output power for adjacent E-UTRA channel protection” requirement.

6. References

[1] R1-105094, LS on eICIC progress in RAN1
[2] R1-105081, Summary of the description of candidate eICIC solutions
Appendix – System Simulation Results
Figure 1 shows the UE SINR distribution of MUE. It shows the benefit of power setting, including the case with “Iob>y” condition.
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Figure 1 MUE SINR in Macro-Femto co-channel deployment
Figure 2 shows the UE SINR distribution of FUE. It shows the degradation in performance with power setting without the “Iob>y” condition.
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Figure 2 FUE SINR in Macro-Femto co-channel deployment
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
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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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