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Discussions 
1 Introduction 
In [1], the following has been agreed: 

1. Power setting requirements should not imply or mandate any specific power setting algorithm to ensure network implementation flexibility 

2. Power setting can be based on e.g. internal HeNB measurements and/or existing HUE measurement reports. 

3. Proposal to include a general description (based on 1 & 2) of Power settings into Annex of TS36.104 as Informative is FFS

4. Proposal to include Power setting requirements in the Core part of TS36.104 is FFS

From (4) above, it is for further studies whether to include possible power setting requirements for Home eNB. The current agreement from RAN1 for Macro-Femto scenario states the following:

· Macro-Femto: 

· Baseline

· No backhaul coordination (X2, S1)

· Reflects RAN3 status
· Time-domain/power setting solutions 

· Support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources 
From this agreement, in Macro-Femto scenarios the use of ABS by the interfering eNB would have to be done through OA&M while the Macro-Pico interference scenario would be able to use the more dynamic coordination using X2 interface. The slower coordination would inhibit effective usage of the ABS in the severe interference case of Macro UEs within the indoor Femto cell coverage. In RAN4, various power settings solutions [2]-[5] have been studied and proposed. The objective of this contribution is to initiate discussions on the next step towards possible specification of Home eNB output power setting. 
This paper provides the system scenarios and requirements needed to evaluate the interference in a co-channel Macro-Femto deployment.
2 Home eNB Output Power for Co-channel Protection

In [1] it was agreed that specific power setting algorithm should be left to network implementation. The Home BS output power for adjacent E-UTRA channel protection is currently specified in Section 6.2.4 of TS36.104. Similarly, for co-channel interference between Macro BS and Home BS in the same geographical, the Home BS transmitter output power to minimize the co-channel interference can be considered. Obviously possible specifications in the Core specification would require further details and preliminary investigations in this working group.

The following conditions, similar to existing adjacent channel protection can be adopted.  The output power, Pout, of the Home BS could be obtained under some input condition:

· Input Condition: CRS Êc, measured in dBm, is the Reference Signal Received Power per resource element present at the Home BS antenna connector received from the strongest co-channel Macro BS or Home BS. For CRS Êc determination, the cell-specific reference signal R0 according TS 36.211 [3] shall be used. 

· Output Condition: Pout can be stated in the form of median{Ptx, Pmin, Pmax} where the output power Pout is the sum transmit power across all the antennas of the Home BS, with each transmit power measured at the respective antenna connectors. Pmin and Pmax are configured by the higher layers. Ptx should be determined based on simulation evaluations and comparisons among participating companies.
The input conditions defined for the requirements in this section are specified at the antenna connector of the Home BS. For Home BS receivers with diversity, the requirements apply to each antenna connector separately, with the other one(s) terminated or disabled. For Home BS(s) without measurement capability, a reference antenna with a gain of 0 dBi is assumed for converting these power levels into field strength requirements.

Other factors that can also be considered in the evaluation of Ptx can include some of the following:
· PM-HeNB - RSRP per resource element present at the Home BS antenna connector for the Reference Signal received from the nearest MeNB measured at the HeNB
· PM-HUE - RSRP per resource element present at the Home UE antenna connector for the Reference Signal received from the nearest MeNB measured at the HUE
· PLH-HUE - pathloss from the HeNB to the HUE estimated at HUE.
· PMUE-offset – function of the distance between the HeNB and its closest MUE to adaptively minimize interference to the nearby MUE
3 System Simulation Assumptions  
In Table 1 and 2, we propose additional system-level simulation assumptions for both MeNB and HeNB. Most of the parameters are as specified in [TS 36.814]. 
	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
	2GHz

	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)


	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

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9 dB

	Total BS TX power
	46 dBm

	UE distribution
	Uniformly dropped within indoors/outdoors macro coverage area

	Minimum distance between UE and cell
	>= 35 m  


Table 1.  Simulation Parameters for MeNB
	Parameter
	Assumption

	Carrier bandwidth
	20 MHz

	Femto Spectrum
	Same frequency and same bandwidth as macro layer

	Cell Radius
	10 m

	Min separation UE to femto
	3m

	Femto antenna pattern
	omni antenna elements

	Femto antenna gain
	5 dBi

	Max Tx power femto
	20 dBm

	Maximum number of femto UE per femto
	1

	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)  
	1

	R (deployment ratio )
	0.1~1.0

	P (activation ratio)
	1


Table 2: Simulation parameters for HeNB

When power setting is implemented, the studies should consider not only the absolute number of HeNBs but also the deployment density. In Figure 2 and Table3, the layout of the Home eNBs deployment and path loss model are listed, respectively. Furthermore, we propose the following study scenarios: 
· Large Number of HeNBs with low density:
Over nt HeNBs per MeNB sector (NHeNB> nt), in more than one dual strips (Ncluster>1), under this scenario, large number of HeNBs distributed in the coverage of MeNB and producing more “cell edges”,but less interference among HeNBs.
· Large number of HeNBs with high density:
Over nt HeNBs per MeNB sector (NHeNB> nt), in one dual strip (Ncluster=1), under this scenario, the number of HeNBs is large and causing interference to neighour HeNBs, but only nearby MUEs are strongly affected. 
· Small number of HeNBs with low density:
Less than nt HeNBs per MeNB sector (NHeNB< nt) in more than one dual strips (Ncluster>1 ), under this scenario, the number of HeNBs is small, but still may cause outage of MUE due to the increased cell edge.
· Small number of HeNBs with high density:
Less than nt HeNBs per MeNB sector (NHeNB< nt) in one dual strips (Ncluster=1), under this scenario, the impact to the MUE should be relatively small comparing to the above three scenarios.
Throughput/SINR CDF of both Macro and Home UEs (depending on which base station type they have as serving cell) should be measured respectively for performance evaluation. The baseline scenario for comparison is when no power setting is implemented at the Home eNB. Figure 1 shows a comparison of MUE throughout CDF with and without Home eNB power setting.
4 Conclusions

In this contribution, we have tried to address some preliminary aspects needed for necessary evaluation and comparison of the different power setting schemes for the Home eNBs in a co-channel Macro-Femto deployment. We propose the following way forward in this meeting:

· Agree on a simulation model and the necessary simulation parameters 

· Agree of the results to be evaluated to arrive at the power output requirements
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Figure 1:  MUE throughput Comparison with/without HeNB deployment
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Figure 2: Dual Strip 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. 


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.

Table 3: Path loss models for dense apartment deployment
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