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1 Introduction 
As decided in RAN1#61bis, the HeNB Power Setting and Time Domain approaches have been considered as the baseline solutions for Macro-Femto deployment in Heterogeneous Networks. Several power setting approaches have been proposed in [1]-[2] with performance studies showing a reduction in co-channel interference for both the control channels and data channels. Almost blank DL subframe is considered as one possible implementation belonging to the category of Time Domain approaches. Others are the use of MBSFN Subframe and Symbol and/or Subframe time shifting.

In this contribution, we present simulation studies of the time domain approach based on almost blank DL subframes taking some implementation variations into considerations. The different considerations include UE specific scheduling, selection of almost blank subframes and selection of the HeNB cell used to deploy the almost blank subframes. Macro-Femto deployment has been referred to in this contribution even though the use of almost blank subframes is not precluded from Macro-Pico deployment. 
2 Analysis of Time Domain Approaches
The following definitions would apply throughout this contribution: 
· Interfered MUE

The MUE suffering interference from the HeNB cell is defined as the Interfered MUE. These Interfered MUEs are selected based on the RSRP measurement with these interfered MUE satisfying the following inequality:  
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· Interferer HeNB Cell

If there is an interfered MUE nearby a HeNB cell, and the RSRP of this Femto cell to this interferer MUE satisfies Eq. (1), then the HeNB is considered as an Interferer HeNB cell.
Following the above two definitions, the following considerations are studied in this contribution:

· Traffic Load Consideration
The traffic load consideration is related to the number of almost blank SFs enabled by the HeNB cell. With more enabled almost blank SFs, the higher the performance improvement of the MUE. However, this will also result in significant performance degradation to its FUEs in the HeNB cell. So the number of blank SFs should be considered based on the traffic loads of both the Femto cell and the Macro cell. At the least, the performance improvement of MUE should not result in serious deterioration of the service for the FUE. Some coordination between Femto and Macro cells may be needed to ensure this e.g. the Femto informs the MeNB of the number of SFs it can blank. 
· UE-Specific Scheduling 

The main objective of the almost blank SF is that the HeNB cell reduce the interference on some of its subframes which then provides less interference to the Macro cell and ultimately better SINR on these subframes for the MUE(s). To be able to exploit the almost blank subframes from the HeNB effectively, the Macro eNB should schedule its Interfered MUE on the corresponding position of the almost blank subframes. Hence, the Macro cell should first identify these Interfered MUEs, and then only provide service for these UEs on these less interfered SFs. 
· Interferer HeNB Cell 
The selection of the Interferer HeNB should also be considered. As described above, one rule for this selection may base on the Interferer Femto identification. A Femto cell identified as the Interferer Femto cell would be allowed to enable almost blank SFs. 

3 Almost Blank Subframes 
· Semi-Static or Predefined Blank Subframes 
This resource partitioning type is similar to the Macro-Femto resource split provided in [4] and as shown in Figure 1, where the Macro eNB can use all the SFs while the Femto cell uses the other half in a staggered manner. 
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Figure 1 Partitioning of resources (SFs) between macro and femto cells (Stagger Type)

Here all the Femto cells set half of the SFs as almost blank SF type and keep the other SFs for serving the CSG UEs. Then the MeNB provides service for the Interfered MUEs on the SFs in the subframes corresponding to the almost blank SFs of the Femto. This resource partitioning will be performed statically, which means the percentage of almost blank SFs on all Femto cells will be constant. In addition, all the Femto cells in one site will follow this fixed resource partitioning. 
· Dynamic Coordination of Blank Subframes 
For this type of resource partitioning, the Femto cell uses only a limited number of blank subframes in a frame. Then the MeNB provides service for the UEs with high interference from the Femto cell (interfered MUEs) on the SFs in the positions corresponding to the almost blank SFs of the Femto. The number and the position of these X almost blank SFs on the Femto cell would have to be coordinated between MeNB and Femto cell by the X2 interface or other backhaul interface during implementation, and then maintained semi-statically based on the traffic load of Femto cells. Figure 2 provides one example with 2 SFs as almost blank SFs. 
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 Figure 2 Partitioning of resources (SFs) between macro and femto cells (All Femto X SF(s) almost blank)
· Dynamic Coordination of Blank Subframes with Interferer
In this last approach, blank subframes can be enabled by Femto cell(s) identified as the Interferer HeNB Cell. The number and the position of these X almost blank SFs on the Femto cell could also be coordinated between MeNB/Femto cell by X2 interface or other backhaul interface and then maintained semi-statically based on the traffic load of Femto cells.
4 Simulation Results for Time Domain Approaches
The simulations are performed under static conditions with a fixed number and position of almost blank SFs, as well as using fixed UE deployment. For further study, latency and dynamic information exchange should be considered. In addition, with bursty traffic load and UE mobility considerations, the identification of Interfered MUE and Interferer Femto cell would be affected. Semi-static or dynamic coordination between the MeNB and HeNB is not modelled in the simulation.  

In Figure 3 (Table 1) and Figure 4 (Table 2), we provide the data channel performance of MUEs and FUEs respectively. 
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Figure 3 MUE Data Channel Performance of Power Control and Time Domain Approach
Table 1 Performance for Data channel of MUE

	Throughput (bps/Hz/User)
	Baseline
	Macro-Femto Stagger
	All Femto  1SF Blank
	All Femto  2SF Blank
	Inter. Femto  1SF Blank
	Inter. Femto  2SF Blank

	5% User 
	0.0002
	0.0073
	0.005
	0.0067
	0.0025
	0.0049

	50% Users
	0.018
	0.0242
	0.0218
	0.0241
	0.0202
	0.0208

	Avg. User 
	0.0252
	0.0304
	0.0297
	0.0305
	0.0283
	0.0276


From the simulation results of the data channel for MUE, we can find that all the almost blank SF methods can improve the MUE performance, especially for tail MUEs. 
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Figure 4 FUE Data Channel Performance of Power Control and Time Domain Approach

Table 2 Performance for Data channel of FUE
	Throughput (bps/Hz/User)
	Baseline
	Macro-Femto Stagger
	All Femto  1SF Blank
	All Femto  2SF Blank
	Inter. Femto  1SF Blank
	Inter. Femto  2SF Blank

	5% User
	0.4785
	0.2363
	0.4348
	0.3826
	0.4813
	0.4775

	50% Users
	3.164
	1.5610
	2.843
	2.529
	2.9803
	2.6642

	Avg. User
	2.575
	1.2700
	2.317
	2.060
	2.4667
	2.3935


From the simulation results of the data channel for FUE, we find that all three methods result in performance degradation of the FUEs. Among these three methods, the time domain approach with only the interferer Femto using almost blank SFs has the least impact on the FUE performance compared to the Staggered and All Femto blank methods. We make the following observations:
Observation 1: All the time domain approaches can improve the performance of Macro UE (MUE) for data channel, but they introduce performance degradation for the Femto UE (FUE).

Observation 2: The time domain approaches with only the interferer Femto using almost blank SFs has less impact on FUE performance than the Staggered and All Femto blank methods.
Observation 3: The number of almost blank SFs implemented on the Femto cell, as well as which Femto cell to uses almost blank SFs, will impact the performance significantly.  
5 Conclusions

In this contribution, we have presented results from preliminary simulation studies of almost blank subframe based interference coordination between Macro and Femto. Factors such as identification of interfered UE(s) and interfered HeNB cells have been considered. These different considerations are proposed to be incorporated into the definition of Time Partition approach and should be further evaluated,as well as the impact of the coordination rate between the Macro and Femto. 

. 
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Appendix 1
Table 2 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
	1 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 of interest
	3 km/h


Table 3 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 Tx antennas femto
	1 

	Femto antenna pattern
	omni antenna elements

	Femto antenna gain
	5 dBi

	Min/Max Tx power femto
	-10 (3)/ 20 dBm

	Maximum number of femto UE per femto
	1


Table 4 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

	Total Number of FUE
	24

	Total Number of MUE
	36

	Probability of macro UE being indoors
	35%


Dual Strip Model
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Table 5 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

	
	(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. 
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