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1. Introduction 
At RAN2#72, some basic principle was agreed on the resource restriction for ABS subframes as follow:

- Neighbouring macro cells can have different ABS (FFS: might require macro cells to have common ABS subset)

- Femto cells can have different ABS in one macro cell (FFS: might require femto cells to have common ABS subset)

In this document, we would like to see the performance difference between the case where we have common ABS subset and the case where we don’t have common ABS subset. 
2. Necessity of Common ABS
ABSs are configured in the aggressor cells to enable victim UEs in the victim cell to communicate on subframes corresponding to the ABSs. With ABS, the interference is significantly reduced. 

Figure_1 illustrates the interference generated from two aggressor cells when they have different ABS patterns.  Aggressor cell 1 configures 50% subframes to be ABSs and aggressor cell 2 30%. The two aggressor cells do not have common ABS subset at all. Row three and four in Figure_1 show the interference of each subframe at the victim UE generated by the two aggressor cells respectively. The last row shows the aggregate interference of each subframe at the victim UE. We can see all subframes are severely interfered by the aggressor cells.
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Figure_1: The interference from aggressor cells when they have different ABS patterns without mandatory common ABS subset.

Similarly Figure_2 also illustrates the interference generated from two aggressor cells when they have different ABS patterns.  Aggressor cell 1 configures 50% subframes to be ABSs and aggressor cell 2 30%. However the two aggressor cells have the maximum common ABS subset, i.e. the ABSs of one cell, aggressor cell 2, are the subset of another cell, aggressor cell 1. From Figure_2 we can see the number of subframes that are not severely interfered by any of the aggressor cells is maximized (30%) because it is the same as the case when only aggressor cell 2 exists. Hence, the spectral efficiency can be maximized with maximum common ABS subset configuration. 
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Figure_2: The interference from aggressor cells when they have different ABS patterns with mandatory maximum common ABS subset.

When there are more than two aggressor cells, it would be even more necessary to have a maximum common ABS subset among all cells because this will ensure the victim UE experience the maximum number of subframes free of severe interference. Meanwhile, for each aggressor cell, while the percentage of ABS determines its performance and how much traffic it can carry, the detailed position of each ABS does not matter. Therefore it is beneficial to let different ABS patterns have the maximum common ABS subset. With the maximum common ABS subset, the determination of restricted subset of measurement subframes can also be simplified. 
3. Simulation Results
Two scenarios are simulated: 

· Scenario_1: RE is applied with synchronized muting between neighbouring macro cells

· Scenario_2: RE is applied with unsynchronized muting between neighbouring macro cells

Note in muted subframes, the whole transmission (CRS, PDCCH, PHICH) is muted for simple simulation. In case of unsynchronized muting, the location of muted subframes is random between neighbouring macro cells. 

Macro cells only up to the 1st tier are assumed and 2, 4, 10 pico cells are placed in a macro cell area as shown in the figure below. 20dB is used as the bias for pico cells. For other detailed simulation assumptions, please see the annex A in the attached. 
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Figure_3: Layout for macro cells and pico cells
As performance metrics, we see macro cell area throughput and 5% user throughput in macro cell area. Please note in non-heterogeneous network, macro cell performance with 25 users per cell is observed 2.12bps/Hz as cell average throughput and 0.28Mbps as 5% user throughput. 

Simulation result shows throughput gain decreases drastically unless muting is synchronized (Figure_4). Macro cell and pico cell throughput within the macro cell area shows about 80% of macro area throughput is contributed by pico cells with synchronized muting (Figure_5). From this simulation results, we see it would be highly beneficial to have common ABS subset. 
Proposal_1: RAN2 is asked to discuss the gain of the common ABS subset. From our point of view, it would be highly beneficial to have common ABS subset. 
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Figure_4: Gain to non- heterogeneous network 
[image: image6.png](zH/sdq) Indybnoay |



[image: image7.emf]0.00 

1.00 

2.00 

3.00 

4.00 

5.00 

6.00 

7.00 

8.00 

Macro cell only Synchronized 

muting

Unsynchronized 

muting

100% 18.4% 

45% 

Hotzone cells Macro cell


Figure_5: Throughput
4. Conclusion
In this document, we see some simulation results in order to compare two cases, i.e. when RE is applied with synchronized muting between neighbouring macro cells and when RE is applied with unsynchronized muting between neighbouring macro cells. RAN2 is asked to discuss the gain of the common ABS subset. From our point of view, it would be highly beneficial to have common ABS subset. 
5. Annex A
	Parameter 
	Assumption 

	Homogeneous deployments 
	3GPP case 1 set based on TR25.814 (ISD 500meters, 2.0Ghz CF and 3Km/h) 

	Macrocell antenna pattern (horizental, vertical, 3D) 
	Table A.2.1.1-2 in TR 36.814 

	Channel model 
	3GPP Spatial channel Model (SCM) 

	Total eNodeB TX power 
	46dBm – 10MHz Carrier 

	Nodes per macro-cell 
	2, 4, 10 hotzones per macro-cell 

	Pathloss model 
	Macro to UE: L = 128.1 +37.6log10(R), R in Km

	
	Hotzone to UE: L = 140.7 +36.7log10(R), R in Km (Model 1) 

	Shadowing standard deviation 
	10dB 

	Penetration Loss 
	20dB 

	Hotzone cell antenna pattern 
	0dB (omnidirectional) 

	Antenna configuration 
	TX : 2 , RX : 2 (eNodeB: uncorrelated co-polarized 4 wavelengths between ant. UE: vertically polarized antennas with 0.5 wavelengths separation) 

	Traffic model 
	Full buffer 

	Hotzone eNodeB TX power 
	30dBm 

	Minimum distance between UE/new node and regular node 
	>=35m 

	Minimum distance between UE and hotzone 
	>=10m 

	Placing of new nodes and UEs 
	Configuration 1 in table A.2.1.1.2-3 in TR 36.814 

	Transmission mode 
	2x2 SU-MIMO 

	HARQ 
	Chanse combining, non-adaptive, asynchronous 

	Downlink scheduler 
	Proportional fair 

	Downlink link adaptation 
	Frequency selective PMI/CQI report with 5msec periodicity and 6msec delay 

	Downlink receiver type 
	MMSE with Ideal channel estimation and no feedback errors 
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