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1
Introduction 

Heterogeneous networks (HetNets) have been added to the scope of the LTE-A study item [1]. An introduction to HetNets and their relation to existing LTE-A work was provided in [2]. In [2], interference conditions in HetNets were also discussed and it was argued that the interference conditions were substantially different from those in macro cellular networks. In this contribution, we quantitatively demonstrate some of these interference conditions and show that SINRs in the range of -20dB, which is far below the geometries seen in macro. This in turn implies a need for further investigation of techniques enabling efficient support of HetNets in LTE-A.
2
Discussion
2.1
Home eNB Deployments
We first discuss the case of closed subscriber group (CSG) HeNBs or femto cells.  Figure 1 illustrates a severe interference scenario in relation to HeNB deployments. In the figure we see a UE not belonging to the CSG of a HeNB but being close to the HeNB and being jammed by it on the DL. In the UL, the UE not belonging to the HeNB being power controlled by the macro cell will cause strong interference in the UL of the HeNB. These interference situations can be so severe that they can completely desense the corresponding receiver, i.e., the UE not belonging to the CSG in the DL or the HeNB in the UL. 
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Figure 1 Interference conditions in HeNB Deployments

While Figure 1 illustrates a scenario in which the interference conditions are between macro eNBs and HeNBs, it is easy to see that similar dominant interference scenarios can occur when a UE is in the coverage of a restricted HeNB, but is connecting to an allowed HeNB. We calculate the C/Is in such a scenario.  We use the evaluation methodology used in the RAN4 evaluation methodology for HeNB deployments [3]. 
2.1.1 5x5 Apartment complex

The model used here consists of a 5x5 cluster of apartments, each of size 10mx10m.  A fraction of these apartments contain HeNBs. A UE associated with each HeNB is dropped in the same apartment as that HeNB, and that UE is associated with the HeNB in the same apartment. 
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Figure 2 5x5 Apartment Model
Other relevant parameters for the simulation are given in Table 1.
	Parameter
	Assumption

	Distance dependent path loss between HeNBs
	PL = 127 + 30log10(D), ‘D’ in km
(dense-urban deployment has been assumed)

	Shadowing
	Lognormal shadowing with standard deviation 10 dB

	Shadowing correlation
	0.5

	Gain due to Antenna pattern
	0 dB

	Carrier Frequency
	2 GHz

	HeNB transmit power
	20 dBm

	Clusters dimensions
	5x5 apartment grid, each apartment is 10mx10m

	Noise figure
	10 dB


Table 1: HeNB system assumptions
Using these simulation assumptions we plot the C/I distribution of the serving cell, for different HeNB penetration rates.  This is shown in Figure 3. 
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Figure 3 Serving Cell C/I

We can see that the serving cell geometry is often below -10dB and sometimes lower than -20dB. In such cases, conventional WAN techniques such as power boosting and beamforming may not suffice to overcome the very weak SINRs. We should rely on resource orthogonalization, so that the interferers do not transmit on at least some resources (e.g. carriers, subframes) and the SINR on these resources is significantly improved. 
2.1.2 Dual Stripe Apartment complex
An alternative model is the dual-stripe model consisting of N (variable) floors of 4 rows of 10 apartments each of dimension 10m x 10m, see Figure 4. With probability “deployment ratio”, there is a HeNB within each apartment. For the apartments that have a HeNB, there is also a user in this apartment in the same CSG as the HeNB. In addition to users in the apartment, users that are only allowed to access the Macro-eNB are dropped at random within the cell (referred to as Macro-UE). If the coordinate of the M-UE happens to be within the apartment of a dual stripe, additional penetration losses to neighboring HeNBs and Macro-eNBs are taken into account.  A variable number of these apartment complexes is dropped per macro cell. Specific simulation assumptions for this heterogeneous network layout are provided in Table 2.
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Figure 4: Dual Stripe Model
	Parameter
	Assumption

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

	Inter-site distance
	500 m

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

	Distance-dependent path loss
	25.3+37.6log10( R ) , R in m

	Shadowing standard deviation
	8 dB

	Penetration Loss
	Indoor wall: 5dB,outdoor wall: 10dB

	Shadowing correlation
	Between cells
	0.5 (fixed, see section 5.3)

	
	Between sectors
	1.0 (see section 5.3)

	HeNB transmit power
	20 dBm.

	MacroBS transmit power
	43 dBm

	Cell selection scheme
	Based on max RSRQ power


Table 2: Simulation assumptions for heterogeneous layout
The resulting C/I distributions are distinguished between those UEs that select a macro cell (M-UEs) and those that select a HeNB of their own CSG (H-UEs). The resulting C/I2I values when simulating 1 dual stripe apartment cluster of N=3 floors are presented in Figure 5 for the M-UEs and in Figure 6 for H-UEs. 
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Figure 5: C/I distribution for M-UEs for 1 cluster/cell of 3 floors
[image: image9.jpg]CDF

H-UECzI

-30

—depl.ratio 0.05
~ depl.ratio0.10
—depl.ratio 0.2¢

—depl. ratio 0.40

20





Figure 6: C/I distribution for H-UEs for 1 cluster/cell with 3 floors

Similar to the 5x5 apartment complex model, it can be concluded from the dual-stripe model that C/I values for HeNB users can be below -10dB for a significant fraction of users, illustrating the need for enhanced interference management techniques. 
2.2
Pico Cell and Relay Deployments
In [4] and [5], it was shown that the performance of pico cells was significantly improved if UEs were allowed to connect to a weaker SINR pico cell on resources vacated by the macro cell. 
This was referred to as range expansion. It was shown that the performance of pico cells with range expansion is significantly better than without range expansion, This is mainly because (a) more UEs can connect to the picos and take advantage of the .spectrum offered by the picos (b) multiple picos can reuse the resources vacated by the macro cells, allowing for cell-splitting gains.  Similar arguments apply to low power relay nodes as well, and the benefits of range expansion for relays were shown in [6]. 
The C/I distributions when using range expansion are shown in Figure 5. Different values of bias in favour of the pico cells are applied to enable to more UEs to connect to the pico cells. For a wide range of bias values, there are a significant number of UEs that have SINRs lower -10dB and in many cases lower than -20dB. Further details of range expansion may be found in [
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Figure 4: C/I distribution with different range expansion bias
2.3
Areas of interest

We have seen that the SINR distributions in HetNets are substantially different from those in macro networks, and can often have SINRs of -20dB or below.  Simple power boosting and beamforming can not overcome such low SINRs.  We therefore reiterate the need for enhanced ICIC in the context of HetNets [2]:
· ICIC for control: Making sure that control channels, i.e., PDCCH/PHICH/PCFICH on the DL and PUCCH on the UL, can be reliably communicated at very low geometries.
· ICIC for data: Existing ICIC techniques were designed with macro-cell deployments in mind but they are not adequate for HetNets given the severe interference levels and fluctuations. Orthogonalization of resources for different types of nodes is necessary to avoid low power nodes being overwhelmed by high power nodes and for macro UEs to be overwhelmed by femto jammers. This resource orthogonalization needs to be adaptive so that the proper balance is achieved at different parts of the network based on the density of low power nodes, the number of UEs and their corresponding traffic types. 
3
Conclusions

In this contribution we have provided details of different harsh HetNet interference scenarios along with simulation data for some HeNB and pico-cell deployments. We have seen that the SINR distributions differ substantially from those in macro networks, and can often be below -20dB.
Operation at these very low SINRs requires, therefore, enhanced ICIC techniques for control and data so that the range expansion gains identified in [7] can be attained.   
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