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1

Introduction 

Heterogeneous networks (HetNets) were added to the scope of the LTE-A study item [1]. An introduction to HetNets and their relation to existing LTE-A work were provided in [2]. Interference conditions in HetNets were also discussed in [2], and it was argued that the interference conditions were substantially different from those in macro cellular networks. 
In this contribution, we present some of these interference conditions and show that SINRs can fall in the range of 
-20dB, which is far below the value that trigger Radio Link Failure (RLF) procedure. As a consequence, this implies a need for further investigation of techniques enabling efficient support of HetNets in LTE-A.
2

Discussion
In this contribution, we limit our focus to operation with a single component carrier. To some extent, multiple carriers can address the interference issues we are discussing in this contribution. However, the carrier frequencies and bandwidth typically remain static, and multicarrier solutions, therefore, have limited granularity and flexibility. This is particularly important for the cases where available spectrum is limited. In that scenario, multicarrier solution can significantly impact peak data rates and typical user’s experience of Rel 8 and Rel 9 UEs since those users can only receive service on a single component carrier.
2.1

Home eNB Deployments
We first discuss the case of closed subscriber group (CSG) HeNBs or femto cells.  Figure 1 illustrates 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. There are two scenarios that create severe interference:

· Downlink: Macro UE is being jammed by HeNB. HeNB power control, with or without macro UE assistance can reduce frequency of the occurrence of severe interference, but it cannot completely solve the problem.
· Uplink: HeNB is being jammed by macro UE. Since macro UE is power controlled by the macro cell, macro UE will cause strong, likely bursty interference to the HeNB. Noise padding can smooth out interference, but it also decreases capacity at serving HeNB and increases interference to the neighbouring HeNBs and macro network. In case the  macro UE is closer to the HeNB that the UE that is served by HeNB, noise padding cannot solve the problem and the UE served by HeNB would experience outage.
These interference situations can be so severe to 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: Macro eNB - HeNB interference conditions.
While Figure 1illustrates a scenario in which the interference conditions are between macro eNBs and HeNBs, it is easy to see that similar dominant interference scenarios, illustrated in Figure 2 can occur when a UE is in the coverage of a restricted HeNB, but is connecting to an allowed HeNB. 
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Figure 2: HeNB – HeNB interference conditions.

To illustrate the severity of the problem, we calculate the C/Is for CSG scenario and show them in the Appendix. We consider the evaluation methodology used in the RAN4 for HeNB deployments [3]. The results from the appendix show that it is not uncommon to see SINRs dropping below the threshold that triggers RLF, and with non-negligible probability even as low as -20 dB. 

Note that the evaluation methodology cannot effectively capture all cases of interest. For example, visitors of the HeNB owners would almost certainly either experience macro service outage (at least on an LTE frequency), or if UE assisted power control is utilized, prevent HeNB service for its owner. That scenario may not show often in the evaluation methodology, but it would certainly impact user experience in practice often enough that it could not be ignored.  

2.2

Pico Cell and Relay Deployments
Deployment of pico cells and relays does not create coverage holes. Due to open access, UE should always be associated with a cell with good SNIR. However, UE association with a cell with highest receive SNIR may not always be desirable.
2.2.1

Loading Balancing

In [4] and [5], it is 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 for load balancing purposes and it is illustrated in Figure 3. It was shown that the performance of pico cells with range expansion is significantly better than without range expansion. This is mainly because:

· More UEs can connect to the picos and take advantage of the spectrum offered by the picos.

· Multiple picos can reuse the resources vacated by the macro, 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]. 
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Figure 3: Macro eNB – Pico/Relay eNB load balacing.

We illustrate the impact on the C/I distribution when using range expansion are shown in the Appendix. As it can be seen from the figure, load balancing can create SNIR as low as -20 dB with non-negligible probability.

2.2.2

Mobility Considerations
Deployment of pico cells and relays would create smaller cells where interference characterises changes more rapidly than in case of a network consisting of macro cells only. As a consequence, handover frequency would increase potentially increasing instances of RLF and even undesirable transition to RRC_IDLE.
Range expansion can be utilized to reduce frequency of handovers. For example, high mobility UEs may not be handed over to pico cells, as shown in Figure 4. The network can utilize range expansion technique and serve high mobility UEs on macro cells only.
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Figure 4: Macro eNB – Pico/Relay eNB mobility considerations.

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.  Multicarrier solution is not flexible enough and in case of limited available spectrum significantly limits peak and typical user’s experience for Rel-8 and Rel-9 terminals. We, therefore, reiterate the need for more flexible ICIC schemes in the context of HetNets [2]:

· ICIC for control: Making sure that control channel can be reliably communicated at very low geometries.
· ICIC for data: Existing ICIC techniques were designed with macro-cell deployments in mind and they are not optimized for HetNets given the severe interference levels and fluctuations. Orthogonalization of resources for different types of nodes seems necessary to avoid low power nodes being overwhelmed by high power nodes and for macro UEs to be overwhelmed by femto jammers. It is desirable that resource orthogonalization 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 illustrated some HetNet scenarios that create severe interference that cannot be handled by Rel 8 and Rel 9 UEs. We have seen that the SINR distributions differ substantially from those in macro networks, and can often have SINRs below -20dB. 
In summary, we propose the following:

Proposal 1: Interference management solutions relying on single component carrier operation are addressed for HetNets in Rel-10. 

Proposal 2: Techniques providing ICIC for control channels are investigated as part of LTE Rel-10. 
Proposal 3: Techniques providing enhanced ICIC for data channel are investigated as part of LTE Rel-10.
Appendix

In this appendix, we calculate the C/Is for CSG scenario. We consider the evaluation methodology used in the RAN4 for HeNB deployments [3].
A-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 5: 5x5 Apartment Model
Other relevant parameters for the simulation are given in Table 1.

Table I: HeNB system assumptions

	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


Using these simulation assumptions we plot the C/I distribution of the serving cell, for different HeNB penetration rates.  This is shown in Figure 6. 
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Figure 6: Serving Cell C/I as a function of HeNB penetration rates.
We can see that the serving cell geometry is often below -10dB and sometimes lower then -20dB. In such cases, conventional WAN techniques such as power control 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. 
A-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 10mx10m, see Figure 7. With probabilty dr (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 MacroNB 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 MacroNBs 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 II.
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Figure 7: Dual Stripe Model
Table II: Simulation assumptions for heterogeneous layout.

	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


The resulting C2I 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 C2I values when simulating 1 dual stripe apartment cluster of N=3 floors are presented in Figure 8 for the M-UEs and Figure 9 for H-UEs.
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Figure 8: C2I for M-UEs for 1 cluster/cell of 3 floors
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Figure 9: C2I performance 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 C2I values for HeNB users can be below -10dB for a significant fraction of users, illustrating the need for sophisticated interference management techniques.

A-3

Macro – Pico/Relay model

We illustrate the impact on the C/I distribution when using range expansion based on the results given in [4],[5] for pico cells and [6] for type I relays. The C/I distributions when using range expansion are shown in Figure 10. Different values of bias in favor 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.
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Figure 10: C2I with different range expansion bias
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