
Unleashing the Power of HetNets: Interference Management Techniques for 
LTE-Advanced Networks 
Posted by Frank.Rayal on Mar 18, 2013 9:48:15 AM 

In my earlier blog post, The Hype & Reality of Small Cells Performance, I provided a qualitative review of small cell 

performance and discussed interference scenarios that limit performance. Perhaps the most defining problem of 
small cell deployments is the large transmit power imbalance between the macrocell and the small cell (~20-30 dB) 
which increases the potential of uplink and downlink interference thereby limiting the 'cell-splitting gain.' As 
interference is the culprit in limiting performance, so managing it is at the crux of advanced LTE techniques. 
Fortunately, the LTE physical layer provides many levers to manage interference. Let's recall that LTE is based on 
orthogonal division multiple access technology (OFDM) where orthogonal sub-carriers divide a wide channel 
bandwidth into multiple narrow frequency bands. Data is scheduled on sub-carriers which are assigned to users in 
the frequency and time domains (the basic unit of assigned sub-carriers is called a Resource Block). As we shall see, 
many of the interference management techniques are related to how the network assigns and manages its resources. 
But before we get into this, let's have a look at range expansion which is a fundamental aspect of small cell 
deployments. 
  
Range expansion, as shown in Figure 1, enlarges the coverage area of the small cell and allows it to capture more 
traffic. It optimizes the resources of the network, reduces handovers, and increases network throughput. But it has a 
key drawback: mobiles handed over to the small cell are likely to experience high interference from the macro cell. In 
LTE Release 8, cell selection is based on downlink received signal strength which results in much smaller downlink 
coverage than uplink coverage because of the large power imbalance mentioned above. The range of small cell is 
expanded by implementing a selection offset or handover threshold in favor of the small cell. Release 8 range 
expansion is limited to the order of a few dBs (~3-4 dB gain). Later LTE releases focus on techniques that enable 
greater expansion of small cell range (up to 25 dB, but practically ~9 dB gain). In Release 10 the cell selection 
process is based on minimum path loss and important techniques are introduced to manage expansion zone 
interference. These techniques are crucial to scale small cell deployments so I will review two fundamental ones 
here. 

                    
Figure 1 Simplified HetNet Architecture with Range Expansion 

  
Inter-Cell Interference Coordination (ICIC)/enhanced ICIC (eICIC): ICIC is a broad technique to manage network 

interference by assigning resource blocks in a manner that reduces the chance of overlap. LTE Release 8 supports 
only non-overlapping transmissions in the frequency domain – base stations will be able to communicate over the X2 
interface which downlink and uplink Resource Blocks are liable to high interference in addition to flagging high uplink 
interference to their neighbors, hence, ICIC is limited to data channels and does not apply to control channels. While 
R8/9 ICIC works well for homogeneous networks, it falls short of providing significant gain in a heterogeneous 
network (HetNet) architecture because it limits range expansion as it applies only to data channels and not to control 
channels where interference can remain significant. 
  
Release 10 introduces a number of features to improve ICIC performance and further expand the range of the small 
cell. Two main features include scheduling across multiple frequency carriers and time-domain multiplexing where the 
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macro cell and small cell operate on the same frequency. Each of these techniques includes a number of variants 
that have different deployment requirements and result in different gains. To support such techniques, Release 10 
upgrades the X2 interface with additional messages. 
  
Carrier Aggregation (CA): The idea here is to divide the spectrum into two parts to be used by the macro cell and 
small cell, each of which uses its part of the spectrum to transmit its control channels to avoid interference. The 
standard allows each cell layer to use either part of the spectrum to communicate with the mobile through a fast 
cross-carrier scheduling process.  The mobile unit must support Release 10 features to take advantage of this 
technique. 
  
Implementation of carrier aggregation can take on several forms. For instance, there's the choice of intra-band CA 
where both carriers are in the same band and are either contiguous (lowest complexity and flexibility) or non-
contiguous, and inter-band CA where the two carriers can be in two completely different bands (highest complexity 
and flexibility option). Evolution of Carrier Aggregation also allows for un-symmetric allocation of carriers which allows 
for instance higher downlink bandwidth. 

   
Figure 2 Frequency Domain Partitioning: Carrier Aggregation 

  
Time-Domain Multiplexing (TDM): While carrier aggregation aims at isolating interference by segmenting spectrum, 
TDM techniques are targeted at using the same frequency channel on all layers of the HetNet while leveraging the 
time domain to manage interference between the layers. 
  
TDM techniques feature the capability to suppress transmissions in certain sub-frames of the aggressor base station. 
This reduces interference and allows the victim base station to schedule transmissions during these quiet sub-
frames. However, transmission suppression is incomplete; rather some control signaling will continue to be broadcast 
for backward compatibility. So, this technique is referred to as 'Almost Blank Subframe' (ABS) and will take full form in 
LTE Release 11 when mobiles will be able to apply interference suppression to better receive control signaling from 
the victim (low-power) base station. ABS results in a base station losing capacity, but this is acceptable as ABS 
allows more small cells to be deployed. 

   
Figure 3 Time Domain Partitioning: Almost Blank Frames 

 

 
The victim base station needs to recognize which mobile units are subject to interference and schedule them during 
an ABS zone while mobiles closer to the cell center can be scheduled on normal sub-frames.  The mobiles participate 
in this process by sending channel measurements reports to the base station per the ABS patterns of the base 
station (in other words, mobiles need to support these features as otherwise performance would be poor).  
  
The introduction of interference management techniques to accommodate HetNet deployments requires further 
enhancements to other aspects of the LTE network. In particular, the X2 interface which is used for communication 
between base stations is upgraded in Release 10 and future releases to accommodate messaging for dynamic 
coordination of base station resources. Still, there are no guarantees on the behavior of multi-vendor HetNets. Also, 
there are different requirements on the tolerances (for example, latency and jitter requirements) of the X2 interface 
which depends on the mode of small cell deployment. 
  
The quest to realize HetNet deployments does not stop at defining interference management techniques but also 
extend to include important capabilities such as self-organizing network techniques to facilitate the network 
management and optimize performance. LTE standards provide a number of options, each with its own advantages 
and merits. It comes down to actual implementation given the particular deployment scenario, spectrum assets, and 
market objectives of the operator to decide which technique is most suitable. 
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