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1
Introduction 

Heterogeneous networks (HetNets) have been added to the scope of the LTE-A study item [10]. This contribution provides some general views about what are HetNets, why it is important to investigate them, how does the required work relate to other ongoing work and what are the areas of interest in relation to enabling efficient support of HetNets in LTE-A.
2
Discussion
2.1
What are HetNets?

The design of cellular WAN systems (including LTE) has traditionally been based on the assumption of planned macro deployments. To this end, the performance requirements [1][2] and evaluation methodologies [3][4][5] have also been traditionally based on planned three-sector layouts of relatively high-powered cells. 

In practice, however, operators often rely on other methods of augmenting network coverage and capacity, such as repeaters and hot-spots. With growing demand for data services, it is increasingly difficult to support the required data capacity through traditional cell-splitting which requires deployment of additional macro eNBs. As a result, we anticipate the importance of such “non-traditional nodes” to grow rapidly. These non-traditional nodes include low-power pico or hot-zone cells, home eNBs (HeNBs) or femto cells and relay nodes lacking a wired backhaul connection. We refer to a network deployment incorporating one or more eNB categories from the above (in addition to traditional macro eNBs) as a heterogeneous network deployment.
2.2
HetNet Context

Heterogeneous deployments give rise to strong interference conditions. These are present in the case of macro-pico as well as HeNB and relay deployments. Inter-cell interference coordination (ICIC) is critical in order to ensure robust operation in these deployment scenarios. 

Significant capacity gains are achievable through the use of enhanced ICIC mechanisms in heterogeneous deployments [5][6][7][8][9]. In particular, we see upto 9x gains from the use of ICIC to expand the coverage area of low-power nodes deployed within the macro coverage, which we refer to as “range-expansion” of the low-power node. These gains are in contrast to the relatively modest gains that are seen from CoMP transmissions in macro deployments. 

Heterogeneous deployments require operation in very low geometry environments. Techniques needed to enable operation in such environments and to carry out the necessary interference coordination are described in [9]. These techniques seek to increase the footprint of the low power nodes to be able to maximize its utilization and reach cell-splitting gains.
2.3
HetNet and other ongoing work

RAN1 discussions on relays and CoMP have taken place for over a year now. Indeed, relays are an integral part of HetNet and in our opinion the ICIC techniques that maximize the attainable gains of relays are probably the most important component of the relaying discussions in the SI of LTE-A. Note that these ICIC techniques can be the same for hot-zone cells, HeNBs and relays, therefore looking at these techniques in a joint fashion is highly desirable as opposed to identify solutions independently for each type of nodes. 
CoMP has also been extensively discussed over the last year. While the gains of CBF/CS techniques for homogenous networks have been shown to be modest over well optimized single-point MU-MIMO, multi-point cooperation techniques in relation with advanced ICIC techniques in support of HetNets show very promising gains [5][6][7][8][9].
2.4
Interference conditions in HetNets

Figure 1 illustrates a severe interference scenario in relation to HeNB deployoments. 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. 
[image: image1.png]—— Desired Communication

Downlink > Interference Uplink




Figure 1 Interference conditions in HeNB deployments

Figure 2 shows another interference scenario, this time for relay or hot-zone cells. In this situation, a UE being served by the macro cell receives strong interference from a nearby relay node on the DL. Such a UE may not connect to the relay node because of weak backhaul conditions for the relay node. In the UL, relay 2 communicating with the donor eNB over the backhaul link causes strong interference to a nearby relay node that is attempting to receive transmissions from a UE under its coverage. Such an interference condition would occur when neighboring relays use different UL/DL configurations.    
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Figure 2 Interference conditions in relay deployments
These two figures only present a limited set of interference scenarios where performance can be greatly compromised in case no special measures are taken, while very attractive gains can be attained if some special care is taken. Other interference conditions occur when a UE connected to a low-power cell sees strong interference from a high-power macro cell. Such interference occurs when we seek to expand the range of the low-power cell beyond its normal footprint which is limited by macro cell interference. As mentioned previously, very attractive performance gains are seen when we enable such “range expansion” of the low-power cell.
2.5
Areas of interest

We consider enhanced ICIC the main area of interest in the context of HetNets and  in order to maximize the attainable performance gains in such harsh interference environments:
· 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. The resource partitioning can be in frequency domain (relying on carrier aggregation techniques or RB silencing) and/or in time domain (by proper configuration of MBSFN subframes). The time-domain partitioning relies on coordinating subframe ‘silencing’ of high power nodes to remove the dominant interference to low power nodes under its coverage and hence expand the footprint of the low power nodes. This resource partitioning can be semi-static or dynamic depending on the need to adapt resources more or less dynamically – this is a function of the traffic patterns, the latency requirements, and the need to optimize the resource partitioning to optimize the overall system performance. Note that “silencing” is used here as a simple example and appropriate power reduction or beamforming may be used to further enhance the performance.
Extending the footprint of the low power nodes requires revisiting the detection of synchronization signals: The current LTE acquisition structure (i.e., structure of PSS, SSS and PBCH) was designed to enable detection only for geometries seen in traditional macro-cellular operating environments. The acquisition structure may have to be revisited in order to operate at substantially lower geometries. Alternatively, advanced UE receivers providing detection of these signals at these geometries may be considered as a possible alternative.  
The serving cell selection algorithms required in heterogeneous networks are also substantially different from those used in traditional macro networks. In the case of range expansion, a UE may connect to a pico cell or a relay even if the received power from the macro eNB is much higher. Moreover, in the context of relay nodes, the right choice of serving cell also depends on the backhaul quality of the relay node. It may be beneficial for a UE not to connect to a relay node even when it is the strongest cell, if the relay has a weak backhaul connection. Therefore, although mobility procedures are still network based, we need to make sure that the network has all the necessary information to make a good choice of the serving cell for the UE. 
3
Conclusions

In this contribution we have provided some general views about HetNets. In summary, we believe that enhanced ICIC techniques for control and data are the key techniques to maximize the gains provided by the inclusion of these new low power nodes in the network.
These enhanced ICIC techniques seek expanding the footprint of the low power nodes by coordinating the utilization of PHY resources. ICIC for control is new to Rel-10 and ICIC for data has to be improved over the Rel-8 mechanisms to cope with high interference. 

In general, we believe that many of the discussions in relation to HetNets are directly relevant to ongoing discussions on relays and CoMP. We recommend discussing ICIC mechanisms for relays as part of HetNet discussions in order to identify solutions that would be applicable to relay nodes, HeNBs and hot-zone cells. 

Finally, we recommend considering HetNet as part of the CoMP discussions as we believe that relatively simple CoMP schemes based on cooperative scheduling (CS) provide gains much larger than those so far identified for regular macro deployments with much more sophisticated mechanisms.  
References

[1] 3GPP TR 25.913, “Feasibility study of Evolved UTRA and UTRAN.”

[2] 3GPP TR 36.913, “Requirements for further advancements for E-UTRA (LTE-Advanced).”

[3] 3GPP TR 25.848, “Physical layer aspects of UTRA High Speed Downlink Packet Access.” 

[4] 3GPP TR 25.896, “Feasibility study for Enhanced Uplink for UTRA FDD”

[5] 3GPP TR 25.814, “Physical layer aspects for evolved Universal Terrestrial Radio Access (Release 7).”
[6] R1-094225, “DL Performance with hotzone cells”, Qualcomm Europe.

[7] R1-094226, “UL Performance with hotzone cells”, Qualcomm Europe.

[8] R1-094227, “Advantages of interference coordination for delay sensitive traffic in CSG environment”, Qualcomm Europe.

[9] R1-094229,  “Techniques to maximize the Type 1 relay gains”, Qualcomm Europe. 

[10] RP-090735, “Revised SID on LTE-Advanced ”, LTE-Advanced rapporteur (NTT DOCOMO).




























































1
2/4

