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1
Introduction

Efficient support for heterogeneous network deployments is one of the key objectives of LTE-Advanced. This has also been reflected in a recent update to the LTE-Advanced study item description [1]. Heterogeneous deployments are defined in [1] as  mixed deployments consisting of macro, pico, femto and relay nodes.
In this document, we summarize some of the important considerations to be taken into account in the study of heterogeneous networks. We also discuss simulation assumptions needed in order to effectively carry out such a study.
2
Discussion
2.1
Different types of cells and corresponding simulation assumptions
The current LTE-A TR [2] already includes several heterogeneous scenarios, and we propose that these scenarios be used as a baseline for heterogeneous deployment studies.  Three different types of low-power nodes have been defined in [2], namely hotzone (or pico) cells, femto cells and relay nodes. Hotzone or pico cells are low-power open-access nodes (typically operator-deployed), femto cells are typically user-deployed and may utilize the closed subscriber group (CSG) feature, whereas relay nodes are nodes which do not have a wired backhaul connection and utilize the LTE spectrum to carry out backhaul transmissions. 
According to the simulation assumptions in [2], the transmit powers of the different types of cells are 30dBm for hot-zone cells, 20dBm for femto cells and 30 or 37dB for relay nodes. Either a 2Tx/2Rx or a 4Tx/4Rx antenna configuration could be used for any of these cell types. Another important characteristic of these different cell types is the type of backhaul connection: it is assumed in [2] that hotzone cells have a backhaul X2 connection, whereas the existence of an X2 connection is FFS for femto cells. Relay nodes of course have an over-the-air backhaul connection.
2.2
Serving cell selection techniques
Cell selection based on maximum downlink received power is typically used for homogeneous deployment simulations. This cell selection rule clearly has to be modified in the case of deployments containing CSG cells, since the cell with the strongest received power may bar the UE from connecting to it. Even in the case of hotzone cells and relay nodes, it has been shown that [3-5] alternate cell selection techniques can provide significant benefits. We propose that alternative cell-selection techniques be investigated for heterogneous deployment support in LTE-A. Cell selection based on maximum DL received power can be used as a baseline for comparison (except in the case of CSG cells). 
2.3
Interference coordination

Interference coordination is one of the main techniques enabling robust operation in heterogeneous deployments. Interference coordination becomes particularly important once the UE is not connected to the cell with the strongest DL received power, since by definition the UE now operates at a negative geometry. 
The benefits of interference coordination have been explored in several contributions, both within a single LTE carrier (see [3,4,6] for example) as well as across different component carriers (see [7-9] for example). While it is assumed in [2] that the transmit power defined for each cell is over a single 10MHz component carrier, multi-carrier configurations  (for eg, 2 carriers of 10MHz each) can also be considered in order to explore the benefits of frequency domain interference coordination. It must of course be kept in mind that multiple LTE carriers will not always be available to an operator; therefore it is important to also study interference coordination solutions for the baseline case with a single component carrier. 

Different time-scales of interference coordination can be considered, ranging from fully static frequency planning to dynamic subframe-level coordination. Dynamic coordination is valuable once you consider realistic bursty traffic models. This is especially true in the case of heterogeneous deployments, where each cell may have a small footprint and therefore a small number of users connected to it, leading to a lack of traffic aggregation and therefore increased burstiness.
2.4
Traffic models

RAN1 simulations for homogeneous deployments have typically relied on full-buffer traffic models. The evaluation methodology in [2] however also defines a bursty traffic model based on Poisson arrivals. We propose that dynamic interference coordination schemes be evaluated using the bursty traffic model, or a combination of bursty and full-buffer traffic models in different cells. 
2.5
Performance metrics

Performance metrics for homogeneous deployment evaluations typically include overall cell throughput and tail user (i.e., 95% point on the cdf curve) throughput. For heterogeneous deployments, the average cell throughput metric should be used with care as different cells may see very different performance, thus allowing a few users in very good conditions to disproportionately affect the average. Therefore, the evaluation methodology in [2] also defines the notion of median user throughput which is an important metric in such evaluations. Additionally, some of the metrics defined in [10], such as average macro-cell area spectral efficiency and the percentage of total throughput carried by low-power cells, can also provide useful insights into system performance.
In addition to the above full-buffer metrics, latency-based metrics are also important for the case of bursty-traffic evaluations. [2] describes the use of mean and tail perceived-user throghputs for this purpose.
3
Conclusions
I In this document, we’ve summarized some of the important considerations to be taken into account in the study of heterogeneous networks. We’ve also discussed simulation assumptions needed in order to effectively carry out such a study. In particular, we propose that:
· The heterogeneous simulation scenarios described in [2] be used as a baseline for heterogeneous network studies.
· Different serving cell selection techniques be considered in order to evaluate heterogeneous network performance. Except in the case of CSG deployments, serving cell selection based on DL received power can be used as a baseline for comparisons.

· Interference coordination both within a component carrier as well as across component carriers should be studied. 

· Dynamic interference coordination should be studied using a combination of bursty and full-buffer traffic models. Bursty traffic profiles are especially important in the context of heterogeneous deployment simulations, since there is little traffic aggregation at each node.
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