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1. Introduction

It is important to ensure that LTE-Advanced provides efficient support for heterogeneous scenarios with a mixture of macro cells and low power eNBs (e.g. Femto cells or pico cells). The latter was captured in the recent update of the LTE-Advanced study item description [2]. In this contribution we further discuss how to proceed with such studies, and we elaborate on the overall assumptions for such investigations. While heterogeneous (now referred to as Het) scenarios involve many aspects, we mainly address issues related to RAN WG1 simulation assumptions and interference management issues in this contribution. 

The contribution is organized as follows: In Section 2 we list the various open assumptions that needs clarification for the Het studies. In Section 3 we briefly touch on the need for dynamic interference management, while concluding remarks are given in Section 4.
2. Assumptions for Het System Level Studies
In the following we discuss various assumptions related to system level Het studies, which are currently undecided. Our main objective is to initiate discussions on those assumptions, and ultimately to reach agreement on those to have coherent/comparable assumptions.
 Scenarios:
Our proposal is to use the already defined Het scenarios listed in [1]. Here the Het scenarios are based on the well-known 3GPP Macro Case #1 and #3 environments, with various options for including low power eNBs as well. Here we propose to mainly focus on the following two distinct low power eNB cases:
· Femto cells with CSG

· Hotzone (pico) cells with open access

Concentrating on those two cases covers the two extremes where we have either closed or open access for the lower eNBs, and also cases with different max powers for small nodes (20 dBm and 30 dBm). The description in [1] furthermore includes different methods for dropping the lower power eNBs and UEs in the simulation area. Here we propose to agree on a sub-set of those cases that should have priority for the first studies.

On the other hand, if it is concluded that the Het scenarios in [1] are insufficient for the studies, other Het scenarios might be considered.
Serving cell selection:
We suggest that the default assumptions for serving cell selection shall be based on downlink UE measurements (including realistic modeling of such measurements), as commonly assumed in 3GPP simulations. As listed above, the Het scenarios in [1] also include the case where low power eNBs have either open or closed access. For the CSG case (i.e. closed access), access rights shall be taken into account. In addition to those default assumptions, it should be allowed to also study other methods for serving cell selection, e.g. showing if significant improvements over the default serving cell selections are possible.
Bandwidth configuration:
The majority of LTE-Advanced evaluations (including those for ITU submission) are conducted for a 10 MHz system bandwidth, assuming one component carrier (CC) and plain frequency re-use one. However, for Het scenarios, plain frequency reuse one is not necessarily the preferred option. As indicated in [3]-[4] applying some frequency reuse on a component carrier resolution in some cases is expected to be attractive for controlling the interference between macro and low power eNBs, or between densely (uncoordinated) deployed low power eNBs (see also more discussions in Section 3).
Our proposal is therefore to also agree on scenarios with multiple component carriers, as such configurations are considered relevant for Het studies calling for some frequency reuse for protecting both data and common/control channels. One example could be 3x5MHz. Exact component carrier configuration to use would be FFS.
Traffic models:
The first Het simulations could be conducted with a simple full buffer model. After the initial phase, effects of burstines (e.g. activity based or modeled with Poisson process and finite buffer) could be considered.
Simulation methodology:
Most of the performance results for the LTE-Advanced evaluations are obtained using detailed system simulations with TTI and sub-carrier resolution, including detailed and explicit modeling of e.g. complex radio channels, MIESM/EESM system-2-link models, CQI, PMI, link adaptation, Hybrid ARQ, etc. However, the same levels of details are not considered to be needed for initial Het studies. Instead, simpler “SINR based” methods with more coarse time-frequency resolution and other SINR-2-Throughput mapping (e.g. implicitly including effect of HARQ, MIMO, Tx/Rx diversity, etc.) are expected to be sufficient. Still, effects like power control and other RRM algorithms require explicit modeling.
Default antenna configuration:

For the sake of simplicity, the first Het studies could be conducted with Rel’8 type of antenna schemes, assuming two Tx and Rx antennas at the macro cell, two Rx and one Tx at lower eNBs, and two Rx and one Tx antenna at the UEs. 
Performance metrics:
For LTE-Advanced evaluations, two different performance metrics are commonly used, namely:
· Average cell spectral efficiency, and 

· Per user cell-edge (defined as 95% coverage) spectral efficiency.

However, those performance metrics are not considered to be sufficient for capturing the performance of Het scenarios. We therefore propose a small modification as follows:

· Average macro cell area spectral efficiency: Thus we modify the definition to measure the average throughput within each macro cell’s coverage area, independent on whether UEs are served by the macro cell or by low power eNBs within this area (thus, the carried throughput from both macro and low power eNBs is included). Hence, for each UE, we need to evaluate which macro cell it would have been served by if there were no low power eNBs in order to determine for which macro cell the throughput for the user shall be counted.

· Percentage of average cell throughput carried by lower power eNBs as compared to the total throughput: Thus, the total throughput include both that carrier by macro cells and low power eNBs. 

· Per user outage (defined as 95% coverage) spectral efficiency: This definition should also be valid for Het scenarios, i.e. in each simulation we collect the statistics for experienced throughput for each UE, and the cell-edge performance is then simply the 95% fractile.
In the above performance metrics, the spectral efficiency shall be calculated as the throughput divided by the total available system bandwidth. So even if we e.g. use a configuration with 10 MHz total system bandwidth, assuming 5 MHz for macro and 5 MHz for lower power eNBs, the 10 MHz shall be used when calculating the spectral efficiency. The latter is basically needed to have a fair comparison between different reuse schemes.

In addition to the above statistics, standard statistics such as cumulative distribution functions (cdf’s) of user throughput, and average carried throughput per macro and low power eNBs, respectively, would also be useful. Additional performance metrics should of course also be allowed. For more detailed studies of mobility for Het cases, other performance metrics such as radio link failure probability, handover rates, etc., would also be important performance metrics.
3. Service Continuity and Mobility Aspects

Other important aspects of the heterogeneous deployment scenarios are service continuity and mobility: Mobility management strives to keep the user connected to the best cell, and with uncoordinated deployments the cell changes will occur in a more unplanned way than with pure macro case. This can have adverse effects to the user service experience, i.e. there may be interruptions in the service, leading to poor service continuity. However, the addition of the small cells can also improve the user experience if the user moves from a highly-loaded cell to a low-loaded cell and consequently gets a higher throughput. But for delay-sensitive services like VoIP, the handovers may be more problematic if they are frequent and incur packet loss due to delay. 

In general, care should be taken that the possible new solutions introduced also work with the existing mobility procedures. For evaluating this, assumptions used in recent Mobility Enhancement SI in RAN1 [7] could be utilized also for mobility evaluations of the heterogeneous network studies.
4. Dynamic Interference Management Aspects
As discussed in [3]-[4], dynamic interference management is important for Het environments, where especially the interference between macro cells and low power eNBs needs to be controlled. Similarly, the studies in [6] also demonstrated a need for interference management schemes between lower power eNBs – especially if deployed in an uncoordinated manner. In [6], it was found that using frequency was an attractive solution. In [4], it was proposed to use both power adaptation and frequency domain to facilitate efficient interference management. We therefore propose to also give priority to studying interference management schemes for Het cases, using combinations of power-domain and frequency domain control. For the frequency domain, one option would be to consider component carrier resolution for applying frequency reuse as also suggested in [3]-[4]. Similarly, uplink power control is expected to be of high importance, and for Het cases it may be non-trivial to fully rely on only open loop PC with semi-static settings of alpha and Po.
5. Concluding remarks
In this contribution we have presented a set of considerations related to studies of Het scenarios for LTE-Advanced. We have identified several issues requiring further clarification in order to have coherent studies in this domain. A first attempt to propose system assumptions for such Het studies is provided as input for further discussion. We propose that assumptions for the Het studies are further captured in the TR, so those studies can proceed with aligned assumptions. Especially agreement on:

· Performance metrics, and
· Bandwidth configurations.
We shortly discussed the need for interference management, and proposed to first start by studying interference management schemes operating in the power- and frequency-domain. For the frequency domain, we could consider component carrier resolution as one candidate for further study.
Finally, service continuity is another important aspect to take into account when studying Het cases. Here mobility procedures are important, and it is desirable to also have new Het solutions working with the existing mobility procedures.
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