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1. Introduction
In heterogeneous network deployment, combined usage of enhanced inter-cell interference coordination (eICIC) and cell range expansion (CRE) is effective in improving the system and cell-edge throughput. With eICIC, a macrocell utilizes almost blank subframes (ABS) to mitigate the interference to the pico user equipments (UEs) with CRE. One potential improvement in Rel-11 would be UE receiver enhancement to mitigate the interference due to legacy transmission on ABS, such as cell specific reference signals (CRS). For this aim, it was agreed in [1] that RAN1 will first identify the scenarios for which UE performance requirements will be specified in terms of, e.g., number of interferers and their relative levels with respect to the serving cell. This is particularly important since in the combined usage of eICIC and CRE, the fraction of sets of UEs connected to the picocells and macrocells, which is controlled by the CRE, and the number of ABS affects the gain of the eICIC. The gain is also affected by other factors, such as traffic models and user distribution in the network. Therefore, this contribution conducted initial investigation the performance of ICIC and CRE in picocell deployments based on the multi-cell system level simulation. 
2. Simulation Conditions
Table I gives the major simulation parameters [2]. We employed a 19-hexagonal macrocell model with 3 sectors per cell. We assume that four picocells are randomly located within each sector with a uniform distribution. The inter-site distance of the macrocells is set to 500 m. In the propagation model, we take into account distance-dependent path loss with the decay factor of 3.76 (3.67), lognormal shadowing with the standard deviation of 8 dB (10 dB) for the macro (pico) eNodeB, and instantaneous multipath fading. It is assumed that the distance-dependent path loss and shadowing are constant, while the time-varying instantaneous fading variations are added in the performance measurement. The shadowing correlation between the cells (sectors) is set to 0.5 (1.0). The 6-ray typical urban (TU) channel model with the root mean square (r.m.s.) delay spread of 1.06 sec [3] is assumed. The maximum Doppler frequency, fD, is set to 5.55 Hz, which corresponds to 3 km/h at the carrier frequency of 2 GHz. The transmission power of the eNodeBs for the macrocells and picocells is 46 dBm and 30 dBm, respectively. The antenna gain at the macro eNodeB, pico eNodeB, and UE are 14 dBi, 5 dBi, and 0 dBi, respectively. Two-antenna transmission and two-antenna diversity reception are assumed. In the evaluation, a full buffer traffic model is used. Furthermore, the interference from the cell-specific reference signal (CRS) is not taken into account assuming the cancelation at the UE receiver or configuring the multicast/broadcast over single-frequency network (MBSFN) subframes [4]. The uniform (configuration 1) and cluster (configuration 4b) UE distribution is assumed. Note that total 30 UEs per sector in macrocell is assumed although 25 UEs for configuration 1. However, the performance tendency will not be changed. 
In order to assess the performance gain in picocell deployments, the following performance metrics are defined. 

· Cell throughput: The cell throughput for one macrocell, i.e., summation of one macrocell and four picocells.

· Cell-edge user throughput: 5% user throughput of all the UEs connected to the macro and picocells, since the numbers of UEs in the macro/picocells are different according to the parameters. 

Table 1 – Simulation Conditions.
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3. Performance Evaluation
In order to investigate the relationship between the ratio of the protected subframes to non-protected subframes and the ratio of the UEs connected to the picocells to the UEs connected to the macrocells, Figs. 1(a) and 1(b) show the cell-edge user throughput and cell throughput, respectively, for Configuration #1 as a function of the ratio of the protected subframes with the CRE offset values as a parameter. As shown in Fig. 1(a), in the case of lower CRE offset values such as 0 and 4 dB, the cell-edge user throughput is small. This is because the UEs connected to the macrocells are not sufficiently offloaded to the picocells even though the ratio of the protected subframes is low. When the CRE offset value is set to 8 to 20 dB, the maximum cell-edge user throughput becomes almost the same level by setting the appropriate ratio of the protected subframes. Furthermore, the optimum ratio of the protected subframes to maximize the cell-edge user throughput becomes higher as the CRE offset value increases. This is explained as follows. When the CRE offset value is low, the number of UEs connecting to the picocells becomes small due to the small offloading effect by CRE. Therefore, the cell-edge user throughput becomes higher when the ratio of the protected subframes is small since many UEs connecting to the macrocell can use more resources of the non-protected subframes. Meanwhile, when the CRE offset value is high, the number of UEs connecting to the picocells becomes large since many UEs connecting to the macrocells are offloaded to the picocells. Then, the UE connected to the picocells with CRE uses the protected subframes as mentioned before. Therefore, the cell-edge user throughput becomes higher when the ratio of the protected subframes is large since many UEs connected to the picocell with CRE can use more resources. As shown in Fig. 1(b), the cell throughput is higher in the region of the higher ratio of the protected subframes. This is because the throughput of the UEs connected to picocells can be increased by using the protected subframes. Furthermore, the cell throughput becomes lower as the CRE offset value becomes larger. This is because the throughput of the picocells decreases since the UEs far from the picocells are connected to the picocells with CRE.
Figure 2(a) and 2(b) shows the cell-edge user throughput and cell throughput, respectively, for Configuration #4b as a function of the ratio of the protected subframes with the CRE offset values as a parameter.  Although the performance is slightly different due to different UE distributions, the same performance tendency is observed. 
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(a) Cell-edge user throughput                                                 (b) Cell throughput 
Figure 1 – Throughput performance as a function of ratio of protected subframes (Configuration #1).
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(a) Cell-edge user throughput                                                 (b) Cell throughput 
Figure 2 – Throughput performance as a function of ratio of protected subframes (Configuration #4b).
Figures 3(a) and 3(b) show the CDFs of the user throughput for Configuration #1 and #4b, respectively. We set the ratio of the protected subframes to the optimum value to maximize the cell-edge user throughput for each CRE offset value. The figures show that the CDF performance for CRE offset values of 8 – 20 dB have almost the same distribution by optimizing the ratio of the protected subframes to maximize the cell-edge user throughput. Hence, the user throughput performance levels are almost the same by allocating the appropriate resources to protect the UEs connecting to the picocells when the offset value is set between 8 to 20 dB.
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        (a) Configuration #1                                              (b) Configuration #4b
Figure3 – CDF of the User throughput.
Finally, in order to investigate the influence of the number of picocells, Figures 4 and 5 show the CDFs of the user throughput for number of picocells, 2 and 10, respectively. We set the ratio of the protected subframes to the optimum value to maximize the cell-edge user throughput for each CRE offset value. The figures show that the CDF performance for CRE offset values of 8 – 20 dB have almost the same distribution by optimizing the ratio of the protected subframes to maximize the cell-edge user throughput. 

Based on the performance above, the user throughput performance levels are almost the same by allocating the appropriate resources to protect the UEs connecting to the picocells when the offset value is set between 8 to 20 dB.


[image: image5]
        (a) Configuration #1                                              (b) Configuration #4b

Figure4 – CDF of the User throughput (2 picocells per sector).
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        (a) Configuration #1                                              (b) Configuration #4b

Figure5 – CDF of the User throughput (10 picocells per sector).

4. Conclusion

In this contribution, the performance evaluation of eICIC and CRE in picocell deployments was investigated. Simulation results (4 picocells and 30 UEs are located within 1 macrocell) assuming a full buffer model showed that when the CRE offset value is set between 8 to 20 dB, almost the same user throughput performance is obtained by allocating the appropriate resources to protect UEs connected to picocells.
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