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1. Introduction

RAN1 have received an LS from RAN3 related to the uplink interference scenario for carrier-based ICIC (CB-ICIC) [1]. This contribution evaluates the cell-edge user throughput and the cell throughput performance in heterogeneous networks employing cell range expansion (CRE) and fractional transmission power control (TPC) in the uplink in order to clarify the impact of the uplink interference on the uplink throughput performance.
2. Fractional TPC in Heterogeneous Network
In the uplink, when the CRE offset value is low, the UEs far from the macro eNodeBs, in other words, the non-optimum UEs from the viewpoint of the path loss are connected to the macrocells. Therefore, the interference that the pico eNodeBs suffer becomes higher than that which the macro eNodeBs suffer. When the CRE offset value is high, the UEs near the macro eNodeBs are connected to the picocells. Therefore, the interference that the macro eNodeBs suffer becomes higher than that which the pico eNodeBs suffer. Hence, it is necessary to set different target values for macro and pico eNodeBs according to the CRE offset value considering the interference that the UEs suffer. When the CRE offset value is low, a lower target value is set for the UEs connected to the picocells compared to the UEs connected to the macrocell in order to decrease the transmission power of the UEs connected to the picocells. When the CRE offset value is high, almost the same target value is set for both the UEs connected to the macro and picocells.

In this paper, the closed-loop TPC based on the received signal-to-interference plus noise power ratio (SINR) is applied. In this case, the TPC commands are sent to UEs so that the difference between the received SINR and the target SINR is minimized. The target SINR in decibel notation is set to the following equation.
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where term P0 is defined as the target received signal power per resource block (RB) before applying the fractional TPC and  represents the path loss attenuation factor (≤1) of the fractional TPC. N is the noise power. Based on this equation, the lower target SINR is set as the path loss from the eNodeB becomes larger. The averaging times of the received signal power and interference power for the received SINR measurement are both 100 msec to average the instantaneous variation. In this paper, in order to set different target SINR values for the macro and pico eNodeBs, the same N value is used but different P0 values are set for the macro and pico eNodeBs. Furthermore,  is set to 0.8 for both the macro and pico eNodeBs.

3. Simulation Assumptions
Table 1 gives the major simulation parameters, which follow the simulation assumptions in [2]. We employed a 19-hexagonal macrocell site model with 3 cells per macrocell site. We assume that four picocells are randomly located within each macrocell with a uniform distribution. The cell radius of the macrocells is set to 289 m. We employed two configurations for UE distribution, i.e., Configuration #1 and Configuration #4b. 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 (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 cell sites (cells) is set to 0.5 (1.0). The 6-ray typical urban (TU) channel model 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 macrocell and picocells is 46 dBm and 30 dBm, respectively. The maximum transmission power of the UEs is 23 dBm. Single-antenna transmission and two-antenna diversity reception are assumed. The noise figure for macro eNodeBs is 5 dB and the noise figure for pico eNodeBs is 13 dB [3]. In the evaluation, a full buffer traffic model is used. We employ proportional fairness as the scheduling criterion.
Table 1 – Simulation parameters
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Cellular layout

19 cell sites, 

3 cells per site

4 picocells per 

macrocell

Cell radius 289 m

Distance-dependent path loss 128.1 + 37.6log

10

(R) dB 140.7 + 36.7log

10

(R) dB

Shadowing standard deviation 8 dB 10 dB

Shadowing correlation

0.5 (between cell sites), 

1 (between cells)

0.5

Penetration loss 20 dB

UE moving speed 3 km/h

Total eNodeB Tx power 46 dBm 30 dBm

Maximum UE Tx power 23 dBm

Antenna height of eNodeB 32 m 10 m

Antenna height of UE 1.5 m

Antenna configuration (Tx x Rx) 1 x 2

Noise Figure 5 dB 13 dB

Antenna gain 14 dBi 5 dBi

UE distribution Configurations #1 and #4b

Carrier frequency 2 GHz

System bandwidth 10 MHz

Scheduling algorithm Proportional fairness

Control delay (scheduling, AMC) 6msec

Hybrid ARQ (Packet combining) Chase combining

Round trip delay (Hybrid ARQ) 8 msec

Traffic model Full buffer


4. Simulation Results
Figures 1(a) and 1(b) show the cell-edge user throughput and the cell throughput performance as a function of the CRE offset value with the combination of the P0 for the macro and pico eNodeBs, (P0_m, P0_p), as a parameter for Configuration #1, respectively. The performance for macrocell only case is also shown in the figure as a reference. Figure 1(a) shows that when the P0 difference between the macro and pico eNodeBs is small, the cell-edge user throughput is maximized at the higher CRE offset value. This is because when the CRE offset value is high, the received SINR of the macro and pico eNodeB becomes almost the same value at the cell boundary between the macro and picocells since the path loss difference between the macro and pico eNodeBs is small. When the CRE offset value is low, the target SINR of the UEs connected to the picocell with the smaller path loss tends to be set to the high value at the cell boundary by applying the fractional TPC. Therefore, it is necessary to decrease the interference that the UEs connected to the macrocells suffer by setting a low P0 value for the pico eNodeBs. Furthermore, from Fig. 1(a), the maximum cell-edge user throughput becomes almost the same value irrespective of the CRE offset value. Therefore, almost the same cell-edge user throughput is obtained by setting the appropriate value for the P0 difference as denoted above. Furthermore, from Fig. 1(b), the cell throughput for all cells differs according to the (P0_m, P0_p). In Fig. 1(b), compared to the cell throughput at the CRE offset value that maximizes the cell-edge user throughput for each (P0_m, P0_p) from the results in Fig. 1(a), the cell throughput is high in the order of (-94, -96), (-96, -96), (-92, -98), (-94, -98), and (-92, -100) dBm. Therefore, although almost the same cell-edge user throughput is obtained by setting the appropriate (P0_m, P0_p) according to each CRE offset value, the cell throughput slightly decreases when the difference in P0 between the macro and pico eNodeBs becomes large.
Finally, Figs. 2(a) and 2(b) show the cell-edge user throughput and cell throughput performance as a function of the CRE offset value with (P0_m, P0_p) as a parameter for Configuration #4b, respectively. The optimum combination of the P0 for the macro and pico eNodeBs, (P0_m, P0_p), for Configuration #4b becomes slightly high value compared to Configuration #1. From Figs. 2(a) and 2(b), almost the same tendency is obtained for Configuration #1 and Configuration #4b. Therefore, almost the same cell-edge user throughput is obtained by setting the appropriate value for the P0 difference both for Configuration #1 and Configuration #4b although the cell throughput slightly decreases when the difference in P0 between the macro and pico eNodeBs becomes large.
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(a) Cell-edge user throughput                                           (b) Cell throughput

Figure 1 - Uplink throughput performance (Configuration #1)
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(a) Cell-edge user throughput                                           (b) Cell throughput

Figure 2 - Uplink throughput performance (Configuration #4b)
5. Conclusion
This contribution evaluates the cell-edge user throughput and the cell throughput performance in heterogeneous networks employing CRE and fractional TPC in the uplink in order to clarify the impact of the uplink interference on the uplink throughput performance. Simulation results (4 picocells, Configurations #1 and #4b, and the transmission power difference between macro and picocells is 16 dB) show that almost the same cell-edge user throughput is obtained irrespective of the CRE offset value by setting the appropriate difference in P0 between the macro and picocells according to the CRE offset value. In addition, even in the worst case in terms of UL interference in which CRE offset value is 0, throughput performances can be improved by the appropriate TPC parameter setting.
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