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1. Introduction

At the RAN1#67 meeting, support for a non-zero transmit power ABS (or reduced power ABS) [1] was agreed upon [2]. This contribution evaluates the performance of a non-zero transmit power ABS for FeICIC.
2. Relation between Transmission Power Reduction and CRE Offset Value 
By employing both zero transmit power ABS for ICIC and CRE, the user throughput for UEs connected to the picocells is improved at the sacrifice of degradation in the user throughput for UEs connected to the macrocells. To this end, proper control of the ABS ratio is very important, since an unnecessary large amount of ABS causes the throughput reduction of UEs connected to the macrocells.
By introducing the non-zero transmit power ABS, the performance degradation caused by the non-optimized ABS ratio is alleviated as reported in e.g. [1], [3], and [4]. On the other hand, the following three parameters must be optimized as shown in Fig. 1.
· CRE offset value,  (dB)
· ABS ratio, r
· Transmission power reduction of ABS ratio, p (dB)
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Figure 1 – Three dimensional parameter optimization.
However, if the CRE offset value, , is greater than the transmission power reduction of the ABS ratio, p, the UEs that have a macrocell RSRP of  dB greater than that for the picocell suffer from ( – p) dB higher interference from the macrocells compared to the serving picocell as shown in Fig. 2. This causes performance degradation in the common/shared control channel. By setting the transmission power reduction to the CRE offset value, i.e., p = , this degradation is mitigated.  See more discussion in the Appendix.
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Figure 2 – Channel conditions for the worst case UE.

3. Performance Evaluation
3.1. Simulation Configuration
Table I gives the major simulation parameters. 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 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 CRS is not taken into account assuming cancelation at the UE receiver or configuration of the MBSFN subframes. The cluster (configuration 4b) UE distribution is assumed.
In order to assess the performance gain in picocell deployments, x % user throughput is used as a performance metric, which is defined as the x % 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 I – Simulation Conditions.
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Shadowing standard deviation 8 dB 10 dB

Shadowing correlation

0.5 (between cells), 

1 (between sectors)

0.5

Penetration loss 20 dB

Moving speed 3 km/h

Total BS Tx power 46 dBm 30 dBm

Antenna configuration 2 x2 (Uncorrelated)

Antenna gain 14 dBi 5 dBi

Number of UEs

Total 30 UEs per sector in macrocell

(Configuration 4b)

Carrier frequency 2 GHz

System bandwidth 10 MHz

Scheduling algorithm Proportional fairness

Control delay (scheduling, AMC) 8msec

Hybrid ARQ (Packet combining) Chase combining

Round trip delay (Hybrid ARQ) 8 msec


3.2. Simulation Results

Figures 3(a) and 3(b) show the CDF of the user throughput performance employing zero transmit power ABS and non-zero transmit power ABS, respectively. The ABS ratio, r, is parameterized from 1/8 to 7/8. In the evaluation, the CRE offset value, , of 6 dB is employed. As shown in the figures, the performance employing a zero transmit power ABS depends on the ABS ratio. This is because an unnecessary large number of ABSs causes degradation in the user throughput at the UEs connected to the macrocells. On the other hand, the performance employing non-zero transmit power ABSs does not depend on the ABS ratio. This is because even if a larger number of resources are configured for ABSs, UEs connected to the macrocell can still use the ABSs. However, by transmitting the PDSCH in the ABSs, degradation is observed in the high user throughput region. 
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             (a) Zero transmit power ABS                                      (b) Non-zero transmit power ABS

Figure 3 – User throughput performance.
Finally, Figures 4(a), 4(b), and 4(c) show 5, 50, and 95% user throughput  performance as a function of the ABS ratio, r. The performance employing zero and non-zero transmit power ABSs is plotted. As shown in the figure, although the performance of the zero transmit power ABS highly depends on the ABS ratio, that for the non-zero transmit power ABS does not depends on the ABS ratio. This result indicates that strict control is not required when applying the non-zero transmit power ABS with almost the same performance level (Note that the 95% user throughput employing non-zero transmit power ABS degrades compared to that employing zero transmit power. However, in a non-full buffer model, this performance degradation may disappear).
In the evaluation, impairments to the transmitter, and receiver are not taken into account. When we use a large CRE offset value, and transmitter power reduction, this impairment may impact the performance. This should be investigated in RAN1 or RAN4. 
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(a) 5% user throughput
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(b) 50% user throughput
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(c) 95% user throughput

Figure 4 – x % user throughput performance.

4. Conclusion

This contribution evaluated the performance of a non-zero transmit power ABS for FeICIC assuming the following items.
· Full buffer traffic model
· No CRS interference

· Ideal transmitter, and receiver dynamic range
The transmitter and receiver impairments in particular should be carefully investigated. 
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Appendix

When CRE with the offset value of  is used, the j-th UE selects the cell index based on the following criteria.
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where iRSRP,j and Si,j represent the selected cell index for the j-th UE, and the RSRP of the i-th cell (macrocells: 0 ≤ i<Nm, picocells: Nm≤ i <Nm+Np) of the j-th UE, respectively.
When a non-zero transmit power ABS is employed in addition to CRE, the UEs connected to the picocell near the cell border must use protected resources, since the interference level from the macrocells is much lower than that for the nonprotected resources as shown in Fig. A1(a). On the other hand, the UEs connected to the macrocell near the cell border must use nonprotected resources, since the signal level from macrocells is p dB higher than that for the protected resources as shown in Fig. A1(b). 
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(a) UEs connected to picocells
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(b) UEs connected to macrocells

Figure A1 – Channel conditions for the worst case UE for macro/picocells.

Based on the above discussion, the SIR for the j-th UE, j, is defined as the signal power of the serving cell-to-the signal power of the most dominant interfering cell for protected (nonprotected) subframes for UEs connected to a picocell (macrocell). Figure A2 shows the CDF of j assuming p = . As shown in the figure, the value j for all UEs remains positive even when a higher offset value is employed. 
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Figure A2 – CDF of j.
Finally, Figure A3 shows the CDF of the geometry for the protected (nonprotected) subframes for the UEs connected to the picocells (macrocells).  As shown in the figure, the geometry employing CRE offset value of 9 dB is still better than that without CRE. However, the geometry employing 9 dB becomes slightly worse than that employing 6 dB in the low geometry region. Therefore, when further larger CRE offset value is employed, the geometry becomes worse. 
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Figure A3 – CDF of geometry.
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