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1. Introduction
At the RAN1#69 meeting, RAN1 concluded the following [1]. 
Possible working assumption:

· Agree on the proposed working assumption from RAN1#68:
· “Ratio of PDSCH EPRE to RS EPRE value for the reduced power ABS is configured with higher layer signaling at least for TM 1 to 6

· FFS: TM 7 to 9
Objected by some companies due to no gain with introduction of additional higher layer signaling.

Observation:

· Evaluation results take into account EVM transmitter impact
In this contribution, we evaluate the non-zero transmit power (NZP)-ABS methods with and without new higher layer signaling while considering the EVM impact.
2. Impact of Transmitter EVM 
In this contribution, we evaluate the following two ways to model EVM for NZP-ABS.
· Modulation scheme restrictions in NZP-ABS (MCS restriction) [2]

· The maximum power reduction levels for the PDSCH for QPSK, 16QAM, and 64QAM are -6, -3, and 0 dB, respectively, under the current minimum requirements [3]. In this contribution, the maximum power reduction level for the PDSCH for QPSK is assumed to be -9 dB considering some loosening of the modulation scheme restrictions. Furthermore, the SINR ceiling of 22 dB is considered to have an impact of 8% on the EVM.

· Reduction of effective SINR in NZP-ABS (SINR ceiling) [4]
· The effective noise power is calculated by using the average transmit power of a protected subframe and the EVM. In this contribution, the MCS restriction is not considered when the SINR ceiling model is applied.
3. Signaling Candidates for NZP-ABS
As discussed in [5], in order to support a NZP-ABS, the UE must know the PDSCH to CRS power ratio to demodulate the QAM. There are some methods that support a NZP-ABS. We evaluate the following four methods.
· NZP-ABS with the introduction of two sets of DL power allocation parameters (“2 Tx info.” method) 

· NZP-ABS with the introduction of one set of DL power allocation parameters while using only QPSK in the NZP-ABS (“1 Tx info. QPSK only” method) [6]
· NZP-ABS with the introduction of one set of DL power allocation parameters to certain UEs in a low or high SINR group (“1 Tx info. SINR group” method) [7]

· Zero transmit power ABS (ZP-ABS)
4. Performance Evaluation

4.1. Simulation Configuration

Table 1 gives the major simulation parameters. 3GPP case 1 and the typical urban (TU) channel model are assumed. In the evaluation, a full buffer traffic model is used. The cluster (configuration 4b) UE distribution is assumed. As described in [8], the performance degradation regarding a NZP-ABS due to the difference in the transmission power between a macrocell and a picocell is mitigated by setting the transmission power reduction level p to the CRE offset value, . The ABS ratio is set to maximize the 5% user throughput.

In order to assess the performance gain in picocell deployments, x% user throughput is used as a performance metric. The metric 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 and picocells are different according to the parameters.

Table 1 – Simulation conditions
[image: image1.emf]Macrocell Picocell

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 sites), 

1 (between cells)

0.5

Penetration loss 20 dB

Moving speed 3 km/h

Total BS Tx power 46 dBm 30 dBm

Antenna configuration 2 x 2 (Uncorrelated)

Antenna gain 14 dBi 5 dBi

Number of UEs Total 30 UEs per macrocell(Configuration 4b)

Traffic model Full buffer

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

Fading model 3GPP model, Typical Urban

Target BLER in OLLA 0.1

ABS ratio Optimized to maximize 5% user throughput


4.2. Simulation Results
Figures 1(a) and 1(b) show the 5% and 50% user throughput performance levels considering the MCS restriction model for the EVM impact as a function of the CRE offset value. The performance levels for the 2 Tx info. method, 1 Tx info. QPSK only method, 1 Tx info. SINR group method, and ZP-ABS method are shown in the figures. The SINR threshold of the 1 Tx info. SINR group method is set to 10 dB to maximize the 5% user throughput. Figure 1(a) shows that when considering the MCS restriction model for the EVM impact, the 5% user throughput for the 2 Tx info. method is almost the same as that for the 1 Tx info. QPSK only method. This is because almost all the “5% UEs” whose user throughput is less than the 5% user throughput use QPSK due to the relatively low SINR. Figure 1(a) also shows that the 5% user throughput for the 1 Tx info. SINR group method is less than that for the 1 Tx info. QPSK only method, especially when the CRE offset value is set to 6 and 9 dB (degraded by 9-10%). This is because all the macro UEs cannot use both the protected and non-protected subframes when the 1 Tx info. SINR group method is applied. Furthermore, the 5% user throughput of the ZP-ABS method is 10-12% less than that for the 1 Tx info. QPSK only method. This is because the user throughput of the macro UEs is improved by using the protected subframes even at low power levels. Figure 1(b) shows that the 50% user throughput for the 2 Tx info. method is increased by approximately 2% compared to the 1 Tx info. QPSK only method when the CRE offset value is set to 3 dB due to the modulation scheme restriction for the 1 Tx info. QPSK only method. However, when the CRE offset value is set to 6 or 9 dB, the 50% user throughput for the 2 Tx info. method is the same as that for the 1 Tx info. QPSK only method. This is because the macro UEs use only QPSK at the protected subframes in both methods. Figure 1(b) also shows that the 50% user throughput for the 1 Tx info. SINR group method is 8-12% less than that for the 1 Tx info. QPSK only method for the same reason as for the 5% user throughput case. Furthermore, the 50% user throughput for the ZP-ABS method is 2-4% higher than that for the 1 Tx info. QPSK only method since the modulation scheme is restricted to only QPSK for the power-reduced protected subframes.
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                          (a) 5% User throughput                                          (b) 50% User throughput

Figure 1 – User throughput performance (MCS restriction).

Figures 2(a) and 2(b) show the 5% and 50% user throughput performance considering the SINR ceiling model for the EVM impact as a function of the CRE offset value. The performance level for the 2 Tx info. method, 1 Tx info. QPSK only method, 1 Tx info. SINR group method, and ZP-ABS method are shown in the figures. The SINR threshold for the 1 Tx info. SINR group method is set to 10 dB to maximize the 5% user throughput. Figure 2(a) shows that the 5% user throughput considering the SINR ceiling model exhibits the same tendency as that considering the MCS restriction model. This is because the impact of the EVM is not large in the case of the 5% UEs. Therefore, the 5% user throughput for the 2 Tx info. method is almost the same as that for the 1 Tx info. QPSK only method and the 5% user throughput for the ZP-ABS method is approximately 10-12% less than that for the 1 Tx info. QPSK only method. Figure 2(b) shows that when considering the SINR ceiling model for the EVM impact, the 50% user throughput for the 2 Tx info. method is 3-4% higher than that for the 1 Tx info. QPSK only method. This is because the modulation scheme is restricted to only QPSK for the protected subframe in the 1 Tx info. QPSK only method, although the modulation scheme is not restricted in the 2 Tx info. method.
Based on these results, the improvement in performance when using the 2 Tx info. method is only 2-4% for the 50% user throughput when considering both the MCS restriction and the SINR ceiling models for the EVM impact. 
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                          (a) 5% User throughput                                          (b) 50% User throughput

Figure 2 – User throughput performance (SINR ceiling).

5. Conclusion

We evaluated NZP-ABS methods with and without new higher layer signaling while considering the EVM impact.

Based on the performance evaluation, we observed the following assuming 3GPP case 1, the TU channel model, configuration 4b, and full buffer traffic model.

· There is only a slight performance gain from the 2 Tx info. method (only 2-4% improvement for the 50% user throughput) when considering both the MCS restriction and the SINR ceiling models for the EVM impact.
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Appendix

Figures A1(a) and A1(b) show the 95% user throughput performance considering the MCS restriction and SINR ceiling models for the EVM impact, respectively. The performance level for the 2 Tx info. method, 1 Tx info. QPSK only method, 1 Tx info. SINR group method, and ZP-ABS method are shown in the figures. The SINR threshold for the 1 Tx info. SINR group method is set to 10 dB to maximize the 5% user throughput. Figures A1(a) and A1(b) show that when considering both the MCS restriction and SINR ceiling models for the EVM impact, the 95% user throughput for the 2 Tx info. method is almost the same as that for the 1 Tx info. QPSK only method. This is because a large number of “95% UEs” whose user throughput is greater than the 95% user throughput are connected to picocells. Figures A1(a) and A1(b) also show that the 95% user throughput for the ZP-ABS method is 10-13(10-11)% higher than that for the 1 Tx info. QPSK only method when considering the MCS restriction (SINR ceiling) model. This is because some of the pico UEs have a very high received signal quality level due to the zero power transmission from the macrocells when the ZP-ABS method is applied. Therefore, from the viewpoint of the 95% user throughput, the ZP-ABS method achieves better performance (approximately 10-13% higher 95% user throughput) compared to the 2 Tx info. method and 1 Tx info. QPSK only methods although the 2 Tx info. method and 1 Tx info. QPSK only method achieve almost the same performance level.
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(a) MCS restriction                                                (b) SINR ceiling

Figure A1 – 95% User throughput performance.
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