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1. Introduction

In the RAN1 #69 meeting, the simulation results were provided by some companies to show the performance comparisons between with and without additional signaling support for LP-ABS [1,2]. Two different way forwards [3,4] were proposed, but there was no conclusion after discussion in RAN1#69 meeting. 

In this contribution, we provide the evaluation results for LP-ABS with and without additional signaling support, and present our observations based on that.

2. Discussion
One of the potential benefits for introducing additional signaling for LP-ABS is that more flexible scheduling and transmission can be supported for Macro UEs in both LP subframes and normal subframes. Currently, there are two kinds of EPRE ratio, (
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, to indicate the PDSCH to CRS and PDSCH to CSI-RS ratios respectively. 
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 will be available for TM1 to TM6 for the CRS based modes, while 
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 will be available for TM7 to TM9 for the DM-RS based modes. These power ratio parameters are configured by RRC signaling and cannot be dynamically changed like DCI. If the PDSCH transmission for certain Macro UE is either in normal subframes or in LP subframes, but not both, only one set of parameters is enough. Otherwise two sets of parameters, such as (
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), are potentially needed except for one case, in which the modulation of the Macro UE in LP subframes is restricted to QPSK only. In this case, there is little effect on the UE demodulation performance when the power of PDSCH cannot be estimated properly. However, if 16QAM modulation needs to be supported in LP subframes, two sets of EPRE ratios in LP-ABS seem to be necessary for demodulation, as shown Figure 1.
In addition to the EPRE ratios, the LP-ABS pattern needs to be informed to Macro UEs also in case that two sets of power parameters are signaled.
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Figure 1 EPRE ratios for different modulation scheme in LP-ABS

3. Performance evaluation

In this section, the performance evaluation results for LP-ABS with QPSK modulation restriction and LP-ABS with QPSK+16QAM modulation are provided, and the simulation assumptions are given in Appendix A. 
Based on these evaluation results, as shown in Table I, it can be observed that about 20% gain in terms of both average and cell-edge UE throughput can be obtained for Macro UEs by using QPSK+16QAM modulation compared to the QPSK modulation restriction in LP-ABS. At the same time, about 3% and 59% decrease in average and cell-edge performance of Pico UEs can be observed respectively. For overall UEs, the average gain from using QPSK+16QAM is reduced to no more than 3% because hotspot scenario is assumed in the simulation and majority of UEs are associated to Pico.

In addition to the practical scenario, the performance difference will also be affected by many other factors, such as the distance between Pico and Macro, Pico transmission power, UE distribution, LP-ABS pattern, etc. For example, in case of hotspot scenario, if the Pico are deployed close to Macro eNBs, it suffers from strong interference and the LP-ABS performance is even worse than that for ZP-ABS because there are no ”actual cell center” UEs existed. In this condition, if UEs near Macro are scheduled in LP-ABS, the strong interference would be generated to the Pico UEs. If the cell edge UEs of Macro are scheduled in LP-ABS, the cell coverage of Macro will be affected and the performance of Macro cell edge UEs will be poor. 
Another factor shall be considered is the consistency and integrity of LTE system. Currently, there are the definition of EPRE ratios for the PDSCH to CRS and PDSCH to CSI-RS corresponding to the normal subframes. In this sense, it is possibly reasonable that the new EPRE ratios for the PDSCH to CRS and PDSCH to CSI-RS shall be introduced in LP-ABS subframes. The signaling support for LP-ABS can be an option under the prerequisite which is with limited specification change. 
Table 1 Comparioson of UE throughput with QPSK only and QPSK+16QAM in LP-ABS

	　
	UE throughput(Mbps)
	ALL UEs
	Macro UEs
	Pico UEs

	LP-QPSK (-6 dB)
	Average
	3.028
	2.153
	3.324

	
	50%
	2.448
	1.963
	2.734

	
	5%
	0.277
	0.358
	0.213

	LP-QPSK+16QAM (-3dB)
	Average
	3.098(+2.3%)
	2.754(+27.9%)
	3.214(-3.3%)

	
	50%
	2.573(+5.1%)
	2.483(+26.5%)
	2.615(-4.3%)

	
	5%
	0.188(-32.1%)
	0.433(+20.9%)
	0.087(-59.1%)


4. Conclusion

In the contribution, the performance comparisons for LP-ABS with and without additional signaling were provided, and some observations are given:
Observation 1: The throughput gain for Macro UEs can be achieved with higher order modulation used in LP-ABS.
Observation 2: The gains may be changed for different scenarios and assumptions.
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6. Appendix A

Table 2 Simulation assumptions
	Parameter 
	Value   

	MIMO scheme 
	SU-MIMO (with rank adaptation) 2x2   

	Network synchronization 
	Synchronized   

	Number of OFDM symbols for PDCCH 
	3 

	UE receiver type 
	MMSE  

	HARQ scheme 
	Based on chase combine, up to 3 re-transmissions   

	Link adaptation 
	CQI/PMI/RI reports : 6 ms delay and  5 ms  period. 

PUSCH mode 3-1   

	Antenna configuration base station 
	A) Uncorrelated co-polarized: 

Co-polarized antennas separated 4 wavelengths 

(illustration for 2 Tx: |         |   ) 

	Channel estimation 
	Ideal   

	Scheduling algorithm 
	Proportional fairness   

	Central frequency 
	2 GHz 

	Duplex method and Bandwidth 
	10 MHz in FDD 

	Cell layout 
	19 macro-cells, 3cells per macro-cell; 4 LPN-cells per cell 

	UE distribution 
	Configure 4-b 

	Macro-cell ISD 
	500 m 

	Minimum distance between LPN-cells 
	40 m 

	Minimum distance between macro-cell and LPN-cell 
	75 m 

	Minimum distance between macro-UE and macro-cell 
	35 m 

	Minimum distance between LPN-UE and LPN 
	10 m 

	Total Tx power 
	Macro-cell 
	46 dBm

	
	LPN
	30 dBm 

	Antenna pattern　 
	Macro-cell 
	3D pattern defined in TR.36.814 with antenna down tilt 12 degrees 

	
	LPN-cell 
	2D pattern, omni. 

	Antenna gain 
	Macro-cell 
	17 dBi 

	
	PLN
	5 dBi 

	Transmission point antenna height 
	Macro-cell 
	25 m 

	
	LPN-cell 
	10 m 

	Path loss 
	Macro-to-UE 
	ITU UMa with 25 m Tx antenna height 

	
	LPN- to-UE 
	ITU UMi with 10 m Tx antenna height 

	Shadowing standard deviation 
	Macro -to-UE 
	ITU UMa 

	
	LPN-to-UE 
	ITU UMi 

	Shadowing correlation 
　 
	Macro cell 
	0 between macro-cell sites, 1 between macro-cells 

	
	LPN 
	0 between LPN-cells 

	Normal hand over margin 
	1 dB 

	UE height
	1.5 m 

	UE noise figure 
	9 dB 

	Feeder loss 
	0 dB 

	CRE bias 
	-6 dB 

	LP bias 
	-6 dB for QPSK only and -3 dB for  QPSK+16QAM

	ABS Ratio
	50%

	UE associated ratio
	74.7% for pico 

25.3% for macro 
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