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1 Introduction
In RAN1#73, it was agreed that the performance benefits of small cell on/off with feasible time scales require further study. In RAN1#74, many companies have provided the evaluation results, but only a few contributions have separately considered the effects of turn-on time scales and turn-off time scales. In this contribution, we provide evaluation results of turn-on time scales and turn-off time scales in SCE Scenario 2a, and discuss the impacts of turn-on time scales and turn-off time scales on the performance based on our simulation results.
2 Evaluations and discussions
2.1 Evaluation methodologies and assumptions
Our evaluations are undertaken based on the agreed simulation assumptions in [1], in which some methodologies or parameters can be determined by the companies at their own discretion. We provide details of the simulation parameters as following
· Retransmission model

· HARQ is modeled with at maximum 4 transmissions and chase combining. A HARQ ACK/NACK is transmitted in the first available subframe after 4ms and the retransmission can happen in the first available subframe after another 4ms. In addition, a TB will be put back to the front of the data buffer if the TB has been retransmitted over the maximum number of HARQ retransmissions.
· Cell On/Off method
· Time (turn-on time) before a UE can use a just turned on small cell: [0, 50] ms

· Time (turn-off time) needed to turn off a cell after turn-off is triggered [0, 50] ms
The other detailed parameters are listed in Table A and [1].
2.2 Evaluation results
In this section we provide evaluation results of turn-on time scales and turn-off time scales in SCE Scenario 2a. Note that “Ideal DTX” means DTX without on/off delays, and “DTX(α,β)” means DTX with a turn-on time ofαms and a turn-off time of βms.
Figure 1 and 2 illustrate the gains and the resource utilization rates of UE average DL packet throughput of SCE Scenario 2a with DTX, comparing with non-DTX. It shows that small cell DTX with small turn-on time scales and turn-off time scales provides significant gains under low and medium traffic conditions. Moreover, Figure 1 shows that the turn-on time scale is more important than the turn-off time scale for small cell DTX under the low traffic load condition, and the turn-off time scale is more important than the turn-on time scale for small cell DTX under the medium traffic load condition. Under the lower traffic load condition, the packet throughput is more sensitive to the turn-on time delay than the turn-off delay, because small cells are off during most of the time and only a few packets are suffered from the CRS interference during the turn-off time. However, more packets would be suffered from the CRS interference during the turn-off time as the traffic load increases. Note that when the traffic load is sufficiently high, small cells on-off is not applicable so the packet throughput is not affected by the on/off delays at all.
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Figure 1: Gains of UE average DL packet throughput of SCE Scenario 2a with DTX
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Figure 2: Resource utilization rates of SCE Scenario 2a with DTX
From the above results, we have the following observations:
· On packet throughput 
· Small cell DTX with small turn-on time scales and turn-off time scales provides significant gains under low and medium traffic conditions.
· Under the lower traffic load condition, the packet throughput is more sensitive to the turn-on time delay than the turn-off delay, because small cells are off during most of the time and only a few packets are suffered from the CRS interference during the turn-off time.
· More packets would be suffered from the CRS interference during the turn-off time as the traffic load increases. Note that when the traffic load is sufficiently high, small cells on-off is not applicable so the packet throughput is not affected by the on/off delays at all.
3 Conclusions
In this contribution, we provide evaluation results of turn-on time scales and turn-off time scales in SCE Scenario 2a, and discuss the respective effects of turn-on time scales and turn-off time scales in terms of performance. According to our evaluation results, we observed that small cell DTX with small turn-on time scales and turn-off time scales provides significant gains under low and medium traffic conditions. Under the lower traffic load condition, the packet throughput is more sensitive to the turn-on time delay than the turn-off delay, because small cells are off during most of the time and only a few packets are suffered from the CRS interference during the turn-off time. However, more packets would be suffered from the CRS interference during the turn-off time as the traffic load increases. Note that when the traffic load is sufficiently high, small cells on-off is not applicable so the packet throughput is not affected by the on/off delays at all.
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5 Appendix
5.1 Simulation assumption
Table A: Simulation assumptions
	Parameter
	Values

	Small cell configuration
	1 cluster of 4 small cells per macro cell area

	Traffic model
	FTP model 1

	System bandwidth 
	10 MHz at macro cell and 10 MHz at small cell

	CRS-IC
	CRS-IC not included

	Overhead assumption
	Macro:
· PDCCH: 2 OFDM symbols
· PSS/SSS/PBCH: as in Rel-8
· CRS: 2 antenna ports
· CSI-RS: 2 antenna ports, 5ms periodicity, subframes {0, 5}

· DMRS: 2 antenna ports
Small cell: 
· PDCCH: 1 OFDM symbol
· PSS/SSS/PBCH: as in Rel-8
· CRS: 2 antenna ports
· CSI-RS: 2 antenna ports, 5ms periodicity, subframes {0, 5}

· DMRS: 2 antenna ports
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