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1. Introduction
In the last RAN1 meeting, we provided the performance of ideal small cell ON/OFF based on packet arrival/completion and semi-static small cell ON/OFF based on traffic load in [1]. In this contribution, we give further evaluation results on small cell ON/OFF with realistic transition time scales, which are analyzed based on the different mechanisms in our companion contribution [2].
2. Evaluation results of small cell ON/OFF with realistic transition time scales
The simulation assumptions in addition to those in [3] for SCE scenario 2a are listed in Table 1 in the Appendix. For SCE scenario 2a, the following cases are simulated:

· Case 1 (baseline): no DTX for small cells

· Case 2: Ideal DTX for small cell, i.e. a small cell is ON only when it has traffic to transmit, which is subframe level dynamic cell ON/OFF 

· Case 3: Semi-static DTX with realistic transition time scales
· If a new packet arrives in an OFF small cell, the cell is turned ON after 30ms or 50ms delay
· If a new packet arrives in OFF-to-ON process, the transmission starts until the cell is turned ON, i.e. some transmission delay is introduced, which is considered in the UE packet throughput calculation
· If there is no packet to be transmitted, the small cell is turned OFF after 30ms or 50ms delay

· If a new packet arrives in ON-to-OFF process, the OFF-to-ON process will be performed immediately
· CRS is not transmitted both in OFF-to-ON and ON-to-OFF processes
Figures 1 – 2 show the 5%, 50%, 95%, and average throughput gain of DTX with 0 and 6 MBSFN subframes, respectively. Figure 3 shows the resource utilization in the most loaded layer (i.e. macro layer). 
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Figure 1: Gains of small cell DTX, 0 MBSFN subframe, 5%, 50%, 95%, and average throughput
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Figure 2: Gains of small cell DTX, 6 MBSFN subframes, 5%, 50%, 95%, and average throughput
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Figure 3: Resource utilization in most loaded layer, 0 (left) and 6 (right) MBSFN subframes

From the evaluation results, the following observations can be made:

· With 0 MBSFN subframe, small cell DTX can achieve the following gains/losses over non-DTX

· Ideal DTX based on packet call arrival/completion
· 24.9% ~ 39.3% increase on cell edge (i.e. 5%) throughput

· 67.7% ~ 95.4% increase on 50% throughput 
· 16.9% ~ 30.5% increase on 95% throughput
· 58.8% ~ 60.8% increase on cell average throughput 

· Semi-static DTX based on packet call arrival/completion, with 30ms transition time modeled
· 17.7% ~ 22.5% increase on cell edge (i.e. 5%) throughput

· 28.8% ~ 36.8% increase on 50% throughput 
· 9.2% ~ 17.0% loss on 95% throughput

· 17.9%~ 20.4% increase on cell average throughput 

· Semi-static DTX based on packet call arrival/completion, with 50ms transition time modeled
· 11.0% ~ 21.1% increase on cell edge (i.e. 5%) throughput

· 10% ~ 15.5% increase on 50% throughput 
· 9.2% ~ 18.0% loss on 95% throughput

· 3.2%~ 4.8% increase on cell average throughput 
· With 6 MBSFN subframe, small cell DTX can achieve the following gains/losses over non-DTX

· Ideal DTX based on packet call arrival/completion

· 16.5% ~ 25.4% increase on cell edge (i.e. 5%) throughput

· 31.6% ~33.3% increase on 50% throughput 
· 8.5% ~ 15.3% increase on 95% throughput

· 26.1% ~ 28.3% increase on cell average throughput 

· Semi-static DTX based on packet call arrival/completion, with 30ms transition time modeled
· 2.5% ~ 17.9% increase on cell edge (i.e. 5%) throughput

· Up to 2.5% increase on 50% throughput 
· up to 16.0% loss on 95% throughput

· 2.1%~ 5.2% loss on cell average throughput 

· Semi-static DTX based on packet call arrival/completion, with 50ms transition time modeled
· Up to 3.1% increase on cell edge (i.e. 5%) throughput

· 10.9% ~ 20.0% loss on 50% throughput 
· up to 17.1%  loss on 95% throughput

· 15.3%~ 17.8% loss on cell average throughput 

From the evaluation results, it can be seen that large gains can be obtained with low/medium/high traffic load for ideal DTX. However, the gain of ideal DTX is the upper bound which cannot be achieved in practice. In our companion contribution [2], we analyze the feasible time scales of OFF-to-ON transition based on the different small cell ON/OFF mechanisms. When this practical transition time is introduced, it is observed that the small cell DTX gains decrease, even some losses are observed. Low/medium gains can be obtained with 0 MBSFN subframes configured, but loss at low/medium load can be observed with 6 MBSFN subframes. One fundamental reason for this is that the number of subframe required to transmit a packet is small, e.g. on average less than 100ms is needed to complete the transmission of the packet. Hence the OFF-to-ON transition latency (e.g. 30ms or 50ms) can greatly hit the packet throughput. If the packet size is larger, then it is expected gains of small cell DTX with practical transition time can still be observed, since the additional latency due to OFF-to-ON transition can be less significant compared to the time needed to transmit the packet. Overall, if semi-static small cell ON/OFF mechanism with practical transition time is introduced, it should take the performance above into account.
3. Conclusion
In this contribution, we give further evaluation results on small cell ON/OFF with realistic transition time scales. It is observed that with small packet size of 0.5M bytes and when the transition time is introduced into small cell ON/OFF, low/medium gains can be obtained with 0 MBSFN subframes configured, but loss at low/medium load can be observed with 6 MBSFN subframes.
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Appendix 
Table 1: Additional simulation assumptions for SCE scenario 2a

	Parameter
	Values

	Small cell configuration
	1 cluster of 10 small cells per macro cell area

	Traffic model
	FTP model 1
· File size: 0.5M bytes
· Arrival rate per macro cell: 3, 7.5, 10 

	Metric
	Packet throughput

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

	CRS-IC
	CRS-IC not included

	OFF-to-ON transition latency
	30ms, 50ms

	ON-to-OFF transition latency
	30ms, 50ms

	Overhead assumption
	Macro LCT:
· 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 LCT: 
· PDCCH: 1 OFDM symbol
· PSS/SSS/PBCH: as in Rel-8
· CRS: 2 antenna ports
· MBSFN subframe:0 or 6 subframes per radio frame
· CSI-RS: 2 antenna ports, 5ms periodicity, subframes {0, 5}
· DMRS: 2 antenna ports
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