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1. Introduction
In the last RAN1 meeting, we provided evaluation results on small cell ON/OFF with realistic transition time scales[1]. It was observed that with packet size of 0.5M bytes and when the transition time is considered in packet throughput calculation, low/medium gains can be obtained with 0 MBSFN subframes configured, but loss can be observed with 6 MBSFN subframes at low/medium load. It was analyzed and expected in [1] that larger packet size may reduce the negative effect on packet throughput caused by the OFF-to-ON transition latency. In this contribution, we provide further evaluations of small cell ON/OFF with 2M bytes packet size and with 6 MBSFN subframes configured.
2. Evaluation results of small cell ON/OFF with 2M bytes packet size
The simulation assumptions in addition to those in [2] for SCE scenario 2a are listed in Table 5 in the Appendix. The same cases as in [1] are simulated and shown as follows.
· Case 1 (baseline): no DTX for small cells

· Case 2: Ideal DTX for small cells, 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
For comparison, the evaluation results of small cell ON/OFF with 0.5M bytes packet size and with 6 MBSFN subframes configured are copied in Table 1 and Table 2 from [1]. It is observed that the small cell DTX gains decrease compared with ideal DTX when transition time is introduced. Even some losses are observed. 
Table 1: Performance gains for ideal, dynamic on/off based on packet arrival/completion, 
with 6 MBSFN per radio frame and no cell ID planning, packet size=0.5M bytes
	Scenario
	Source
	UPT gains
	Assumptions

	
	
	Mean 
	5%ile 
	50%ile 
	95%ile
	Traffic load
	RU

	2a, 10pico
	[1] (R1-134105)
	28.3%
	25.4%
	33.3%
	8.5%
	lambda= 3 per macro cell
	baseline M-RU 17%

	
	
	26.5%
	18.8%
	31.6%
	11.9%
	lambda= 7.5 per macro cell
	baseline M-RU 37%

	
	
	26.1%
	16.5%
	32.6%
	15.3%
	lambda= 10 per macro cell
	baseline M-RU 47%


Table 2: Performance gains for semi-static on/off based on packet call arrival/completion, with transition time ≤ 100ms and no cell ID planning, packet size=0.5M bytes
	Scenario
	Source
	On/off parameters/setting
	UPT gains
	MBSFN/ABS
	RU

	
	
	
	Mean 
	5%ile 
	50%ile 
	95%ile
	
	

	2a, 10pico
	[1] (R1-134105)
	(30,30)
	-2.1%
	17.9%
	-1.1%
	0%
	6
	Mean RU for baseline: 17%

	
	
	
	-5.2%
	6.9%
	-1.9%
	-8.3%
	
	Mean RU for baseline: 37%

	
	
	
	-4.3%
	2.5%
	2.5%
	-16%
	
	Mean RU for baseline: 47%

	
	
	(50,50)
	-15.3%
	1.3%
	-20%
	1.6%
	
	Mean RU for baseline: 17%

	
	
	
	-17.8%
	-0.3%
	-16.8%
	-10.8%
	
	Mean RU for baseline: 37%

	
	
	
	-15.9% 
	3.1%
	-10.9% 
	-17.1%
	
	Mean RU for baseline: 47%


The evaluation results of small cell ON/OFF with 2M bytes packet size and with 6 MBSFN subframes configured are provided in Table 3 and Table 4. It is observed that the small cell DTX gains decrease compared with ideal DTX when transition time is introduced. It is also seen that some gains can still be achieved with 6 MBSFN subframes with OFF-to-ON transition time considered. This is expected since with larger packet size, the effect of OFF-to-ON transition on packet throughput is reduced since on average the transmission time of a packet is longer. 
Table 3: Performance gains for ideal, dynamic on/off based on packet arrival/completion, 
with 6 MBSFN per radio frame and no cell ID planning, packet size=2M bytes
	Scenario
	Source
	UPT gains
	Assumptions

	
	
	Mean 
	5%ile 
	50%ile 
	95%ile
	Traffic load
	RU

	2a, 10pico
	 (R1-135081)
	25.3%
	29.7%
	32.6%
	2.2%
	lambda= 0.75 per macro cell
	baseline M-RU 17%

	
	
	27.3%
	36.5%
	35.3%
	2.2%
	lambda= 1.875 per macro cell
	baseline M-RU 35%

	
	
	22.1%
	15.0%
	28.4%
	4.9%
	lambda= 2.5 per macro cell
	baseline M-RU 45%


Table 4: Performance gains for semi-static on/off based on packet call arrival/completion, with transition time ≤ 100ms and no cell ID planning, packet size=2M bytes
	Scenario
	Source
	On/off parameters/setting
	UPT gains
	MBSFN/ABS
	RU

	
	
	
	Mean 
	5%ile 
	50%ile 
	95%ile
	
	

	2a, 10pico
	[1] (R1-135081)
	(30,30)
	12.7%
	21.8%
	19.3%
	-8.8%
	6
	Mean RU for baseline: 17%

	
	
	
	13.1%
	17.2%
	19.1%
	-9.1%
	
	Mean RU for baseline: 35%

	
	
	
	12.5%
	12.6%
	19.3%
	-7.1%
	
	Mean RU for baseline: 45%

	
	
	(50,50)
	8.7%
	19.5%
	14.6%
	-5.8%
	
	Mean RU for baseline: 17%

	
	
	
	6.5%
	10.3%
	10.8%
	-15.8%
	
	Mean RU for baseline: 35%

	
	
	
	3.7%
	4.1%
	9.1%
	-13.9%
	
	Mean RU for baseline: 45%


3. Clarification on UE-cell association

For the results in section 2 and the results in [1], the UE-cell association ratio is different between Case 1 (i.e. the baseline without small cell ON/OFF) and Case 2/3 (i.e. ideal small cell ON/OFF or small cell ON/OFF with transition time modeled). For Case 1, no matter whether there is traffic in the small cell or not, the CRS interference is modeled when calculating the RSRQ of the small cell layer. For Case 2 and Case 3, the CRS interference of a small cell without traffic is not included in the calculation of small cell layer RSRQ. Hence for Case 2 and Case 3, there are more UEs connected to the small cells than for Case 1. Hence, part of the gains observed in section 2 and in [1]on small cell ON/OFF is due to the fact of more UEs are connected to the small cells, similar to the gains of cell range expansion. This fact needs to be considered when reading the results in section 2 and in [1].
4. Conclusion
In this contribution, we provide further evaluation results on small cell ON/OFF with realistic transition time scales and with 2M bytes packet size. Comparing the results with 0.5M bytes and 2M bytes, it is observed that the effect of OFF-to-ON transition time on packet throughput is reduced with the increase of the packet size. In other words, gains of small cell ON/OFF can still be observed with 6 MBSFN subframes configured.
It is also clarified that the UE-cell association ratio is different for the cases with and without small cell ON/OFF, for the results presented in this contribution as well as those in [1]. This fact needs to be considered when reading the results in section 2 and in [1].
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Appendix 
Table 5: 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: 2M bytes
· Arrival rate per macro cell: 0.75, 1.875, 2.5 

	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: 6 subframes per radio frame
· CSI-RS: 2 antenna ports, 5ms periodicity, subframes {0, 5}
· DMRS: 2 antenna ports
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