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1 Introduction
It was agreed to further evaluate the benefits of small cell DTX in RAN1 #73bis, with agreed simulation assumptions in [1]. In this contribution, we provide our evaluation results.
2 SCE scenario 2a

The simulation assumptions in addition to those in [1] for SCE scenario 2a are listed in Table 1 in the Appendix. For SCE scenario 2a, the following cases are simulated:
· Case 1: 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. 
· Case 3: Semi-static DTX, where a certain percent of random small cells are OFF. This is modeled by reducing the number of small cells per cluster. For example, “semi-static DTX 50% OFF” means that the number of small cells per cluster is reduced by half, and “semi-static DTX 75% OFF” means that the number of small cells per cluster is reduced by 75%. 
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. For the case of non-DTX, ideal DTX and semi-static DTX with 50% OFF, the most loaded layer is the macro layer. For the case of semi-static DTX with 75% OFF, the most loaded layer is the small cell 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, ideal DTX can achieve the following gains over non-DTX

· 6% – 13% increase on cell edge (i.e. 5%) throughput, depending on the traffic load

· 16% – 23% increase on cell average throughput, depending on the traffic load 

· With 6 MBSFN subframes, ideal DTX can achieve the following gains over non-DTX

· Up to 7% increase on cell edge (i.e. 5%) throughput, depending on the traffic load

· 7% – 12% increase on cell average throughput, depending on the traffic load 

· For both 0 and 6 MBSFN subframes, semi-static DTX with 50% and 75% small cell OFF lead to significant throughput loss, compared with non-DTX. With reduced number of small cells, the load in both the macro and small cell layer is increased due to less frequency reuse per macro cell area. 
The gain of ideal DTX is the upper bound and may be achieved if the small cell DTX can be dynamically controlled by another network node, e.g. a macro cell. For a UE operating in dual connectivity, assuming the UE is connected to a macro cell and a small cell, the macro cell can dynamically switch ON/OFF the small cell, provided that the macro cell is aware of the instantaneous traffic condition (e.g. on a packet level basis) to the UE from the small cell. Whether the macro cell knows such information may depend on the adopted architecture and protocol of dual connectivity, as being discussed in RAN2. It is noted that the gain of small cell DTX for UEs not supporting dual connectivity is expected to be small or even loss is expected as in the case of semi-static DTX. Hence for a small cell with UEs not supporting dual connectivity connected to it, it may not be beneficial to turn the small cell OFF from the throughput perspective. 
3 Conclusions
In this contribution, it is shown that ideal small cell DTX can provide up to 23% and 12% gain on cell average throughput with 0 and 6 MBSFN subframes respectively, while semi-static small cell DTX leads to significant throughput loss compared to non-DTX. While the gain of ideal DTX may be achieved for UEs supporting dual connectivity, it is unclear on the achievable throughput gain for UEs not supporting dual connectivity. 
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5 Appendix 
Table 1: Additional simulation assumptions for SCE scenario 2a
	Parameter
	Values

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

	Traffic model
	FTP model 1

	Metric
	Packet throughput

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

	CRS-IC
	CRS-IC not included

	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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