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1 Introduction
The throughput gain of intra-frequency deployment of small cell was presented in RAN2#82 [1]. During the discussion, some companies wondered if similar gains could also be achieved using eICIC with optimal ABS patterns. This paper makes a more comprehensive comparison to eICIC with various ABS patterns. The simulation results show that intra-frequency small cell deployment has gain compared with eICIC no matter what ABS pattern it uses.
2 Discussion
Similarly to the throughput enhancement proposed for inter-frequency small cell deployment, the intra-frequency small cell enhancement also aggregates radio resources on multiple eNBs and transmits a UE’s data on multiple streams terminated on different eNBs. While inter-frequency enhancement does it in frequency domain, intra-frequency enhancement achieves it in time domain by enabling the UE at cell overlapping area to receive data from multiple sites. Compared to eICIC, this allows UE in CRE area to receive data transmission not only in ABS, but in all sub-frames. 

The simulations are performed using the same assumptions as in [1], with details listed in Annex 1, except that more ABS patterns are simulated in eICIC for full comparison.
Figures 1 – 4 show that intra-frequency small cell enhancement provides CRE UEs with higher throughput. When the ABS pattern is 1/8, intra-frequency small cell enhancement exposes CRE UEs to the most macro resources, and it achieves significant gain over eICIC. As the ratio of ABS pattern increases from 1/8 to 7/8, the relative gain becomes smaller as less macro resources can be exploited for CRE UEs. Nevertheless, intra-frequency small cell enhancement shows gain even when ABS pattern 7/8 is used.
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Figure 1, Comparison of UPT for CRE UE, with 1/8 ABS pattern
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Figure 2, Comparison of UPT for CRE UE, with 3/8 ABS pattern
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Figure 3, Comparison of UPT for CRE UE, with 5/8 ABS pattern
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Figure 4, Comparison of UPT for CRE UE, with 7/8 ABS pattern
3 Conclusion
This paper makes a full comparison between intra-frequency small cell enhancement and eICIC with various ABS patterns. The results show that intra-frequency small cell enhancement can increase throughput of CRE UEs. 
Proposal: User throughput enhancement should also be supported for intra-frequency small cell deployment, using the same L2 protocol architecture being developed for inter-frequency small cell deployment.
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Annex 1 Simulation assumptions
	Feature/Parameter
	
	Value/Description

	Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	180 kHz

	Sub-frame length
	
	1 ms

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	11

	Number of control symbols per TTI
	
	3

	3GPP Macro Cell Scenario
	Cell layout
	57 sectors/19 BSs

	
	Inter site distance (ISD)
	500 m

	Pico cell layout
	
	Radom in Macro cell

	
	Picos/macro cell
	4

	Macro-pico deployment type
	
	Co-channel

	UE placement
	UE dropped
	1/8 in the Macro cell 7/8 in the Pico cell 

	Distance-dependent path loss
	Macro cell model (TS 36.814, Model 1)
	128.1 + 37.6log10(r)

	
	Pico cell model (TS 36.814, Model 1)
	140.7 + 36.7log10(r)

	BS Tx power
	Macro

Pico
	46 dBm

30 dBm

	UE Tx power
	
	23 dBm

	Shadowing standard deviation
	Macro

Pico
	8 dB

10 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Shadowing correlation distance
	Macro

Pico
	25 m

25 m

	Penetration loss
	
	20 dB

	Multipath delay profile
	
	Typical Urban

	Receiver diversity
	
	2RX MRC

	Schedule policy
	
	PF

	Traffic model
	Heavy loading
	FTP Model 2, 

File size (S) = 0.5Mbytes 
λ= 0.2

	DL Interference load
	Macro, Pico
	Depend on the traffic model 
depend on the schedule result
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