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Discussion 
1 Introduction

The contribution presents the simulation results on the throughput for legacy carrier aggregation, 1A and 3C in medium and low load. The general expectation is that 3C outperforms 1A and 1A outperforms legacy CA. The aim is to see how much the difference would be.
2 Simulation Assumptions

Detailed simulation scenario and configurations can be found in the annex. In simulation, backhaul delay, inter-cell interference, PDCP re-ordering mechanism are considered, we also adjusted macro load via configuring FTP parameter, e.g. reading time=10s for low load (about average 35% macro resource used), and 5s for medium load (about average 60% macro resource used).
Besides these, we introduced a flow control method in simulation, which is generally based on some basic factors, such as channel quality/capacity to macro/small cell, and resource usage condition in both cells. With this flow control, we can make bearer split ratio be dynamically adjusted for each UE.
R10 carrier aggregation CA is also simulated which have one macro cell as PCC, and another collocated macro cell as SCC for CA UE. We set 2/3 in total UE as CA UE.
3 Performance evaluation
Simulation cases and results on UE throughput in Kbps are given following part. Pico UE means UE both in the pico coverage and in the macro coverage. Macro UE means UE only in the macro coverage. 
Simulation Cases
· Release 10 carrier aggregation

· Total 36 UEs. 24 UEs with carrier aggregation. 12 UEs without carrier aggregation

· 2 macro cells. 1 PCell & 1 SCell.
· Inter-ENB carrier aggregation both for 1A and 3C

· Total 36 UEs. 24 UEs in the pico +macro coverage. 12 UEs in the macro only coverage 
· 1 macro cell and 4 pico cells
Simulation Results on throughput 
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Fig 1 Simulation results
Table 1 Simulation results
	
	
	Average Macro UE throughput (Kbps)
	Average Pico UE/CA UE throughput (Kbps)

	Low load
	Rel-10
	3158.2
	0.0%
	3774.6
	0.0%

	
	1A
	5018.4
	58.9%
	6767.8
	79.3%

	
	3C
	4825.2
	-3.8%
	6979.3
	3.1%

	Medium load
	Rel-10
	2252.3
	0.0%
	2745.6
	0.0%

	
	1A
	4735.6
	110.3%
	6392.9
	132.8%

	
	3C
	4396.9
	-7.2%
	6640.0
	3.9%


4 Conclusion
As seen in the simulation results, the throughput gain from Rel-10 CA to 1A is considerable both for Pico UE and Macro UE. The throughput difference between 1A and 3C is not significant comparing to the throughput jump observed between Rel-10 CA and dual connectivity 1A.
Annex. Simulation Details

Basic assumptions: 
· Topology: 7 macros, with several picos randomly located in centre interested cell, 6 outer-loop cells only for generate interference to centre macro eNB.
· Application: FTP traffic for every UE
PDCP re-ordering: 

· UE PDCP re-ordering as following figure
· PDCP PDU [n+1], [n+4], [n+7], [n+10] are transmitted from macro

· Other PDUs are transmitted from pico 

· [n+4] are delayed due to ARQ recovery

· [n] ~ [n+3] are forwarded to TCP layer 

· Until [n+4] are recovered, [n+5] ~ [n+12] are stored in the PDCP buffer

· Only after [n+4] are recovered, [n+5] ~ [n+12] are forwarded to TCP layer 
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Simulation Parameters: 

	Items 
	Macro cell 
	Pico cell

	ISD of Macro
	500m
	

	Distance-dependent path loss 
	128.1 + 37.6log10(R in km)
	140.7 + 36.7log10(R in km)

	Number of cells
	7 (center one as interesting cell)
	4 Picos randomly located in Macro cell

	BS Antenna gain including Cable loss 
	15dB
	5dB

	MS Antenna gain 
	0 dBi
	0 dBi

	Antenna pattern
	Omni
	Omni

	Carrier Frequency / Bandwidth 
	2.0Ghz/ 10Mhz 
	3.5Ghz/ 10Mhz 

	BS Total TX power 
	46 dBm 
	30dBm 

	Antenna configuration
	2x2
	2x2

	UE Number
	36 in total per macro cell. 2/3 UE as dual connectivity UE or CA UE.

	FTP traffic 
	3GPP TR36.814 FTP model 2. 

File size = 0.5 MByte
Lambda = 0.2, 0.125 (Reading time = 5s, 8s)

	TCP congestion algorithm 
	CUBIC 
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