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1 Introduction
In the RAN2#82 meeting, some performance comparisons were given between DC (Dual Connectivity) and Rel-10 CA [1]. According to Figure 7.1.1.1.1-2 in TR 36.842 [2], the per-user throughput of the DC pico UE seems to have highest value, and the CA pico UE shows a very low per-user throughput. According to Figure 7.1.1.1.1-3 in TR 36.842 [2], the result is mainly caused by the strong interference received by the pico UE as the pico UE will receive strong interference from both pico and macro cells in Scenario #A. However the evaluations are conducted without using existing eICIC technique to mitigating the impacts brought by interferences. In this contribution, we are giving the performance comparison between DC and CA+eICIC on per-user throughput, so as to see if the existing CA+eICIC techniques are good enough to improve per-user throughput while MeNB (Macro cell eNB) and SeNB(s) (Small/pico cell eNB) are connected with each other through non-ideal backhaul.
2 Discussion
2.1 Simulation Scenarios and Evaluation Metrics
The evaluation scenarios are the same as Scenario #A and #B given in TR 36.842, which can also be found in Annex 1. In Scenario #A, Rel-10 CA+eICIC are deployed. In Scenario #B, DC is deployed. In both scenarios, only ideal backhaul is assumed for both CA and DC. The carrier frequency 1 of the DC macro cell is at 2 GHz, and the carrier frequency 2 of the DC pico cell is at 2.6 GHz. In Scenario #A, we use eICIC to mitigate the interference between macro and pico cell, and only a fixed ABS pattern is applied. The frequency domain ICIC is not used. Then the pico UE within the CRE region uses only ABS subframes for the data transmission, and the macro UE transmit its data only on non-ABS subframes. The detailed simulation assumptions can be found in Annex 2. 
The evaluation metrics are listed as follows:
· SINR at each frequency: the average signal to interference & noise ratio per UE.
· Per-user throughput: the average data rate per UE.
The SINR and per-user throughput comparison between DC and CA+eICIC is given under a certain traffic pattern (ftp file size is 0.5 Mbytes, and ftp reading time is 1.5 seconds). 

2.2 Analysis of Simulation Results
The categories of the UEs in the simulation:
· DC pico UE: The UE is within the pico cell. Its PCell is pico cell, and its SCell is macro cell.
· DC macro UE: The UE is within the macro cell but outside pico cell. Its PCell is macro cell, and its SCell is pico cell.
· CA pico UE: The UE is within the pico cell with +6 dB CRE offset. Both PCell and SCell of the UE are pico cells.
· CA macro UE: The UE is within the macro cell but outside pico cell. Both PCell and SCell of the UE are macro cells.
· CA UE: all UEs  of Scenario #A

· DC UE: all UEs of Scenario #B
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Figure 1: PDSCH SINR CDF on carrier 1 

Figure 2: PDSCH SINR CDF on carrier 2
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Figure 3: User throughput CDF (the mean FTP reading time is 1.5 seconds)
In Figure 1, the CA pico UE has a better SINR value compared with the DC pico UE, because the CA pico UE receives almost no interference from the macro layer at ABS subframes, and the DC pico UE uses the macro cell as its SCell from which the DC pico UE still receives interference from neighboring macro cells. The SINR of the DC macro UE is slightly better than that of the CA macro UE, because the CA macro UE still receives interference from the pico layer at non-ABS subframes (although the interference is a little bit small).
Observation 1: On the DC macro frequency layer, the CA pico UE with eICIC shows the best SINR, compared with the DC pico UE.

Observation 2: On the DC macro frequency layer, the CA macro UE with eICIC shows a slightly worse SINR, compared with the DC pico UE.
In Figure 2, the DC pico UE has the best SINR compared with other UEs as the DC pico UE only has interference from the neighboring pico cells (the interference in our sparse small cell deployment is very small). With the application of ABS subframes, the SINR of CA pico UE is much better improved. However the CA pico UE (not within the CRE region) can still have interference from the macro layer at non-ABS subframes. On the other hand, the SINR of CA macro UE is better than that of the DC macro UE. This is because the CA macro UE is using the pico layer as its SCell which has +17 dB offset.
Observation 3: On the DC pico frequency layer, the SINR of the CA pico UE with eICIC is still lower than that of the DC pico UE.
Observation 4: On the DC pico frequency layer, the SINR of the CA macro UE with eICIC is better than that of the DC macro UE.
According to the simulation results in Figure 3, the CA pico UE shows a much better results on per-user throughput, compared with the DC pico UE. One reason is that each pico eNB in Scenario #A has two frequency layers (more radio resources) to be provided to the CA pico UE, and all DC pico UEs in the macro cell area of Scenario #B are sharing only one macro cell. Another reason is that the SCell of the DC pico UE is the macro cell which shows a worse SINR compared with the CA pico UE. Then with the reduced interference and more radio resources which can be scheduled for the CA pico UE, the CA pico UE gives the best per-user throughput. However the per-user throughput of the CA macro UE is a bit smaller than that of the DC macro UE. This is mainly because the CA macro UE can only use non-ABS subframes for data transmission. However the impact of using ABS subframes is not very significant as each macro eNB in Scenario #A still have two frequency layers for the CA macro UE. Additionally, with the FTP traffic pattern in Figure 3, the macro cell resource utilization rate in both the CA case and the DC case is quite similar at around 53%. This is because the macro cell of the CA case can only use non-ABS subframes for data transmission, even though it has two frequency layers and less number of the UEs sharing the macro cell radio resources.
Observation 5: With eICIC, the per-user throughput of the CA pico UEs is better than that of the DC pico UE.
Considering the per-user throughput for all UEs in Figure 3, the CA+eICIC shows a better result, compared with the DC case. This is because the pico cells are normally deployed in hot spots, and have more UEs inside. From our estimation, the per-user throughput of the CA macro UE could be improved (even better than that of the DC macro UE) if a more reasonable ABS pattern (or dynamic ABS) is applied. Furthermore, if the impact of the non-ideal backhaul is considered for the DC case, the per-user throughput of the DC could be reduced dramatically. Some potential impacts on the per-user throughput due to non-ideal backhaul can also be found from other evaluation results, such as [4].
Proposal 1: In terms of per-user throughput, the existing Rel-10 CA+eICIC technique has a better performance than the DC.
In order to provide some guidance for the SCE-HL study, the simulation results should be included in 36.842 [2].
Proposal 2: To capture the simulation results in TR 36.842.
3 Conclusion
According to the analysis given in Section 2, our observations and proposals are given as the followings:
Observation 1: On the DC macro frequency layer, the CA pico UE with eICIC shows the best SINR, compared with the DC pico UE.

Observation 2: On the DC macro frequency layer, the CA macro UE with eICIC shows a slightly worse SINR, compared with the DC pico UE.
Observation 3: On the DC pico frequency layer, the SINR of the CA pico UE with eICIC is still lower than that of the DC pico UE.
Observation 4: On the DC pico frequency layer, the SINR of the CA macro UE with eICIC is better than that of the DC macro UE.
Observation 5: With eICIC, the per-user throughput of the CA pico UEs is better than that of the DC pico UE.

Proposal 1: In terms of per-user throughput, the existing Rel-10 CA+eICIC technique has a better performance than the DC.
Proposal 2: To capture the simulation results in TR 36.842.
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Annex 1: Simulation Scenarios
The diagrams of the simulation scenarios are extracted from TR 36.842 [2]:
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Scenario #B
Figure x: Simulation scenarios for inter-node radio resource aggregation
-
Scenario #A: Both macro and pico eNBs are equipped with the same two carriers. The macro and pico eNBs apply Rel-10 CA to aggregate both carriers.

-
Scenario #B: Both macro and pico eNBs are equipped with one carrier which differs from one another. The macro and pico eNBs apply inter-node radio resource aggregation.

Annex 2: Simulation Assumptions

Table 1: Simulation Setting
	Parameters
	Settings/Assumptions

	Carrier Frequency
	DC: macro cell: 2 GHz; pico cell: 2.6 GHz

CA: macro cell: 2 GHz + 2.6 GHz; pico cell: 2 GHz + 2.6 GHz

	Carrier Bandwidth
	10MHz 

	Cell Layout
	57 cell hexagonal (19 eNodeB, 3 sectors per eNode B)

4 pico cells randomly placed per macro cell

	Inter-site distance
	500 m

	Number of UEs
	12 UEs randomly placed per macro cell coverage:

· 1/3 of UEs randomly dropped within the macro cell coverage area
· 2/3 of UEs randomly dropped within the pico cell coverage area 

	Multipath delay profile
	Typical Urban

	traffic model
	FTP Traffic Model 2 [3]: 
· Mean File size: 0.5 Mbytes
· Reading Time: Exponential Distribution, Mean = 1.5s
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	Scheduling
	PFTF: Proportional Fair in Time and Frequency

	BLER target
	10%

	Path loss
	2 GHz:

macro cell: 128.1+37.6log10(R[km]), R in kilometers
pico cell: 140.7+36.7log10(R[km]), R in kilometers
2.6 GHz:

macro cell: 130.5+37.6log10(R[km]), R in kilometers
pico cell: 143.6+36.7log10(R[km]), R in kilometers

	Maximum Tx Power of eNodeB
	macro cell: 46 dBm
pico cell: 30 dBm

	Cell selection
	CA+ eICIC: co-channel deployment RSRP based cell selection; pico cell with + 6 dB CRE region
DC: inter-frequency deployment RSRQ based cell selection; +17 dB SCell selection offset; 

	DL Interference load
	Depend on the traffic model 
Depend on the schedule result

	ABS pattern
	Fixed

	UE Speed
	0 Km/s
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