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Introduction
This contribution presents preliminary results of small cell enhancement performance in scenario 1 defined in [1]. In this scenario, macro/pico cells within a macro cell area can operate coordinated scheduling based on centralized resource coordination to mitigate inter-cell interference. To see potential benefits of coordination (interference mitigation) within the macro cell area under bursty traffic situation, we evaluate system-level performance of small cell scenario 1 with different resource utilization factors. We compare the results with and without interference mitigation scheme in terms of UE experienced performance metric such as user packet throughput.
Performance of Coordination for SCE Scenario 1
As discussed in [2], a coordinated scheduling scheme which is operated in the following two steps could be a promising coordination method in SCE scenarios even in case of non-ideal backhaul:

1st step (Resource coordination based on the shared CSI subject to backhaul latency)

· The available wireless resources of N small cells in a coordination area are determined in RBG level such as
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2nd step (UE scheduling in each cell based on the latest CSI available at individual eNBs)

· Each cell checks allocated resources based on the decision in the resource coordination step

· For the allocated resources, each cell conducts UE scheduling taking into account the resource allocation of the interfering cells and available CSI

Figure 1 shows the exchange of CSI information of multiples cells for the resource coordination.
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Figure 1: Sharing of CSIs of multiple cells or transmissions points subject to backhaul delay.

In order to observe the performance of the coordination based on the above coordinated scheduling scheme in SCE scenario 1, evaluation results were obtained for the agreed upon RAN1 simulation methodology on the following cases:
· 4 small cells in one cluster
· 0 and 3 almost blank subframes (ABS) in one radio frame
· Low and medium traffic loads in FTP traffic model 3
Tables 1, 2 and 3 show 5%, 50%, 95% and mean user packet throughput (UPT) gains of the coordination under the assumption of 2ms backhaul delay. In the reference system for comparison, UE scheduling is done at the individual cells without any resource coordination. For both cases with and without resource coordination, cell association is based on RSRP with 3 dB cell range expansion for the small cells. Note that in the simulation, resource coordination applies to not only small cells but also to the macro cell within the same macro area as the small cells.

The overall system gain is summarized in Table 1 for both 0 and 3 ABS cases. In case of 0 ABS, 16.70% and 34.22% mean UPT gains are observed for low and medium traffic loads, respectively. In case of 3 ABS, 15.21% and 36.89% mean UPT gains are obtained for low and medium traffic loads, respectively. The results show that the gain for the medium traffic load is larger than that for the low traffic load. This seems natural since the interference among cells would be more serious in the higher loaded case. 
In addition, it would be worthwhile to note that the coordination gains are maintained for both 0 and 3ABS cases. Basically, there are two different types of coordination going on for small cell scenario 1. For normal subframes, the coordination is between the macro cell and the small cells in the same macro cell area. For ABS, the coordination is only among the small cells in the same macro cell area. Evaluation results showing that similar performance gains can be achieved for both 0 ABS and 3 ABS cases suggests that the coordination gains on the normal subframes and ABS subframes are not that different.

Table 1. UPT gains by coordinated scheduling in SCE scenario 1 (macro UEs + small-cell UEs)
	
	5% UPT
	50% UPT
	95% UPT
	Mean UPT
	RU in no coordination
	RU in coordination

	No ABS
	22.22%
	36.36%
	0.81%
	16.70%
	0.38
	0.32

	
	32.53%
	62.35%
	3.43%
	34.22%
	0.63
	0.48

	3 ABS
	18.81%
	25.94%
	0.64%
	15.21%
	0.34
	0.26

	
	17.45%
	74.86%
	3.07%
	36.89%
	0.57
	0.39


Table 2. UPT gains by coordinated scheduling in SCE scenario 1 (macro UEs).
	
	5% UPT
	50% UPT
	95% UPT
	Mean UPT
	RU in no coordination
	RU in coordination

	No ABS
	6.25%
	2.96%
	-1.32%
	2.68%
	0.47
	0.43

	
	2.63%
	4.81%
	-0.34%
	6.40%
	0.72
	0.62

	3 ABS
	7.86%
	-2.38%
	-0.53%
	-0.66%
	0.35
	0.34

	
	1.59%
	2.22%
	1.63%
	3.10%
	0.52
	0.48


Table 3. UPT gains by coordinated scheduling in SCE scenario 1 (small-cell UEs).
	
	5% UPT
	50% UPT
	95% UPT
	Mean UPT
	RU in no coordination
	RU in coordination

	No ABS
	30.00%
	45.45%
	1.45%
	21.19%
	0.35
	0.30

	
	41.94%
	86.21%
	5.34%
	45.44%
	0.60
	0.44

	3 ABS
	17.65%
	33.62%
	0.80%
	19.92%
	0.34
	0.23

	
	30.32%
	79.34%
	3.01%
	45.26%
	0.58
	0.37


For more detailed observation, UPT gains for macro-cell UEs and small-cell UEs are separately presented in Tables 2 and 3, respectively. While UPT of macro UEs in case of coordination is almost the same as no coordination case, small-cell UEs get significant gain by the coordination. In other words, the overall performance gain in Table 1 is dominated by the gain of small-cell UEs. This would be due to frequent macro cell blanking. The benefit of macro cell blanking is further enhanced by the clustering of the small cells. If macro cell blanking is beneficial to one of the small cells in a cluster, it is highly likely that similar level of benefit would be there for the other small cells in the cluster. Since macro cell interference would greatly impact multiple small cells, the optimal decision of resource coordination would lead to frequent blanking at the macro cell. However, in spite of frequent macro blanking, UPT for the macro UEs could be still maintained because the benefit for small cell UEs is translated into faster handling of buffered data. This results in a low RU for small cells, which in turn would provide lower small-cell interference for macro UEs.
Observation:
· In case of 0 ABS, 16.7% and 34.22% mean UPT gains are obtained for low and medium traffic loads, respectively
· In case of 3 ABS, 15.21% and 36.89% mean UPT gains are obtained for low and medium traffic loads, respectively.
· The coordination gains are maintained for both 0 and 3ABS cases
· UPT of macro UEs in case of coordination is almost the same as no coordination case
· Small-cell UEs get significant gain from the coordination
· The overall performance gain in Table 1 is dominated by the gain of small-cell UEs.
Conclusions

In this contribution, we provided the preliminary evaluation results for SCE scenarios 1. From the results, it is observed that
· In case of 0 ABS, 16.7% and 34.22% mean UPT gains are obtained for low and medium traffic loads, respectively
· In case of 3 ABS, 15.21% and 36.89% mean UPT gains are obtained for low and medium traffic loads, respectively.
· The coordination gains are maintained for both 0 and 3ABS cases
· UPT of macro UEs in case of coordination is almost the same as no coordination case
· Small-cell UEs get significant gain from the coordination
· The overall performance gain for macro and small cell UEs is dominated by the gain of small-cell UEs.
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