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1 Introduction
Previous work done in [1]

 REF _Ref352591450 \r \h 
[2] has confirmed the importance and requirements of small cell deployments, and the evaluation assumptions [3] has been agreed for small cell enhancements-physical layer. In this contribution, we provide evaluation results of SCE Scenario #2a with TDD configuration #1 and discuss the effects on the cell number per macro cell in terms of packet throughput, resource utilization, and Coefficient of Variations (CV) of MUEs and PUEs.
2 Evaluations and discussions
2.1 Evaluation methodologies and assumptions
Our evaluations are performed based on the agreed simulation assumptions in [3], in which some methodologies or parameters are left as determined by each company. We provide these details as the following
· Arrival rate
· 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. Ratio of DL/UL arriving rate 2/1, comparison with TDD configuration #1, the total arriving rate per sec. in a macro cell area = {6, 12, 18, 24}
· The scheduler is FIFO
· Retransmission model

· HARQ is modeled with maximum 4 transmissions and chase combining. A HARQ ACK/NACK is transmitted in the first available subframe after 4ms and the retransmission can happen in the first available subframe after another 4ms. In addition, a TB will be put back to the front of the data buffer if the TB has been retransmitted over the maximum number of HARQ retransmissions.
2.2 Evaluation results
In this section we provide evaluation results of SCE Scenario #2a with the following performance metrics

· UL/DL cell average packet throughput
· Cell total packet throughput
· Resource utilization
· Coefficient of variations of MUEs and PUEs
The coefficient of variation (CV) is defined as the ratio of the standard deviation to the mean.
Note that “Cluster 1” means that the number of clusters in a macro cell area is one, and “Cluster 2” means that the number of clusters in a macro cell area is two. 
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Figure 1: UL/DL cell average packet throughput of SCE Scenario #2a
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Figure 2: Total cell average packet throughput of SCE Scenario #2a
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Figure 3: Resource utilizations of SCE Scenario #2a
Table 1 Coefficient of variations of numbers of MUEs and PUEs
	
λ=24
	CV(MUE)
	CV(PUE)
	% of MUEs/packets served in a Macro cell area
	% of PUEs/packets in a Macro cell area

	Cluster 1
	88.3%
	31.5%
	10.1%
	4*22.5%

	Cluster 2
	71.2%
	42.6%
	11.5%
	8*11.2%


From the above results, we have the following observations:
· The packet throughput of PUEs increases with the number of small cells in a Macro cell area, but the interference between small cells significantly increases with the number of small cells in a Macro cell area. Resource utilization also decreases as the number of small cells in a Macro cell area increases.
· The coefficient of variation of PUE number increases with the number of clusters in a Macro cell area. That exhibits that the traffic loads of cells are unbalanced, especially for the dense small cell deployment.
Note that the number of MUEs is much less than the number of PUEs with the RSRQ inter-frequency cell selection criteria. RSRP and RSRQ hybrid schemes for inter-frequency cell selection criteria could be more suitable for some evaluations that need more MUEs.
3 Conclusions
In this contribution, we provide evaluation results of SCE Scenario #2a and discuss the effects on the cell number per macro cell. According to our evaluation results, we observed that the packet throughput of PUEs increases with the number of small cells in a Macro cell area, but the interference between small cells significantly increases with the number of small cells in a Macro cell area. Resource utilization also decreases as the number of small cells in a Macro cell area increases. Moreover, the coefficient of variation of PUE number increases with the number of clusters in a Macro cell area. That exhibits the traffic loads of cells are unbalanced, especially for the dense small cell deployment.
Therefore, we propose the following:

Proposal 1: 
For dense small cell deployments, dynamic on/off switching small cells and load balancing between cells should be investigated, especially for the dense small cell deployment.
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