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Introduction
Moving ahead from LTE Rel-11 to Rel-12, attention and focus has shifted to small cell deployments [1]. Improving interference control and spectrum management, managing increased signalling overhead, improving backhaul performance and UE mobility enhancements are all design challenges for efficient small cell operations. Preliminary work done in 3GPP [2] has identified concrete topics for evaluations of small cell operations. In this contribution we shall provide our views on some of these topics for dense small cell deployments. 
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Prioritized Deployments for Evaluation 
By increasing the number of small cells in a macro coverage area, service to more of UEs than before and large gains in throughput can be expected. However there are theoretical limits to the gain [3] and thus it is important to evaluate how network throughput scales with increasing number of small cells. The small cell topologies to be considered for evaluation purposes should be similar to RRH deployments that had been used during the CoMP evaluation phase [4]. The baseline of 4 RRHs/macro had been considered during CoMP evaluations. We expect a higher network density for small cell deployments. Thus a value higher than 4 small cells/macro should be considered. We propose the value of 10. 
Proposal 1: For system level evaluation purposes, small cell and UE deployments should be similar to RRH deployments for CoMP. Configuration 4b, with 10 small cells/macro, should be the baseline. 
Possible spectrum deployment scenarios for small cells are mentioned in [1].  They include co-channel deployments of small cells with macro and deployments where the small cell is in a non-overlapping frequency band. The possibility of using a new carrier type (NCT) for small cells have been mentioned in [2]. Thus there are multiple possible deployment scenarios. For initial evaluation purposes, some of them should be given higher priority.
Proposal 2: The following small cell deployment scenarios should be studied with higher priority

a) Small cells deployed in band F1and macro cell in a different band F2

b) Small cells and macro cells deployed in the frequency bands F1 and F2 with carrier aggregation. F1 and F2 are deployed as legacy carriers.
c) Small cells and macro cells deployed in frequency band F1 which is deployed as a legacy carrier. Small cells also deployed in a NCT band F2. Legacy UEs can access only band F1. Rel-12 UEs can access both F1 and F2 via carrier aggregation.

System level evaluations with these parameters should yield the benefits of NCT deployment. For example Rel-12 UEs will experience reduced interference and higher spectral efficiency in the NCT bands. The relative gains depend on the fraction of Rel-12 to total number of UEs in the network. During initial deployments, the network is expected to be dominated by legacy UEs and thus the operator may not have much incentive to deploy a NCT. To understand this quantitatively, throughput evaluations should be carried out for different ratios of Rel-12 UEs to total number of UEs in the network.
Proposal 3: Evaluations should be done by varying the ratio of Rel-12 UEs to total number of UEs in a network (overall or in a per macro cell area basis). Possible example of this ratio could be {10%,(low), 50% (medium), 90% (high)}    
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Initial Synchronization for Dense Small Cells 

During initial synchronization, the UE first detects the PSS non-coherently and then proceeds to detect the SSS either coherently, if channel estimation using PSS is deemed reliable or otherwise non-coherently. In case of small cell deployments especially with 10 small cells per macro area, the possibility of multiple small cells with same PSS sequences increase, thus leading to possible inaccurate channel estimation. The synchronization accuracy may suffer. 
Proposal 4: The performance of initial downlink synchronization of the UE in a dense deployment of small cells should be carefully studied.
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Interference Avoidance via Dynamic On/Off Switching

A dense deployment of co-channel small cells operating on the same frequency band will not necessarily result in symmetric interference levels across cells, since the per-cell UE densities and traffic loads are expected to fluctuate rapidly over time [1]. It is therefore possible that a lightly-loaded small cell causes appreciable throughput degradation at neighboring cells with high traffic loads. Interference mitigation and avoidance via dynamic on/off switching of small cells should be studied with a view of optimizing switch-off durations, thresholds to trigger shut-down mode, and feedback requirements between small cells and their associated UEs. As an example, a lightly-loaded small cell can handoff its associated UEs to a neighboring cell and proceed into switch-off mode.
Proposal 5: The impact of dynamic on/off switching of small cells on interference mitigation and UE association should be carefully examined.
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Conclusion 

In this contribution we have provided our views on small cell deployment and management related evaluations. Specifically we have proposed that, 

 Proposal 1: For system level evaluation purposes, small cell and UE deployments should be similar to RRH deployments for CoMP. Configuration 4b, with 10 small cells/macro, should be the baseline 
 Proposal 2: The following small cell deployment scenarios should be studied with higher priority

a) Small cells deployed in band F1and macro cell in a different band F2

b) Small cells and macro cells deployed in the frequency bands F1 and F2 with carrier aggregation. F1 and F2 are deployed as legacy carriers.

c) Small cells and macro cells deployed in frequency band F1 which is deployed as a legacy carrier. Small cells also deployed in a NCT band F2. Legacy UEs can access only band F1. Rel-12 UEs can access both F1 and F2 via carrier aggregation.

Proposal 3: Evaluations should be done by varying the ratio of Rel-12 UEs to total number of UEs in a network (overall or in a per macro cell area basis). Possible example of this ratio could be {10%,(low), 50% (medium), 90% (high)} 

Proposal 4: The performance of initial downlink synchronization of the UE in a dense deployment of small cells should be carefully studied.
Proposal 5: The impact of dynamic on/off switching of small cells on interference mitigation and UE association should be carefully examined.
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