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1. Introduction
In RAN#58, the SI for SCE (small cell enhancements) was agreed, and the following statement is captured in the corresponding SID: 
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In this document, we share our views on efficient small cell operations focusing on evaluation assumptions.
2. Discussions
Figure 1 shows a deployment scenario of small cells. In Rel-10 and 11, RAN1 has already discussed co-channel scenario intensively (i.e. F1=F2). Thus we focus on the dedicated channel scenario hereafter. 
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Fig. 1 Example of deployment scenario of small cells with higher frequency band
To summarize the deployment scenarios in the TR, following four cases can be the target of this study item.
· Case 1: Isolated small cell, without macro coverage
· Case 2: dense small cells, without macro coverage
· Case 3: Isolated small cell, with macro coverage
· Case 4: dense small cells, with macro coverage
Note that we do not differentiate indoor and outdoor small cells scenarios because no different issues are found for these scenarios. In this section, we discuss which kind of RAN1 enhancements are necessary to support the identified scenario.

2.1. Case1: Isolated small cell, without macro coverage

The major difference of this use case from the conventional scenarios (e.g. 3GPP HomoNet and HetNet) would be achievable SINR. However, we cannot find any issue on the operations because there is no interaction between other cells. Therefore, no RAN1 discussion is needed for this use case in terms of improved operations.
Observation:

· No RAN1 issue is identified for this use case.
2.2. Case 2: dense small cells, without macro coverage
In this scenario, intra-frequency handover would happen frequently among small cells compared to the macro cell scenario because the expected ISD is shorter than macro cell scenarios. In this case, more optimum mechanism for mobility management would be beneficial. However, this is not RAN1 issue, and hence it is not necessary for RAN1 to lead this study.

On the other hand, interference coordination would be the problem because small cells may overlap to each other. From the operators’ perspective, cell planning is one of the most important and difficult issue, thus the interference coordination are very important technique to relax the cell planning efforts. In Rel-11, RAN1 has intensively discussed the introduction of CoMP, and we discussed HomoNet scenarios, i.e. scenario 1 and 2, in addition to HetNet scenarios. The dense small cell scenario with a dedicated channel are very similar to CoMP scenario 2. However, the backhaul assumption is different from Rel-11 CoMP assumption as captured in the TR [3], i.e. realistic delay and capacity should be considered because RRH is not always available for small cells. Therefore, we think the update of CoMP evaluation assumption is necessary.
Observation:

· Mobility issue, i.e. avoiding frequent intra-frequency handover, should be discussed in RAN2 first.
· Interference coordination between small cell should be discussed in RAN1. Realistic delay and/or capacity should be taken into account for the evaluations.
2.3. Case 3: Isolated small cell, with macro coverage
In this use case, it is assumed that a small cell is installed in the hotspot area. Therefore, an efficient mechanism for offloading to this small cell is necessary. However, it is not so easy to detect the presence of small cell efficiently. The small cell discovery issue will be discussed in RAN2, and RAN1 should wait for the discussion until RAN2 inform something.
Other possibility is to use carrier aggregation mechanism between macro cell and small cell, as shown in Fig. 2. More concretely, macro frequency (F1), is used for PCell and small cell frequency (F2) is used for SCell. By using this mechanism, frequent inter-frequency handover can be avoided because SCell attach/detach doesn’t require handover procedures. While this mechanism can avoid frequent handover by keeping the SCell connection with macro eNB, efficient inter-frequency measurement of small cells are still required. This is also called as “dual connectivity” in the SID of higher layer aspect for small cell enhancement [2], hence the detailed mechanism will be discussed in RAN2 accordingly. RAN1 can wait for the input from RAN2 to start the detailed discussion including evaluation methodologies. 
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Fig.2 Dual connectivity (a.k.a. Inter-site CA or LTE multi-flow)

Observation:

· Mobility issue, i.e. efficient inter-frequency handover and measurement, should be discussed in RAN2 first.
· Dual connectivity, a.k.a. inter-site CA or LTE multi-flow, may be introduced in RAN2. RAN1 can start the simulation study after receiving any input from RAN2.
2.4. Case 4: dense small cells, with macro coverage
This use case is a combination of case 2 and 3, and hence no specific requirement for RAN1 is found.
3. Conclusion
In this document, we shared our view on efficient small cell operations taking into account the agreed TR and SID. Our observation is summarised as follows:

· Mobility issue (including small cell discovery and dual connectivity) should be discussed in RAN2 first. Then RAN1 can start the discussion including evaluation methodologies after receiving any input from RAN2.
· Interference coordination schemes among small cells should be discussed taking into account realistic delay and capacity of the backhaul.
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The objective of this study is to identify potential enhancements to improve the system performance as well as efficient small cell deployment and operation in order to meet the requirements targeted for small cell enhancements in the identified scenarios in TR36.932, and evaluate the corresponding gain, standardization impact and complexity. 


The study shall focus on the following areas:


Study the channel characteristics of small cell deployment identified during SI for the scenarios and requirement, as well as the corresponding evaluation methodology and metrics. 


Study potential enhancements to improve the spectrum efficiency , including


Introduction of a higher order modulation scheme (e.g. 256 QAM) for the downlink.


Overhead reduction in terms of reference signal, control channel and feedback, for both downlink and uplink. 


Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. This includes 


Benefits of time synchronized operation and synchronization mechanisms compared to performance in not synchronized scenarios. 


Mechanisms for interference avoidance among small cells and between small cells and macro layer.


Mechanisms for efficient small cell discovery and configuration


Physical layer study and evaluation to support for small cell enhancement high-layer aspects�


Backward compatibility, i.e. the possibility for legacy (pre-R12) UEs to access a small-cell node/carrier, will be taken into account in the evaluation of the different proposed enhancements


This study item shall consider the work of other related study/work item(s) in Rel-12.
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