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1 Introduction

At the RAN#58 meeting [1], the new SI “Small Cell Enhancements for E-UTRA and E-UTRAN in higher-layer aspects” has been approved. According to the work plan provided in [1], RAN2 should start in Q1 2013 to evaluate the potential issues in different small cell deployment scenarios. RAN2 may also need to discuss the expected benefits from the enhancements such as “dual connectivity” and other mobility management enhancements, and need to avoid overlap with uses cases and solutions already covered by other SI/WI (e.g. HetNet mobility). The evaluation should address the scenarios, metrics and requirements. 
Based on the work plan [2], the following issues shall be discussed at RAN2#81 meeting:
	Dual connectivity (for topic A):

· Potential feasible scenarios for which UE has dual connectivity to macro and small layers.

· For both separate and same frequency scenarios

· How dual connectivity is served by the network (e.g., by the same or different eNB?)

· Data reception/transmission (e.g., UE receives/transmits data simultaneously or not)

RRM and mobility (for topic C):

· Potential solutions for minimising inter-node UE context transfer and signalling load towards the CN

· Potential feasible scenarios for the need of measurement and cell identification enhancements.


In this contribution, we analyze the potential scenarios, benefits and solutions about RRM and mobility for small cell enhancement in higher layer aspects, and share our opinions on these enhancements in the context of Rel-12.
2 Discussion

For studying small cell enhancements in higher-layer aspects, scenarios and requirements e.g., increased user throughput and enhanced mobility performance shall be taken into account [3]. As defined in [4], small cells using low power nodes (LPNs) is considered as a promising technique to cope with mobile traffic explosion, especially for indoor/outdoor hotspot deployment. It means that small cell enhancements for E-UTRA and E-UTRAN shall focus on new features for improving network performance in outdoor and indoor hotspot areas. 
In the following sections, we will discuss and analyze small cell enhancements on RRM and mobility aspects which can be concluded as two major issues as follows:

Issue 1: Minimise inter-node UE context transfer and signalling load towards the CN
Issue 2: Enhance measurement and mobility performance
2.1 Minimising inter-node UE context transfer and signalling load towards the CN

When the UE accesses to eNB, the UE context shall be transfered to its serving eNB via another eNB or MME. Regarding that when a mass of small cells are deployed, the number of such inter-node UE context transfer will increase significantly, which implies that more signalling load will be imposed on RAN and CN. Thus, the requirement on minimizing inter-node UE context transfer should be considered in RAN2. 
Requirement #1: Minimize inter-node UE context transfer and signalling load in small cell deployment scenarios.
For this requirement, we think C-plane/U-plane splitting between Marco cell layer and small cell layer can fulfil it. In this case, UE can establish U-plane connection with one or multiple small cells, and maintain C-plane connection with macro cell. Consequently, Macro cell can maintain connectivity with the UE for handling RRM and mobility managements, while small cells can provide higher throughputs through U-plane only connections. From UE’s perspective, HO is not necessary any more due to the collaboration between macro cell and small cell can guarantee the service continuity. 
The benefits from this solution can be observed as follows:

1) Improve cell edge performance  

2) More effective interference management
3) Centralize radio resource management of Marco cell and small cells. 
4) More efficient energy saving, e.g. small cell can be turned on/off more dynamically

Hence, we believe that C-plane/U-plane splitting is essential for minimizing inter-node UE context transfer and signalling load. 

Proposal 1: We kindly suggest RAN2 to discuss whether C-plane/U-plane splitting can be introduced for small cell enhancements in Rel-12.
2.2 Mobility and measurement enhancements
Multiple target deployment scenarios of small cell enhancements were defined in [3], which are with/without Marco coverage, outdoor/indoor, ideal/non-ideal backhaul, sparse/dense and synchronization/unsynchronization. Moreover, different spectrum configurations are also considered for small cell enhancements, which are co-channel/non co-channel and FDD/TDD duplex schemes. Further, we believe that following requirements from [4] on mobility and measurement should be discussed for small cell enhancements in RAN2:
Requirement 1: Support mobility for flexible coverage conditions.
Requirement 2: Small cell identification, in a timely manner and with low UE power consumption.

Requirement 3: Mobility enhancements for offloading from vehicular UEs in outdoor small cells. Solutions for excluding very high mobility users should be considered.
Requirement 4: The benefits of allowing high speed UE in small cells should be evaluated e.g. UE throughput gain, improved robustness of mobility, improved UE power efficiency, and up to which speed offloading is beneficial. 
Requirement 5: How UE speed can be estimated in small cells can also be treated.
Requirement 6: Real-time services should be supported. The impact of mobility between small cell nodes and between small cell and overlaid macro nodes on quality (e.g. interruption time, packet loss) should be less than or equal to that provided by 3GPP Release 10/11 E-UTRA/E-UTRAN.
Proposal 2: The abovementioned requirements should be discussed for mobility and measurement of small cell enhancement in RAN2.

It worth noting that New Carrier Type (NCT) is considered as a feasible deployment option for small cell enhancements. Regarding that both current cell discovery/identification and measurement mechanisms are based on legacy signals/channels (e.g. PSS, SSS, MIB and SIBs), it implies that new framework for cell discovery/identification should be considered with NCT. However, in order to ensure the consistency between the relevant research and design, such enhancement should be studied as part of the NCT WI which is taken charge by RAN1. Therefore, we suggest that RAN2 should wait for RAN1's progress on NCT for relevant inputs of new cell discovery/identification and measurement framework.
Proposal 3: Regarding the new NCT-dependent cell discovery/identification and measurement framework, we kindly suggest RAN2 to wait for RAN1’s progress on NCT WI.
Base on the abovementioned requirements, there are some further considerations on small cell enhancements listed in the sequel.
2.2.1 MSE enhancement
Mobility Status Estimation (MSE) has essential impacts on both idle mode and active mode UE mobility. However, as studied in [5], Rel-8 MSE performance in HetNet is not as good as in Macro-only network. Additionally, detailed investigations in [6] show that further enhancement on MSE is important to improve mobility performance in HetNet. Furthermore, as mentioned in requirement 3, the solution for excluding very high mobility users is obviously depending on UE's velocity. In other words, the MSE can be utilized to meet this requirement. Therefore, we propose that for small cell enhancement, the MSE should be optimized for improving performance of mobility and speed offloading. 

Proposal 4: Mobility state estimation should be optimized for improving performance of mobility and speed offloading.
2.2.2 Impacts from DRX
With respect to RRC_CONNECTED mode UE, impacts form DRX operation (especially long DRX) should be evaluated. Since coverage of small cell is quite limited, the UE may be out of the cell when it is in DRX idle period. Consequently, UE can not sent measurement report to the small cell at. It implies that using long DRX in RRC_CONNECTED mode may incur worse handover performance, resulting in additional signalling overhead for RRC connection recovery. Therefore, we suggest that current DRX mechanism should be evaluated in the context of small cell enhancement, and further optimization of DRX should be considered.
Proposal 5: Current DRX mechanism should be evaluated in the context of small cell enhancement, and further optimization of DRX should be considered.
3 Conclusion
We suggest that following proposals are discussed and agreed:
Proposal 1: We kindly suggest RAN2 to discuss whether C-plane/U-plane splitting can be introduced for small cell enhancements in Rel-12.
Proposal 2: The abovementioned requirements should be discussed for mobility and measurement of small cell enhancement in RAN2.

Proposal 3: Regarding the new NCT-dependent cell discovery/identification and measurement framework, we kindly suggest RAN2 to wait for RAN1’s progress on NCT WI.
Proposal 4: Mobility state estimation should be optimized for improving performance of mobility and speed offloading.
Proposal 5: Current DRX mechanism should be evaluated in the context of small cell enhancement, and further optimization of DRX should be considered.
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