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1 Introduction

The study item “Study on Small Cell Enhancements for E-UTRA and E-UTRAN – Higher layer aspects” has been being extensively discussed for a long time, from which a lot of deployment scenarios and challenges have been proposed and identified [1]. 
In order to resolve the challenges, many potential solutions were proposed and evaluated. After long term debate, it seems to conclude this study that the dual-connectivity (including Inter-node radio resource aggregation and RRC diversity) would eventually be the only promising solution direction due to the fact that dual-connectivity in the form of inter node radio resource aggregation is beneficial and feasible to address both the user throughput improvement and the mobility robustness issue, especially for the former challenge. In light of this potential conclusion, it seems common understanding that the UE capability of multiple Rx/Tx would be a starting point for further work. However, it might not always be the case.
In this contribution, we present our thinking for the further work on the small cell enhancement.
2 Discussion 
2.1 Dual Rx/Tx based solution
As a result of a system level perspective to resolve the identified challenges, the following design goals have been agreed to be taken into account for this study, as captured in TR36.842 [1]:

In terms of mobility robustness:

-
For UEs in RRC_CONNECTED, Mobility performance achieved by small cell deployments should be comparable with that of a macro only network.

-
A solution for Scenario #1 should be aimed for single Rx/Tx UEs if it is decided to be progressed.

In terms of increased signalling load due to frequent handover:

-
Any new solutions should not result in excessive increase of signalling load towards the CN. However, additional signalling and user plane traffic load caused by small cell enhancements should also be taken into account.

-
A solution for all scenarios should be aimed for single Rx/Tx UEs if it is decided to be progressed.

In terms of improving per-user throughput and system capacity:

-
Utilising radio resources across macro and small cells in order to achieve per-user throughput and system capacity similar to ideal backhaul deployments while taking into account QoS requirements should be targeted.

-
Multiple Rx/Tx UEs should be a baseline for Scenario #2. 
It is obvious that the multiple Rx/Tx based dual-connectivity solution can meet the above design goal quite well. As a further clarification, dual Rx/Tx based solution can be the baseline for dual-connectivity. Therefore we think it is nature that the further work should include the dual Rx/Tx based dual-connectivity solution.
Proposal 1: Dual Rx/Tx based dual-connectivity should be progressed for further standardization work.

2.2 Single Rx/Tx based solution
On the other hand, it is still not yet determined whether single Rx/Tx based solution should be progressed for further standardization for not. As RAN2 agreed at RAN2#83, as follows:
=>
RAN2 agrees that we should aim for a “mobility robustness solution” for scenario #1 that can be supported by single Rx/Tx UEs (if a solution for that challenge is decided to be progressed).  

=>
RAN2 agrees that we should aim for a “signalling load solution” that supports single Rx/Tx UEs (if a solution for that challenge is decided to be progressed).

Although dual Rx/Tx based dual-connectivity could be a solution where high user-throughput as well as mobility robustness can be achieved, it might not always be the case for all UEs. The main reason is that not all UEs can support dual Rx/Tx capability since the UEs supporting dual Rx/Tx based dual-connectivity will probably be high-end ones. Actually, it could be foreseen that the majority in the market will probably still be low-end UEs even if dual Rx/Tx based dual-connectivity is available for commercial use. This is similar with the case where we see today for carrier aggregation (CA).

For these UEs non-capable of dual Rx/Tx (e.g. non-CA capable UEs), it is also important and desirable to get the benefit from the small cell enhancement and deployment. This is not only a feasible design goal but also a realistic requirement from operator point of view. E.g. mobility anchor is a potential solution which can address the signalling load issue while basing on the single Rx/Tx chain, and TDM based dual connectivity could be another alternative. Therefore, we propose to continue considering single Rx/Tx based solution as a part of further standardization work of the Small Cell Enhancement.
Proposal 2: single Rx/Tx based solution mainly towards signalling load reduction and/or mobility robustness improvement should be progressed for further standardization work.
3 Conclusions
In this paper we present our thinking on the further work of the Small Cell Enhancement from solution perspective. Based on the analysis, our proposals are provided as follows:
Proposal 1: Dual Rx/Tx based dual-connectivity should be progressed for further standardization work.

Proposal 2: single Rx/Tx based solution mainly towards signalling load reduction and/or mobility robustness improvement should be progressed for further standardization work.
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