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1. Introduction
Small cell deployment using low power nodes are considered one of the most promising solutions to cope with ever increasing mobile traffic requirement, especially for hotspot deployments in indoor and outdoor scenarios. Driven by this strong interest, scenarios and requirements for small cell enhancements were studied in TR36.932 [1]. Following the guideline of this high level requirement, small cell physical layer aspect and related enhancements were studied in Rel-12, and some of the result were captured in the TR [2]. However, due to time limitations, some identified techniques to enhance small cell were de-prioritized in the study item and removed from work item.  Therefore, only portion of the originally studied enhancements are specified in Rel-12
This contribution summarize the motivations and discusses how to continue the enhancements for small cell in Rel-13. A corresponding work plan is proposed in the companion contribution [3].
2. Discussion
2.1 Reference signal enhancement
In the study phase, many companies pointed out small cells deployment scenario have the following characteristics: 

· With expected low mobility, the corresponding radio channel change slowly in time domain; in the frequency domain it is characterized with the lower delay spread.

· With smaller number of users per cell than macro, but the average amount of data per user could be much higher than that in macro. Also the average SNR that UE can reach in a small cell is expected to be higher than in macro cell.

· The interference fluctuation is more dramatic than macro cell deployment. 

 In the small cell TR [2], some evaluation result of techniques that explore these deployment properties has been captured. For example, for UL UE specific reference signal, it is observed from the evaluation that

· Around 7% spectrum efficiency gains are observed with only 1 reference signal symbol per subframe at medium and high SINR range and low UE mobility

We view this as non-ignorable performance gain, considering the fact that in some other work item, the specified technologies only produce less than 3% potential system gains. Therefore, it is proposed to specify UL reference signal overhead reduction in Rel-13.

2.2 Efficient operation of small cell
In Rel-12 SCE-PHY SI/WI, companies finds it beneficial to introduce the small cell on/off transition time reduction.  Semi-static small cell on/off is supported with discovery enhancement in Rel-12. For fast on/off, in RAN #65, it is agreed that 

· Spend no more than 1 TU in RAN1#78 to discuss this open issue:
· “Investigate detailed solution(s) of new L1 procedure for activated Scell operating on/off that further reduces transition time”
· If a consensus cannot be reached on a complete solution during this limited time, then there will be no new L1 procedure for activated SCell operating on/off in Rel-12 due to time constraints.
Unfortunately, the following RAN1 meeting did not resolve all the potential issues, therefore no agreement has been reached for Rel-12. Nonetheless, it is concluded that the gain of small cell on/off increases with decreasing transition time. From companies contribution it is observed most believe fast on/off is an important feature for effective small deployment, therefore we should be allocation time to finish the standardization in Rel-13. 
Besides small cell on/off, radio interface based inter-cell synchronization (RIBS) is supported in Rel-12 but the focus was on enhancements for intra-operator scenarios. In the evaluation it is observed that radio interface based synchronization simplifies the deployment of multiple operators’ scenario. Many operators expressed the desire to further enhancement in this aspect to provide better support on inter-operator scenarios, therefore further enhancement on RIBS could be studied.
The interference problem between macro and small cells has been widely discussed in previous release. For example, in Rel-10, interference coordination scheme such as eICIC has been studied for heterogeneous networks. Compared to previous HetNet deployment, some difference may need to be taken into account in the scenarios of small cell enhancement. Previously in eICIC, only coordination between macro and small cell is needed as the interference from macro cell is dominant factor for the typical sparse deployment such as four pico per macro cell area. As dense small cell deployment has gradually become the most important scenarios to handle the traffic explosion, it also creates more cell edge regions between small cells, and the inter-cell interference in small cell clusters can become very strong due to more and closer neighbouring cells. 
Based on the above analysis, some form of transmitter based interference coordination mechanism is needed to meet these challenges. First of all, due to complex interference condition in a dense small cell deployment with multiple dominant interferes, even with Rel-10 eICIC, interference may still be severe in a victim cell if ABS patterns from its’ neighbouring interfering cells are not aligned well. Therefore, further enhancement of existing eICIC mechanism need to be studied. Secondly, as enhanced PDCCH (EPDCCH) was introduced in Rel-11, further enhancement is needed for small cell deployment scenario due to the different interference characteristics.
Another aspect of interference coordination from the eNB scheduling point of view is coordinated scheduling (CS). In Rel-11, various CoMP schemes has been proposed for multi-cell coordination. Joint transmission (JT) and dynamic point selection (DPS) usually require ideal backhaul to manage the coordination among multiple cells or transmission points; coordinated beamforming (CB) requires the exchange of precoding information, which asks for a latency that is stringent enough in comparison with the channel variation in the time domain. It has been proposed by multiple companies that coordinated scheduling (CS) could be a robust coordination scheme even in case of non-ideal backhaul, where resources for downlink transmission of small cell could be coordinated to enhance the system performance. 

In summary, during Rel-12 small cell study phase contributions addressing this topic had been submitted but not thoroughly evaluated and discussed. In order to fulfill the requirement specified in TR36.932 and achieve the potential performance gain demonstrated, it is justified to continue to evaluate and specify the above candidate techniques in Rel-13.  Specifically, it is proposed that the following should be addressed in the work item phase, which build on the top of Rel-12 small cell SI/WI: 
· Specify enhancements for UL DMRS overhead reduction 

· By down-selection of the solutions discussed in Rel-12, specify the new L1 procedure for fast small cell on/off which can further reduce on/off transition time.
· Evaluate and specify enhancements for radio interface based inter-cell synchronization in inter-operator scenarios 
· If justified by evaluation, specify necessary mechanisms for interference avoidance and coordination 
· In the first phase, identify the dense small cell scenario and evaluate the mechanisms for interference coordination/avoidance under the identified scenario.   Potential candidates include: 

· Enhancement of power control and adaptation, ABS for multi-cell scenario 
· Interference coordination for control channels 
· Coordinated scheduling considering multi-carrier scenario 
· In the second phase, specify the identified mechanisms based on the finding of system performance gain from the evaluation in the first phase 
3. Conclusion 
In this contribution we provide the background and motivations for enhancement of overhead reduction aspect of small cell. It is proposed to discuss and agree on the proposed WID in RP-140721.
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