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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 RAN WG1, and the results of this study are captured in TR36.872 [2].
This contribution summarize the motivations and discusses how to continue the overhead reduction enhancements for small cell after the study item is closed. A corresponding work plan is proposed in the companion contribution.
2. Discussion
As indicated by the requirement in [1], small cell enhancements for E-UTRA and E-UTRAN will focus on additional functionalities for enhanced performance in hotspot areas for indoor and outdoor using low power nodes. The corresponding TR [2] has captured the result of the study. For aspect of overhead reduction, the followings are concluded in the TR.
For DL UE specific reference signal, the evaluation results so far show that:

· Any gains from overhead reduction of downlink reference signal occur mainly at high SINR range.
· Gain/loss is dependent on various factors including:

· PRB bundling size

· UE speed

· Modulation scheme

· Transmission rank

· TX/RX impairments including EVM

· Real interference modelling/estimation is important, especially for advanced receivers 
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

· There is a large spread between the results of different sources. 

For the aspect of control signalling enhancement, two elements, multi-subframe scheduling / cross-subframe scheduling, and transmission of PDSCH/ePDCCH in OFDM symbol #0, have been considered as possible control signalling overhead reduction techniques. But due to lack of meeting time, only the followings are agreed in the TR
· There are diverse views on the usefulness and potential gains of these methods, and possibilities for achieving significant gains have not been identified

· It has been noted that PDSCH transmission in OFDM symbol #0 is strongly related to realising possible downlink gains from these methods

· These methods may facilitate the scheduling of PUSCH e.g. in ABSs.

· A gain in PDSCH RE availability can be achieved by this method in subframes in which it can be performed, e.g. up to 5.5% in PDSCH PRB pairs in MBSFN subframes with 2 CRS ports configured and rank 1-2 transmission, or up to 6% in PDSCH PRB pairs in non-MBSFN subframes, with 2 CRS ports configured, with DMRS based transmission modes 

· The proportion of subframes in which this gain can be achieved is FFS.

· There are diverse views on the complexity and potential gains of this method. 

· It is noted that reliable dynamic signalling for PDSCH starting in OFDM symbol #0 is only available using a mechanism similar to the PQI signalling introduced in TM10. 

Besides these contents, energy efficiency has also been identified as one of the operational requirement [1] of small cell. This involves two aspects, one is network energy efficiency which could be addressed with cell dormant mode; the other is UE energy efficiency, which is important given small cell’s short range transmission path. This aspect is correlated with overhead reduction and corresponding techniques proposed should be considered as parts of overhead solution for overhead reduction. During the study phase contributions addressing this topic had been submitted but not thoroughly evaluated and discussed, again due to lack of time.
Considering the evaluation and discussion conducted, we think the conclusion captured in the TR so far does not fully reflect the potential of these overhead reduction techniques promise. One important reason is limited evaluation and discussion time spent. All together very limited meeting time has been dedicated to this aspect of small cell enhancement during the study phase. Nonetheless, the contributions submitted during the study phase do reveal strong interest and importance of overhead reduction aspect. However, this topic has not been planned and considered for work item study yet.
In order to keep the momentum and fulfill the requirement specified in TR36.932, it is justified to continue to assess, evaluate and specify the above enhancements and it is better to setup a separate work item specifically for this purpose. As a separate work item, it is much easier to manage the overall process and keep a close control of the progress. As has been experienced with some study/work items which involves a package of detail aspects, it often happens that due to difficulties in progress control, not every aspects will be addressed satisfactory in the end. Therefore it is beneficial create a separate work item dedicated for this aspect of small cell enhancement. Correspondingly, it is proposed that the following should be addressed in the work item phase:
· Specify transmission enhancements for DMRS overhead reduction, including necessary OCC support to reduce interference

· Specify UL DMRS overhead reduction

· Identify and specify necessary enhancement for DL DMRS overhead reduction 


· Identify and specify  necessary control channel enhancements
· Support for multi-subframe scheduling and/or cross-subframe scheduling, including necessary DCI format 

· Support for DL transmission enhancements allowing PDSCH/EPDCCH extending to the first OFDM symbol in a sub-frame 

· Identify and specify necessary mechanisms to reduce overhead to improve UE power consumption

· Support for aggregated HARQ-ACK feedback

Considering the studied conducted in SI phase, the following priorities has been identified based on the maturity and interests shown.

1. UL DMRS overhead reduction

2. DL transmission enhancements allowing PDSCH/EPDCCH extending to the first OFDM symbol in a sub-frame
3. Necessary mechanisms to reduce overhead to improve UE power consumption

DL DMRS overhead reduction 

Support for aggregated HARQ-ACK feedback
In order to finish the proposed work item, the following work plan is proposed:

· RAN1 work (up to RAN#64): Specify physical layer aspects.

· UL/DL DMRS overhead reduction 
· PDSCH/EPDCCH extending to the first OFDM symbol in a sub-frame 
· Multi-subframe and /or cross-subframe scheduling
· RAN2 work (up to RAN#64): Specification of related Layer 2 protocol aspects, from RAN2 #86.
· RAN4 work (up to RAN#64): Specify any required modifications to UE and eNode B requirements, including RRM requirements of efficient operation mechanisms, from RAN4#70 to #71.
3. Conclusion 
In this contribution we provide the background, motivations for further enhancement of overhead reduction aspect of small cell , and we also discuss how to continue the overhead reduction enhancements for small cell after the corresponding study item is closed.  
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