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1. Introduction
The improvement of spectrum efficiency is one of the aspects of physical-layer enhancement for small cell enhancement [1], including higher order modulation scheme (e.g. 256 QAM), overhead reduction for reference signals, control signals and feedback in downlink and uplink. In this contribution, we will share our consideration on potential aspects of control signals overhead reduction. Our proposal for the  reference signal overhead reduction is provided in another companion contribution [2].
2. Discussions

2.1. DL control signaling 
Comparing with macro cell deployment, the typical number of active users served by a small cell could be much smaller where even only one OFDM symbol in the PDCCH region would be a waste of resource. To improve the resource efficiency, the removal of the legacy PDCCH region could be an alternative. All the functionalities of legacy PDCCH could be supported by ePDCCH occupying only a couple of PRBs, whereby the control channel overhead is reduced. To keep backward compatibility, it could be configured that the legacy PDCCH region is retained in some subframes to guarantee the access of normal UEs while only ePDCCH is used in other subframes. In subframes where the legacy PDCCH region is totally removed, it is desirable to introduce at least a Common Search Space (CSS) of ePDCCH to support cell-specific control signalling and ePHICH for non-adaptive HARQ procedure. To further reduce the residual resource wastage of ePDCCH arising from use of semi-statically configured resources, ePCFICH could also be considered [3]. In Rel-11, though benefits of these enhanced control channels were observed [4][5], only USS of ePDCCH has been adopted. The main concern on CSS of ePDCCH was the duplication of overhead if there are both CSS of PDCCH and CSS of ePDCCH. However, the proportion of subframes without legacy PDCCH region could be relatively large for small cells. Similarly, the duplicated overhead of ePHICH is not an issue either. Besides, the structure of ePHICH could be re-designed compared with PHICH, to avoid resource wastage when only a small number of active UEs are present. 
Proposal 1: In small cells, the legacy PDCCH region could be removed in some subframes to reduce the control channel overhead. Common search space of ePDCCH/ePHICH/ePCFICH could be considered at least in these subframes. 
Small cells could be deployed indoors as well as outdoors with well optimized operation for support of low mobility UEs, e.g. stationary or walking speed of 3km/h and medium mobility outdoor UEs up to 30km/h [6]. The coherent time of the channel experienced by such a low mobility UE is relatively long due to small Doppler spread. On the other hand, the maximum delay spread of the multipath channel of small cells may also be small, e.g. even the maximum delay for ITU-UMi channel model for outdoor small cell UEs is only 730 ns which is much smaller than EVA channel. The coherent bandwidth of the channel is relatively wide due to small delay spread. Therefore, the channel are quite flat in both time and frequency domain. By exploiting such a channel property, the overhead reduction of control signals could be possible in the small cell scenario. 
Observation 1: In small cells, overhead reduction of control signaling could take advantage of the flat channel properties. 
As is analyzed above, the channel varies slowly in time domain. The optimal resource allocation as well as proper MCS of a UE would be the same for multiple adjacent subframes. Further, it is likely only few active UEs exist in a small cell and a UE in the cell could be scheduled in several consecutive subframes. Therefore, if a UE is scheduled on consecutive subframes regarded as coherent, it may be better to schedule the UE all at once using a single PDCCH/ePDCCH than to dynamically schedule the UE subframe by subframe. Such a multiple-subframe scheduling by a single PDCCH/ePDCCH could efficiently reduce the control signalling overhead and the UE’s burden of PDCCH blind decoding. One PDCCH/ePDCCH can schedule data transmissions in multiple subframes in which some of the scheduling information could be the same, e.g. physical resource allocation information. Whether it is benefit to restrict all the scheduling information of these scheduled subframes to be the same is FFS. The payload of the new DCI could be larger than a legacy DCI which would lead to larger aggregation level, but it does not increase the overall payload overhead because the new DCI is transmitted less frequently.  Other important issues of multiple subframe scheduling include increased complexity of HARQ feedback timeline. This issue could be more serious for larger numbers of subframes simultaneously scheduled by one PDCCH/ePDCCH. One relevant issue could be whether one PDSCH is spread over the simultaneously scheduled multiple subframes or one PDSCH is transmitted on each of the multiple subframes (i.e. N PDSCH on N subframes). The former and the latter would result in different numbers of ACK/NACK for a same number of transport blocks transmitted via the scheduling and different number of HARQ related bits indicated in a DCI. 

Proposal 2: In small cells, multi-subframe scheduling could be introduced to reduce the control signaling overhead. The effect of HARQ process should be carefully investigated. 
2.2. UL control signaling

The current PUCCH was designed with consideration of ensured radio-link performance so as to be capable of multiplexing UCI from as many UEs as possible into the same PRB to achieve a highly efficient use of UL radio resource. Up to 36 UEs could be multiplexed into one PRB for PUCCH format 1/1a/1b with delta PUCCH Shift being ds1, and 12 UEs for PUCCH format 2/2a/2b. In a Rel-12 small cell deployment scenario, there may not be as many UEs in a small cell as in a macro cell. A greater portion of the PUCCH resource for the small cell could remain unused than those of the macro cell. Therefore it is worth studying some ways of efficiently using PUCCH resource for small cells. One approach is to introduce new PUCCH structures to support finer granularity to further improve the resource usage efficiency. PUCCH and PUSCH could be multiplexed in the same PRB pairs. The single-carrier property should be kept as much as possible to avoid additional burden on RF. The second approach is to reduce the payload of CSI feedback. The subband size could be increased due to larger coherent bandwidth in small cells. 
Proposal 3: In small cells, the granularity of PUCCH resource allocation could be made finer and PUCCH and PUSCH multiplexed in the same PRB pairs to improve UL resource usage efficiency. 
Proposal 4: The subband size for CSI reporting could be increased to reduce the UL control signaling overhead. 
3. Conclusions

In the contribution, we discussed potential ways to reduce the overhead of control signalling in small cell scenario. We have one observation, 
Observation 1: In small cells, overhead reduction of control signaling could take advantage of the flat channel properties. 
And we propose, 
Proposal 1: In small cells, the legacy PDCCH region could be removed in some subframes to reduce the control channel overhead. Common search space of ePDCCH/ePHICH/ePCFICH could be considered at least in these subframes. 

Proposal 2: In small cells, multi-subframe scheduling could be introduced to reduce the control signaling overhead. The effect of HARQ process should be carefully investigated. 
Proposal 3: In small cells, the granularity of PUCCH resource allocation could be made finer and PUCCH and PUSCH multiplexed in the same PRB pairs to improve UL resource usage efficiency. 
Proposal 4: The subband size for CSI reporting could be increased to reduce the UL control signaling overhead. 
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