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1 Introduction
In RAN#58, a Rel-12 study item on Rel-12 small cell physical layer enhancements was approved in [1], with the following objects:

· Define the channel characteristics of the small cell deployments and the UE mobility scenarios identified in TR36.932, as well as the corresponding evaluation methodology and metrics. 

· Study potential enhancements to improve the spectrum efficiency, i.e. achievable user throughput in typical coverage situations and with typical terminal configurations, for small cell deployments, including

· Introduction of a higher order modulation scheme (e.g. 256 QAM) for the downlink.

· Enhancements and overhead reduction for UE-specific reference signals and control signaling to better match the scheduling and feedback in time and/or frequency to the channel characteristics of small cells with low UE mobility, in downlink and uplink based on existing channels and signals. 

· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. This includes 
· Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.

· Mechanisms for efficient discovery of small cells and their configuration. 

· Physical layer study and evaluation for small cell enhancement higher-layer aspects, in particular concerning the benefits of mobility enhancements and dual connectivity to macro and small cell layers and for which scenarios such enhancements are feasible and beneficial.
Among the many objectives, possible enhancements and overhead reduction on control signaling need to be studied. In this contribution, we share our views on the control signaling optimization for small cells.
2 Downlink control signaling
The study on potential downlink control overhead reduction shall start from assessing the expected downlink control overhead using the existing mechanisms. The small cell deployment, the number of UEs connected in a small cell, and the realistic UE traffic model in small cells are the main factors that govern the average downlink control overhead in small cells. First, the number of UEs connected in a small cell is expected to be small [2]. The bursty traffics [2] make the number of schedulable UEs per subframe even smaller. Hence the number of DCI formats to be transmitted per subframe is limited. In addition, even if there are multiple UEs to be scheduled at the same time, TDM can be used instead of FDM, since less frequency selectivity is expected in small cells and TDM can reduce the number of DCI transmissions per subframe. 
Existing mechanisms for the transmission of downlink control information include PDCCH and EPDCCH. The granularity of PDCCH overhead is 1 OFDM symbol (i.e. 7.14%) irrespective of the system bandwidth. For EPDCCH, the granularity is 1 PRB pair, corresponding to overheads of 4%, 2%, and 1% at system bandwidths of {5, 10, 20} MHz. Hence it is preferable to reply on EPDCCH for the transmission of downlink control information in small cells, especially considering that the number of scheduled UEs per subframe in a small cell is expected to be small. Thus, the downlink control overhead is already very low in the expected small cell scenarios. Therefore we have the following observation:
Observation: Downlink control overhead in small cells are expected to be low and techniques to further reduce downlink control overhead are not essential for small cells. 
3 Uplink control signaling
Uplink control signaling includes SR, CQI, and HARQ-ACK, where the PUCCH resources for SR and CQI are already signed by higher layers. Implicit PUCCH format 1a/1b resource for HARQ-ACK is provisioned for both PDCCH and EPDCCH. One of the main reasons to reserve PUCCH format 1a/1b for each CCE/ECCE is that for system with a large number of UEs connected, the overall overhead of PUCCH format 1a/1b resource is less than assigning dedicated PUCCH format 1a/1b resource(s) per UE. For a system with a small number of UEs connected as expected in small cells, dedicated PUCCH resource is more effective to reduce the overall PUCCH overhead. Dedicated PUCCH resource can be assigned to a UE via higher layer signaling when the UE has established an RRC connection to the network. For a UE that has not been assigned with a dedicated PUCCH resource in small cells (e.g. when the UE is performing initial access to the small cell), implicit PUCCH resources as determined in previous releases shall be used. The eNB can tell whether there are any UEs intending to use the implicit PUCCH resources, e.g. by the number of UEs currently performing RACH procedure.
For HARQ-ACK feedback, current specification supports the following transmission schemes:
· HARQ-ACK transmission using PUCCH format 1a/1b;

· HARQ-ACK transmission using PUCCH format 1a/1b with channel selection;

· HARQ-ACK transmission using PUCCH format 3.
Whether implicit PUCCH format 1a/1b resource is used then depends on the serving cell on which the PDCCH/EPDCCH is received, the number of PDCCH/EPDCCH received on the primary cell, etc. In small cell application, once the HARQ-ACK transmission scheme is configured by the network, a corresponding set of PUCCH resources is also assigned to the UE. The UE shall then always use the configured PUCCH resource and HARQ-ACK transmission scheme. For example, if a UE is configured with a PUCCH format 3 resource for HARQ-ACK transmission, it shall always use the configured PUCCH format 3 resource even if it receives only one PDCCH/EPDCCH on the primary cell. Such a mechanism would maximally avoid the usage of implicit PUCCH format 1a/1b resources. Therefore, we have the following proposal:
Proposal: It should be supported to configure a UE to always use high layer configured PUCCH resource(s) for HARQ-ACK transmission in small cells. 

4 Conclusions

In this contribution, we briefly discuss the necessity of downlink and uplink control signaling reduction in small cells. We have the following observation and proposal:
Observation: Downlink control overhead in small cells are expected to be low and techniques to further reduce downlink control overhead are not essential for small cells. 

Proposal: It should be supported to configure a UE to always use high layer configured PUCCH resource(s) for HARQ-ACK transmission in small cells. 
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