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1. Introduction

In RAN #58, it is agreed to study potential technologies of physical-layer aspects for small cell enhancements. One of tasks is to identify potential enhancements on DL-RS to improve the spectrum efficiency as well as functionality in small cell deployment, and to evaluate the corresponding gain, standardization impact and complexity. The study shall focus on the following areas including [1]:
· 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.
In this contribution, we briefly introduce some of DL-RS related control signalling enhancements for dense small cell deployment.
2. DMRS-related control signaling 
Small cell enhancement should consider sparse and dense deployments. The coverage of the small cell layer is generally discontinuous between different hotspot areas. Each hotspot area can be covered by a group of small cells, i.e. a small cell cluster. In each of dense small cell group, the DMRS sequence selection indicated by nSCID can only keep the DMRS orthogonality across TPs based on two sequence initialization seeds [2]. The limitation of two seeds restricts the scheduling flexibility, especially for such a dense deployment in which one UE’s DMRS maybe desired orthogonal with other three or more different UEs’ DMRS in different subframes. So the number of DMRS seeds should be increased. With minor extra specification effort and control signalling, Nscid+NDI as an extended indication is preferred.
Proposal 1: The number of DMRS sequence seeds supported by UE at a time should be increased.
Because the MU-MIMO UE is often configured with one layer and the overhead of DCI-1A is much less than DCI-2D, DCI-1A can be used at least as DL grant in MU-MIMO. This motivates the dynamic selection of DMRS sequence seeds with DCI-1A, similar to what was defined for DCI-2D. However, because DCI-1A does not contain nSCID, the selection method defined in Rel-11 for DCI-2D cannot be applied to DCI-1A. As a simple word-around, DVRB/LVRB bit can be re-used as such a dynamic selection indicator. 
Proposal 2: DCI-1A can support dynamic selection of DMRS sequence seed to support at least MU-MIMO transmission.

3. CSI-RS-related control signaling 

In dense small cell deployments, the current reuse factor of CSI-RS may become insufficient in observation of the large number of TPs and requirement of CSI-RS orthogonality among TPs. Such shortage can be more severe due to usage of CSI-RS muting and IMR. So, the reuse factor of CSI-RS may require further extension to support dense small cell. One solution is the aperiodic CSI-RS, which is allocated on an on-demand basis. In case of NCT, enhanced CSI-RS pattern to enlarge reuse factor is also possible. 
Proposal 3: Consider to increase the CSI-RS reuse factor in dense small cell deployment.
In Rel-11, CSI-RS sequence generation is a function of the system bandwidth, which is obtained by detecting the PBCH. In Rel-12, small cell UEs may be configured with multiple CSI-RS resources with each corresponding to different TPs, which may potentially be configured with different bandwidths. In typical small cell deployments, high power nodes may have wider bandwidth than low power nodes as shown in Figure 1, in order to relax the requirements on backhaul link and/or to minimize the cost of low power RRH. For energy saving purpose, RRH can reduce its transmission power and/or bandwidth when less users show up in its coverage area. Unequal bandwidth for RRHs may also be useful to provide flexibility in the network deployment.  In order to maintain UE’s capability to accurately measure inter-TP CSI-RS, additional signalling such as bandwidth information should be included in CSI-RS resource configuration. 
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Figure 1 Different bandwidth configuration in HetNet

Proposal 4: Additional signalling such as bandwidth information should be included in CSI-RS resource configuration.
4. Conclusions
This contribution briefly introduces some of DL-RS related control signalling enhancements, and proposes that:

Proposal 1: The number of DMRS sequence seeds supported by UE at a time should be increased.

Proposal 2: DCI-1A can support dynamic selection of DMRS sequence seed to support at least MU-MIMO transmission.

Proposal 3: Consider to increase the CSI-RS reuse factor in dense small cell deployment.

Proposal 4: Additional signalling such as bandwidth information should be included in CSI-RS resource configuration.
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