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1 Introduction
In RAN#58, New Study Item Proposal for “Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects” was approved. The objective of this study item is to identify potential enhancements to improve the spectrum efficiency as well as efficient small cell deployment and operation in order to meet the requirements targeted for small cell enhancements in the identified scenarios in TR36.932, and evaluate the corresponding gain, standardization impact and complexity. The study shall focus on the following areas [1]:
· 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.
This contribution focuses on spectrum efficiency improvement, including channel characteristics and evaluation methodology. Initial evaluation results on reduced UE-specific reference signals are provided. 
2 Discussion and evaluations
2.1 Channel characteristics and evaluation methodology
During the discussion on CoMP, ITU UMi was suggested as the channel model for low power nodes [2] [3]. Small cells have similar channel characteristics with the low power nodes in CoMP. Therefore, ITU UMi is also suggested as the channel model for evaluation on small cells. In addition, LTE-EPA can also be used for link level evaluations to simplify the simulation efforts. Figure 1 shows the power delay profiles (PDPs) of ITU UMi and the LTE channel models. Further, low UE mobility (e.g. 3kmk/h) shall be focused on for the study on spectrum efficiency improvement.
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Figure 1: PDP of ITU UMi and the LTE channel models
2.2 Overhead reduction for control signal
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. 
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. In addition, it is noted that from spectral efficiency perspective, new carrier type (NCT) is beneficial since the legacy control and CRS are not present on NCT. Hence it is recommended that EPDCCH and NCT shall be considered when assessing the downlink control overhead.
If the estimated the downlink control overhead in small cells deserves to be optimized, then one potential optimization is to introduce cross subframe scheduling, where a single DCI format transmitted in one subframe can schedule data transmission in multiple subframes. The fields in the DCI format for cross subframe scheduling and the corresponding HARQ timeline need to be discussed. 
For uplink control signal, implicit PUCCH format 1a/1b resource 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 cell scenarios, dedicated PUCCH resource can be more effective to reduce the overall PUCCH overhead Hence, it is recommended to consider dedicated PUCCH resource assignment in small cell scenarios.
2.3  Overhead reduction for UE-specific reference signal
2.3.1 Schemes on reduced UE-specific reference signal
One of the design targets for the UE specific reference signals in Rel-9/10 is that the design shall provide good performance in various channel conditions and for different UE speeds. For small cell scenarios, the channel characteristic and the UE speed is less dynamic, which provides opportunities for UE-specific reference signal enhancements for spectral efficiency improvements. 
For downlink UE specific reference signal, reduction both in frequency and time domain could be considered. Figure 2 and Figure 3 show two methods of overhead reduction on UE-specific reference signal. In Figure 2, UE-specific reference signal is reduced within one subframe and it impacts channel estimation. In Figure 3, UE-specific reference signal is transmitted in a subset of the subframes, which requires cross subframe scheduling. 
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Figure 2: Overhead reduction of UE-specific reference signal within one subframe
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Figure 3: UE-specific reference signal with cross subframe scheduling
For uplink UE-specific reference signal, the current overhead is 14.3% (two SC-FDMA symbols per subframe) per PUSCH transmission. For low UE mobility, it is reasonable to consider reducing the uplink UE-specific reference signal in time domain, e.g. transmitted only in one of the slots in a subframe. It is also possible to consider reducing the uplink UE-specific reference signal overhead in frequency domain, which on the other hand may require additional design on new reference signal sequences and DFT/IDFT transformation. It is also noted that uplink UE specific reference signals can be transmitted in a subset of the subframes to further reduce the overhead, provided cross subframe scheduling is adopted. 
2.3.2 Evaluations on reduced downlink UE-specific reference signals
In this section, link-level evaluations on reduced downlink UE-specific reference signals (as shown in Figure 2) are provided in Figure 4. The simulation assumptions are listed in Table A-1. In Figure 4, the performance of current DMRS is also provided for reference.
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Figure 4: PDSCH performance of UE-specific reference signal 
Looking at the above results, we have the following observations:

· In high SNR region, better spectrum efficiency is observed for UE specific reference signals with less overhead. Oppositely, in low SNR region, better spectrum efficiency is observed for with the current UE specific reference signal since it provides more accurate channel estimates.
· For peak spectrum efficiency, Pattern 1 and Pattern 2 in Figure 2 have similar performance. Pattern 2 provides better performance than Pattern 1 at lower SNRs since Pattern 2 has better channel estimates.
3 Conclusions
In this contribution, we discuss potential overhead reduction for spectrum efficiency improvement in small cells, with the following recommendations:
· ITU UMi and LTE EPA channel model are suggested for evaluation.
· 3km/h is suggested as the typical UE mobility for evaluation on spectrum efficiency improvement.
· Downlink control overhead reduction shall start from assessing the expected downlink control overhead using the existing mechanisms, considering the small cell deployment, the number of UEs connected in a small cell, and the realistic UE traffic model in small cells. Cross subframe scheduling can be considered.
· Dedicated PUCCH resource assignment shall be considered for small cell applications.
· Overhead reduction of UE-specific reference signal in both downlink and uplink should be further investigated in terms of performance, specification and implementation impact.
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5 Appendix
Table A-1: simulation assumptions for link level evaluation
	Number of Antennae
	4×2, low correlated antenna

	Carrier Frequency
	2.0 GHz

	system bandwidth
	5M, 25PRBs

	DL RS configuration
	4-port CSI-RS with 80ms period
2-port CRS
2-port DMRS

	DMRS pattern
	Pattern1: 1 RE per PRB pair per AP
Pattern2: 2 RE per PRB pair per AP
Pattern3: 6 RE per PRB pair per AP (Rel-10 DMRS)

	Channel Model
	EPA, 3km/h 

	UL SRS
	Ideal wideband SRS

	Rank adaptation 
	OFF (fixed rank=2)

	Precoding granularity 
	25PRBs

	Precoder generation
	SVD based on uplink SRS

	Link adaptation
	OFF
{64QAMx0.9258},{256QAMx2/3},
{256QAMx0.8},{256QAMx0.9258}

	MIMO detection algorithm
	MMSE

	Channel estimation for DRS
	Per-PRB 2D-MMSE filter

	Channel Coding
	Turbo code

	HARQ
	ON
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