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1 Introduction

In previous RAN plenary meeting, the study item on the physical layer aspects of small cell enhancement was approved [1]. In [1], the study should be focused on the following areas:

· 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.

· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters.
· Physical layer study and evaluation for small cell enhancement higher-layer aspects.

Following objectives are included in SI for study on potential enhancements to improve the spectrum efficiency, i.e. achievable user throughput in typical coverage situations and with typical terminal configurations, 

· 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 previous RAN1 meeting, the link level evaluation assumptions including DM RS reduction and 256QAM introduction were agreed in [2]. 

In this contribution, we show the performance evaluation results for DM-RS reduction comparing with that of legacy DM-RS patterns. 
2 Evaluation results of DM-RS reduction
In this section, we show the evaluation results for DM-RS reduction. As shown in Figure 1, we evaluated 3 DM-RS patterns: one is legacy DM-RS pattern and the others are reduced DM-RS patterns. The amount of REs used for the reduced DM-RS pattern 1 and 2 is 8 REs and 4 REs per PRB pair, respectively. The detailed evaluation assumptions are listed in Annex. In addition to 2x2 antenna configuration in [2], performance evaluation with 4x4 antenna configuration was done. 


(a) Legacy DM-RS pattern           (b) Reduced DM-RS pattern1         (c) Reduced DM-RS pattern 2
Figure 1. Legacy DM-RS pattern and reduced DM-RS patterns for evaluation
We show the throughput performance for the reduced DM-RS patterns with 2x2 antenna configuration in Figure 2. As expected, the throughput with reduced DM-RS pattern degrades in low SNIR region due to impaired channel estimation performance. Yet, it is notable that the gap between reduced pattern and legacy pattern is not significant. In high SNIR range, reduce pattern shows slightly better performance. Yet, the performance gap between legacy pattern and reduced pattern may not be so significant due to the limitation of MCS. 
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Figure 2. Throughput performance for the reduced DM-RS patterns with 2x2 antenna configuration
To demonstrate the performance gain in high SNIR range with reduced DM-RS pattern, we analyze the performance with 4x4 antenna configuration as shown in Figure 3. In the results, we can see the signficant throughput improvement of the reduced pattern 1 and 2 compared with that of the legacy pattern, in particular, in high SNR region. At SNR of 40 dB, throughput performance gain with the reduced pattern 1 and 2 attains about 6 % and 10 %, respectively. This implies that in higher SNIR region, performance gain can be achieved with reduced DM-RS patterns by utilizing more REs for PDSCH with higher layers. 
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Figure 3. Throughput performance for the reduced DM-RS patterns with 4x4 antenna configuration
Observation 1: According to our evaluation results, slight gain can be achieved with reduced DM-RS patterns compared to  legacy DM-RS pattern in 2x2 antenna configuration. However, we can get considerable throughput improvement with the reduced DM-RS patterns in 4x4 antenna configuration. Thus, DM-RS reduction can be considered as a candidate solution at least with the antenna configuration of more than two.
3 Conclusions
From the evaluation results, we can obtain the following observation: 
Observation 1: According to our evaluation results, slight gain can be achieved with reduced DM-RS patterns compared to  legacy DM-RS pattern in 2x2 antenna configuration. However, we can get considerable throughput improvement with the reduced DM-RS patterns in 4x4 antenna configuration. Thus, DM-RS reduction can be considered as a candidate solution at least with the antenna configuration of more than two. 
Based on our observation, we can consider configurability of DM-RS pattern to improve spectral efficiency in the small cell study item phase.
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5 Annex
Table 1. Evaluation assumptions
	bandwidth
	10MHz

	Carrier frequency 
	3.5G

	Channel model and Doppler frequency
	EPA
Maximum Doppler frequency: 10Hz 

	Transmission mode
	TM10

	MIMO configuration
	2x2/4x4

	CRS configuration
	Antenna ports 0,1

	CSI reference signals
	2-port NZP CSI-RS with 5ms period

	
	One CSI-IM configured as ZP CSI-RS with 5ms period

	DMRS
	Port 7&8

	
	

	Rank adaptation/Link adaptation/HARQ
	On/On/On

	
	

	PMI
	Based on UE measurement and feedback

	UE receiver
	MMSE-IRC

	Channel estimation
	Practical

	Interference estimation
	Practical

	PDP estimation
	Ideal

	Received timing delay (us)
	0

	Frequency offset (Hz)
	0

	Cyclic prefix
	Normal

	Overhead assumption
	2 PDCCH symbols;

	
	PBCH/PSS/SSS;

	
	2-port CRS;

	
	2-port CSI-RS with 5ms period

	
	One CSI-IM configured as ZP CSI-RS with 5ms period

	
	1 or 2 DMRS ports;

	Metric
	Spectrum efficiency [bps/Hz]
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