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1.  Introduction
A study item “Small Cell Enhancements – Physical-layer Aspects” was approved at the RAN#58 [1]. The objective of this study 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 [2], and evaluate the corresponding gain, standardization impact and complexity. 
In last RAN1 meeting, DM-RS overhead reduction is considered to be one of the potential candidate technologies to improve the spectrum efficiency for small cell deployment [3-7]. Some preliminary simulation results on DM-RS overhead reduction have been provided in [4-6]. 
In this contribution, performance on DM-RS overhead reduction for PDSCH is further evaluated assuming more different DM-RS patterns with overhead reduction based on link level simulation. 
2. Performance evaluation on DM-RS overhead reduction
2.1. Modified DM-RS pattern with overhead reduction
The DM-RS pattern specified in Rel-10 for normal cyclic prefix and normal subframe is shown in Fig.1a. As shown in the figure, the DM-RS density for antenna port 7 & 8 is 12 REs per PRB pair per subframe, i.e. about 7.1% overhead. The possible DM-RS patterns with decreased density are illustrated in Fig. 1b, 1c, 1d for 8 REs per PRB per subframe, 6 REs per PRB per subframe and 4 REs per PRB per subframe, respectively. Fig.2 demonstrates the modified DM-RS pattern with PRB bundling. 
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(a) Rel-10 DM-RS pattern: 12 REs per PRB pair per subframe (Pattern 0)                     

(b) DM-RS density reduction: 8 REs per PRB pair per subframe (Pattern 1)
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(c) DM-RS density reduction: 6 REs per PRB pair per subframe (Pattern 2)                     

(d) DM-RS density reduction: 4 REs per PRB pair per subframe (Pattern 3)
Fig.1 DM-RS pattern with different density
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Fig.2 DM-RS pattern with PRB bundling (Pattern 4)
2.2. Simulation results for the modified DM-RS patterns
We did link level simulation to evaluate different DM-RS patterns assuming MCS 6, MCS 14 and MCS 24 under EPA channel, and the simulation results are shown in Fig.3. The detailed simulation assumptions are listed in Table I in the appendix.
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(a) Spectrum efficiency VS SNR for MCS 6
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(b) Spectrum efficiency VS SNR for MCS 14
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(c) Spectrum efficiency VS SNR for MCS 24

Fig.3 Spectrum efficiency VS SNR for different DM-RS patterns

From the above simulation results, we can see that:

· In high SNR region, DM-RS patterns with overhead reduction can achieve about 2%~7% gain compared with Pattern 0 (Rel-10 DM-RS pattern) and Pattern 3 with less overhead can achieve higher spectrum efficiency than the other patterns.

· In low SNR region, for low MCS, Pattern 0 (Rel-10 DM-RS pattern) performs best irrespective of PRB bundling due to more accurate channel estimation.

· For the same average density, DM-RS pattern with PRB bundling can achieve better performance than the other DM-RS patterns, especially for low SNR region due to the gain from joint channel estimation across multiple PRBs.
3. Conclusions
In this contribution, the performance of DM-RS overhead reduction with different patterns was evaluated based on link level simulation. From the simulation results, we have following observations:
Observations

· In high SNR region, DM-RS patterns with overhead reduction can achieve about 2%~7% gain compared with Pattern 0 (Rel-10 DM-RS pattern) and Pattern 3 with less overhead can achieve higher spectrum efficiency than the other patterns.

· In low SNR region, for low MCS, Pattern 0 (Rel-10 DM-RS pattern) performs best irrespective of PRB bundling due to more accurate channel estimation.
· For the same average density, DM-RS pattern with PRB bundling can achieve better performance than the other DM-RS patterns, especially for low SNR region due to the gain from joint channel estimation across multiple PRBs.
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5. Appendix
Table I Simulation Assumption
	Parameter 
	Setting 

	Carrier frequency 
	2 GHz 

	Transmission bandwidth 
	5 MHz 

	Channel model 
	EPA 3km/h 

	CP length 
	Normal CP 

	Transmission mode 
	TM9 

	Antenna configuration 
	2 TX, 2 RX 

	Rank 
	 1 

	PDSCH/EPDCCH starting symbol 
	The first OFDM symbol 

	Overhead assumption 
	No PSS/SSS/CSI-RS for all subframes 

2 CRS ports

	MCS 
	6,14,24 

	Antenna correlation 
	Medium 
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