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1. Introduction

This contribution provides our further simulation results, following up [1], on new DMRS patterns proposed for DMRS overhead reduction in small cell.  

2. Channel model and configurations for the evaluation of DMRS reduction
Small cell enhancements should target both outdoor and indoor LPN deployments, such as pico and femto. The small cell LPN, despite of its deployed location, could provide service to indoor or outdoor UEs. EPA channel model can be used for evaluation baseline. If small cell should support higher speed (such as 15km/h or 30km/h)[2] or larger delay channel, ETU model is also applicable in the evaluation. For indoor UE, only low UE speed (0 – 3 km/h) is considered. For outdoor UE, up to medium UE speed should be considered. 
In general, the small cell TP is configured with up to 4 antennas for coverage enhancement and spectrum efficiency improvement. Considering most of UEs are configured with up to two antennas, we propose the optimization of DMRS overhead reduction should start with up to two DMRS ports or layers, and then extend to higher MIMO order. From the above analysis, we recommend using simulation parameters as in Table 1.
	Channel model
	EPA, ETU, InH, UMi

	Antenna configuration
	Transmitter: 2/4 Tx at eNB

Receiver: 2Rx at UE

	UE Speed
	3km/h(EPA, InH, UMi), 15km/h, 30km/h(ETU,UMi)

	Number of layers for initial evaluation
	Up to 2


Table 1 The Channel model and configuration for DL-DMRS evaluation
3. DL-DMRS overhead reduction schemes
The DMRS overhead reduction should base on the particular characteristics of small cell, for example the UE speed falls in the low-to-medium range only. Accordingly, the DMRS density on time-domain, frequency-domain, or both domains can be reduced comparing to Rel-10 DMRS pattern. In this paper, we studied different DMRS patterns as given in Figure 1 to 5, where Figure 1 shows the Rel-10 DMRS pattern, which is the baseline pattern for comparison in our study.  
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Figure 1 Rel-10 DMRS pattern (baseline)
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                                   Figure 2 Enhancement Pattern 1                                       Figure 3 Enhancement Pattern 2
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             Figure 4 Enhancement Pattern 3                                     Figure 5 Enhancement Pattern 4
· Enhancement pattern 1 in Figure 2 consumes 6 REs per PRB pair per two ports and therefore saves 50% DMRS overhead compared to the baseline pattern. The DMRS REs in pattern 1 are staggered in time and frequency domains in order to balance the channel estimation accuracy on both time and frequency domain. 
· Enhancement pattern 2 in Figure 3 adopts 8 DMRS REs per two ports, which can get the better performance in time domain interpolation, but its larger frequency spacing interval may decrease its capability to deal with frequency selectivity. 
· Enhancement pattern 3 in Figure 4, whose DMRS density is reduced to 4 REs per PRB pair, maintains the same time-domain density as in Rel-10 DMRS patter, but has the frequency-domain density to be reduced by half. This pattern may not have the good capability to handle frequency selective fading.  
· Enhancement pattern 4 in Figure 5 owns the same DMRS overhead as pattern 3, but balances the channel estimation accuracy on both time and frequency domain.
The simulation results based on the four enhancement patterns are given in figures below for different channel models and UE speeds. The MCS and RI adaptation based on the channel quality is activated and the antenna configuration is 2*2 in the simulation. The simulation results with the antenna configuration 4*2 are shown in Appendix 1. The corresponding simulation assumptions are given in Appendix 2.
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Figure 6 Comparison of SE in EPA 3km/h                                   Figure 7 Comparison of SE in InH 3km/h
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Figure 8 Comparison of SE in ETU 15km/h                                 Figure 9 Comparison of SE in ETU 30km/h
· As shown in Figure 6 and Figure 7, with 3km/h UE speed in EPA or InH channel, pattern 4 and pattern 3 can obtain highest SE due to its smallest DMRS overhead. Its SE gain over Rel-10 DMRS pattern is up to 0.3bit/s/Hz or 5% in EPA, and up to 0.4bit/s/Hz or 6% in InH. The patterns 1 and 2 can achieve about 4% gain over the Rel-10 pattern. 
· As shown in Figure 8 and 9, with ETU 15km/h and ETU 30km/h, performance of patterns 3 decreases significantly due to bad estimation accuracy on frequency domain. Next follows pattern 2 and pattern 4. The pattern 1 has the smallest performance drop because its DMRS density in frequency domain is close to that of Rel-10 DMRS pattern. In short, all the new patterns suffer the performance loss compared to Rel-10 DMRS pattern in ETU channel.
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Figure 10 Comparison of SE in UMi 3km/h                                    Figure 11 Comparison of SE in UMi 30km/h
Another test was run in UMi channel model with UE speeds equal to 3km/h and 30km/hr. The antenna configuration is assumed as 4*2 XPOL. The performance results are given in Figure 10 and Figure 11, which show that, the new DMRS patterns gains up to 6% of SE over Rel-10 pattern for low UE speed, but on the other hand can lose 4%~20% of Rel-10 SE when UE speed goes up to medium.   
In summary, all the new patterns in this study can offer only marginal performance gain over baseline pattern just when UE speed is low, and on the other hand they all lose performance more or less lower than baseline pattern within medium range of UE speed. Considering the specification effort and UE implementation complex, we prefer not to introduce the DMRS overhead reduction pattern for small cell.
4. Conclusions
This contribution is summarized as:
Observation: all the new patterns in this study can offer only marginal performance gain over baseline pattern just when UE speed is low(3km/hr), and on the other hand they all lose performance more or less comparing to baseline pattern within medium range of UE speed (15~30km/hr). 
Proposal: The DMRS overhead reduction pattern should not be introduced for small cell.
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Appendix 1
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Figure 1 SE with antenna configuration 4*2 (EPA 3km/h)                                Figure 2 SE with antenna configuration 4*2 (EPA 30km/h) 
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Figure 3 SE with antenna configuration 4*2 (ETU 15km/h)                              Figure 4 SE with antenna configuration 4*2 (ETU 30km/h)
Appendix 2
Table A1 Simulation assumptions for DMRS enhancement
	Carrier frequency
	2GHz

	System bandwidth
	5MHz

	Channel model
	EPA/ETU/InH/UMi

	UE velocity
	3km/15km/30km

	Number of antenna ports per eNodeB
	2 or 4

	Number of antenna ports per UE
	2

	Antenna polarization
	ULA or XPOL(UMi)

	Antenna isolation
	0.5 lambda

	Number of UE
	1

	Number of layers per UE
	Rank Adaption 1 or 2

	AMC
	Enabled

	Allocated RB 
	6

	TTI
	10000

	SNR(dB)：
	0，5，10，15，20，25，30

	Receiver detection
	MMSE

	Interference plus noise estimation
	Ideal

	Number of PDCCH symbols
	3 

	Channel estimation on DMRS
	2DMMSE

	Channel estimation on CSI-RS
	2DMMSE

	CSI-RS Period
	5ms

	CSI-RS Pattern Index
	1

	Channel FEC coding
	R8 Turbo coding

	Precoding 
	R10 2 or 4-ant Codebook

	PMI granularity
	Subband

	PMI，CQI feedback cycle
	5TTI

	PMI，CQI delay
	5TTI

	PRB Bundling
	1RB

	DMRS Pattern
	Rel-10 DMRS(Baseline), Patterns 1~4 as in Figures 2~5. 
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