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1. Introduction

In 3GPP RAN#58, further enhancements for indoor and outdoor scenarios using low-power nodes were identified as one of the most important topics in the 3GPP workshop for Rel-12 and beyond. Motivated by the big interest in small cell enhancements, scenarios and requirements for small cell enhancements were studied and captured in TR36.932. It is needed to study potential technologies of physical-layer aspects for small cell enhancements, taking into account these scenarios and requirements [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 as set in TR36.932, and to evaluate the corresponding gain, standardization impact and complexity. The study shall focus on the following areas [2]:
· 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.

In this contribution, we first discuss the evaluation scenario and then show some DMRS reduction schemes along with our preference.
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 large 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 (15km/h or 30km/h) 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, InH, [ETU, UMi]

	Antenna configuration
	Transmitter: 2/4 Tx at eNB

Receiver: 2Rx at UE

	UE Speed
	3km/h, 15km/h, [30km/h]

	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 low-to-medium UE speed only. Accordingly, the DMRS density on time-domain, frequency-domain, or both domains can be reduced comparing to Rel-11 DMRS pattern. In this paper, we studied different DMRS patterns as given in Figure 1 to 5, where Figure 1 shows the Rel-11 DMRS pattern, which is the baseline pattern for comparison in our study.  
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Figure 1 Baseline Pattern
       
[image: image2.emf]1

CRS

DMRS

       
[image: image3.emf]1

CRS

DMRS


                                   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 comparing 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 the same as pattern 1, organizes all DRMS REs in two OFDM symbols, resulting in poor time domain interpolation accuracy and therefore potential performance loss when UE speed is relatively high. 
· Enhancement pattern 4 in Figure 5 owns the lowest DMRS overhead among all four enhancement patterns; but with its sparse DMRS density in both time and frequency domain, this pattern may work well only for low speed UE together with low frequency selective fading channel.
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 in the simulation. The other simulation assumptions are given in Appendix.
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Figure 6 Comparison of SE in EPA (3km/h)                                   Figure 7 Comparison of SE in ETU (3km/h)
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 Figure 8 Comparison of SE in EPA (15km/h)                                  Figure 9 Comparison of SE in EPA (30km/h)

· As shown in Figure 6, with EPA and 3km/h UE speed, pattern 4 can obtain highest SE due to its smallest DMRS overhead. The gap between Rel-11 DMRS pattern and pattern 4 is around 5.6dB. The patterns 1 and 3 can achieve the same gain, which is about 5.2dB over the Rel-11 pattern. The pattern 2 also gets 3dB gain over baseline. 
· As shown in Figure 7, with ETU and 3km/h UE speed, due to the worse estimation accuracy on frequency domain, performances of patterns 2 and 4 drop significantly, but the patterns 1 and 3 can still get the sufficient performance gain because their DMRS density in frequency domain is comparable to that of Rel-11 DMRS pattern. 
· As shown in Figures 8 and 9, with EPA and higher UE speed (15km/h and 30km/h), baseline pattern and patterns 1 and 2 have almost the same SE within the simulated SNR range.

The above results clearly show that the pattern 1 performs constantly well in EPA and ETU when the UE speed is in range of [3km/h, 30km/h]. 
Proposal: For the DL-DMRS overhead reduction, the following design principle should be considered:

· The overhead-reduced pattern only occupies REs used by Rel-11 DMRS pattern. 

· The overhead is around 6REs per PRB pair per two ports.
· The DMRS REs in one PRB pair should not be limited to two adjacent OFDM symbols.
· The DMRS REs in one PRB pair should be spread to more subcarriers as much as possible.
4. Conclusions
This contribution analyzes the performance of downlink DMRS overhead reduction for Rel-12 small cell, and proposes that:
Proposal: For the DL-DMRS overhead reduction, the following design principle should be considered:

· The overhead-reduced pattern only occupies REs used by Rel-11 DMRS pattern. 

· The overhead is around 6REs per PRB pair per two ports.
· The DMRS REs in one PRB pair should not be limited to two adjacent OFDM symbols.
· The DMRS REs in one PRB pair should be spread to more subcarriers as much as possible.
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Appendix

Table A1 Simulation assumptions for DMRS enhancement
	Carrier frequency
	2GHz

	System bandwidth
	5MHz

	Channel model
	EPA/ETU

	UE velocity
	3km/15km/30km

	Number of antenna ports per eNodeB
	4

	Number of antenna ports per UE
	2

	Antenna polarization
	ULA 

	Antenna isolation
	0.5 lambda

	Number of UE
	1

	Number of layers per UE
	Rank Adaption 1 or 2

	AMC
	Enabled

	Allocated RB 
	10

	TTI
	10000

	SNR(dB)：
	0，5，10，15，20，25，30

	Receiver detection
	MMSE

	Interference plus noise estimation
	Subband

	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 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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