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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 following enhancement was proposed to be further studied in order to improve the spectrum efficiency [1]:
· 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. 
In this contribution, we evaluate the performance of DMRS overhead reduction for small cells, based on the simulation assumptions approved in [2][3]

 REF _Ref352664376 \r \h 
[4].
2 Discussion
One of the design targets for the DMRS 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 DMRS enhancements to improve the spectral efficiency. 
2.1 DL DMRS overhead reduction
For DL DMRS, overhead reduction both in frequency and time domain could be considered. Figure 1 shows two DL DMRS patterns with reduced overhead. In Figure 1 (a), DL DMRS is reduced both in frequency and time domain. In Figure 1 (b), DL DMRS is reduced only in frequency domain. 
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 (a) DL DMRS pattern 1                                 (b) DL DMRS pattern 2
Figure 1: Overhead reduction of DL DMRS within one subframe
The performance of PDSCH by using the two DMRS patterns in Figure 1 was evaluated with the simulation assumptions presented in the appendix. It can be seen from Figure 2 that:

· There exists spectrum efficiency gain for both DMRS patterns compared with the Rel-10 DMRS pattern.
· In the low SNR region, DMRS pattern 1 and pattern 2 have similar performance, and the max relative gain over the Rel-10 DMRS pattern is about 7.9% with 5dB SNR.
· In the medium-to-high SNR region, DMRS pattern 2 outperforms DMRS pattern 1, and the max relative gain over the Rel-10 DM RS pattern is about 1.5% and 2.1% (SNR=30dB) for DMRS pattern 1 and pattern 2 respectively.
Hence, we have the following observation based on the above analysis and evaluation results:

Observation 1: There exists spectrum efficiency gain with DL DMRS overhead reduction for small cell scenarios, and higher gains are observed in the low-to-medium SNR region. 
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Figure 2: PDSCH performance of DL DMRS overhead reduction 
2.2 UL DMRS overhead reduction
For UL DMRS, 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 UL DMRS overhead in time domain, e.g. UL DMRS is transmitted only in one of the slots in a subframe, as shown in Figure 3. It is also possible to consider reducing the UL DMRS overhead in frequency domain, which on the other hand may require additional design on new RS sequences and DFT/IDFT transformation. 
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Figure 3: Overhead reduction of UL DMRS within one subframe

In this section, link-level evaluation on the reduced UL DMRS (as shown in Figure 3) is provided in Figure 4, with the simulation assumptions presented in the appendix. It can be seen from Figure 4 that:
· There is obvious spectrum efficiency gain for UL DMRS pattern with reduced overhead compared with the Rel-10 DMRS pattern.
· The relative spectrum efficiency gain in the low SNR region is larger than in the medium-to-high SNR region. The max relative gain over the Rel-10 DMRS pattern is about 12.4% (SNR=0dB) in the low SNR region and about 7% (SNR=15dB) in the medium-to-high SNR region.
Hence, we have the following observation based on the above analysis and evaluation results:

Observation 2: The spectrum efficiency gain with UL DMRS overhead reduction is notable for small cell scenarios. 
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Figure 4: PUSCH performance of UL DMRS overhead reduction 
3 Conclusions
In this contribution, we discuss potential DMRS overhead reduction for spectrum efficiency improvement in small cells, with the following observations:

Observation 1: There exists spectrum efficiency gain with DL DMRS overhead reduction for small cell scenarios, and higher gains are observed in the low-to-medium SNR region. 
Observation 2: The spectrum efficiency gain with UL DMRS overhead reduction is notable for small cell scenarios.
4 References
[1]. RP-122032 , “LTE small cell enhancement - physical layer SID”, Huawei, HiSilicon, CATR
[2]. R1-130750, “Evaluation assumptions for small cell enhancements-physical layer”,  Huawei, HiSilicon, CATR, Hitachi, St. Julian’s, Malta, January 28th – February 1st, 2013
[3]. R1-130856, “Evaluation assumptions for small cell enhancements-physical layer”, Huawei, HiSilicon, CATR, Hitachi, St. Julian’s, Malta, January 28th – February 1st, 2013
[4]. R1-130848, “Summary of UL simulation assumption for small cell enhancements”, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent, St. Julian’s, Malta, January 28th – February 1st, 2013
5 Appendix
Table 1: Simulation assumptions for link level evaluation for DL DMRS
	Parameter
	Value

	Bandwidth
	10MHz

	Carrier frequency 
	3.5GHz

	Channel model and Doppler frequency
	EPA5

	Transmission mode
	TM10

	MIMO configuration
	2x2 with low correlation
Cross-polarized antennas

	CRS configuration
	Antenna ports 0,1

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

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

	Rank adaptation
	Port 7&8

	PMI
	50 PRB granularity

	Link adaptation
	On 

	HARQ
	On

	UE receiver
	MMSE

	Channel estimation
	Practical, 2 PRB granularity

	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]


Table 2: Simulation assumptions for link level evaluation for UL DMRS
	Parameter
	Value

	Bandwidth
	10MHz

	Carrier frequency 
	3.5GHz

	Channel model and Doppler frequency
	EPA5

	Transmission mode
	TM10

	MIMO configuration
	1x2 with low correlation
Cross-polarized antennas

	Link adaptation
	On 

	HARQ
	On

	UE receiver
	MMSE

	Channel estimation
	Practical

	Received timing delay (us)
	0

	Frequency offset (Hz)
	0

	Cyclic prefix
	Normal

	Overhead assumption
	SRS overhead - 5 ms period 

4 PRBs for PUCCH

	Metric
	Spectrum efficiency [bps/Hz]


Table 3: DL spectrum efficiency of PDSCH, AMC, rank adaptation, no EVM

	SNR（dB）
	5
	10
	15
	20
	25
	30
	35
	40
	45

	DMRS Pattern 1
	0.9747
	1.8321
	2.9306
	4.1268
	5.2551
	6.1238
	6.5853
	6.7823
	6.8392

	DMRS Pattern 2
	0.9751
	1.8295
	2.9189
	4.1508
	5.2796
	6.1585
	6.6743
	6.9165
	6.9934

	Rel-10
	0.9034
	1.7371
	2.8105
	4.0654
	5.2055
	6.0329
	6.5854
	6.8326
	6.9137

	Relative gain1
	7.89%
	5.47%
	4.27%
	1.51%
	0.95%
	1.51%
	0.00%
	-0.74%
	-1.08%

	Relative gain2
	7.94%
	5.32%
	3.86%
	2.10%
	1.42%
	2.08%
	1.35%
	1.23%
	1.15%


Table 4: UL spectrum efficiency of PUSCH, AMC, rank adaptation, no EVM
	SNR（dB）
	-5
	0
	5
	10
	15
	20

	Reduced pattern
	0.1887
	0.5349
	1.0950
	1.9199
	2.8793
	3.4323

	Rel-10
	0.1869
	0.4758
	0.9961
	1.7833
	2.6885
	3.2953

	Relative gain
	0.96%
	12.42%
	9.93%
	7.66%
	7.10%
	4.16%
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