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1. Introduction

The physical layer SID of LTE small cell enhancements [1] includes the following:
· 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 addition, in 3GPP TR36.932 [2], the following is stated:

· For indoor UE, only low UE speed (0 – 3 km/h) is targeted. For outdoor, not only low UE speed, but also medium UE speed (up to 30km/h and potentially higher speeds) is targeted. 

For low mobility UE, the coherence time is longer, which could be utilized to reduce overhead the DMRS to increase spectral efficiency. Currently, DMRS for uplink cost 14% RB resources (2 symbols per 14 symbols). If only 1 symbol is used for DMRS, then signaling cost can be reduced by 50%, and throughput can be increased by 8.3%. Additionally, the coverage of small cells is smaller, and thus UE experiences smaller delay spread. Therefore, this can also be utilized to reduce DMRS in frequency dimension.
In this contribution we analyze the possibilities for DMRS overhead reduction in small cells.
2. Reduced DMRS and configuration
The current DMRS patterns in downlink and uplink are shown in Figures 1 and 2 respectively. 

[insert DL figure]
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Fig. 2 L1/L2 signalling in PUSCH
For PDSCH, the DMRS pattern was designed to give good channel estimation performance assuming that a CRS-based control channel region exists at the start of the subframe. A separate study is ongoing as part of the New Carrier Type WI to consider possible improvements to the DMRS pattern, considering DMRS-based demodulation of PDSCH/EPDCCH even on the first OFDM symbol and avoiding PSS/SSS locations. 

For PUSCH, due to the importance of low cubic metric and corresponding high power-amplifier efficiency for uplink transmission, reference signals are usually not transmitted in parallel with other uplink transmissions from the same UE, and 2 symbols in a subframe are used exclusively for DMRS transmission. When UCI is embedded, HARQ acknowledgements are transmitted near to the reference symbols, since the channel estimates are of better quality there and the HARQ acknowledgements are important for proper operation of downlink.
In general, DMRS overhead reduction for spectral efficiency enhancement can be considered in either the time domain or the frequency domain or both. 
2.1. Reduced DMRS in time domain
Reduction of DMRS in the time domain is based on the premise that UE mobility in small cells is lower than has to be supported in general in macrocells, since for low mobility UEs the coherence time is longer. 
In both uplink and downlink, the DMRS occur at two places in a subframe in the time domain. This enables interpolation of channel estimation and can facilitate frequency offset estimation, UE speed estimation and interference estimation for decoding, especially for MMSE-IRC receivers and UEs in low SINR region. Any reduction of DMRS density in the time domain would need to consider the impact on all these aspects. 

Initial simulation results for PUSCH with DMRS reduced to a single symbol on the 7th symbol of the subframe, using the assumptions given in Table 1, show negligible increase in BLER and an increase in throughput commensurate with the overhead reduction, as shown in Figure 5. These results can be considered as an upper bound on the potential gain, given that the UEs are stationary. Further evaluation would be needed in order to assess fully the effects of UE mobility, including frequency tracking. 

It has been suggested that 2 or more subframes could be used together in order to provide multiple DMRS locations in the time domain if the number of DMRS locations per subframe were to be reduced to one. However, such a method would impose constraints on the scheduler to always allocate the same resources to a UE in consecutive subframes, as well as affecting the HARQ RTT and allocate such a bundle of subframes to a UE. Such a method would therefore seem undesirable. 
Table 1 Simulation assumption for uplink transmission
	System parameters
	Network topology 
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	Carrier Frequency
	2.0GHz

	Channel parameters
	Channel model
	SCME

- The delay profiles refer to 36.101 Table B.2.1-2 (EPA model)

	
	MIMO Configuration
	1x2 with low correlation

- refer to 36.101 B.2.3.2

	UE
	MCS
	Fixed as 16QAM 1/3

	
	HARQ
	Yes

	
	Speed
	0km/h

	
	DMRS
	W/o coordination.
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Fig. 5 Simulation results with 0km/h UE speed 
2.2. Reduced DMRS in frequency domain
Reduction of DMRS in the frequency domain is based on the premise that the delay spread in small cells is low. Evaluation is needed to investigate whether the downlink DMRS pattern can be reduced in the frequency domain without unacceptable degradation. In the uplink, the issue of PAPR on symbols with DMRS would need to be considered if DMRS and PUSCH were to be interleaved in the frequency domain.
3. Conclusions

In this contribution, we have provided some initial discussion of options for DMRS reduction for downlink and uplink transmission. Obviously, spectral efficiency may be improved by reducing the number of resource elements used for DMRS. However, in the time domain the opportunities for DMRS reduction are limited by the strong desirability of two DMRS occasions being present in every subframe. Further analysis is needed to identify whether frequency-domain reduction may be possible. 
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