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Introduction
A new study item for small cell enhancement was approved in RAN#58 [1].  One objective of this study item is as follows: 

· 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, the overhead reduction for downlink DMRS is considered. Particularly, the improvement in spectrum efficiency by reducing the DMRS density in time domain is evaluated. The preferred scheduler for the PDSCH transmission with the reduced DMRS is also suggested.  
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DMRS Overhead Reduction  
In Rel-11, DMRS is used for UE demodulation in TMs 7-10. In those TMs, the DMRS is UE-specific and transmitted in every RB assigned to a particular UE. When we consider the small cell scenarios where low mobility UEs are in majority and thus the channel is more static over time, it is possible to reduce the DMRS density in time domain without sacrificing demodulation performance [2]. The basic idea of reducing DMRS in time domain is to define a DMRS valid period T, within which the DMRS is only transmitted in the first subframe and will be used for demodulation in all T subframes. An example of reducing DMRS in time domain is given in Fig. 1. In this example, we assume that the same set of RBs is assigned to a UE in consecutive T=5 subframes. Instead of transmitting the DMRS in each subframe as in Rel-11, the eNodeB only transmits the DMRS in the first subframe for the UE. For the rest of the T-1 subframes, the UE will use the channel estimate obtained from the first subframe for demodulation. In this case, the DMRS overhead can be roughly reduced to be 1/T.  
In Fig. 2, we provide the simulation results for the spectrum efficiency of the reduced DMRS with different modulation schemes. In the simulation, T is set to be 5 and the coding rate is fixed to be 0.5 for all modulation schemes. Other simulation assumptions are mostly aligned with those in [3], which are also listed in Appendix. Based on the simulation assumptions, the ratio between the number of the DMRS REs and that of the PDSCH REs is around 10% in Rel-11. With the DMRS reduction as shown in Fig.1, the ratio between the number of the DMRS REs and that of the PDSCH REs is reduced to be 1.85%. It is shown in Fig. 2 that this overhead reduction can provide around 7% spectrum efficiency gain in high SNR regime for all modulation schemes. Based on the simulation results, we have the following proposal: 
Proposal 1: Reducing DMRS in time domain should be considered for improving the spectrum efficiency. 
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Fig. 1 DMRS reduction in time domain for small cell deployment
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Fig. 2 The spectrum efficiency of the reduced DMRS
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Multiple-Subframe Scheduling for Reduced DMRS
In the example as shown in Fig. 1, the multiple-subframe scheduling is assumed, i.e. the eNodeB schedules the same set of the RBs in T (T>1) consecutive subframes for a particular UE at each scheduling instant. In Fig. 3, we provide an example of the DMRS reduction with and without the multiple-subframe scheduling, where we assume that one DMRS transmission can cover T=5 subframes for UE demodulation. We see that the DMRS needs to be transmitted whenever a new UE is scheduled within the T subframes for the case without the multiple-subframe scheduling, while the DMRS needs to be transmitted only in the first subframe with the multiple-subframe scheduling. Thus, the multiple-subframe scheduling is preferred for the PDSCH transmission with the reduced DMRS in order to reduce the maximum amount of the DMRS overhead.
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Fig. 3 Reduced DMRS with multiple-subframe scheduling 
In small cell scenarios, the multiple-subframe scheduling can be implemented with tolerable packet delay, since the number of UEs associated with each small cell is relatively small. Recall that for previous deployments, the number of UEs per base station is high (e.g. 10 on average) and the PF scheduler on the base station would usually prevent a situation where a given UE is allocated the same number of RBs for T consecutive subframes. In Fig. 4 and Fig. 5, we show the distribution for the number of UEs associated to each small cell in Scenarios 2a and 2b dense deployments (16 small cells per macro) [3], respectively. We see that the percentages of the small cells that have two or less associated UEs are 91% and 87% in Scenarios 2a and 2b, respectively. Based on the above observations, we have the following proposal. 
Proposal 2: The multiple-subframe scheduling is preferred for the PDSCH transmission with the reduced DMRS in time domain.   
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Fig. 4 The distribution for the number of UEs associated to each small cell in Scenario 2a 
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Fig. 5 The distribution for the number of UEs associated to each small cell in Scenario 2b 
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Conclusion 
In this section, we evaluated the spectrum efficiency improvement of the proposed DMRS in time domain with the multiple-subframe scheduling. Our proposals are summarized as follows:

Proposal 1: Reducing DMRS in time domain should be considered for improving the spectrum efficiency. 

Proposal 2: The multiple-subframe scheduling is preferred for the PDSCH transmission with the reduced DMRS in time domain.   
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Appendix 
Table 1. Simulation assumptions.

	Parameter
	Setting

	Transmission bandwidth
	10 MHz

	Carrier frequency 
	3.5 GHz

	Channel model 
	EPA

	UE speed
	3 km/h

	Transmission mode
	TM10, Rank-1

	Antenna configuration
	2 TX, 2 RX, low correlation 

	Overhead assumption 
	2 PDCCH symbols, 2 ports CRS, 1 port DMRS

	CSI feedback
	Ideal

	Channel estimation
	Frequency domain: MMSE interpolation

Time domain: Linear interpolation
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