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1 Introduction

This contribution provides a text proposal of uplink UE-specific reference signal overhead reduction, which is a potential technique to improve spectrum efficiency in small cell enhancements study. The text proposal includes

· Evaluation results summary and observations
· Standard impacts
-------------------------------------------Start text proposal----------------------------------------------------------
6.2
Enhancements and overhead reduction for UE-specific reference signals and control signaling

6.2.2 Overhead reduction of uplink UE-specific reference signal

The low frequency-selective and low time-selective fading channel in small cells provides the possibility for overhead reduction of uplink UE-specific reference signal. 

Evaluations on spectrum efficiency gain have been performed with the assumptions shown in Annex A.3. The baseline uplink UE-specific reference signal is shown in Figure 6.2.2-1[5]. The overhead reduction is considered in the time and/or frequency domain, the main methods proposed being:
· reduction of number of the reference signal symbols per subframe

· reduction of number of subcarriers carrying the reference signal.

Figure 6.2.2-1 Baseline uplink UE-specific reference signal

The evaluation results are summarized in Table 6.2.2-1 and Table 6.2.2-2 for reduction of the number of reference signal symbols per subframe.
Table 6.2.2-1 SINR range in which the spectrum efficiency gain is observed

	Source
	SINR range in which the gain is observed

	Source 1
	>3dB

	Source 2
	>0dB

	Source 3
	>3dB

	Source 4
	>0dB

	Source 5
	>-1dB


Table 6.2.2-2 Observed spectrum efficiency gain
	SINR
	Average gain

	3dB
	7.8%

	10dB
	8.7%

	20dB
	6.4%


It is observed from the evaluation that

· 
· 
· 
· Around 7% spectrum efficiency gains are observed with only 1 reference signal symbol per subframe at medium and high SINR range and low UE mobility
· There is a large spread between the results of different Sources. 
Implementation issues also need to be considered, including PAPR/CM consideration in case of reduction of number of subcarriers carrying the reference signal.
Note that if the method involves reduction of the number of reference signal symbols per subframe, the impact on MU scheduling would need to be considered. 
Supporting the overhead reduction of uplink reference signal may have the following specification impacts: 
· The pattern design of the reduced reference signal
· The mapping of the reduced reference signal in the case of reduction of number of subcarriers carrying the reference signal
· Signaling to inform the UE of using the reduced reference signal 
· OCC design in case of reduction of the number of reference signal symbols per subframe

· Group hopping design in case of reduction of the number of reference signal symbols per subframe
· UCI mapping design 

· PUSCH RE mapping
A suitable mechanism by which the eNB can select the uplink reference signal pattern would also need to be identified. 

















































































































































































