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1 Introduction
In RAN1 #76bis, small cell DRS candidates were narrowed down to four options [1]:

· Alt. 1: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CRS with configurable,

· Alt. 3a: DRS is PSS/SSS/CRS,

· Alt. 3b: DRS is PSS/SSS/CSI-RS,

· Alt. 5: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CSI-RS with configurable.
In the above we understand that “CRS” means a reduced set of CRS compared with the Rel-8 legacy CRS. This contribution discusses some down-selection of the above options.
2 Discussion
The main characteristics of the alternative DRS designs can be summarised as follows:

· Alt1: RRM measurement is based on CRS (i.e. re-using legacy techniques), TP identification is optionally configured and based on CSI-RS

· Alt 3a: RRM measurement is based on CRS, TP identification is not explicitly supported

· Alt 3b: RRM measurement is based on CSI-RS, TP identification is always supported

· Alt 5: RRM measurement is based on CRS if present (otherwise based on CSI-RS), TP identification is always supported

The functions provided by the different parts of the DRS design are summarised for each alternative (including the different configuration possibilities) in Table 1.
	
	
	Supported Functions

	Alternative option
	DRS components
	Cell ID, Course timing and frequency sync
	Fine timing, frequency sync
	RRM (RSRP and RSRQ)
	Transmission Point ID and TP RRM
	CSI reporting (if supported)

	Alt 1 (Config 1)
	PSS/SSS/CSI-RS/CRS 
	PSS/SSS
	CRS
	CRS
	CSI-RS
	CSI-RS

	Alt 1 (Config 2)
	PSS/SSS/CRS
	PSS/SSS
	CRS
	CRS
	N/A
	N/A

	Alt 3a 
	PSS/SSS/CRS
	PSS/SSS
	CRS
	CRS
	N/A
	N/A

	Alt 3b
	PSS/SSS/CSI-RS
	PSS/SSS
	CSI-RS
	CSI-RS
	CSI-RS
	CSI-RS

	Alt 5 (Config 1)
	PSS/SSS/CSI-RS/CRS 
	PSS/SSS
	CRS
	CRS
	CSI-RS
	CSI-RS

	Alt 5 (Config 2)
	PSS/SSS/CSI-RS
	PSS/SSS
	CSI-RS
	CSI-RS
	CSI-RS
	CSI-RS


Table 1: Support for different functions provided by the different DRS design alternatives
The cost/benefit of Alt 5 is not so clear. It seems to require two types of RRM measurements to be defined for small cell on/off (i.e. RRM for cell discovery based on both CRS and CSI-RS). Alternatively, if RRM is defined only based on CSI-RS, the motivation for optionally configuring the presence of CRS is not so obvious.

Proposal 1: Alt 5 is not considered further as a candidate for DRS design. 

The remaining differences between the candidates are principally the accuracy of the RRM measurements, re-use of legacy RRM techniques and support for TP identification. A number of companies, e.g. [2, 3], find that DRS based on CSI-RS is capable of more accurate RSRP measurements than using CRS. On this basis Alt 3b would be the most attractive option. 

Proposal 2: Alt 3b is adopted for DRS (i.e. DRS based on PSS/SSS/CSI-RS) 
3 Conclusions
Proposal 1: Alt 5 is not considered further as a candidate for DRS design. 

Proposal 2: Alt 3b is adopted for DRS (i.e. DRS based on PSS/SSS/CSI-RS)
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