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1. Introduction

This document summarizes the DL RS design issues outlined in reflector discussions from April 19 until May 2. Opinions are included in the accompanying Table. The topics of 4 Tx antenna diversity for the PDCCH and RS EPRE are treated in separate summaries. 
There was one suggestion to add additional RS in the PDCCH region for the case of 1 Tx antenna. However, several companies objected to this and noted that, if needed, the RS EPRE can be increased instead to avoid unnecessarily increasing UE complexity. Also, some companies (Nokia, Qualcomm, Samsung) requested that support for orthogonal RS among cells of the same eNB be withdrawn.  
2. DL RS Design Issues
Unicast RS in MBSFN Sub-Frames
The issue is whether additional unicast RS (other than the unicast RS in the first 2 symbols of the subframe) are needed in MBSFN sub-frames. This was also discussed during RAN WG1#48 bis.
RS Hopping Mode 
The issue is whether the RS hopping mode is enabled (4th column) and if so, whether RS hopping or RS shifting is used (1st column). No further discussions occurred on the impact of RS hopping on the channel estimation complexity and the CQI estimation accuracy.
RS Scrambling Code
A first proposal is to divide the 170 pseudo-random sequences into M short sequences using GCL codes and N long scrambling sequences (M x N = 170). A second proposal is to use binary PN codes. 
	EUTRA Downlink Reference Signal Design Issues – Company Suggestions

	
	RS Hopping Mode

(RS Hopping, RS Shifting)
	RS Scrambling Code
	Additional Unicast RS 

in MBSFN Sub-Frame
	FH/FS 

(Yes/No)

	Docomo
	Both hopping and shifting
	
	No
	Yes

	Ericsson
	Both hopping and shifting
	Binary PN Sequence
	No
	Yes

	Freescale
	
	
	Yes (in second slot)
	

	Fujitsu
	Both hopping and shifting
	
	
	Yes

	Huawei
	Both hopping and shifting.     

Map 6 Cell ID groups onto 6
frequency shifting sequences
	
	
	Yes

	LGE
	Eliminate one option
	
	No
	

	Marvell
	Shifting only
	
	
	

	Mitsubishi
	Both hopping and shifting
	
	
	Yes

	Motorola
	Eliminate one option
	M GCL short sequences 

N long scrambling sequences 

(M x N = 170)
	No
	No

	NEC
	
	
	No
	

	Nokia
	50/50 split of Cell ID groups
	Binary PN Sequence
	No
	

	Nortel
	Shifting only
	Binary PN Sequence
	No
	Yes

	Qualcomm
	Shifting only
	Binary PN Sequence
	No (RS EPRE increase)
	

	Samsung
	Complexity vs gain trade-off
	Binary PN Sequence
	No
	

	Sharp
	Both hopping and shifting
	
	
	Yes

	TI
	Shifting only
	Binary PN Sequence
	No
	Yes

	Toshiba
	Both hopping and shifting
	
	
	Yes
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