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1. Introduction
This document provides a summary of reflector discussions, between September 20 and October 4 2006, on DL RS design issues. A Table with prior company preferences is included. Additional issues exist but outcomes on other E-UTRA topics are first needed to facilitate discussions.
2. DL RS Design Issues
a) RS multiplexing for cells of same Node B
The decision for CDM was made in RAN WG1 #46. However, three cells per Node B were so far assumed. The issue regarding more cells per Node B was raised during current and previous reflector discussions and during RAN WG1 #46. Extensions to six cells are provided in R1-062100. It is generally understood that RS orthogonality is achieved for a limited number of cells and a Node B may have more cells than that number. RS orthogonality for cells of different Node Bs was also suggested for consideration. However, this should at least consider that different Node Bs may use different RS scrambling sequences, in which case CDM orthogonality is not applicable, and possible planning issues.

b) RS in Adjacent Node Bs Occupy Different (Non-Overlapping) Sub-Carriers
This RS design is that RS in adjacent Node Bs are always ensured to occupy different sub-carriers. Concerns were raised that such planning cannot be mandated in E-UTRA (although similar planning may be required for other E-UTRA functionalities). This RS design can be particularly helpful for interference cancellation as good channel estimation with RS boosting is ensured in every TTI. Similarly, claimed BLER and throughput benefits for the data channel are always obtained. Interference co-ordination can also benefit although it does not require this RS design. The impact, if any, on synchronization methods relying on the RS should be determined (there may be no impact as the RS in every Node B always occupies the same sub-carriers). 
c) Pseudo-Random RS Frequency Hopping (FH) in Consecutive Sub-Frames or TTIs
This RS design has been suggested as an alternative to the previous one (mutually exclusive). With RS power boosting, the BLER and throughput benefits of the previous RS design are statistically achieved and are reduced as RS may occasionally overlap (R1-062132). Accurate channel estimation for interference cancellation cannot be ensured in every TTI as RS may overlap. 
Whether the pseudo-random RS FH is per sub-frame or per TTI and how the UE is informed of the pseudo-random RS FH pattern need to be discussed. 
The impact on RS-based synchronization algorithms needs to be addressed. This impact needs to also be addressed if the common RS has a duty cycle lower than 1 in empty cells or if dedicated RS are used in lightly loaded cells.
An alternative to FH in consecutive sub-frames or TTIs is to have pseudo-random RS frequency position based on the cell ID (these two are not mutually exclusive). This may provide RS position randomization benefits while it may not have an impact on synchronization algorithms using the RS. 

d) RS Sequence Design

Random sequences and CAZAC-based sequences have been proposed. Identified issues for CAZAC–based sequences include:

1) Inapplicability of CAZAC properties among adjacent Node Bs if corresponding RS occupy different sub-carriers (RS interferes with data – any of previous two RS design aspects).
2) Absence of BLER (throughput) results to evaluate channel estimation gains from RS sequence design and justify associated cell planning. 

The above two issues are further examined in contributions to the RAN WG1 #46bis meeting. 
 

e) RS Structure for MIMO
RS structures for 2 Tx and 4 Tx antennas were proposed in R1-062020. No objections were raised for the RS structure for 2 Tx antennas which is shown in Figure 1. Regarding the RS structure for 4 Tx antennas, additional options have been suggested on the reflector and a corresponding contribution has been submitted to the RAN WG1 #46bis meeting.
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Figure 1: DL RS structure for two transmitter antennas (one sub-frame).
	EUTRA DL RS Design Issues – Company Suggestions

	
	FH in

Adjacent Cells
	FH in Adjacent Sub-frames
	Scrambling

Sequence Design

	Freescale
	
	YES
	

	Huawei
	YES
	YES
	

	I2R
	YES
	
	

	Interdigital
	
	
	Zadoff-Chu

	ITRI
	
	
	Random

	LGE
	YES
	FFS
	FFS

	Mitsubishi
	
	
	

	Motorola
	NO
	NO
	GCL

	Nokia
	YES (based on cell ID)
	NO
	Random

	Nortel
	YES
	NO
	

	Panasonic
	
	
	

	Qualcomm
	YES
	NO
	Random

	Siemens
	
	
	Zadoff-Chu - GCL

	TI
	YES
	FFS
	Random

	ZTE
	YES
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