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1. Introduction
This contribution provides a summary of identified DL RS design issues and of corresponding reflector discussions, whenever applicable. A Table with company preferences is also included. 

2. DL RS Design Issues
The following are identified outstanding DL RS design issues.
a) RS multiplexing for cells of same Node B
CDM is proposed by 19 companies and FDM (with complementary TDM, when needed) is proposed by 1 company. The FDM proposing company submitted a contribution showing that the BLER performances of CDM and FDM are practically identical. A previous contribution (R1-060031) showed CDM to be preferable to FDM in terms of normalized mean-square error (NMSE) for the channel estimate. For FDM, both contributions assumed that adjacent cells null the sub-carriers where a reference cell transmits RS.
b) RS multiplexing for MIMO

There were no reflector discussions on this issue. FDM is proposed by 15 companies while for 1 company the issue remains FFS between FDM and CDM.
c) RS in Adjacent Node Bs Occupy Different (Non-Overlapping) Sub-Carriers
This RS design attribute is currently supported by 7 companies and opposed by 1 company. No discussion took place on the reflector. Benefits have been discussed at previous meetings and include:

1) enabling RS separation among Node Bs (helpful for channel estimation and IC)

2) enabling interference co-ordination

3) enabling improved BLER performance through RS power adjustments

No performance drawback has been identified. However, frequency planning is required.
d) Frequency Hopping (FH) of RS Sub-Carriers in Consecutive Sub-Frames

This RS design attribute is currently opposed by 3 companies and supported by 2 companies. At the link level, assuming that all Node Bs employ the same RS FH pattern across sub-frames and AWGN inter-cell interference, this attribute does not fundamentally provide any benefits for any of the channels considered in the EUTRA evaluation. However, this RS attribute is beneficial to the performance at low UE speeds in channels with much larger delay spreads (e.g. ITU Veh. B) because the current RS frequency separation of 3 sub-carriers is not adequate for such channels. 
At the system level, if the RS FH pattern across sub-frames is different among Node Bs, interference randomization benefits for the RS can be obtained. Moreover, the benefits discussed in (c) appear possible to also be obtained in this manner if the hopping patterns among Node B are (pseudo)-random.
e) RS Sequence Design

Random sequences are supported by 3 companies and CAZAC-based sequences are supported by 3 companies. Identified issues for the application CAZAC–based sequences include:

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

f) RS Position in the Sub-Frame
It was suggested to move the first RS to the last OFDM symbol and the second RS to the third OFDM symbol of the DL sub-frame. No performance difference is expected relative to the current RS structure (assuming that, for the current RS structure, the first RS of the succeeding sub-frame is also used in channel estimation). The tradeoff is:

· Net channel estimation latency is reduced by 1 OFDM symbol (or a U-plane latency of 3ms is reduced by 2.4% (or by 1.4% for the 5ms U-plane latency E-UTRA bound)). 
· Micro-sleep is reduced by 1 OFDM symbol (or a micro-sleep of 2-3 OFDM symbols is reduced by 33%-50%). Micro-sleep assumes TDM between the shared control and data channels (TBD).
g) Large Duty Cycle for the Transmission of DL RS in Empty Cells
It was suggested that DL RS transmission is intermittent in empty cells to reduce corresponding interference in adjacent cells. The UEs (in RRC_IDLE mode) may use only a predetermined RS sub-set (regardless if the RS is always transmitted – otherwise some signaling may be required to inform of the RS transmission period). The throughput gains and deployment scenarios for this scheme are FFS.

h) Replace Common RS with Dedicated RS for Low Bandwidth Occupancy of Data Signals
It was suggested that common DL RS transmission is intermittent (e.g. every 5 ms was a possible suggested value) and dedicated RS are used instead for demodulation when the bandwidth occupancy of data signals falls below a certain level. There were questions regarding the channel estimation accuracy (due to absence of time interpolation, in general), CQI estimation accuracy, control channel transmission, and overall throughput gains. There is no previous WG1 contribution on this subject. At least the shared control channel transmission scheme and the TTI duration need to be specified for the consideration of this approach.
i) Dedicated RS for Beam-Forming
For most companies the issue remains FFS. It was suggested that this issue is considered as part of the MIMO discussions as dedicated RS for beam-forming may not be needed (e.g. the beam-forming weights may be transmitted through the shared control channel or UE dedicated RS may also be used for demodulation and not just antenna verification).  
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	CDM
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	Ericsson
	CDM
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	FFS

	Freescale
	CDM
	FDM
	
	YES
	
	FFS

	Fujitsu
	CDM
	
	
	
	
	

	Huawei
	
	
	YES
	YES
	
	

	I2R
	CDM
	FDM
	YES
	
	
	FFS

	Intel
	CDM
	FDM
	
	
	
	YES

	Interdigital
	CDM
	FDM
	
	
	Zadoff-Chu
	FFS

	ITRI
	CDM
	FDM
	
	
	Random
	FFS

	LGE
	CDM
	FDM
	YES
	FFS
	FFS
	FFS

	Mitsubishi
	CDM
	
	
	
	
	

	Motorola
	CDM
	FDM or CDM
	NO
	NO
	GCL
	YES

	NEC
	CDM
	
	
	
	
	

	Nortel
	
	FDM
	YES
	NO
	
	YES

	Panasonic
	CDM
	
	
	
	
	

	Qualcomm
	CDM
	FDM
	YES
	NO
	Random
	YES

	Samsung
	FDM/TDM
	FDM
	
	
	
	NO

	Sharp
	CDM
	
	
	
	
	

	Siemens
	CDM
	FDM
	
	
	Zadoff-Chu
GCL
	

	TI
	CDM
	FDM
	YES
	FFS
	Random
	FFS

	Toshiba
	CDM
	
	
	
	
	

	ZTE
	CDM
	FDM
	YES
	
	
	FFS

	CATT
	
	
	
	
	
	YES (TDM)
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