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1. Introduction
This document provides a summary of the reflector discussions between January 29 and February 05, 2007, on DL RS design issues. The discussion topics were drawn from contributions at RAN WG1 #47bis and additional ones occurred during the reflector discussions.
2. DL RS Design Issues
Unicast RS Frequency Hopping
At the last meeting the following was agreed:

•         All subframes of cell/carrier are either hopping or not hopping 

–        [In practice implies carriers with MCH/MBSFN subframes do not hop]
The strict interpretation of the bracketed sentence is that if MBSFN sub-frames exist, RS FH is not supported at all (including in unicast sub-frames). Many companies expressed the opinion that the restriction of the bracketed sentence is unnecessarily strong and not part of the agreement based on the discussions at the last meeting. Clarification is needed. 
Further, it appears that there is no consensus on whether unicast RS exist past the 1st symbol of the 1st slot of MBSFN sub-frames. If they do, unicast RS hopping should be interrupted in MBSFN sub-frames at least for the additional unicast RS. If they don’t, unicast RS hopping in MBSFN sub-frames is as for the unicast sub-frames.
Also, other outstanding issues include:

a) how the UE obtains the hopping sequence (it was suggested that this should be through the cell group ID as using the cell ID may be incompatible with having orthogonal RS among cells of the same Node B)

b) how to determine whether a hopping pattern exists (the options from the last agreement are the S-SCH and blindly during stage 3 of cell search). 

c) whether hopping is slot based or sub-frame based. The main arguments for the former was to increase the number of sequences while the main argument for the latter is to simplify channel estimation (although channel estimation complexity is affected with hopping in general).
RS Position for 3rd and 4th 4 Tx antennas

The working assumption has the RS from all 4 Tx antennas located in the first OFDM symbol of each slot. This substantially restricts the benefits from RS FH or RS shift and places very stringent restrictions on possible RS power boosting. No specific objections were raised for moving the RS for the 3rd and 4th antennas to another OFDM symbol. The primary suggestion is for the 2nd OFDM symbol. The suggested (but not yet agreed) 4 Tx RS structure is shown in Figure 1.
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Figure 1: Suggested Modification of Working Assumption for DL RS with 4-Tx Antennas.
Position of 2nd RS in First Slot
The suggestion is to move the 2nd RS in the first slot to the 4th OFDM symbol (from the 5th one) in order to improve channel estimation and performance for the L1/L2 control channel at high speeds. This can also increase micro-sleep by 1 OFDM symbol if both RS in the first slot are used for channel estimation. However, most suggestions were for keeping the current RS structure.

RS Position in the Slot
The suggestion is to place the two RS per slot in the 7th and 3rd OFDM symbols in order to improve data demodulation latency and micro-sleep by 1 OFDM symbol. It was commented that reducing this latency by 1 OFDM symbol is unlikely to bring a meaningful benefit in terms of the overall HARQ cycle time and that demodulation should not always depend on RS from a previous sub-frame. 
RS Structure for MBSFN
The need for having common channel models when evaluating RS structures for MBSFN was raised and companies were requested to provide such models. Also, the question was raised whether the RS MBSFN design should consider all 12 OFDM symbols of the MBSFN sub-frame or somewhat fewer symbols to account for unicast-related data in the first few OFDM symbols. No progress was made on these issues. MBSFN RS design should also consider multiple transmit antennas.

RS Scrambling Code
Previously suggested options include random and GCL codes (no specific description of “random” codes has been provided). For most companies the issue remains FFS. As the RS is also used for cell search (step 3), it was suggested that the two aspects be considered together (RS scrambling code impact on channel estimation and cell search).
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