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1. Introduction
This document provides a summary of reflector discussions during March 13-22 on DL RS design issues.

2. DL RS Design Issues
Unicast RS in MBSFN Sub-Frames
Q: Are additional unicast RS needed (other than the unicast RS in the first 2 symbols of the subframe)?

A: The unanimous opinion (Alcatel-Lucent, Ericsson, Motorola, LGE, NEC, Nokia, Nortel, TI) is that additional unicast RS are not needed as any potential CE gains do not justify the additional overhead.   

For the case of 4 Tx antennas, LGE additionally suggested not to have MBSFN transmission on the second symbol when the RS hopping mode is enabled.
RS Hopping Mode 
Q1: Should one of the two options (RS hopping, RS shifting) of the hopping mode be eliminated? 

A1: Varying opinions were expressed on this issue. 
Huawei stated that the only remaining issue is how many of the 170 Cell ID groups should be mapped to 6 frequency shifting (FS) sequences and proposed to map 6 Cell ID groups onto 6 FS sequences.
Ericsson and Nokia also stated that both options are kept with an approximately 50/50 split of Cell ID groups. As the shifting should have N*6 cell ID groups, a 86/84 split was suggested by Ericsson as a good choice. Further, Ericsson and Nokia suggested removing the possibility of “no RS Hopping Mode” – no detection of hopping mode required in that case. TI also supports this suggestion.
LGE and Motorola suggested eliminating one option. Marvell suggested that only RS shifting be used. TI also prefers that only RS shifting is used (random or planned – no specs needed) and be the only default mode (no detection of hopping mode required).
Q2: What is the impact on CE from the varying RS positions between sub-frames with RS hopping?
A2: Most companies (Motorola, NEC, Nokia, Nortel) expressed the opinion that channel estimation will become modestly more complex. Marvell believes that with 2D interpolation, the complexity increase is not negligible. Alcatel-Lucent and TI suggest that this issue is further considered.
Q3: What is the impact (throughput, E-UTRA functions) of CQI variations due to RS collisions/no-collisions with RS hopping?

A3: All companies that commented on this issue consider it as FFS. 
RS Power Boosting

Q1: Should the value of RS power boost be signaled and if yes, where and how many bits (e.g. P-BCH or D-BCH and 2 bits)?

A1: The unanimous opinion (Freescale NEC, Nokia, TI) is that the RS boost should be signaled. Also, from the discussion on the BCH topic, it appears that another unanimous opinion is to have that signaling on the D-BCH.

Q2: Should puncturing or reduced Tx power be applied to data sub-carriers in the same OFDM symbol as the power boosted RS?

A2: The unanimous opinion (Ericsson, LGE, NEC, Nokia, Nortel, TI) is that puncturing is applied. 
Motorola also suggested that RS boost does not apply in the control region (RS in the first and, for 4 Tx antennas, second OFDM symbol are never power boosted) and that measurements use only the RS in the control region. 

Nokia also suggested that reduced Tx power instead of puncturing be applied to the data sub-carriers in the control region.
RS Scrambling Code
This should be considered in conjunction with cell search. A first proposal is to divide the 170 pseudo-random sequences into M short sequences using GCL codes within 1 OFDM symbol and N long scrambling sequences (M x N = 170). A second proposal is to use “random” codes. 

Motorola supports the first proposal. Ericsson, Nokia, and TI support the second proposal with PN sequences.
RS Position in the Unicast Sub-Frame
There are two suggestions:

a) Move the 2nd RS in the 1st slot from the 5th to the 4th OFDM symbol.
b) Move the RS in each slot to the 7th and 3rd OFDM symbols.
The majority of companies (Ericsson, IPW, LGE, Motorola, NEC, Nokia, Nortel) see no reason to modify the current RS structure. 
Marvell suggests to further consider the first suggestion because it offers latency and performance benefits (small) for the PDCCH without negative tradeoffs. TI supports this suggestion. 
Alcatel-Lucent suggests further consideration of the second suggestion.

Several companies expressed the desire to have this issue resolves at the RAN WG1#48 bis meeting.
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