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1
Introduction

DL RS is a product of one orthogonal sequence (1 out of 3) and one two-dimensional pseudo-random sequence (1 out 170) [1]. The three orthogonal sequences have been specified.   In this contribution, we make recommendations for the pseudo-random sequence. 
2
Analysis
Reference sequence within the center 1.25 MHz 
Before acquiring P-BCH, UE does not know the system bandwidth. But UE may need to use reference signal for 

· Hopping on/off detection and/or antenna information detection
· Phase reference for P-BCH decoding

Thus, the reference pilot sequence within the center 1.25 MHz or 12 tones should be unique regardless of system bandwidth. 

Cross-correlation properties between different sequences 

It appears that minimizing the cross-correlation between different pilot sequences is desirable for good channel estimation.  But there are other factors making this requirement less important:
· Due to frequency selectivity,  minimizing correlation over a large bandwidth may not be very useful
· To support different system bandwidths,  minimizing correlation over a small bandwidth, e.g., 1.25MHz may be useful

· In asynchronous systems, pilot tones may collide with data tones. Thus minimizing correlation between different pilot sequences does not help much
· In synchronous systems, reference signal hopping makes the collision between different pilot tones from different Node Bs less often and/or the collision may come mostly from second tier Node Bs, i.e., the interfering pilot tones may be very weak. In this case, minimizing correlation between different pilot sequences does not help much
Thus, minimizing correlation between different pilot sequences is not critical.  In the following, we look into the complexity issue related to sequence selection.
Complexity issues 
Reference signal is used in many ways at the UE:

· P-BCH decoding

· When necessary

· PDCCH decoding

· Every sub-frame
· No need for PDCCH less operation 

· PDSCH decoding

· When scheduled

· Channel state feedback

· Rank indication 

· Pre-coding matrix Indication

· CQI 

· Noise estimation

Thus, it is very important to minimize the complexity of reference signal processing.  The complexity may come from:
· Descrambling pilot sequences

· GCL type of sequences need complex multiplication for each pilot tone

· Binary sequence or rotated QPSK (1, j, -1, -j)  based sequence  needs just sign inversion or I/Q swapping 

· The sequence can be 

· Truncated M-sequences  with different shifts 
· Generating pilot sequences in UE
3
Conclusions
Base on the analysis, we recommend binary or rotated QPSK based random sequences for DL-RS as the working assumption for E-UTRA specification. 
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