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1 Introduction
During the RAN1#49 meeting the editor of TS36.211 pointed out a discrepancy between the text and the current working assumption. As a result of discussions during the meeting the 2 sections of the CDD-precoding description was split between the small delay and large delay CDD cases. An alternative text for TS 36.211 to correct this discrepancy while conforming to  the working assumption is proposed in [8].  In this contribution, we propose to extend the large delay CDD of [8] in a way such that it is robust in high speed situations where the PMI is not available or is not reliable. 
2 Proposed Solution 
We propose for node-B to cyclically assign different codewords in the codebook to different sub-carriers in the scheduled subband, in the case when PMI is not reliable or not available. This applies well to the high speed scenarios where reliable PMIs are difficult to obtain. For ease of reading, the proposed extension to [8] is shown in Italic.
For large-delay CDD, the codebook shall be selected from Table 8 or a subset thereof. Note that the number of layers 
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 is equal to the transmission rank 
[image: image2.wmf]r

 in case of spatial multiplexing. For large-delay CDD, precoding for spatial multiplexing shall be done according to
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where the precoding matrix 
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 is a diagonal matrix for support of cyclic delay diversity. The matrices 
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 for m = 0,1, ….
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-1. The matrix 
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 shall be selected from Table 1.  
The method of selecting W(i) from the codebook is semi-statically configured in the UE and Node-B by higher layers,  using one of the two following methods: (a) W(i) is selected according to the PMI; and (b) W(i) is selected according to  
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or, more concisely, 
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. Here 
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denotes the kth codeword in the codebook of Table 8 or a subset thereof, and N is the codebook size or the size of the subset. Also note that 
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 is the modulo operation and 
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is the ceiling operation.
Table 1: Large-delay cyclic delay diversity

	Number of antenna ports 
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	Transmission rank 
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3 Simulation Results

The simulation assumptions are summarized in Table 2 below. 
Table 2: Simulation Assumptions
	Parameter
	Assumption

	OFDM parameters
	5 MHz

	Subframe length
	1.0 ms

	# used resource
	5RBs, Block allocation.

	Channel Models
	6-ray TU 

	Channel Correlation (Tx, Rx)
	10% 

	Mobile Speed (km/h)
	30km/h, 120km/h

	Modulation schemes and channel coding rates
	QPSK (R= 1/2, 2/3), 16QAM (R= 1/2, 2/3)

	Antenna configuration
	4 transmitter, 2 receiver (rank-2) => [4Tx, 2Rx]

	Channel Estimation
	Ideal channel estimation

	MIMO receiver
	Minimum Mean Squared Error (MMSE) filter


The simulation results are shown in Figures 1-4 below for various modulation and coding rates.  Note that WDU is the approach of [8] with the exception that W is fixed, due to the lack of reliable PMI in the high speed case. On the other hand, WcDU is the codeword cycling extension method proposed in this contribution.  It is observed that a sizable gain of 3-5dB is achieved for both UE speeds of 30 and 120 Km/h. This performance gain translates into higher system throughput and spectral efficiency with minimal change in transmitter/receiver design. 
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4 Conclusion
In this contribution, we propose a simple extension of the large delay CDD method of [8].  It is observed that a sizable gain of 3-5dB is achieved for high UE speed cases, when the PMI is not available or is not reliable.  This performance gain translates into higher system throughput and spectral efficiency with minimal change in transmitter/receiver design. We ask RAN1 adopt this proposal as a working assumption.
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