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1 Introduction
In the RAN1#49bis meeting in Orlando, a text proposal [8] was accepted  for TS 36.211 that comprises both small and large-delay CDD solutions. 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 Current Large Delay CDD solution in TS 36.211
Note: the content of this section is excerpt from TS 36.211 [9].

6.3.4.2.2 of [9]
 Precoding for large delay CDD  
For large-delay CDD, precoding for spatial multiplexing is defined by
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where the precoding matrix 
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 are both given by Table 6.3.4.2.2-1 for different numbers of layers 
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The values of the precoding matrix 
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 shall be selected among the precoder elements in the codebook configured in the eNodeB and the UE. The eNodeB can further confine the precoder selection in the UE to a subset of the elements in the codebook using codebook subset restriction. The configured codebook shall be selected from Table 6.3.4.2.3-1 or 6.3.4.2.3-2. 

Table 6.3.4.2.2-1 of [9]: Large-delay cyclic delay diversity

	Number of layers 
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3 Proposed High-speed large-delay 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. 
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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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.
Alternative RB-wise cyclic PMI selection

In the proposed approach, the codeword PMI choice changes every 
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 subcarriers, where 
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 is the transmission rank. While this fast cycling of PMI index ensures maximization of diversity gain in high-speed scenarios, one potential impact is that the resulting interference to other-cell UEs will also change every 
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 subcarriers.  This makes it  more difficult for other-cell UEs who are performing some type of RB level blind correlation structure estimation for LMMSE receiver. If this becomes a concern, we can adjust the above proposal such that the codeword PMI choice changes every RB, instead of every 
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subcarriers – all we need to do  is to change the PMI index equation in the above proposal  to 
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 where 12 is the number of subcarriers in a RB. The tradeoff is that we will see less diversity gain if the resource allocation for the target UE is small, for example 1-2 RBs. However, if the resource allocation for the target UE is reasonably large, the diversity gain still approaches the case where PMI changes every 
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subcarriers, as we show in the next section for the 5 RB case.  
4 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, and WcDU RB-wise denotes the case where the PMI changes every RB, instead every 
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subcarriers .  It is observed that for the WcDU scheme,   a sizable gain of 3-5dB is achieved for both UE speeds of 30 and 120 Km/h, compared to the case of fixed W.  On the other hand,  for the 5RB resource allocation case simulated, the performance gain is reduced by 0.5-1 dB if the PMI changes every RB, instead of every 
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subcarriers.  This performance gain translates into higher system throughput and spectral efficiency with minimal change in transmitter/receiver design. 
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5 Conclusion
In this contribution, we propose a simple extension of the large delay CDD method of [8].  It is observed that for the WcDU scheme,   a sizable gain of 3-5dB is achieved for both UE speeds of 30 and 120 Km/h, compared to the case of fixed W.  On the other hand,  for the 5RB resource allocation case simulated, the performance gain is reduced by 0.5-1 dB if the PMI changes every RB, instead of every 
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subcarriers.  This performance gain translates into higher system throughput and spectral efficiency with minimal change in transmitter/receiver design. We propose for RAN1 to adopt the PMI cycling scheme for large-delay CDD where the PMI changes either every RB, or every 
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subcarriers.
.
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