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1. Introduction
In RAN1 #51bis meeting in Sevilla, detailed operation of the large-delay CDD for open-loop scenario in [1] was proposed and agreed. In the proposal, the codeword cycling is introduced for the large-delay CDD as a precoding in order to increase frequency diversity gain and the codeword is changed in every rank number of subcarriers. For the 4Tx antenna system, 4 matrices out of 16 matrices in the codebook are used for the cycling in large-delay CDD to obtain enough frequency diversity gain while minimizing implementation complexity. However, only one matrix is used for 2Tx antenna system since the large-delay CDD itself could provide enough diversity gain in full rank case, thus fixed precoding is employed for 2Tx open-loop SM. In the current specification, one of rank-2 matrices in 2Tx codebook is employed as a fixed precoding in combination with the large-delay CDD. However, it should be carefully decided to employ the fixed precoding for 2Tx large-delay CDD in order to fully optimize open-loop SM performance. Therefore, in this contribution, we investigate the performance of the 2Tx open-loop SM according to the rank-2 precoding matrix in the 2Tx codebook.
2. Large-delay CDD for open-loop SM
The large-delay CDD precoding as an open-loop SM mode operates as follows 
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where 
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 denote the number of precoding matrix in the codebook subset and number of consecutive REs using same precoding matrix. Therefore, the precoding matrix will be changed in every 
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 subcarriers and the 
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 number of precoding matrix is used in rotation manner. Further operation of open-loop large-delay CDD is as follows:
· No PMI feedback is used

· 
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 for 2Tx and the matrix index is “1”
· 
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 for 4Tx and the matrix indexes irrespective of the rank are {12, 13, 14, 15}

· The open-loop large-delay CDD scheme is used only for rank>1 and transmit diversity scheme is used for rank=1

· Dynamic rank adaptation is possible between transmit diversity and open-loop SM

For 4Tx antenna case, only 4 matrices out of 16 matrices regardless of the rank are chosen to minimize decoding complexity with enough diversity gain. However, 2Tx open-loop SM employs only one matrix out of 3 rank-2 matrices, thus it is needed to choose proper matrix to optimize the performance. In the current specification, three matrices for 2Tx with rank-2 are shown as follows
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In (2), as a fixed matrix for 2Tx open-loop SM, index_1 and index_2 have a similar property in combination with large-delay CDD such as identity matrix with column switching. However, if we employ index_0 as a fixed matrix then the open-loop SM works fixed DFT matrix with column switching. Therefore, it could provide higher SNR gain in moderate correlation channel.

3. Evaluation Results
In this section, we evaluate abovementioned 2Tx open-loop SM according to the rank-2 matrix index, MCS level and channel model. In the simulation, we assume highly time-varying channel in which long-term link adaptation with distributed transmission mode is normally used in order to provide robustness under fast channel update environment. The following Table 1 includes remaining link level simulation assumptions.

	Parameter
	Assumption

	OFDM parameters
	5 MHz

	Subframe length
	1.0 ms

	Resource allocation
	Distributed transmission mode

	# used resource
	2RBs

	Channel Models
	ITU-PedA and 6-ray TU

	Channel Correlation (Tx, Rx)
	(0%, 0%) or (50%, 50%) 

	Mobile Speed (km/h)
	30km/h

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

	Channel Code
	Turbo code Component decoder : max-log-MAP

	Fixed unitary matrix 
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	R x R  DFT matrix

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

	Channel Estimation
	Perfect channel estimation

	MIMO receiver
	Minimum Mean Squared Error (MMSE) filter


Table 1. Basic simulation assumption

In this evaluation, we only compare matrix index_0 and index_1 since the index_1 and index_2 have similar property as mentioned above. In figure 1, it is shown that the performance of 2Tx open-loop SM according to the matrix index and channel correlation level under ITU-PedA channel. As shown in the figure 1, two matrixes provide similar performance gain under uncorrelated spatial channel. However, the matrix index_0 provides considerable performance gain over matrix index_1 under the high correlation channel since the DFT matrix may provide SNR gain by forming beams and averaging two beams. In addition, the performance gain from matrix index_0 seems more significant when the higher modulation is employed.
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Figure 1. Performance comparison between index_0 and index_1 in 2Tx codebook 
for open-loop SM under ITU-PedA channel. 

Figure 2 shows the similar performance comparison in figure 1 except for channel model. As shown in figure 2, the matrix index_0 still provides more performance gain even under rich frequency diversity channel.
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Figure 2. Performance comparison between index_0 and index_1 in 2Tx codebook 
for open-loop SM under 6-ray TU channel. 

3. Conclusions

In this contribution, we evaluated the performance of 2Tx open-loop SM scheme according to the matrix index in 2Tx codebook. From the evaluation results, we can conclude as follows:

· The fixed precoding matrix for 2Tx open-loop SM should be further optimized in order to obtain overall performance gain under both uncorrelation channel and moderated correlation channel.

· Matrix index_0 (i.e., identity matrix) seems more beneficial to obtain overall performance gain as compared with matrix index_1 (i.e., DFT matrix).

· Simply changing matrix index, we can optimize further the performance of the 2Tx open-loop SM under moderate correlation channel without additional complexity.
Therefore, we strongly recommend replacing current matrix index_1 for 2Tx open-loop SM by matrix index_0.
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