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1. Introduction

In general, open-loop MIMO scheme can provide significant performance gain if the feedback information is not available at the transmitter due to fast time update of the channel. Therefore, in the LTE system, transmit diversity schemes such as SFBC and SFBC+FSTD have been discussed and the use of rank-1 transmit diversity scheme is agreed as a working assumption in the previous meeting [1]. However, in the current TS 36.211 v1.2.1, it seems that there is no specific open-loop MIMO scheme for higher rank case even thought several contributions [2]-[6] have been submitted for open-loop spatial multiplexing mode in order to provide higher throughput gain to high mobility UE with high geometry. In [2]-[4], it has been shown that current small delay CDD precoding structure can be reused for open-loop spatial multiplexing mode with high delay sample.
In this contribution, it will be shown that large delay CDD precoding on antenna port can be used as an open-loop scheme for spatial multiplexing irrespective of the rank without any implementation complexity increment and provide significant performance gain.

2. CDD Precoding for Open-loop Spatial Multiplexing
      In this section, we briefly introduce several candidates of open-loop SM scheme extended from CDD precoding.

· DWx Structure

The CDD precoding matrix with zero and small delay sample is employed antenna port in order to increase system performance by artificially increasing frequency selectivity. Such small delay sample slightly increases frequency selectivity so that frequency scheduling gain is obtained without loss of precoding gain. If large delay sample is used instead of small delay sample in the figure 1, high frequency selectivity can be obtained at the receiver, thus greatly increasing frequency diversity gain. Keeping that in mind, we can reuse the small delay CDD structure without increasing implementation complexity by including one more large delay sample in order to support open-loop spatial multiplexing mode.
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Figure 1. Small delay CDD precoding structure (DWx)
In figure 1, the matrix 
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 denote number of antenna port and rank, respectively. In addition, 
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 denote transmit signal vector and data symbol vector, respectively. If we employ large delay sample for figure 1, the precoding matrix 
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 can be replaced as fixed unitary matrix 
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 since no PMI information is available at the transmitter.

· WCx Structure

The large delay CDD precoding matrix shown in figure 2 is employed on virtual antenna domain in order to average CQIs across layers and provide CQI robustness. 
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Figure 2. Large delay CDD precoding structure (WCx)
If the PMI information is not available at the Node-B due to channel varying, a fixed unitary matrix should be used as a precoding matrix. However, fixed precoding seems to have critical problem as an open-loop transmission mode since it cannot provide diversity gain and has directivity under correlated channel environment. Thus, in order to solve these problems the fixed precoding matrix should be replaced by other schemes that can increase diversity gain for open-loop spatial multiplexing.

· DWCx Structure

As one of solution, the large delay CDD precoding matrix in figure 1 can be used instead of the fixed precoding matrix as shown in figure 3. The CDD matrix with large delay sample on antenna port can directly increase frequency selectivity and the large delay CDD matrix on virtual antenna domain averages CQIs across the layers.
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Figure 3. Large CDD precoding structure with PSD (DWCx)

· WCx Structure with Codeword Cycling
As an alternative solution, the fixed precoding scheme can be replaced by codeword cycling proposed in [6]. The figure 4 shows large delay CDD precoding with codeword cycling for open-loop spatial multiplexing. By using codeword cycling, we can increase frequency diversity gain since each subcarrier in an RB has different precoding matrix that may increase diversity gain. However, if the number of precoding matrix in a codebook is not enough to obtain full diversity gain, we cannot obtain full frequency diversity gain.
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Figure 4. Large delay CDD precoding with codeword cycling
In figure 4, 
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 denotes the number of precoding matrix in the codebook. Therefore, the precoding matrix will be changed in the subcarrier-level and the 
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 number of precoding matrix is used in rotation manner.

3. Evaluation Results
In this section, we evaluate abovementioned open-loop spatial multiplexing schemes under several channel environment and scenarios. In the simulation, we assume highly time varying channel in which long-term link adaptation with distribute RB allocation is normally used in order to provide robustness under fast channel update environment. For the sake of the simplicity, the DFT matrix is used as a fixed precoding matrix for all CDD precoding structures. In addition, 16-size HH codebook is also used for random precoding. The following Table 1 includes remaining link level simulation assumptions.

	Parameter
	Assumption

	OFDM parameters
	5 MHz

	Subframe length
	1.0 ms

	Resource allocation
	RB-level distribution mode

	# used resource
	3RBs

	Channel Models
	ITU-PedA and 6-ray TU 

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

	Mobile Speed (km/h)
	60km/h

	Modulation schemes and channel coding rates
	QPSK (R= 1/2, 3/4)

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

	Fixed precoding matrix  for
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	Nt x R  DFT matrix

	Fixed unitary matrix 
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	R x R  DFT matrix

	Large delay sample for CDD precoding 
on antenna port
	 1/8

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

	Channel Estimation
	Perfect channel estimation

	MIMO receiver
	Minimum Mean Squared Error (MMSE) filter


Table 1. Basic simulation assumption

The performance of the current CDD precoding structure with fixed precoding is severely degraded under open-loop scenarios. In addition, the performance degradation is most significant for rank-2 case. Therefore, we focus on rank-2 case for open-loop spatial multiplexing schemes mentioned in section 2.

In figure 5, it is shown that the performance of fixed precoding with WCx structure is severely degraded as compared with other schemes due to its low diversity gain. If we combine codeword cycling with WCx structure, the performance degradation can be significantly reduced by introducing frequency diversity. However, the full frequency diversity gain cannot be obtained even using codeword cycling since the number of codeword is not enough to increase diversity gain fully. In addition, the DWCx structure shows best performance among the open-loop SM schemes even compared with DWx structure since the addition matrix 
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 can increase frequency diversity further and provide layer channel averaging effect as well.
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Figure 5. Performance comparison between open-loop SM schems 

under ITU Ped-A channel with QPSK 1/2 coding rate[4Tx, 2Rx (Rank-2)]
In the figure 6, the performance differences between several open-loop SM schemes are reduced except for WCx structure with fixed precoding since the Turbo code with high coding rate couldn’t exploit fully the frequency diversity. Even using high coding rate, the DWCx structure with large delay sample outperforms other schemes.
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Figure 6. Performance comparison between open-loop SM schemes 

under ITU Ped-A channel with QPSK 3/4 coding rate[4Tx, 2Rx (Rank-2)]
6. Conclusions

In this contribution, we discussed that CDD precoding and its extension can be used for open-loop spatial multiplexing for high mobility UE. From the simulation results, we can conclude as follows:
· Open-loop spatial multiplexing scheme optimized for obtaining diversity gain should be specified

· Spatial multiplexing mode can provide higher throughput performance for high mobility and high geometry UE.

· Large delay CDD matrix on antenna port should be used as an open-loop spatial multiplexing since:

· It doesn’t increase implementation complexity.

· It can be easily defined irrespective of the number antennas and/or the rank.

· DWCx with large delay sample for 
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 matrix seems most appropriate to obtain optimized performance for high mobility UE.

Therefore, we strongly recommend the use of DWCx or DWx structure with large delay sample for 
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 matrix as an open-loop spatial multiplexing scheme for E-UTRA downlink MIMO.
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