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I. Introduction
Closed loop transmission should switch to open loop mode when the reliability of the rank/PMI feedback is degraded, which can occur at high vehicular speeds.  For the 4 Tx antenna case, the working assumption now is either transmitter diversity scheme, SFBC-FSTD, which is a rank-1 scheme, or spatial multiplexing (SM) with fixed precoding matrix, which is a rank-2 scheme can be used for open loop [2].

We have proposed another rank-2 scheme, SFBC-SM, to be adopted for the open loop case in [3]. We showed that SFBC-SM outperforms SM in all cases we investigated, and outperforms SFBC-FSTD under certain operating conditions.  Another rank-2 open loop scheme is proposed in [5]. The scheme cycles precoding matrices periodically across different subcarriers. It shows that such a scheme outperforms SM. 
In this contribution, we compare all 3 rank-3 open loop schemes, SM with randomly chosen precoding matrix, WcDU with precoding matrix cycling and SFBC-SM. 

II. Code Descriptions

SFBC-SM is a rank-2 transmission, whose code matrix is given by [4]:
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SM is a rank-2 transmission (when the UE has 2 receive antennas). We use the large delay SM scheme, i.e. WDU, and select one of the pre-coding matrices from the set specified in [2]:
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The other rank-2 scheme, WcDU is defined in [5]. The same large delay SM construction is used, however, the precoding matrix is cycling periodically across subcarriers.
III. Performance Comparison
We simulated the FER performance of SFBC-FSTD, SM, and SFBC-SM using the simulation setup outlined in Table 1.

Table 1: Simulation setup
	antenna configuration
	4 transmit (at eNodeB) and 2 receive (at UE)

	channel model
	SCM-C, 30km/hr Doppler

	encoding scheme
	3GPP Turbo encoder/decoder

	Modulation
	QPSK, 16-QAM, and 64-QAM

	number of RBs
	1 (12 subcarriers) and 5 (60 subcarriers)

	frame
	1ms (14 OFDM symbols)

	channel estimation
	realistic (time averaging with frequency interpolation)

	receiver
	maximum likelihood (spherical decoder [7] for SFBC-SM and SM, linear for SFBC-FSTD)


From the simulation results shown in Section IV, we can draw the following conclusions:
· At 1% FER, we can see from Figure 2, 4, and 5 that SM or WDU offers the worst performance, irrespective of the modulation and coding scheme.
· We see from Figure 1 and  3 that SFBC-SM outperforms WcDU.

· We see from Figure 2 that SFBC-SM and WcDU have same performance.

Therefore, we can conclude that SM is not a viable mode for open-loop transmission. And, between SFBC-SM and WcDU, SFBC-SM provides better performance and should be chosen as the rank-2 scheme for open-loop transmission. The mechanism for rank adaptation between rank-2 and rank-1 transmission schemes can be considered for further study.

IV. Performance Curves
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Figure 1: comparison of SFBC-SM with WDU and WcDU of QPSK, 9/10 coding
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Figure 2: comparison among SFBC-SM, WDU and WcDU of 16QAM, 2/3 coding
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Figure 3: comparison among SFBC-SM with WDU and WcDU of QPSK, 9/10 coding
V. Conclusion
In this contribution, we have shown through simulations that under operating scenarios of interest, SFBC-SM outperforms two other possible rank-2 candidates for open loop operation, WDU (SM) and WcDU.  Therefore, we recommend the adoption of SFBC-SM as the rank-2 scheme for open loop transmission. The mechanism for rank adaptation between SFBC-FSTD and SFBC-SM can be considered for further study.
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