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Discussion
1 Introduction
For some scenarios the closed loop scheme may not work properly. For example the accuracy of the PMI feedback is questionable under the high Doppler scenario. 
The TM3 is the widely used open loop TM in LTE. However, it is CRS based. The TM9 also allows the open loop transmission without the PMI feedback. The random beamforming is the open loop method and it is transparent to the UE. Besides that, the LD-CDD and transmit diversity in the CRS based TM, and any further enhanced open loop method can be studied for the UE specific TM in the NR.
2 Analysis
The LD-CDD scheme in LTE is not transparent to the UE. Therefore the equivalent channel on the data RE should further be multiplied by the pre-defined W(i)D(i)U, where W(i) and D(i) are cycled on the RE level.
The same precoder is applied on the PRB level to both the reference signal and the data for the UE specific TM in LTE. It is transparent to the UE. If we consider to leverage LD-CDD to the UE specific TM in the NR, there are two possibilities,

·  If W(i), D(i) are cycled on the RE level, both of them should be pre-defined
·  Instead if W(i) are cycled on the RB level, it is transparent to the UE. Then only D(i) should be pre-defined

Our initial experiments for the open loop are to keep W(i) transparent to the UE. The simulation parameters are listed in TABLE 1. The open loop, the closed loop with wideband and subband PMI feedback, and the random precoding are evaluated.
Fig. 1 shows the results under low Doppler. It is no doubt to see the beamforming gain. The Doppler is increased to 300Hz in Fig. 2 and the open loop scheme can outperform the closed loop at the SNR of 70% of max throughput. In Fig. 3 and 4 the Doppler is 1200Hz for low and medium MIMO correlation, respectively. It is seen that the open loop scheme still outperforms others. 
In Fig. 5 the 12 Tx of using FD-MIMO codebook configuration 2 is evaluated. The loss of the beamforming gain by the closed loop is very significant. It means, the large number of antenna ports for transmission may not be suitable in high Doppler scenario.
TABLE 1, simulation parameters

	Bandwidth 
	40MHz  ( 50 PRB )

	Subcarrier spacing
	60KHz

	Symbol number per scheduling unit
	14

	MIMO configuration
	4x2 XPOL, 2 layers

	Modulation scheme
	Fix to MCS 14

	CL codebook
	Rel-12 4 Tx, and Rel-13 FD-MIMO 12 Tx configuration 2

	CL reporting periodicity
	5ms
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        Fig. 1, 4Tx, 2Rx, RMS delay = 10.8ns, Doppler = 20Hz, MIMO low correlation
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Fig. 2, 4Tx, 2Rx, RMS delay = 10.8ns, Doppler = 300Hz, MIMO low correlation
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Fig. 3, 4Tx, 2Rx, RMS delay = 10.8ns, Doppler = 1200Hz, MIMO low correlation
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Fig. 4, 4Tx, 2Rx, RMS delay = 10.8ns, Doppler = 1200Hz, MIMO medium correlation
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Fig. 5, 12Tx, 2Rx, RMS delay = 10.8ns, Doppler = 1200Hz, MIMO low correlation

3 Conclusion

Based on the above we have,

Observation 1: The large number of antenna ports for transmission will suffer significant beamforming gain loss in high Doppler scenario

Proposal 1: Enhance the open loop scheme in the NR. The eFD-MIMO in LTE can be the reference 

Proposal 2: The enhancement can consider that

· If W(i), D(i) are cycled on the RE level, both of them should be pre-defined
· Instead if W(i) are cycled on the RB level, it is transparent to the UE. Then only D(i) should be pre-defined
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