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1. Introduction
In RAN1-86b, two types of spatial information feedback were discussed and the following agreements were made [1].

Agreements:

· NR supports CSI reporting with two types of spatial information feedback

· Type I feedback: Normal 

· Codebook-based PMI feedback with normal spatial resolution

· Type II feedback: Enhanced 

· “Explicit” feedback and/or codebook-based feedback with higher spatial resolution 

· For Type I and II, CSI feedback per subband as well as wideband feedback are supported

· For Type I and II, beam-related feedback can be included

In this contribution, the link level performance gains of Type II explicit precoder feedback are provided. 

2. Explicit Channel Reporting and Quantization
In this contribution, we mainly focus on the 1-layer PDSCH transmission. To identify the gain of introducing explicit channel reporting for NR, LTE CSI-RS transmission and CSI reporting mechanism are reused and the only difference is how to report subband precoder. The explicit subband precoder of the kth subband, vk, is derived by maximizing the sum of PRB-SINR for PRBs within subband k based on real CSI-RS channel estimation. vk is normalized to 1. The optimal solution of vk is not constant modulus. Considering the limitation of uplink capacity, quantization effect is addressed as well. Each element of vk is uniformly quantized into 2L bits (L bits for real part and L bits for imaginary part).

3. Simulation Results and Observations
According to simulation settings listed in Table 1, the simulations results are shown in Fig. 1-3. Using the required SNR in dB at the 70% of maximum throughput as performance metric, R12 codebook slightly outperforms R8 codebook but the gain is limited. It can be also observed that

Observation 1: Explicit channel feedback without quantization can provide 0.5-1.2 dB gain over R8 codebook. Given 16 bits per layer per subband, the explicit channel feedback with quantization can still offer 0.4-1 dB gain over R8 codebook.
Proposal 1: The format of quantized explicit channel feedback shall be studied.
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Fig. 1: Normalized PDSCH Throughput of MCS5 over EPA5/ ETU5/ EVA5
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Fig. 2: Normalized PDSCH Throughput of MCS13 over EPA5/ ETU5/ EVA5
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Fig. 3: Normalized PDSCH Throughput of MCS21 over EPA5/ ETU5/ EVA5
4. Conclusion

This contribution presented link-level evaluation results for explicit channel feedback with/without quantization. We have the following observation and proposal:
Observation 1: Explicit channel feedback without quantization can provide 0.5-1.2 dB gain over R8 codebook. Given 16 bits per layer per subband, the explicit channel feedback with quantization can still offer 0.4-1 dB gain over R8 codebook.
Proposal 1: The format of quantized explicit channel feedback shall be studied.
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Appendix
The detailed simulation parameters and corresponding values are shown in Table 1.
	Parameters
	Values

	Subcarrier spacing
	15KHz

	Antenna Configuration
	4x4 Low

	Channel model
	EPA5 /ETU5/EVA5

	Transmission mode
	TM9

	PDSCH layer number
	1-layer

	PDSCH PRB number
	50 PRBs

	TM9 PRB bundling
	ON (3 PRBs)

	PMI applying delay
	< 6ms

	HARQ
	OFF

	DMRS CE
	Real

	CSI-RS CE
	Real

	MCS
	Fixed MCS: MCS5/MCS13/MCS21

	Codebook
	R8/R12/Explicit

	Container of explicit PMI reporting
	1. Unquantized (un-qn)

2. Quantized  (qn): 16/8/4 bits per TX per layer per subband (for real part and imaginary part). Overall: 64/32/16 bits per layer per subband

	CSI subband size
	6 PRBs


Table 1: Simulation settings
