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1 Introduction
In RAN1#80 high level categories of potential CSI-RS and feedback enhancement schemes are agreed:

· Enhancements related to beamformed CSI-RS-based schemes

· Enhancements related to non-precoded CSI-RS-based schemes

· Enhancements related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS

· Enhancements related to non-codebook based CSI reporting for TDD

· Enhancements related to SRS

This contribution discusses enhancements related to the third category, i.e., hybrid beamformed CSI-RS and non-precoded CSI-RS.
2 Hybrid CSI-RS based operations
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Figure 1 A use case of hybrid beamformed and non-precoded CSI-RS
For those scenarios in which long-term wideband (LT/WB) channel direction information is not available at the eNB (e.g., due to lack of reliable channel reciprocity), the LT/WB channel directions must be estimated. A traditional approach would be to estimate both LT/WB and short-term subband (ST/SB) CSI relying on non-precoded CSI-RS, but this may result in excessive utilization of CSI-RS resources. A more efficient solution is to transmit a separate set of non-precoded CSI-RS with a long duty cycle as well as the UE-specifically beamformed CSI-RS, as illustrated in Figure 1. Upon receiving the LT/WB CSI-RS, the UE derives and feeds back LT CDI. In turn, the eNB utilizes it for UE-specific precoding of ST CSI-RS. The CSI-RS overhead involved in this approach can be smaller than non-precoded CSI-RS especially when the number of served UEs is small. For example, if the eNB provides partial non-precoded CSI-RS for 8H8V system, the total overhead associated with non-precoded CSI-RS is 16 REs/port/PRB pair. But if the hybrid approach in Figure 1 is used for the same 8H8V system, and if the number of served UEs is less than 8, the overall CSI-RS overhead is smaller than the non-precoded system. 

Specification impact of this hybrid approach seems to be limited to CDI codebook and feedback procedure design for LT/WB CSI feedback; it does not seem to be necessary to have any specification enhancement regarding ST/SB CSI feedback as Rel-8 2-Tx codebook can be reused. 
Observation 1: Specification impact of this hybrid approach seems to be limited to CDI codebook and feedback procedure design for LT/WB CSI feedback.

The non-full-buffer MU-MIMO system-level performance evaluation results for UMa-500m, UMa-200m, UMi-2GHz and UMi-3.5GHz are presented in Table 1 and Table 2 for 16 and 32 TXRUs, respectively. For the simulation, V-CDI is assumed to be selected from an oversampled DFT codebook with an oversampling factor of 1; for 16 TXRU the codebook size is 2, and for 32 TXRU the codebook size is 4. It is assumed that LT CSI-RS are transmitted with duty cycle of 100ms, and ST CSI-RS are transmitted with duty cycle of 5ms. It is noted that the variable CSI-RS overhead involved with the non-full-buffer traffic is taken into account for deriving this result. 
Table 1 Summary of Results for 16 TXRU

	Scenario
	Lambda
	Target RU
	Avg UPT
	5% UPT
	50% UPT
	RU

	UMa-500m
	1.6
	20%
	33.75
	29.63
	11.51
	19%

	
	3.2
	50%
	21.07
	17.62
	4.76
	46%

	
	4.4
	70%
	14.71
	11.62
	2.72
	67%

	UMa-200m
	1.7
	20%
	33.40
	29.63
	11.86
	20%

	
	3.4
	50%
	24.48
	20.85
	5.94
	44%

	
	4.6
	70%
	17.07
	13.53
	2.70
	68%

	UMi-2GHz
	1.7
	20%
	34.80
	30.76
	10.82
	19%

	
	3.4
	50%
	23.06
	19.83
	5.60
	46%

	
	4.6
	70%
	16.16
	12.70
	2.89
	66%

	UMi-3.5GHz
	1.7
	20%
	35.33
	32.26
	11.26
	19%

	
	3.2
	50%
	23.87
	20.591
	5.429
	46%

	
	4.1
	70%
	17.27
	13.70
	2.88
	68%


Table 2 Summary of Results for 32 TXRU

	Scenario
	Lambda
	Target RU
	Avg UPT
	5% UPT
	50% UPT
	RU

	UMa-500m
	1.5
	20%
	36.29
	32.52
	12.54
	14%

	
	3.1
	50%
	24.75
	21.20
	6.69
	37%

	
	4.6
	70%
	17.32
	13.61
	3.49
	59%

	UMa-200m
	1.7
	20%
	36.06
	32.12
	13.70
	16%

	
	3.4
	50%
	25.40
	22.71
	7.12
	38%

	
	4.8
	70%
	20.87
	18.00
	4.93
	52%

	UMi-2GHz
	1.7
	20%
	36.88
	32.81
	13.75
	18%

	
	3.6
	50%
	24.36
	20.83
	6.46
	44%

	
	4.8
	70%
	18.53
	15.12
	4.09
	61%

	UMi-3.5GHz
	1.8
	20%
	36.49
	32.52
	12.64
	19%

	
	3.3
	50%
	25.92
	22.25
	6.72
	42%

	
	4.2
	70%
	20.07
	16.88
	3.99
	59%


Proposal 1: Capture the results in Table 1 and Table 2 in the relevant section (e.g., results for hybrid beamformed CSI-RS and non-precoded CSI-RS related enhancement) of the TR. 
3 Conclusion
This contribution has studied specification impacts and performance of hybrid CSI-RS, and made the following observation and proposal. 
Observation 1: Specification impact of this hybrid approach seems to be limited to CDI codebook and feedback procedure design for LT/WB CSI feedback.
Proposal 1: Capture the results in Table 1 and Table 2 in the relevant section (e.g., results for hybrid beamformed CSI-RS and non-precoded CSI-RS related enhancement) of the TR. 
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