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Introduction
In the previous RAN1 meetings, there were intensive discussions on hybrid CSI reporting especially on further details on hybrid scheme mechanism 1, i.e., class A + B (K=1), and additional mechanisms [1]. Several agreements were reached, in which a conclusion is extracted as follows. 
	Proposal:
· For hybrid CSI in one CSI process, support CLASS B with K>1 CSI-RS resources for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resource for the 2nd eMIMO-Type
· For the 1st eMIMO-Type
· CRI (without CQI/PMI/RI) is reported
· For the 2nd eMIMO-Type
· CQI/PMI/RI are reported
· Different CSI-RS resources and/or eMIMO-Types can be used for PUCCH and PUSCH
· UE calculates one CSI report for only one eMIMO-Type of a pair at a time

Conclusion: More discussion is needed. Email discussion, until 20th October.


[bookmark: _GoBack]Subsequently, an e-mail discussion was conducted in order to identify additional mechanisms [2]. In this contribution, we propose additional mechanism for hybrid CSI reporting.
Discussion 
According to the increase in the number of antenna elements (AEs), it is possible to exploit larger beamforming gain. This also means increase in the number of candidate beams and associated overhead of CSI-RS and CSI feedback. In order to address this issue, stepwise CSI acquisition scheme has been discussed since Rel. 13 EBF/FD-MIMO SI. In the hybrid CSI acquisition, generally, coarse and fine CSIs are acquired in two steps. It is beneficial for reducing CSI-RS and CSI feedback overhead. Furthermore, CSI acquisition with single CSI process has higher affinity for TM 9 based CSI acquisition. 
Proposal 1: Support hybrid CSI acquisition schemes with single CSI process for the following reasons.
· Reduce overhead for CSI-RS and CSI feedback
· Achieve hybrid CSI acquisition for TM 9 based system
One of the potential technologies is proposed in [3]. It is designed for 2-step CSI acquisition with rough beam selection and complete CSI and has been discussed since Rel. 13 LTE [4]. These technologies are achieved by two CSI processes in Rel. 13 LTE further benefits are reached by Rel. 14 hybrid schemes, i.e., overhead reduction, etc. This scheme has the same motivation as mechanism 1 with the difference in how coarse CSI is acquired (class A is used for mechanism 1; class B (K>1) is used for 1st eMIMO-Type. 
Performance Evaluation
In the e-mail discussion, there was an argument on the importance of performance verification for proposed scheme. In this section, we clarify the benefit of hybrid scheme with with one CSI process, support CLASS B with K>1 CSI-RS resources for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resources for the 2nd eMIMO-Type.
The hybrid CLASS B with K>1 and CLASS B with K=1 is considered as an enhanced scheme of Rel. 13 CLASS B with K>1 scheme. In order to ensure sufficient coverage, a large value of K shall be suppoarted for CALSS B with K>1, which causes large CSI-RS overhead. With hybrid scheme, the K>1 CSI-RS resources can be transmitted with long periodicity, from which the UE can report the CRI. Then based on the CRI, the eNB can configure K=1 CSI-RS in a UE-specific manner, depending on the transmission requests in order to obtain the RI/PMI/CQI for data transmission. It is considered that from the UE perspective, the overhead can be greatly reduced. Another possibility of overhead reduction is the apply a small value of K. However, it may lead to the bad coverage of the cell edge UEs. To verified that, we configure two different K values, i.e., K=4 or K=4 for CLASS B (K>1).
Scheme 1: Class B (K>1) only, K CSI-RS resources are configured with a 5ms periodicity
Scheme 1-1: K=8; 
Scheme 1-2: K=4.
Scheme 2: Hybrid Class B (K1>1) + Class B (K2=1), K1 CSI-RS resources are configured with a 100ms periodicity, K2=1 CSI-RS resources are configured with a 5ms periodicity per UE.
Scheme 2-1: K1=8; 
Scheme 2-2: K1=4. 
System level evaluations are performed to verify the performance benefit. Multiple traffic load levels are considered and the mean, 5% and 50% user packet throughput (UPT) performance results are collected and compared.
Table 1:  Class B (K>1) only and Hybrid Class B (K>1) + Class B (K=1) evaluation results
	RU level
	Performance Metrics
	Scheme 1-1
	Scheme 1-2
	Scheme 2-1
	Scheme 2-2

	Low
	UPT (Mbits/s)
	Mean
	34.88
	34.99(0%)
	39.93(14%)
	37.52(8%)

	
	
	5%
	12.75
	11.07(-13%)
	14.98(17%)
	12.05(-5%)

	
	
	50%
	36.16
	34.95(-3%)
	42.8(18%)
	39.2(8%)

	Middle
	UPT (Mbits/s)
	Mean
	24.56
	23.03(-6%)
	29.21(19%)
	23.74(-3%)

	
	
	5%
	6.77
	5.24(-23%)
	8.10(20%)
	5.45(-19%)

	
	
	50%
	21.18
	19.42(-8%)
	26.21(24%)
	19.97(-6%)

	High
	UPT (Mbits/s)
	Mean
	20.16
	17.38(-14%)
	24.16(20%)
	17.29(-14%)

	
	
	5%
	4.87
	3.34(-31%)
	5.99(23%)
	3.16(-35%)

	
	
	50%
	16.58
	13.15(-21%)
	20.17(22%)
	13.15(-21%)


From the evaluation results, it can be observed that there are evident performance gain achieved by the hyrbid scheme. 
Observation 1: Overhead reduction by reducing the value of K may lead to perforamce loss, especially at the cell edge.
Observation 2: Applying hybrid CLASS B (K>1) and CLASS B (K=1) can achieve a better balance between CSI accuracy and CSI-RS overhead.
Proposal 2: Following additional mechanism should be supported.
· Hybrid CSI reporting with one CSI process, support CLASS B with K>1 CSI-RS resources for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resources for the 2nd eMIMO-Type
· For the 1st eMIMO-Type, CRI is reported
· For the 2nd eMIMO-Type, CQI/PMI/RI are reported
Summary
In this contribution, we discussed on hybrid CSI reporting for Rel. 14 eFD-MIMO. Based on the discussion, we made the following proposals.
Proposal 1: Support hybrid CSI acquisition schemes with single CSI process for the following reasons.
· Reduce overhead for CSI-RS and CSI feedback
· Achieve hybrid CSI acquisition for TM 9 based system
Proposal 2: Following additional mechanism should be supported.
· Hybrid CSI reporting with one CSI process, support CLASS B with K>1 CSI-RS resources for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resources for the 2nd eMIMO-Type
· For the 1st eMIMO-Type, CRI is reported
· For the 2nd eMIMO-Type, CQI/PMI/RI are reported
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Appendix
Table A: System evaluation parameters
	Parameter
	Values

	Scenarios
	3D-UMi

	Carrier Frequency
	2 GHz

	BS antenna configurations
	(M, N, P, Mg, Ng) = (8, 4, 2, 1, 1), (dH,dV) = (0.5lambda, 0.8lambda), X-pol (+/-45)

	UE antenna configurations
	(M, N, P, Mg, Ng) = (1, 2, 1, 1, 1), (dH,dV) = (0.5lambda, 0.5lambda), X-pol (0/+90)

	Codebook
	Rel-10 8Tx codebook

	BS TXRU structure
	(8,4,2,1,1)

	BS antenna pattern
	3D pattern in TR36.873

	BS height
	10m

	UE height
	Follow TR36.873

	Traffic model
	FTP

	Channel model
	3GPP 36.873

	Bandwidth
	10MHz

	Tx power
	41dBm

	Cell selection
	RSRP

	Handover margin in cell selection
	3(dB)

	Scheduler
	MU, Proportional fair, up to 4 layers

	Receiver
	For CSI/data = AVERAGED-MMSE-IRC/MMSE-IRC

	HARQ
	Ideal timing with max. 4 retransmissions

	OLLA
	On
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