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1. Introduction
In RAN#71, the WID [1] about enhancements on Full-Dimension (FD) MIMO for LTE has been approved. The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 1D and 2D port layouts with cross-poles at eNBs. In RAN1#84bis, the following agreement is achieved on hybrid CSI-RS [2].
· Specify at least one of the following enhancements on Rel.14 CSI reporting:

· One CSI process configured with 2 independent eMIMO-Types associated with different sets of parameters

· Each eMIMO-Type is associated with a set of K≥1 NZP CSI-RS resources

· Note that the 2 independent eMIMO-Types may be of the same Class

· Note that if it decided that the two independent eMIMO-Types are always of the same class, then only 1 eMIMO-Type with 2 different sets of parameters would be sufficient. 

· An additional mechanism for CSI calculation applied to a configuration with a pair of CSI processes each of which is configured with 1 eMIMO-Type

· Notes:

· This does not preclude the possibility of specifying a new eMIMO type in Rel-14 and the use of this new type for Hybrid CSI reporting 

· Down-selection (if any) between the two enhancements will be decided in RAN1#85
In this contribution, we discuss the possible use cases for hybrid CSI-RS, and propose several schemes to support joint utilization of eMIMO-Types at the UE.  Moreover, system-level evaluation results are presented and analyzed for each scheme.
2. Use cases for hybrid CSI-RS
In the current specifications, two eMIMO-Types are defined: Class A, for which NP CSI-RS is transmitted, and Class B, for which BF CSI-RS is transmitted. For legacy Class A, since the number of CSI-RS ports equals to the number of TXRUs, the pilot and feedback overhead is quite large for large number of CSI-RS ports. Moreover, as the number of NP CSI-RS ports increases to 32 for eFD-MIMO, the beam formed by Class A codebook becomes narrow, which may cause the problem of robustness reduction. For legacy Class B, the precoding matrices for BF CSI-RS are acquired by implementation approaches. This is a reasonable solution for TDD since uplink channel estimation and channel reciprocity can be employed to obtain the precoding matrices for CSI-RS. However, for FDD, the precoding matrices are difficult to be acquired by implementation-only approaches. Hence hybrid CSI-RS schemes are proposed to provide solutions to the problems of robustness enhancement and precoding acquisition for BF CSI-RS.
Based on the agreements of RAN1 #84bis, 2 independent eMIMO-Types can be configured in 1 or 2 CSI processes. In [3], the benefit of configuring 2 eMIMO-Types 1 CSI process is discussed in terms of UE capability and spec workload. Moreover, according to the discussion on the motivation of specifying hybrid CSI-RS above, two use cases for configuring 2 eMIMO-Types in 1 CSI process can be described as follows
Use case 1: Robustness enhancement
Use case 2: Precoding acquisition for BF CSI-RS
For Use Case 1, the two eMIMO-Types in 1 CSI process are configured independently. For each eMIMO-Type, CSI reporting can be relied on independently, i.e., the reporting of each eMIMO-Type contains full CSI. For example, if Class A and Class B K=1 are configured in 1 CSI process, the CSI report for NP CSI-RS contains PMI/CQI/RI, whereas the CSI report for BF CSI-RS also contains PMI/CQI/RI. The robustness can be enhanced since eNB can still acquire a relatively reliable CSI if the CSI feedback of one of the eMIMO-Types fails. 
For Use Case 2, the two eMIMO-Type in 1 CSI process are also configured independently. Moreover, one of the 2 eMIMO-Types provides a coarse or partial-dimensional CSI, and the other one can be used for CSI refinement. For example, if Class A and Class B K=1 are configured in 1 CSI process, the CSI report of NP CSI-RS provides a wide or partial-dimensional beam information, and the precoding used for BF CSI-RS is based on the CSI of NP CSI-RS. Then, the BF CSI-RS and Class B feedback are used for beam refinement. In this case, some of the CSI, e.g., CQI, may not be necessary for the Class A CSI reporting. However, from the point to give a unified solution for both use cases, CQI can be contained in the CSI reports of both eMIMO-Types. Then both the use cases can be supported, and the CQI overhead, i.e., 4 bits for each codeword, is not a heavy burden compared with PMI. Moreover, since the two eMIMO-Types are configured independently, and full CSI is reported for each eMIMO-Type to support both use cases, it is a reasonable solution to configure the feedback of the two eMIMO-Types in PUCCH and PUSCH independently to remit the feedback burden. Specifically, the feedback for the eMIMO-Type providing coarse or partial-dimensional CSI can be configured in PUCCH, whereas the feedback for the eMIMO-Type providing CSI refinement can be configured in PUSCH.
Proposal 1: Utilize independent configuration for two eMIMO-Types in one CSI process to support both Use Case 1 and 2.
Proposal 2: Configure the feedback of two eMIMO-Types in PUCCH and PUSCH independently.
3. Possible hybrid CSI-RS schemes
In this section, we elaborate more on the specific schemes for Use Case 2. Two possible schemes are given to show how the precoding matrices for BF CSI-RS can be acquired with hybrid CSI-RS. Both schemes are based on the joint utilization of Class A and Class B K=1.
Scheme 1: Beam refinement
In this scheme, Class A feedback provides a coarse CSI in terms of wide beam information. For example, for the systems with 32 NP CSI-RS ports, a 32-port NP CSI-RS is configured and transmitted from the eNB. Hence the CSI fed back by the UE contains beam selection information. The beam information is indicated by PMI-1, PMI-2 and RI. Then based on the Class A CSI feedback, the precoding matrices for the BF CSI-RS is acquired with the finer beam obtained by the beam information in the Class A feedback. For example, by increasing the DFT quantization accuracy, 4 finer beams are generated pointing to the same direction as the beam indicated by PMI-1, PMI-2 and RI in Class A feedback. Then 8-port Class B K=1 CSI-RS is configured and transmitted with the 4 finer beams. Further, UE feeds back PMI/RI/CQI with the legacy or W2-only Class B codebook. The whole procedure of this scheme is depicted in Fig. 1.
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Fig.1 Hybrid CSI-RS used for beam refinement
Scheme 2: Vertical beamforming
In this scheme, Class A feedback provides vertical beamforming vectors used for UE-specific vertical port virtualization in Class B K=1. Take the system with 32 TXRUs in the manner of 4*4 lay-out as an example. For the Class A CSI-RS, a 4-port NP CSI-RS is configured and transmitted in a column of the 32 ports. Then the UE feeds back PMI-1, PMI-2 and RI, which contains the vertical beam information used for UE-specific vertical port virtualization in Class B K=1. Then the eNB configure the Class B K=1 CSI-RS with the vertical beam information, and the 32 TXRUs are virtualized into 8 BF CSI-RS ports. Further, UE feeds back PMI/RI/CQI with the legacy or W2-only Class B codebook. The whole procedure of this scheme is depicted in Fig. 2.
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Fig.2 Hybrid CSI-RS used for vertical beamforming

In summary, both Scheme 1 and Scheme 2 utilize partial-port Class A and UE-specific Class B K=1 CSI-RS jointly. By configuring both the reports of eMIMO-Types in PUCCH and PUSCH independently, the feedback overhead is not large. Moreover, the performance is improved as Class A provides prior information for UE-specific Class B. Additionally, the robustness is enhanced since PUCCH feedback can provide PMI and RI information alone.
4. Evaluation results
We conduct system-level simulation results to compare Scheme 1 and Scheme 2 with the following Scheme 0.
Scheme 0: Use hybrid CSI-RS with 32-port Class A and Class B K=1. Config. 3 is used for Class A PMI feedback, and only i1 is fed back for Class A. For Class B, the 4 beams indicated by i1 from Class A are used for CSI-RS port virtualization, and PMI/RI/CQI is fed back. W2-only codebook feedback is employed.
For Class B in Scheme 1, W2-only codebook is used, whereas legacy 8Tx codebook is used for Class B in Scheme 2.
Simulation results are shown in Table 1.

Table 1. System performance comparison of different hybrid CSI-RS schemes
	3D-Umi, FTP service,  (N1, N2, O1, O2) = (4,4,8,8)

	
	RU
	Mean
	5%
	50%

	Scheme 0
	0.558
	23.75（100%）
	2.72（100%）
	20.31（100%）

	Scheme 1
	0.549
	24.05（101.2%）
	2.85（104.7%）
	20.64（101.6%）

	Scheme 2
	0.544
	24.31（102.4%）
	2.91（106.5%）
	20.73（102.1%）


It is seen that Scheme 2 outperforms Scheme 0 and Scheme 1. Moreover, the Class A feedback in Scheme 1 and Scheme 2 can work alone even if the Class B feedback fails. However, the Class A feedback in Scheme 0 cannot. Therefore, based on the simulation and analysis results, we have the following proposal.
Proposal 3: Adopt Scheme 1 and/or Scheme 2 to support hybrid CSI-RS.
5. Conclusion
In this contribution, we evaluate and discuss the possible schemes to support hybrid CSI-RS. We have the following proposals.
Proposal 1: Utilize independent configuration for two eMIMO-Types in one CSI process to support both Use Case 1 and 2.
Proposal 2: Configure the feedback of two eMIMO-Types in PUCCH and PUSCH independently.

Proposal 3: Adopt Scheme 1 and/or Scheme 2 to support hybrid CSI-RS.
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Appendix A

Table A.1 Simulation parameters for Macro cell Scenario

	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, geographical based wrap‑around

	Channel Model
	3D UMi ISD 200

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	3D UMI ISD 200: 41 dbm

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: （M,N,P,Q）=（4,4,2,32）
Receiver: 2Rx cross-polarized antenna at UE

	Antenna element spacing
	(dV,dH)=( 0.8λ, 0.5λ,)

	CQI/PMI reporting interval and frequency granularity
	5ms for CSI, 6RB

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2, 

PMI feedback

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC 

With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 

(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	4

	Traffic model
	FTP1 model with 0.5Mbyte

	Feedback Assumption
	Non-ideal modeling of channel estimation error modeling 
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