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Introduction
[bookmark: _GoBack]At the RAN #71 meeting, a new work item [1] of Enhancements on Full-Dimension (FD) MIMO (eFD-MIMO) for LTE was approved. One of the objectives of this work item is the further non-precoded CSI-RS port extension to support {20, 24, 28, 32} ports and the associated codebook design for the new non-precoded CSI-RS ports. It was captured in the WID as follows.
· Extend specification support for CSI reporting in the following areas [RAN1]
· Codebook(s) associated with the newly supported number of non-precoded CSI-RS ports for a subset of possible port layouts, both 1D and 2D
In this contribution, we discuss the codebook design for Rel. 14 eFD-MIMO.
Codebook Design for eFD-MIMO
During the Rel. 13 work item of elevation beamforming and FD-MIMO, codebook design was targeted at supporting different antenna port layouts and different deployment scenarios. At the end, a codebook framework was established with high flexibility and scalability. A configurable codebook structure was made which can support the creation of codebooks with the following flexibilities.
· [bookmark: OLE_LINK6]Port layout, i.e., (N1, N2) of (2, 2), (2, 4), (4, 2), (2, 3), (3, 2) and (1, 8);
· Oversampling factor, i.e., (O1, O2) of (4, 4), (4, 8), (8, 4), (8, 8), etc.;
· W1 codebook beam patterns, via four different configurations which include single beam selection (Config. 1), and three beam group selection schemes (Config. 2 ~ Config. 4).
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]For Rel. 14 eFD-MIMO, one of the motivations for new codebook design is to support new non-precoded CSI-RS port numbers of {20, 24, 28, 32}. RAN 1 shall first discuss the target antenna port layouts, i.e., decide new values for N1 and N2. All possible (N1, N2) combinations for new port numbers are enumerated in Table 1.
Table 1: Possible (N1, N2) combinations for {20, 24, 28, 32} ports.
	Port Number
	20
	24
	28
	32

	Possible (N1, N2) combinations
	(2, 5)
(5, 2)
(1, 10)
(10, 1)
	(2, 6)
(6, 2)
(3, 4)
(4, 3)
(1, 12)
(12, 1)
	(2, 7)
(7, 2)
(1, 14)
(14, 1)
	(2, 8)
(8, 2)
(4, 4)
(1, 16)
(16, 1)


[bookmark: OLE_LINK13][bookmark: OLE_LINK14]It is desired to design CSI-RS and codebooks to support more antenna array structures. However, some of the configurations are difficult to find use cases in practice, considering the antenna array size, especially at the low frequency band. For example, it is difficult to consider a 1D antenna array of (M, N, P) = (1, 16, 2) in practice. Based on the Rel. 13 discussion, it shall be also noted that the (N1, N2) combinations can be jointly discussed with the (O1, O2) combinations because by appropriate antenna port indexing, (N1, N2) = (M, N) can support both (M, N, P) array and (N, M, P) array.
Proposal 1: Consider (N1, N2) and (O1, O2) combinations which support 2D antenna array layouts.
Performance evaluation shall be made to clarify the motivation of introducing new N1 and N2 combinations. If a new (N1, N2) value can only provide marginal performance gain compared to any existing (N1, N2) values, then specifying such (N1, N2) values will be less interesting. For performance evaluation, a baseline codebook implementation shall be considered. Since the Rel. 13 codebooks are easy to extend. Straightforward extension of Rel. 13 can be considered as a baseline codebook implementation for the evaluation for Rel. 14. To verify that concept, we performed some initial evaluations in the system level. As one example, we compared the performance of 24-port and 32-port codebooks against those of the Rel. 13 12-port and 16-port codebooks. The new 24-port and 32-port codebooks are formed by just configuring new N1 and N2 values.
Key evaluation parameter values are summarized in Table A in the Appendix. For 16-port and 32-port comparison, an antenna array of (M, N, P) = (8, 4, 2) is considered with MTXRU = 2 for 16-port case and MTXRU = 4 for 32-port case. For 12-port and 24-port comparison, an antenna array of (M, N, P) = (8, 3, 2) is considered with MTXRU = 2 for 12-port case and MTXRU = 4 for 24-port case. Sub-array partition is used for TXRU virtualization. At the UE side, 2 RX antennas are considered. Therefore, we only evaluate rank 1 and rank 2 codebooks with rank adaptation. For all cases, codebooks are created based on Config. 3. Full buffer traffic model is used and the cell average and 5% UE spectrum efficiency results are obtained for comparison. Evaluation results are summarized in Table 2.
Table 2: Codebook performance evaluation results.
[image: ]
From the evaluation results, it can be observed that decent performance gain is achieved by non-precoded CSI-RS port extension and the straightforward extension of the Rel. 13 configurable codebook. 
Note that there are additional motivations to further enhance the codebook design. For example, in the WID, one of the objectives is as follows.
· As second priority, evaluate and, if needed, specify enhancement on CSI reporting for higher resolution CSI feedback for based on non-precoded and beamformed CSI-RS to improve eNB precoding (such as new feedback methodologies in addition to codebook-based CSI feedback) and interference measurement to support efficient multi-user transmissions (e.g. further enabling interference estimation from NZP or ZP CSI-RS)
· Analog feedback is not precluded
One possible CSI enhancement scheme can be based on further enhancement of the codebook design. For example, W2 codebook can be extended to allow not only beam selection from W1, but also beam combination from W1. Therefore, codebook enhancement may still be necessary. On the other hand, if non-codebook based CSI feedback schemes are to be introduced. Their performance shall also be evaluated and their performance benefits shall be justified. In that sense, the straightforward extension of the Rel. 13 configurable codebook can be used as a good baseline for further evaluation and comparison.
Proposal 2: Straightforward extension of the Rel. 13 codebook is consider for {20, 24, 28, 32} ports.
Proposal 3: Further enhancements on CSI feedback schemes shall be justified via performance evaluation, taking Rel. 13 codebook and its straightforward extensions as a baseline.
Summary
In this contribution we investigated the codebook enhancement requirement for Rel. 14 eFD-MIMO.
Proposal 1: Consider (N1, N2) and (O1, O2) combinations which support 2D antenna array layouts.
Proposal 2: Straightforward extension of the Rel. 13 codebook is consider for {20, 24, 28, 32} ports.
Proposal 3: Further enhancements on CSI feedback schemes shall be justified via performance evaluation, taking Rel. 13 codebook and its straightforward extensions as a baseline.
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Appendix
[bookmark: _Ref394499956]Table A: Evaluation assumptions
	Parameter
	Values

	Scenario / channel model
	3D-UMi (ISD: 200 m)

	Carrier frequency 
	2 GHz 

	System bandwidth
	10 MHz (50 RBs) 

	eNB antenna configurations
	(dH, dV) = (0.5 , 0.8 ), etilt = 100 deg.

	Total BS Tx power
	41 dBm

	UE antenna configurations
	2 X-pol (0/90 deg.)

	UE speed
	3 km/h

	Indoor UE ratio
	80 %

	MIMO scheme
	SU-MIMO

	UE receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel. 12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel. 12 [71-12] assumptions

	CSI feedback scheme
	Subband PMI and CQI

	CSI-RS transmission interval /
CSI feedback interval
	5 ms for RI, PMI and CQI, 200 ms for beam selection

	Traffic model
	Full buffer

	Scheduler
	Proportional fairness

	Control delay
	6 ms

	HARQ
	Chase combining with 8 ms RTD
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