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Introduction
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
At the RAN1 #84bis meeting, we submitted some preliminary evaluation results and proposals [2]. In this contribution, we discuss codebook enhancement for Rel. 14 further.
Considerations for Rel. 14 Codebook Design
Straightforward Extension from Rel. 13 Codebook
In Rel-13 a configurable codebook design is firstly introduced to 3GPP. A 12 or 16-port codebook is configurable by 5 RRC parameters, i.e., port layout (N1, N2), oversampling factor (O1, O2) and Codebook-Config for four configurations. Detailed parameter values are listed in Table 1 and 2.
Table 1: Supported configurations of (N1, N2) and (O1, O2) [3].
	Number of 
CSI-RS antenna ports, P
	

	


	
	
	

	8
	(2,2)
	(4,4), (8,8)

	12
	(2,3)
	(8,4), (8,8) 

	
	(3,2)
	(8,4), (4,4) 

	16
	(2,4)
	(8,4), (8,8) 

	
	(4,2)
	(8,4), (4,4) 

	
	(8,1)
	(4,-), (8,-)


Table 2: Supported configurations of Codebook-Config [3].
	Number of 
CSI-RS antenna ports, P
	Codebook-Config

	8
	1,2,3,4

	12
	

	16
	


With this scalable codebook framework, it is possible to design a Rel. 14 codebook by straightforwardly extending the parameter values. For example, in order to support the additional {20, 24, 28, 32} ports, the following configurations can be added.
Table 3: 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)


To evaluate the performance for straightforward extension, simulation was made in [2]. As the simulation results show, decent performance gain is achieved by non-precoded CSI-RS port extension and the straightforward extension of the Rel. 13 configurable codebook.
Proposal 1: Straightforward extension of the Rel. 13 codebook can be considered as a baseline codebook for Rel. 14.
Support of Larger Antenna Array
It is also desired to design CSI-RS and codebooks to support more antenna array structures. From TXRU/ports point of view, antenna array extension can be divided into two cases: 
· Same array size, larger port number as shown in Figure 1;
· Larger array size with larger port number, as shown in Figure 2.


					
Figure 1 Port number extension case 1					Figure 2 Port number extension case 2 
In Figure 1, the left part shows 32 antennas are virtualized into 8 ports where each port is virtualized by 4 vertically adjacent antenna elements with the same polarization. The right part shows 32 antennas are virtualized into 16 ports, where each port is virtualized by 2 vertically adjacent antenna elements with the same polarization. As the total antenna element number stays the same, the coverage of a full digital beam stays almost the same. In Figure 2, the left part shows 32 antennas are virtualized into 8 ports, where each port is virtualized by 4 vertically adjacent antenna elements with the same polarization. The right part was virtualized into more ports as the antenna number rises, and the antenna number for each port stays unchanged. As the total antenna element number increases in the horizontal dimension, the coverage of a full digital beam becomes narrower. 
In the legacy W1 W2 codebook structure, a number of beams are selected in W1 to ensure sufficient coverage. In case that the beam width is becoming smaller, it may require the enhancement of W1 design, e.g., either by increase the beam number or enlarge the beam spacing. Therefore, to maintain the coverage of beams, codebook enhancement may be desired for case 2.
Proposal 2: Consider new codebook design for Rel. 14 from the view point of supporting larger antenna array.
Enhancement for Better MU Performance 
Another motivation to enhance the codebook design is that further CSI enhancement may base on 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. This scheme may bring benefit for MU-MIMO performance through better channel quantization. If the scheme is to be introduced, the benefit should be justified; and the performance evaluation is needed by taking Rel. 13 codebook as baseline.
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.
Dynamic port number switching
According to the WID, up to 32 ports are to be supported in Rel. 14. However, in the realistic deployment, it is not always necessary to assume full-port transmission. One example is that part of the ports are turned on in case there are a lot of legacy UE connected to the eNB at a given time period. Another example is that legacy UE occupies part of the supported ports, and the rest ports can be assigned to another UE, either a legacy UE or a Rel. 14 UE. The number of antenna ports that a UE can support depends on UE capability. When most of the UE activated in the network support up to 8 ports, the port can be divided into four parts to support several UEs’ work. When Rel. 13 and Rel. 14 UE coexist together, they can take up to 16 ports for each. Since the Rel. 14 UE has the highest capability, it can be designed to be flexibly supporting different number of ports, according to the situation. In that sense, the UE shall adaptive using different codebook for different port number/layouts. 


[bookmark: _GoBack]Figure 3 Dynamic port configuration
Take the above description possible utilization of ports into consideration, semi-static or dynamic change of port number should be supported.
Proposal 4: To support semi-static or dynamic port number changing, new codebook design which is smoothly extended from Rel. 13 codebook design can be considered.
Summary
In this contribution we discuss some considerations for codebook enhancement. The proposals are: 
Proposal 1: Straightforward extension of the Rel. 13 codebook can be considered as a baseline codebook for Rel. 14.
Proposal 2: Consider new codebook design for Rel. 14 from the view point of supporting larger antenna array.
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.
Proposal 4: To support semi-static or dynamic port number changing, new codebook design which is smoothly extended from Rel. 13 codebook design can be considered.
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