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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. The detailed objectives are as follows. 
· Specify enhancements on reference signal in the following areas [RAN1]
· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission
· 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
· As second priority, evaluate and, if needed, specify enhancement on CSI reporting 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. furthur enabling interference estimation from NZP or ZP CSI-RS)
In this contribution, we discuss the problems of extending the existing codebook to support higher dimension CSI-RS for Rel-14, including the analysis of the codebook complexity and performance.
2. Discussion on codebook design
As the codebook of Rel-13 is designed in a parameterized way, it can be extended to more than 16 ports directly, which is the simplest approach for the Rel-14 codebook design. The extension can be implemented by changing the port topology (N1,N2) to the possible topology supported in Rel-14. However, some concerns of this approach may exist on the overhead and performance. 
2.1 Overhead analysis on reusing the design method of Rel-13 codebook
Since the supported number of NP CSI-RS ports is increased up to 32, which is the doubled size of Rel-13, the maximum feedback overhead is increased significantly compared with Rel-13. Note that PUCCH has strict constrain on the feedback bits. Hence the feedback overhead has to be analyzed before adopting the Rel-13 codebook completely. 




In Rel-13, the two-level PMI feedback structure is employed. The precoding matrix is, where the long term precoding  and short term precoding  is correlated with the following parameters
· Antenna layouts: (N1, N2)
· Intra group beam spacing: (p1, p2)
· Oversampling factors: (O1, O2)
· Number of beams per dimension in each group: (L1, L2)
· Leading beam space between two adjacent groups: (s1, s2)
Based on the above parameters, the feedback overhead can be calculated with

Feedback overhead =  (bits) for Config 1;

Feedback overhead =  (bits) for Config 2-4;
For the codebook design of Rel-14, if the Rel-13 codebook and parameters are reused completely, the feedback overhead can be computed with the above equations. For example, the maximum feedback bits for 32 ports with the layout (2,8,8,8) is shown in Table 1. 
Table 1. The maximum feedback overhead if re-using Rel-13 codebook parameters
	Antenna Layout
(N1, N2, O1, O2)
	Codebook Config
	
 overhead (bits)
	
 overhead (bits)

	(2, 8, 8, 8)
	1
	10
	2

	
	2-4
	8
	4


Rel-13 FD-MIMO supports two sub-modes for PUCCH mode 1-1 and PUCCH mode 2-1. W1is fed back in a report instance, whereas W2 is jointly fed back with CQI in a report instance. Since a report instance cannot be larger than 11 bits, the feedback overhead of W1 and W2 cannot be larger than 11 bits and 4 bits, respectively. From this point, the feedback overhead does not exceed the capability of PUCCH. Therefore, we have the following observation.
Observation 1: The feedback overhead does not exceed the capability of PUCCH if the design approach of Rel-13 codebook and parameters are reused.
However, as the number of antenna ports increases, the performance may be degraded if the Rel-13 codebook is completely reused. We analyze the problem of the performance loss in the next subsection.


2.2 Possible enhancements on the performance of Rel-13 codebook
In Rel-13 codebook, the wideband information is contained in the 2D beams with the grid-of-beam (GoB) structure. For Rank 1 and 2, if CodebookConfig is not considered, W1 can be expressed as a beam group selected from GoB. As the number of NP CSI-RS ports increases, the formed beam becomes narrower. Therefore the coverage of the beams in W1 beam group is reduced. Moreover, since the sub-band feedback W2 selects beams from the W1 beam group, the W1 beam coverage reduction leads to considerable performance degradation for some UEs. Specifically, since the granularity and period of W1 feedback are usually larger than W2, the optimal beams may change beyond the narrow coverage of the W1 beam group for different sub-bands. One possible solution is to enlarge the number of beams contained in the W1 beam group for some UEs as shown in Fig. 1, where the blue cube stands for the W1 beam group selected from the GoB. On the other hand, the augment of the number of beams in W1 beam group leads to the augment of W2 overhead on beam selection. For example, as shown in Fig.1, if 8 beams are contained in the W1 beam group as in Fig. 1(a), 3 bits of feedback are required to select one beam in W2; whereas if the W1 beam group is enlarged to a set of 16 beams in Fig.1(b), 1 more bit is required to select and feed back the optimal beam.


(a)                                (b)
Fig. 1 Enlarge the W1 beam group
However, according to Table 1 in section 2.1, the W2 overhead has already reached the upper bound of 4 bits for PUCCH. Thus the total number of bits for W2 feedback cannot be increased anymore. Two alternative approaches can be used to solve the problem of W2 feedback overhead.
Alt. 1: Define new CodebookConfig pattern for the enlarged W1 beam group.
Alt. 2: Support UE-specific W2 feedback bit allocation.
Alt. 1 follows the method used in Rel-13 codebook by configuring CodebookConfig for different UEs to reduce the feedback on beam selection in W2. In Rel-13, the RRC parameter CodebookConfig valued from 1-4 stands for four patterns of subset selection from the 4*2 W1 beam group, and then W2 selects and feeds back the optimal beam from the subset. For the enlarged W1 beam group, CodebookConfig can be extended to support the subset selection pattern from the beam group larger than 4*2, so that the feedback bits used for beam selection in W2 doesn’t increase.
Alt. 2 means that for the UEs suffering significant performance loss from W1 coverage reduction, the W2 feedback overhead on other parameters can be reduced in order to increase the feedback overhead for beam selection without exceeding the constrain of total W2 feedback bits in PUCCH. For example, for Rank 1 and 2, the UEs demanding wider W1 coverage can reduce the feedback bits used for co-phasing. Hence a mechanism of UE-specific W2 feedback allocation is required.
Based on the above discussion, we have the following observation and proposals.
Observation 2: As the number of NP CSI-RS ports increases, the coverage of the beams in Rel-13 W1 beam group is reduced.
Proposal 1: Rel-14 codebook needs to enlarge the number of beams contained in the W1 beam group for some UEs.
Proposal 2: The following alternative approaches can be specified in Rel-14 codebook
· Alt. 1: Define new CodebookConfig pattern for the enlarged W1 beam group.
· Alt. 2: Support UE-specific W2 feedback bit allocation.
3. Conclusions
In this contribution, we discuss the pros and cons of reusing Rel-13 codebook in Rel-14 from the points of feedback overhead and performance. We have the following observations and proposals.
Observation 1: The feedback overhead does not exceed the capability of PUCCH if the Rel-13 codebook and parameters are reused.
Observation 2: As the number of NP CSI-RS ports increases, the coverage of the beams in Rel-13 W1 beam group is reduced.
Proposal 1: Rel-14 codebook needs to enlarge the number of beams contained in the W1 beam group for some UEs.
Proposal 2: The following alternative approaches can be specified in Rel-14 codebook
· Alt. 1: Define new CodebookConfig pattern for the enlarged W1 beam group.
· Alt. 2: Support UE-specific W2 feedback bit allocation.
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