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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. 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 section.
3. Analysis on the coverage of beam group
In [2], we analyze the existing problem on codebook design when the number of ports increases. Specifically, since the beam becomes narrower when the number of ports increases, the coverage of the W1 beam group is reduced. If the W1 beam group cannot cover the angular spread, the performance of Class A codebook would be poor. In this section, we discuss further on the problem of W1 coverage. Possible alternatives to enlarge W1 coverage are analyzed. 

Alt. 1: Reduce the oversampling factors
The simplest method to enlarge the W1 coverage is to reduce the oversampling factor, e.g., O2 = 2. However, the reduction of the oversampling factor in a dimension may cause larger quantization error and affect the performance. The simulation results of the port lay-out (N1, N2) = (4, 4) with different (O1, O2) are shown in Table 2. 
Table 2. Performance comparison of different oversampling combinations
	MU scenario, FTP service, lambda = 4.4, config 2, (N1, N2) = (4, 4)

	
	(O1, O2)
	RU
	Mean
	5%
	50%

	Umi
	(4, 2)
	0.6394
	24.48
	6.66
	24.09

	
	(4, 4)
	0.6312
	24.75
	7.14
	24.22

	
	(8, 2)
	0.6296
	24.85
	6.89
	23.96

	
	(8, 4)
	0.6224
	25.11
	7.42
	24.66

	
	(8, 8)
	0.6182
	25.28
	7.60
	24.47

	Uma
	(4, 2)
	0.6344
	23.22
	7.55
	21.94

	
	(4, 4)
	0.6257
	23.58
	8.46
	22.72

	
	(8, 2)
	0.6219
	23.73
	8.18
	22.76

	
	(8, 4)
	0.6111
	24.12
	8.39
	23.72

	
	(8, 8)
	0.6134
	24.03
	8.08
	23.07


It is seen in Table 2 that the too small oversampling factor, e.g., O2=2, leads to performance loss. Hence it is not recommended to reduce the oversampling factors.

Alt. 2: Enlarge the W1 beam group
Another approach to solve the problem of W1 beam coverage is to increase the number of beams contained in W1, i.e., increase L1 and/or L2. The coverage of 32 Tx W1 is the half of 16Tx coverage with the same oversampling factors. Hence we can double L1 and/or L2 to maintain the same coverage. Taking Config.3 as an example, the extended beam pattern is shown in Figure 1. 


            
Figure 1 Two enlarged W1 of (L1, L2) = (8, 2) and (L1, L2) = (4, 4) 
In order to study further on the beam numbers contained in W1, we also simulate the extreme case “Full Feedback” that all the beams selected by Config 3 in the overall beam grid are contained in W1. Note that this is an extreme case to show the impact of W1 beam numbers on the system performance. We compare the simulation results of beam patterns in Figure 1 and full feedback in Table 3. It is shown that the beam number of W1 has small gain on the mean throughput but larger gain on the 5% throughput. The reason is that the UEs with lower channel condition, e.g., UEs in the cell edge with larger power attenuation, rely more on the beamforming gain. Moreover, the 5% throughput of Scheme 3 has considerable gain over Scheme 1 and Scheme 2, and larger beam group means more feedback bits are required for W2. Hence how to design a larger W1 beam group needs further study. 
Table 3. Evaluations of enlarged W1 codebook
	3D-Umi MU scenario, FTP service, lambda = 4.4, config = 3
(N1, N2, O1, O2) = (4,4,8,8)

	
	Beam pattern
	RU
	Mean
	5%
	50%

	Legacy
	

	0.5732
	26.50(+0%)
	7.53(+0%)
	25.51(+0%)

	Scheme 1
	

	0.5718
	26.55
	7.59
	25.80

	Scheme 2
	

	0.5700
	26.66
	7.76
	26.05

	Scheme 3
	Full Feedback
	0.5662
	27.06(+2.1%)
	8.05(+6.9%)
	26.20(+2.7%)



Alt. 3 Increase (p1, p2)
Increasing the parameter (p1, p2), which is the beam interval between two adjacent DFT vectors in W1. In most cases of Rel. 13 codebook, (p1, p2) = (1, 1), which means W1 is constructed by successive beams. If we set p1>1 and/or p2>1, the coverage of W1 can also be enlarged as shown in Figure 2.


Figure 2 W1 coverage with p=1 and p=2
This approach has smaller spec work load than Alt. 2. However, W1 with p1>1 or p2>1 are constructed by discrete beams, so the existence of coverage holes may affect the performance. The simulation results on different (p1, p2) are shown in Table 4. It is seen in Table 4 that (p1, p2) larger than 1 can help to increase the mean or 5% throughput. Moreover, different (p1, p2) have different gains on the mean or 5% throughput. Hence we can further study the detailed configuration of (p1, p2). In addition, compared with Table 3, the gain brought by Alt.2 is larger than Alt.1.
Table 4. Evaluation of different (p1, p2)
	3D-Umi MU scenario, FTP service, lambda = 4.4, config = 3
(N1, N2, O1, O2) = (4,4,8,8)

	(p1, p2)
	RU
	Mean
	5%
	50%

	 (1, 1)
	0.5732
	26.50(+0%)
	7.53(+0%)
	25.51

	 (1, 2)
	0.5750
	26.54
	7.58
	25.44

	 (2, 1)
	0.5746
	26.55
	7.52
	25.42

	 (1, 2) and (2, 1) fed back in WB
	0.5708
	26.64(+0.5%)
	7.77(+3.2%)
	26.54



Based on the analysis and simulation results, we have the following proposals.
Proposal: Adopt Alt. 2 and/or Alt. 3 to solve the problem of W1 beam coverage reduction
· For Alt. 2, FFS the design of larger W1 beam group
· For Alt. 3, FFS the detailed configuration of (p1, p2)
4. Conclusions
In this contribution, we analyze the complexity and performance problem of extending the Rel.13 codebook to Rel.14. We have the following observations and proposals.
Observation 1: The feedback overhead does not exceed the capability of PUCCH if the design approach of Rel-13 codebook and parameters are reused.
Proposal: Adopt Alt. 2 and/or Alt. 3 to solve the problem of W1 beam coverage reduction
· For Alt. 2, FFS the design of larger W1 beam group
· For Alt. 3, FFS the detailed configuration of (p1, p2)
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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: 8 elements in each colum of antenna array
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, 
ideal channel covariance R, 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 

is used, 
 based on DMRS for data demodulation, based on IMR for interference measurement

	Handover margin 
	3dB 
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