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Introduction
According to the WID for EB/FD-MIMO [1], Rel-13 aims to introduce several enhancements relating to CSI reporting:
· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 
· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 
· Necessary channel state information for beamformed CSI-RS
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports
Furthermore, it is widely agreed that the precoder for non-precoded CSI-RS cases should have the structure:

where  is a block diagonal matrix that is to be defined by a new codebook in this WI, and each diagonal sub-matrix is formed by Kronecker Product of beam direction groups corresponding to the two dimensions (horizontal and vertical) of the rectangular antenna array. Apparently, the detailed design of  codebook may depend on choices of various parameters (e.g. how beam groups are formed), and the objective of this contribution is conduct system-level performance evaluations of such codebook structures under different parameters settings, in order to find out which parameter of the codebook affects the system-level performance most significantly. In particular, the evaluation assumes a fixed feedback overhead for rank-1 and rank-2 KP-based codebook for all parameter settings under considerations. The simulation results for both 3D-UMa and 3D-UMi scenarios are provided.
Antenna Configurations
The scope of this contribution focusses on the 2D codebook design for 12 and 16 ports. For cases with 16 ports, the wide and tall antenna configurations with (M,N,P,Q)=(8,4,2,16) and (8,2,2,16) respectively shown in Figure 1 are considered. Similarly, the considered antenna array configurations for 12 ports are depicted in Figure 2.



Figure 1. Wide and tall antenna array configurations for 16 CSI-RS ports.


Figure 2. Wide and tall antenna array configurations for 12 CSI-RS ports.

2D Codebook Design
Follow the notations given in [2], the precoding matrix for 2D antenna array  in the codebook is written as , where:
· 
·  is a NdLd matrix with Ld column vectors being an Od oversampled DFT vector of length Nd: , d=1 or 2 to represent d-th dimension.
· Nd , d=1 or 2, is the number of antenna ports per polarization in d-th dimension.
· Od , d=1 or 2, is the oversampling factor in d-th dimension.

The DFT vector represents the l-th beam index in the first/second dimension and the m-th beam group can be written as , the parameters of  which are summarized below:
· Bd represents the difference of two adjacent beam indices (beam spacing) in each beam group .
· Ad represents the difference of the leading beam indices in adjacent beam groups  and  (beam group spacing).
· Cd represents the number of beams in each beam group .

16 Ports Beam Grouping
The new 2D codebook design should have the flexibility to support a variety of deployment scenarios and antenna configurations. Thus the parameters A, B, C and O could be configurable to accommodate the various secenarios. Since different parameter combinations could result in different performance and CSI feedback overhead, this contribution intends to investigate the performance gap between various parameters settings that lead to different W1 beam grouping methods, with a constraint of fixed feedback overhead.
Since the PUSCH subband PMI feedback of W2 is the primary CSI overhead, the number of bits for i2 should be carefully designed. The i2 feedback bits of Rel-10 codebook is up to 4 bits. That means the beam group of  W1 consists of 4 beams. Fixing i2 as 4 bits could be a baseline for us to investage various beam grouping methods. Then it is possible to reuse the legacy PMI report for W2 for both rank 1 and rank 2 cases.
Table 1 shows three different codebook parameter settings, corresponding to the three beam group (BG) types, for 16 ports wide antnna configuration. The illustrations of three beam group types are also shown in Table 1. The oversampling factor of all those three BGs are 8 and 2 in horizontal and vertical dimensions respectively, i.e., (O1,O2)=(8,2). Thus there are total 32 and 4 beams in horizontal and vertical domain. For the codebook with beam grouping type 1 (BG1)  in Table 1, the parameters (C1,C2)=(4,1) indicate that each beam group is consisted of 4 horizontal beams within a single vertical beam. In other words, the vertical beam has been determined in the long term wideband  PMI i1 of W1 while the subband PMI i2 of W2 can only select one of the four horizontal beams.  The codebooks of the other two beam grouping types (BG2 and BG3) cover two beams in both horizontal and veritcal domain, i.e., (C1,C2)= (2,2), which means beam selection of this beam group have degrees of freedom in both horizontal and vertical domains. The difference between BG2 and BG3 is beam group spacing parameter (A1,A2). With such two BG types, we can observe whether the beam edge effect is more important in horizontal domain or vertical domain.

[bookmark: _Ref427255070]Table 1: Codebook parameters for 16 ports wide antnna configuration
	16 ports antnna configuration: (MTXRU, NTXRU, P, Q)=(2,4,2,16) 
	


	BG type
	(A1,A2)
	(B1,B2)
	(C1,C2)
	(O1,O2)
	Feedback
overhead
	Beam group illustration

	BG1
	(2,1)
	(1,1)
	(4,1)
	(8,2)
	i1: 6 bits
i2: 4 bits
	


	BG2
	(2,1)
	(1,1)
	(2,2)
	(8,2)
	i1: 6 bits
i2: 4 bits
	


	BG3
	(1,2)
	(1,1)
	(2,2)
	(8,2)
	i1: 6 bits
i2: 4 bits
	




Table 2 shows the codebook parameters for 16 ports tall antnna configuration. In order to maintain a fixed feedback overhead, the oversampling factor of tall 16 port layout is (O1,O2)=(8,2) for the three BG types. Thus there are total 16 horizontal beams and 8 vertical beams. The other parameter combinations are the same as the case of wide 16 port layout.

Table 2: Codebook parameters for 16 ports tall antnna configuration
	16 ports antnna configuration: (MTXRU, NTXRU, P, Q)=(4,2,2,16) 
	


	BG type
	(A1,A2)
	(B1,B2)
	(C1,C2)
	(O1,O2)
	Feedback
overhead
	Beam group illustration

	BG1
	(2,1)
	(1,1)
	(4,1)
	(8,2)
	i1: 6 bits
i2: 4 bits
	


	BG2
	(2,1)
	(1,1)
	(2,2)
	(8,2)
	i1: 6 bits
i2: 4 bits
	


	BG3
	(1,2)
	(1,1)
	(2,2)
	(8,2)
	i1: 6 bits
i2: 4 bits
	




12 Ports Beam Grouping
Table 3 and 4 show the codebook parameters for both 12 ports wide and tall antnna configurations respectively. The beam group types (BG1, BG2 and BG3) are configured in a similar manner as 16-ports cases discussed in the preceding section. In order to maintain the fixed feedback overhead, the oversampling factor is also set as (O1,O2)=(8,2). Therefore, for the wide antenna configuration, there are total 24 horizontal  beams and 4 vertical beams. For the tall antenna configuration, there are total 16 horizontal  beams and 6 vertical beams. The corresponding illustrations of beam group types are shown in the Table 3 and Table 4.

Table 3: Codebook parameters for 12 ports wide antnna configuration
	12 ports antnna configuration: (MTXRU, NTXRU, P, Q)=(2,3,2,12) 
	


	BG type
	(A1,A2)
	(B1,B2)
	(C1,C2)
	(O1,O2)
	Feedback
overhead
	Beam group illustration

	BG1
	(2,1)
	(1,1)
	(4,1)
	(8,2)
	i1: 6 bits
i2: 4 bits
	


	BG2
	(2,1)
	(1,1)
	(2,2)
	(8,2)
	i1: 6 bits
i2: 4 bits
	


	BG3
	(1,2)
	(1,1)
	(2,2)
	(8,2)
	i1: 6 bits
i2: 4 bits
	





Table 4: Codebook parameters for 12 ports tall antnna configuration
	12 ports antnna configuration: (MTXRU, NTXRU, P, Q)=(3,2,2,12) 
	


	BG type
	(A1,A2)
	(B1,B2)
	(C1,C2)
	(O1,O2)
	Feedback
overhead
	Beam group illustration

	BG1
	(2,1)
	(1,1)
	(4,1)
	(8,2)
	i1: 6 bits
i2: 4 bits
	


	BG2
	(2,1)
	(1,1)
	(2,2)
	(8,2)
	i1: 6 bits
i2: 4 bits
	


	BG3
	(1,2)
	(1,1)
	(2,2)
	(8,2)
	i1: 6 bits
i2: 4 bits
	





System-level Evaluation Results
To evaluate the performance of the aforementioned beam group configurations, system-level simulation is performed. Under the same feedback overhead (i.e., payload size: i1 6 bits and i2 4 bits), we compare the SU-MIMO performance of three kinds of beam group configurations under 3D-UMa with ISD=500m, 3D-UMi with ISD=200m secenarios. Both wide and tall antenna configurations are considered. Figure 3 and 4 provide the simulation results for 16 and 12 ports, respectively. Detailed simulation assumptions for the 2D codebook enhancements are given in the Appendix.
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Figure 3: Throughputs (Mbps) in terms of three beam-group configurations for 16 ports: (a) 3D-UMa with (8,4,2,16) configuration, (b) 3D-UMa with (8,2,2,16) configuration, (c) 3D-UMi with (8,4,2,16) configuration, and (d) 3D-UMi with (8,2,2,16) configuration
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Figure 4: Throughputs (Mbps) in terms of three beam-group configurations for 16 ports: (a) 3D-UMa with (6,3,2,12) configuration, (b) 3D-UMa with (9,2,2,12) configuration, (c) 3D-UMi with (6,3,2,12) configuration, and (d) 3D-UMi with (9,2,2,12) configuration

Based on the results in Figure 3 and Figure 4, we have the following observations:
Observation 1: Throughputs with wide antenna configuration are slightly better than tall configuration in 16 and 12 ports.
Observation 2: Under fixed oversampling factor and feedback payload size, various beam-group configurations show marginal differences in terms of performance.

In our previous contribution [3], we have shown the performance of a codebook that has a larger codebook size for i2 (6 bits and 9 bits for rank-1 and rank-2 codebook respectively). This is worth investigating whether a reduction of bit-width for i2 leads to a significant performance loss. Hence, we further compare BG1 of 16-ports case with the 2D codebook Scheme 2 in [3] in order to compare the performance gap caused by the reduction of short term feedback overhead i2. Table 5 shows the number of beams of Scheme2 beam group is 16. Therefore, the codebook Scheme 2 described in [3] requires a larger feedback overhead of i2 for beam selection and cophasing. Figure 5 shows its performance results comparing with BG1.

Table 5: Codebook parameters of BG1 and Scheme 2 in [3] for 16 ports
	16 ports antnna configuration: (MTXRU, NTXRU, P, Q)=(2,4,2,16)
	


	BG type
	(A1,A2)
	(B1,B2)
	(C1,C2)
	(O1,O2)
	Feedback
(i1, i2) bits
	Beam group illustration

	BG1
	(2,1)
	(1,1)
	(4,1)
	(8,2)
	Rank 1:
(6,4)
	


	
	
	
	
	
	Rank 2:
(6,4)
	

	Scheme2
[3]
	(-,-)
	(1,1)
	(4,4)
	(8,2)
	Rank 1:
(4,6)
	


	
	
	
	
	
	Rank 2:
(4,9)
	




[image: ]
(a)                                                                                    (b)
Figure 5: Performance comparison between BG1 and precoder codebook Scheme 2 in [3] for 16 ports: (a) 3D-UMa and (b) 3D-UMi with (8,4,2,16) configuration.

Observation 3: Compared with the larger feedback overhead i2, the Rel-10 feedback overhead i2 (four bits) does not show significant performance loss.

Based on the above observations, we have the following proposal for codebook design for 16 and 12 ports:

Proposal: The feedback overhead of i2 = 4 bits can be served as a baseline of performance evaluations for other codebook schemes.
Conclusion
[bookmark: _GoBack]In this contribution, we have investigated the effects of different parameters settings on 2D codebooks for 12 and 16 ports. Based on our simulation results, we conclude the following observations and proposal:

Observation 1: Throughputs with wide antenna configuration are slightly better than tall configuration in 16 and 12 ports.
Observation 2: Under fixed oversampling factor and feedback payload size, various beam-group configurations show marginal differences.
Observation 3: Compared with the larger feedback overhead of i2, the Rel-10 feedback overhead (four bits) does not show significant performance loss.

Proposal: The feedback overhead of i2 = 4 bits can be served as a baseline of performance evaluations for other codebook schemes.
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Appendix: Evaluation Assumptions

	Parameters
	Values

	Central Frequency
	2GHz

	Homogeneous scenarios
	3D-UMa with ISD 500m; 3D-UMi with ISD 200m

	Operating bandwidth (BW)
	10MHz

	Tx Power
	46dBm for 3D-UMa, 41dBm for 3D-UMi

	UE Speed
	3Km/h

	UE attachment
	Based on RSRP from CRS port 0

	UE distribution
	According to TR36.873

	BS antenna configuration
	Wide 16 port: (M, N, P, Q): (8, 4, 2, 16)
Tall 16 port: (M, N, P, Q): (8, 2, 2, 16)
Wide 12 port: (M, N, P, Q): (6, 3, 2, 12)
Tall 12 port: (M, N, P, Q): (9, 2, 2, 12)
X-pol (+/-45), 0.5λ and 0.8λ spacing separately for horizontal dimension and vertical dimension

	UE antenna configuration
	2 Rx cross-polarized antenna (0/+90)

	TXRU virtualization
	1D Subarray with  θetilt = 100 degrees

	PMI
	Kronecker product based 16Tx codebook

	Scheduler
	Subband PF

	Transmit Mode
	TM10 with a single CSI process; SU-MIMO with rank adaptation

	[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Maximum number of retransmissions
	4

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes
High/Medium/Low load cases, i.e., RU≈20%/50%/70%

	Receiver
	Practical MMSE-IRC

	Duplex Mode
	FDD 

	Feedback Assumption
	PUSCH 3-2 for non-reciprocity operation

	
	CQI and PMI reporting triggered per 5ms

	
	Feedback delay is 5 ms

	
	Codebook based feedback

	Wrapping method
	Geographical distance based

	Overhead
	3 symbols for DL CCHs, 2 CRS ports, DM-RS with 12 REs per PRB and CSI-RS overhead

	Handover margin
	3 dB
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