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Introduction
At the RAN1 #82 meeting, 2D codebook design to support non-precoded CSI-RS based elevation beamforming and FD-MIMO transmission scheme has been intensively discussed. The general structure of the 2D codebook design was discussed in the email discussion [1] and agreements were captured in [2] afterwards. In general, it is confirmed that the Rel. 13 2D codebook shall reuse the design principle of Rel. 10 8-TX codebook structure, i.e., . Several proposals were made for the detailed structure of  and  respectively. Based on the analysis in our accompanying contribution [3], it is proposed to consider a more general structure for  and  in order to ensure that the resulting Rel. 13 codebook can support different antenna array structures in different deployment scenarios. So for , we suggest to further consider the following alternatives, with our slight preference on Alt 1.
· Alt 1: 
· Alt 2: 
For , we suggest to consider the following structure for rank 1 and 2:
· Rank 1 ; Rank 2 
·  is column selection indicator vector for    or for the -th layer, .
Based on the down-selected codebook structure, we further discuss the remaining issues of the codebook design in this contribution.
Remaining Details of Codebook Design
Following the legacy codebook design principle, the functionality of  feedback is in charge of wideband selection of a beam group among candidate beam group sets in the codebook. The legacy codebook is designed only for 1D array, which can be generally expressed as:
						(1)
With . The beam group definition can be fully characterized by the following parameters, e.g., beam group spacing (A), number of beams in each beam group (L), beam spacing in each beam group (B). In the proposed  in [2], a 2D beam group is formed based on the Kronecker product of 1D horizontal and vertial beam groups, i.e.,  or . Then the 2D beam group is characterized by the parameters of beam group spacing (A1/A2), number of beams in each beam group (L1/L2), beam spacing in each beam group (B1/B2) for each 1D beam group, and the way how the beams are combined. Several examples are shown in Figure 1, where we assume L1*L2 = 4, i.e., the total number of beams per group is 4.


Figure 1. Examples of beam group formation in  in .
Note that the beam group defined in example 1 and example 2 can be fully characterized by the structure . In example 1, L1 = 4, L2 = 1, A1=2, A2 = 1, B1 = 1, B2 = 1. In example 2, L1 = 2, L2 = 2, A1 = 1, A2 = 1, B1 = 1, B2 = 1. Example 3 is not fully characterizable by . Instead, it is defined by . Then the remaining issues for  design include the determination of the parameters of over-sampling factor (O1/O2), beam group spacing (A1/A2), number of beams in each beam group (L1/L2), beam spacing in each beam group (B1/B2) and possibly the column selection method if schemes similar to example 3 are to be supported. 
Following the legacy codebook design principle, the functionalities of  feedback include beam selection within the beam group  in for each polarization, and determining the co-phase between two polarizations. For rank 1, the size of  is mainly determined by the number of beams in the beam group , i.e., L1*L2, and the number of different co-phase coefficients between two polarizations. For rank 2, the size of  is mainly determined by the number of beams in the beam group , i.e., L1*L2, the combination of different beam selection for different layers and the number of different co-phase coefficients between two polarizations. 
The design of the codebook structure and the determination of the codebook parameter values shall take into the considerations of performance benefit, UE implementation complexity, feedback overhead and standardization compatibility. With a fixed set of parameter values, we can simulate the system level performance, calculate the feedback overhead, estimate the UE implementation complexity and check the additional standardization effort. In the next section, we provide some performance evaluation results. Detailed parameter values are provided along the results to help understand the complexity and overhead issues.
Performance Evaluation
A good starting point of the Rel. 13 codebook design can be based on the reusing of legacy . In that sense, for rank 1 and rank 2, L1*L2 shall be fixed to 4. We consider two possible combinations of L1 and L2, i.e., (L1, L2) = (4, 1) and (2, 2). Considering the over-sampling factor, we consider (O1, O2) = (8, 2) and (8, 4). Then we evaluate 4 schemes as summarized in Table 1. The performance evaluation is made for the antenna array configuration of (M, N, P, Q) = (8, 4, 2, 16) which means (N1, N2) = (4, 2). Sub-array partition is applied for the vertical TXRU virtualization. A tilt angle of 100 degree is assumed. Other evaluation parameters are summarized in Table A in the appendix. We summarize the performance results, in terms of user packet throughput in Table 2.

Table 1: Codebook Parameter Values for Checking Over-Sampling Factor and Beam Grouping Schemes
[image: ]
Table 2: Performance Results with Different Over-Sampling Factors and Beam Grouping Schemes
[image: ]
From the evaluation results, it is observed that Scheme 2 can provide better performance than Scheme 1. With a same  payload size of 7 bits, Scheme 2-1 provides up to 4% and 9% performance gain over Scheme 1-2 in the low traffic load case. However, it is still premature to determine the beam group structure. Scheme 2 achieves better performance at the expense of increasing the complexity and the overhead. To overcome these drawbacks, it shall be further studied whether one of the following scheme can help, i.e., column selection, e.g., , or simply reduce the beam group size in . Based on the evaluation and the analysis, we propose the following.
Proposal 1: Starting point of the Rel. 13 codebook design can be based on the reusing of legacy , or at least reusing the same payload size of legacy . FFS further reduction of feedback payloads by considering one of the following schemes:
Alt 1: column selection, e.g., ;
Alt 2: reduce the beam group size, i.e., L1*L2 in .
Concerning the impact of the over-sampling factor, it is observed that having a larger over-sampling factor is not always beneficial. In order to investigate this issue, we repeat the evaluation of Scheme 1-1 and Scheme 1-2 with an additional constraint that only rank-1 feedback is considered. To obtain some additional insights, we add a Scheme 1-3 which differs from Scheme 1-1/2 in the over-sampling factor O2. In Scheme 1-3, O2 = 8. We summarize the performance results, in terms of user packet throughput in Table 3.





Table 3: Performance Results with Different Over-Sampling Factors and rank-1 feedback
[image: ]
It is observed that when restricting to rank-1 feedback, it is beneficial to increase the over-sampling factor in the vertical dimension, e.g., to up to 8. 
Based on the above evaluations, it seems that different over-sampling factor values can be considered, depending on the concrete use cases. It shall also be noted that decreasing the over-sampling factor in the horizontal domain can also be considered with the motivation of reducing the feedback payload. Considering that the current assumption on 2D codebook structure does not explicitly distinguish between vertical and horizontal dimensions, it is then beneficial to consider the configurability of both O1 and O2. Based on this observation, we have the following proposal. 
Proposal 2: The over-sampling factors O1 and O2 can be configured via RRC signalling.
· FFS the valid value for among {2, 4, 8}.
Summary
In this contribution, we discussed the codebook design issues. Based on our investigation, the following observations and proposals can be made.

Proposal 1: Starting point of the Rel. 13 codebook design can be based on the reusing of legacy , or at least reusing the same payload size of legacy . FFS further reduction of feedback payloads by considering one of the following schemes:
Alt 1: column selection, e.g., ;
Alt 2: reduce the beam group size, i.e., L1*L2 in .
Proposal 2: The over-sampling factors O1 and O2 can be configured via RRC signalling.
· FFS the valid value for among {2, 4, 8}.
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	Parameter
	Values

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

	Carrier frequency 
	2 GHz 

	System bandwidth
	10 MHz (50 RBs) 

	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/MU-MIMO dynamic switching

	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
	FTP Model 1 with packet size 0.5 Mbytes
(low: ~20 % RU, medium: ~50 % RU, high: ~70 % RU)

	Scheduler
	Proportional fairness

	Control delay
	6 ms

	HARQ
	Chase combining with 8 ms RTD
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Arriving Rate Performance
(UE /sector/s) Metrics Scheme 1-1 | Scheme 1-2 | Scheme2-1 | Scheme 2-2
upT | Mean 33.58 34.70 36.10 35.56
G (’\gts 5% 12.34 11.46 12.52 12.19
50 % 35.85 34.66 37.12 36.47
Resulting RU 19.2% 20.1% 18.9% 18.9%
upT | Mean 24.90 24.54 25.16 25.15
o (’\gts 5% 6.38 6.28 6.08 6.31
50 % 21.18 20.87 21.62 21.85
Resulting RU 42.4% 43.1% 42.0% 42.8%
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Arriving Rate Performance
(UE /sector/s) Metrics Scheme 1-1 | Scheme 1-2 | Scheme 1-3
upT | Mean 15.20 15.64 15.74
(Mbits | 5% 4.48 4.83 5.04
28 /s) -
50 % 14.03 14.56 14.72
Resulting RU 53.6% 52.5% 52.1%
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