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1. Introduction
The work item on full-dimension (FD) MIMO enhancement has been approved in RAN#71[1]. For non-precoded CSI-RS, the WID has the following objectives:
· 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
· 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

In this contribution, we present the codebook design to support {20,24,28,32} CSI-RS ports.
2. Discussion
The Rel-13 class A codebook is configured with 5 RRC parameters [2]. Besides the antenna port number values 
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, there are four configurations according to the parameter Codebook-Config. Following such codebook structure, the codebooks supporting {20,24,28,32} CSI-RS ports could be directly obtained by modifying 
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values and possibly changing the oversampling factor 
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 values. This leads to small impact on the specification. Moreover, as the beam width of each polarization becomes narrower, it is reasonable to include more beams in W1. Therefore, other configurations could also be considered.
Proposal:

· Alt-1: Follow Rel-13 class A codebook structure to support {20,24,28,32} CSI-RS ports. 
Since the antenna port number increases, an alternative scheme is to extend Rel-13 codebook structure through antenna grouping. This scheme divides the antenna array into multiple antenna groups. Beam(s) are selected for each antenna group and co-phasing factor is used to adjust the phases of different antenna groups. Figure 1 illustrates the antenna grouping scheme assuming 32 antenna ports. The antenna ports of each polarization are divided into two groups, which results in total four antenna groups.
[image: image5.emf]
Figure 1: Antenna grouping scheme
There are 19 possible antenna layouts for {20,24,28,32} ports. A unique antenna group number equaling to 4 could be applied to all these antenna layouts. In this way, the codebook structure is represented by
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where 
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 is associated with beam grouping, and 
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 includes one or four 2D-beams, which is similar to Rel-13 class A codebook. 
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 is associated with beam selection and co-phasing. 
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is a unit vector for beam selection, and 
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is the co-phasing factor. Refer to Rel-13 class A codebook, the same beam is preferred to be selected for each polarization. Then we have 
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 and the codebook structure rewritten as 
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The antenna grouping based codebook is constructed by the following parameters:
· Antenna port number of each dimension 
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· Antenna port number of each dimension in an antenna group 
[image: image16.wmf])

,

(

2

1

M

M


· Oversampling factors
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· Codebook-Config
Compared with Rel-13, a pair of new parameters related to the antenna elements in one antenna group is introduced and the other parameters are maintained. We should note that the W1 codebook size of this scheme is determined by 
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 (not by 
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as Alt-1). As W1 is constructed similarly to the legacy codebook, all the four Codebook-Config values are applicable. The emphasis should be focused on designing the co-phasing factor 
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. The potential co-phasing factor could be constructed based on the Householder or DFT transform.
Proposal:
· Alt-2: Extend Rel-13 class A codebook structure by introducing antenna grouping.
3. Simulation results

In this section, we compare the performance of the above two codebook alternatives for 32 ports through system level simulations. For Alt-2, the legacy Rel-10 4Tx codebook is used as the co-phasing factor 
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. In addition, due to the closely-spaced antenna element within one antenna group, only one beam is selected for each antenna group. Therefore, the co-phasing factors 
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 of rank 1/2 codebook equal to the legacy 4Tx rank 1/2 codebook, respectively. The configured codebook parameters are shown in Table 1.

Table 1: Codebook parameters

	Alt-1
	Alt-2
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Codebook-Config=4
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Codebook-Config=1


The different Codebook-Config configured in Table 1 is to guarantee the same codebook size. In this way, both alternatives have the same W1 codebook size (6bits) and W2 codebook size (4bits). 

The performance evaluation results are given in Table 2-3. Both full buffer traffic and FTP traffic with the user arrival rate 
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 are simulated. SU-MIMO and rank adaptive (up to rank 2) transmission for each UE are assumed. The 3D-UMi and 3D-UMa scenarios are employed in the simulations. And the detailed simulation parameters are given in the appendix Table A1.

Table 2: FTP traffic model, 
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	Scenarios / Codebook
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMa
	Alt-1
	15.12
	0.00%
	35.39
	0.00%
	37.79
	0.00%
	17%

	
	Alt-2
	15.11
	-0.06%
	35.02
	-1.05%
	37.54
	-0.66%
	17%

	3D-UMi
	Alt-1
	17.79
	0.00%
	47.53
	0.00%
	41.81
	0.00%
	15%

	
	Alt-2
	18.04
	1.42%
	48.22
	1.45%
	42.01
	0.48%
	15%

	3D-UMa

(ISD=200m)
	Alt-1
	16.71
	0.00%
	42.11
	0.00%
	39.75
	0.00%
	16%

	
	Alt-2
	17.06
	2.13%
	42.65
	1.28%
	39.94
	0.48%
	16%


Table 3: Full buffer traffic model

	Scenarios / Codebook
	Cell edge user SE (bps/Hz)
	Cell edge user SE Gain
	Cell average SE (bps/Hz)
	Cell average SE Gain

	3D-UMa
	Alt-1
	0.0668
	0.00%
	2.67
	0.00%

	
	Alt-2
	0.0664
	-0.56%
	2.70
	1.41%

	3D-UMi
	Alt-1
	0.0745
	0.00%
	3.00
	0.00%

	
	Alt-2
	0.0783
	5.00%
	3.08
	2.50%

	3D-UMa

(ISD=200m)
	Alt-1
	0.0681
	0.00%
	2.71
	0.00%

	
	Alt-2
	0.0693
	1.80%
	2.72
	0.36%



According to the above simulation results, Alt-2 achieves better performance than Alt-1 with the same codebook size for most of the scenarios. 

4. Conclusions

In this contribution we discuss the potential codebook design for {20, 24, 28, 32} ports. Two alternatives are proposed. According to the simulation results for the 32 antenna ports, the antenna grouping based codebook achieves better performance than the Rel-13 class A extension codebook. We have the following proposals:
Proposals:

· Alt-1: Follow Rel-13 class A codebook structure to support {20,24,28,32} CSI-RS ports. 
· Alt-2: Extend Rel-13 class A codebook structure by introducing antenna grouping.
Simulation results show that Alt-2 can achieve up to 5% cell-edge performance gain over Alt-1, under the same feedback overhead.
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Appendix

Table A1: Simulation assumptions
	Parameter
	Value

	Antenna configuration
	Horizontal: X-pol (+/-45),  0.5λ space
Vertical: 0.8λ space
(M,N,P,Q)=(8,4,2,32) for 8H4V

	Scenario
	3D-UMi with 200m ISD, 3D-UMa with 500m and 200m ISD

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz

	UE  distribution
	Follows 36.873 3D-UMa, 3D-UMi

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	Full buffer model, FTP traffic model 1, lamda=2

	Rank adaptive
	SU, rank adaptive

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation

Realistic interference estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

	CSI feedback
	PUSCH 3-2

	
	CQI, PMI reporting triggered per 10ms

	Wrapping  method
	Geographical  distance based

	Handover margin
	3 dB


4.1.1 y
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