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1 Introduction
In RAN1#80 meeting, a Kronecker product based codebook structure for EBF/FD-MIMO is proposed in [1].  In this contribution, performance comparisons between this codebook structure and Rel.12 legacy schemes are given for different number of TXRUs.

2 Codebook design
In this section, codebook enhancement schemes are evaluated in case of 2 TXRU configurations, i.e., 8 and 16 TXRUs. For 8 TXRUs, the antenna port configuration is 4H2V. For the legacy scheme, Rel.10 8TX codebook is used for evaluation. While for the enhanced scheme, Kronecker product based codebook, which is described as in [1], is used. For 16 TXRUs, the antenna port configuration is 8H2V for enhanced scheme and 8H1V for legacy scheme by the virtualization of TXRU to ports mapping [2].  Antenna port configurations for 4H2V and 8H2V are shown in Figure 1. 
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Figure 1    Antenna port configurations of 4H2V and 8H2V
For 4H2V antenna configuration, the new Kronecker product codebook was discussed in [1]. Therefore, the details of the codebook are not described here. For the 8H2V antenna configuration, the same codebook design principle is applied as that of 4H2V [1].Then rank-1 and rank-2 codebook for 8H2V with the same size of Rel.12 8 TX codebook are shown in Table A1 and Table A2 of Appendix 1, respectively. Where the quantities 
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The relation between m and (k, l) is as follows. 
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3 Performance evaluation of the new codebook 
In previous contribution [1], the performance comparison between Rel.10 8Tx codebook and new Kronecker product based codebook is given in case of 4H2V antenna configurations, as shown in Table 1. 
Table 1  8TXRU performance evaluation (UMA ISD 500m) [1]
	4H2V

Antenna configuration
	5% UPT (bps/Hz)
	Average UPT (bps/Hz)
	User arrival rate (λ)

	Rel.12 8Tx codebook
	0.24（100%） 
	1.33 （100%）
	3.6

	New codebook
	0.27（12.5%）
	1.45（109%）
	3.6


Observation 1: With the same codebook size as Rel.10 8Tx, a new Kronecker based codebook has about 10% performance gain over Rel.10 codebook in 4H2V. 
Based on the above observation, our proposal on 8TXRU is as follows:
Proposal 1: For 8TXRUs, a new codebook based on Kronecker product can be introduced for the new antenna configurations. 
For 16TXRUs, the comparison between baseline 8H1V in [2] and 8H2V are shown in Table 2.  The FTP I model is assumed in the simulation.  Other detailed simulation assumptions are given in Appendix 2.
Table 2  16TXRU performance evaluation (UMI 2GHz) 
	16TXRU

Antenna configuration
	5% UPT (bps/Hz)
	Average UPT (bps/Hz)
	User arrival rate (λ)

	8H1V(baseline)
	0.43（100%） 
	1.92 （100%）
	4 

	8H2V
	0.58（135%）
	2.37（124%）
	4

	8H1V(baseline)
	0.63 (100%)
	2.37(100%) 
	3.2

	8H2V
	0.8(127%)
	2.75(116%)
	3.2

	8H1V(baseline)
	1.12(100%)
	3.25(100%)
	1.6

	8H2V
	1.64(146%)
	4.04(124%)
	1.6


According to Table 2, we have the following observation and proposal.

Observation 2:  With the same size as Rel.10 8Tx codebook, the new codebook for 16 TXRUs obtains significant gain over baseline scheme, i.e., about 30%  and 20% performance gain for  5% UPT and average UPT, respectively. 
Proposal 2: Taking into account the significant performance gain, a new codebook should be introduced for 16 TXRUs.
4 Conclusions

In this contribution, we compare the performance between Kronecker product based codebook and baseline schemes on 8 TXRUs and 16 TXRUs.  According to the simulation results, we have the following observations and proposals. 
Observation 1: With the same codebook size as Rel.10 8Tx, a new Kronecker based codebook has about 10% performance gain over Rel.10 codebook in 4H2V. 
Proposal 1: For 8TXRUs, a new codebook based on Kronecker product can be introduced for the new antenna configurations. 
Observation 2:  With the same size as Rel.10 8Tx codebook, the new codebook for 16 TXRUs obtains significant gain over baseline scheme, i.e., about 30%  and 20% performance gain for  5% UPT and average UPT, respectively. 
Proposal 2: Taking into account the significant performance gain, a new codebook should be introduced for 16 TXRUs.
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Appendix 1 :  A new codebook design 

Table A1 Rank 1 Codebook
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Table A2 Rank 2 Codebook
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Appendix 2: Simulation Assumptions

	Parameter
	Value

	Central Frequency
	2GHz

	Antenna configuration
	8 vertical antenna elements, X-pol (+/-45), 0.5λ and 0.8λ spacing separately for horizontal dimension and vertical dimension, θetilt = 100 degrees .

	
	2 Rx at UE with 
[image: image60.wmf]0.5

l

spacing
X-polarized: 0/+90 degrees

	
	3D antenna pattern defined in TR36.873

	UE configurations

	Speed: 3km/h


	
	UE attachment: Based on RSRP from CRS port 0

	
	UE distribution: Follows 36.873 3D-UMa

	System Bandwidth
	10MHz (50RBs)

	PMI
	Rel.10 8 Tx codebook
And Kronecker product based 8Tx, 16Tx codebook

	Scheduler
	PF 

	Number of UEs per cell
	10 

	Transmit Mode
	TM10 with a single CSI process

	
	Dynamic SU/MU: rank-adaption, Max paired UE number: 2 or 4

	Receiver
	Non-Ideal channel estimation

	
	Non-Ideal interference modeling

	
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-2 for non-reciprocity operation, PUSCH 3-0 for reciprocity operation

	
	CQI and PMI reporting triggered per 5ms

	
	Feedback delay is 5 ms

	
	Codebook based feedback

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

	Handover margin
	3 dB
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