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In RAN#68, WI on EBF/FD-MIMO had been approved. The detailed objectives of the WID includes following enhancements on 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.
According to above descriptions, this contribution deals with 2D codebook design for 8 ports.
2D codebook design for 8Tx
Priority of 2D codebook design for 8Tx in Rel-13
8TX has the simplest array structure that can apply 2D codebook among cross-polarized antenna arrays. As represented by Figure 1, array structure of (MTXRU=2, N=2, P=2, Q=8) is a sole 2D array structure for 8TX. Since the array in Figure 1 is effectively 2TX array for both horizontal and vertical domain in the perspective of co-polarized antenna elements, 8TX 2D antenna arrays are generally in the array-limited environments not the feedback-limited environments. Furthermore, in 3GPP we have a well-defined 8TX codebook already, which can be a good starting point to study bit allocation between the horizontal and vertical domain quantization for future 2D codebook design. The most important thing is that as contrasted with 12 and 16 TX cases, 8TX system can operate without a well-designed new 2D codebook.
Observation 1: 2D codebook design for 8TX has lower priority than those for 12 and 16 ports
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Figure 1. Example of 2D array structure for 8TX

Design details and SLS results for 256 code points
In this section, we study the potential benefit from 8TX 2D codebook enhancement for 256 code points under the assumption of Rel-12 feedback framework. In the legacy Rel-10 8Tx codebook, we use 6 bits for beam selection and rest of 2 bits for co-phasing quantization. Considering the limited UE distribution in the vertical domain, we use 4 bits for horizontal beam selection, 2bits for vertical beam selection, and 2bits for co-phasing. From the observation of our companion contributions [1] and [2], we maintain the quantization level for co-phasing. Detailed numbers of bits for each codebook component are designed as follows:
· 4 bits for W1
· Number of bits for the first PMI for the horizontal dimension, i.e. i11, is 2bits
· Number of bits for the first PMI for the vertical dimension, i.e. i12, is 2bits
· 4 bits for W2
· Number of bits for the second PMI for the horizontal dimension, i.e. i21, is 2bits
· Number of bits for the second PMI for the vertical dimension, i.e. i22, is 0bits
· Number of bits for the second PMI for the co-phasing, i.e. i23, is 2bits
For precoding matrix , legacy W2 is reused and W1 is given by
, where ,  and .
Note that by assumption of port numbering as represented by Figure 1, the DFT vector  can be designed as follows:

According to the bit allocation above, the numbers of horizontal beams and vertical beams are given by  and , respectively. Consequently, we have 16 beam groups with (L1,L2)=(4,1), where L1 is the number of beams in the horizontal dimension and L2 is the number of beams in the vertical dimension. 
Table 1 represents performance comparison between legacy Rel-10 8Tx codebook and the proposed 2D codebook. One can see that the expected performance gain is marginal at least our simulation environments given in the Appendix.

Table 1. Performance comparison between Rel-10 8TX CB and proposed 2D CB
	
	Rel-10 8TX CB
	New

	Avg.
	Ref.
	1%

	50%
	Ref.
	0%

	5%
	Ref.
	5%



Design details for extended code points in Rel-13
It is well known that codebook size is highly correlated with various factors such as throughput performance, UE complexity, PUCCH payload budget, etc. Since the required feedback and complexity overhead is increased by the number of TXRUs, 16 ports will be the bottleneck to determine maximum codebook size in Rel-13. It is FFS how to use or whether we design 8TX 2D codebook in the feedback framework for 16 ports.
Observation 2: FFS how to use or whether we design 8TX 2D codebook in the feedback framework for 16 ports

Conclusion
In this contribution, we discussed issues on 2D codebook design for 8TX. Based on the discussion, following observations are drawn:
Observation 1: 2D codebook design for 8TX has lower priority than those for 12 and 16 ports
Observation 2: FFS how to use or whether we design 8TX 2D codebook in the feedback framework for 16 ports

Appendix (System simulation parameters)
	Parameters
	Value

	Homogeneous scenarios
	3D-UMi ISD 200m

	Polarized antenna modeling
	Model -2 from 36.873

	Traffic model 
	Full buffer model

	Wrapping method
	Geographical distance based

	Handover margin
	3dB

	Metrics
	Mean, 5% UPT

	System bandwidth
	10MHz (50 PRBs)

	UE attachment 
	Based on RSRP (formula) from CRS port 0

	Carrier Frequency 
	2GHz

	Network synchronization 
	Synchronized

	UE Speed 
	3km/h

	UE distribution 
	according to 36.873

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1

	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

	UE Rx configuration
	2 Rx x-polar (+90/0)

	Feedback 
	PUSCH 3-2

	
	CQI, PMI and RI reporting triggered per 5ms

	
	Feedback delay is 5 ms

	
	Kronecker product based 2D codebook with DFT precoding in horizontal and vertical dimension

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

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)

	CSI-RS, CRS
	CSI-RS, CRS: CSI-RS 1-1 mapping to TXRU, only CRS port 0 is modeled for UE attachment, CRS port 0 is associated with the first column with +45 degree pol, CRS port 0 to TXRU mapping is ideal and given by [1, 0, 0, 0, 0, 0, 0, 0]

	Downtilt
	Antenna downtilting angle θetilt = [100] degree for 3D-UMi

	CSI-RS/SRS periodicity
	5 msec
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