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[bookmark: DocumentFor][bookmark: _Toc243877433]Introduction
This contribution presents updated results for performance benefits of FD-MIMO systems with subarray-partition architecture, along with Kronecker product (KP) FD-MIMO codebook enhancements. 
Additional PMI feedback for Elevation Domain – Kronecker Product 
Performance benefits of FD-MIMO systems are achieved primarily with 3D beamforming and MU-MIMO. To facilitate 3D beamforming operation, Rel.12 PMI feedback is not sufficient as it was mainly designed for the azimuth domain CSI. 




One alternative for the FD-MIMO CSI feedback could be to introduce additional PMI feedback components for the elevation domain, relying on a KP structure. Consider a 2D co-polarized uniform rectangular array comprising N columns and MTXRU rows. For the 2D X-polarized uniform rectangular array, an additional component, co-phase,  , should also be considered for the codebook design. For example, for (MTXRU, N, P) = (2, 4, 2) subarray-partition configuration, Rel-10 8-Tx codebook can be used for quantizing the azimuth channels, and 2-Tx codebook can be used for the elevation channels. In this case, the composite precoding vector would be represented as , where  is a length-4 oversampled DFT vector; and  is a length-2 oversampled DFT vector. In this case, CQI should be derived based on the KP composite precoder. 
For the FD-MIMO systems, 1D subarray-partition architecture is assumed with MTXRU= 2, 4 and (N, P) = (4, 2); and it is further assumed that full-port unprecoded CSI-RS are provided for CSI estimation, and the corresponding CSI-RS overhead is taken into account in the final throughput calculation. Similar to Rel-10 8-Tx codebook, the considered KP codebook has a double structure: WB W1 codebook and SB W2 codebook. The relevant parameters of the codebook are summarized in Table 1, and the W1 beam grouping for MTXRU = 4 is illustrated in Figure 1.
The WB W1 codebook is constructed from oversampled DFT beams in horizontal and vertical domains. From these oversampled beams, beam sets comprising of 4 beams in both horizontal and vertical domains are formed with beam spacing 1, i.e., each beam set corresponds to consecutive beams in horizontal and vertical domains. Between two consecutive beam sets an offset of 2 is considered in both horizontal and vertical. The set of all beam sets constructed in this manner constitutes W1 codebook.
	The SB W2 codebook performs 1 beam selection out of 16 beams in a beam set and then applies QPSK co-phasing. 
[bookmark: _Ref418777174]Table 1: Parameters of KP Codebook
	
	Parameters
	Values (horizontal, vertical)

	W1 (WB component) 
	Oversampling
	(8,4)

	
	Number of beams
	NB,H ⨉ NB,V = 4 ⨉ 4 (i.e., NB = 16)

	
	Beam spacing
	(1,1)

	
	Offset
	(2,2)

	W2 (SB component)
	Beam selection
	1 out of 16 beams

	
	Co-phase
	QPSK {1,j,-1,-j}




[bookmark: _Ref418777514]Figure 1: An illustration of beam grouping

The WB component codebooks W1 (analogous to i1 in Rel-10 8-Tx codebook) used in this evaluation are as in the following:
· 
For , MTXRU-Tx DFT codebooks with 4x oversampling for MTXRU=2, 4
· 
For , 4-Tx DFT codebooks with 8x oversampling (same as Rel-10 8-Tx codebook).
Similarly to the Rel-10 double codebook structure, a first PMI i1 = (i1,H, i1,V)  corresponds to a WB beam set comprising NB (=NB,H ⨉ NB,V) adjacently spaced beams, selected from NC (=NC,H ⨉ NC,V) candidate sets of beams; and a second PMI i2 corresponds to a co-phase, SB beam selection for H and V. Each candidate set of beams in each dimension has beams indexed by {2i1,d, 2i1,d+1, … 2i1,d+NC,d-1}, where d ∈ {H,V}. With a notation of Bx = log Nx, and BP indicating number of bits for co-phase, the following table, Table 2, summarizes the number of feedback bits used for the evaluation.
[bookmark: _Ref419369687]Table 2: Feedback overhead
	MTXRU
	Number of WB feedback bits
	Number of SB feedback bits

	2
	BC,H + BC,V = 4 + 2


(for i1 of  and ) 
	BP + BB,H + BB,V = 2 + 2 + 2


(for i2 of  and )

	4
	BC,H + BC,V = 4 + 3 


(for i1 of  and ) 
	BP + BB,H + BB,V = 2 + 2 + 2


(for i2 of  and )



Cell association antenna pattern is approximated by one-TXRU pattern, and SLNR precoding and proportional fair scheduling (max 4 layers per time-frequency resource) have been used. The rest of the simulation assumption is according to [2].
A summary of non-full-buffer MU-MIMO SLS results are presented in Table 3 and Table 4 for the four scenarios, UMa-500m, UMa-200m, UMi-2GHz and UMi-3.5GHz, in order to demonstrate the benefits of the KP codebook in the FD-MIMO system. 
[bookmark: _Ref415666126]Table 3 Summary of Results for 16 TXRU
	Scenario
	Lambda
	Target RU
	Avg UPT
	50% UPT
	5% UPT
	RU

	UMa-500m
	1.6
	20%
	35.73
	32.77
	11.75
	19%

	
	3.2
	50%
	25.41
	20.91
	6.59
	41%

	
	4.4
	70%
	19.31
	16.10
	5.40
	57%

	UMa-200m
	1.7
	20%
	34.81
	33.09
	12.95
	19%

	
	3.4
	50%
	25.44
	21.96
	7.63
	44%

	
	4.6
	70%
	19.60
	15.81
	5.18
	61%

	UMi-2GHz
	1.7
	20%
	36.26
	33.27
	12.71
	20%

	
	3.4
	50%
	26.42
	22.00
	7.56
	42%

	
	4.6
	70%
	20.26
	17.48
	5.88
	58%

	UMi-3.5GHz
	1.7
	20%
	37.08
	36.52
	12.87
	19%

	
	3.2
	50%
	26.24
	23.05
	6.87
	44%

	
	4.1
	70%
	20.69
	17.59
	4.19
	61%



[bookmark: _Ref419369715]Table 4 Summary of Results for 32 TXRU
	Scenario
	Lambda
	Target RU
	Avg UPT
	50% UPT
	5% UPT
	RU

	UMa-500m
	1.5
	20%
	37.01
	34.34
	13.42
	15%

	
	3.1
	50%
	27.02
	21.70
	7.97
	38%

	
	4.6
	70%
	12.50
	14.55
	5.82
	58%

	UMa-200m
	1.7
	20%
	37.28
	36.76
	15.07
	17%

	
	3.4
	50%
	27.23
	23.78
	9.71
	40%

	
	4.8
	70%
	22.20
	18.66
	8.08
	52%

	UMi-2GHz
	1.7
	20%
	37.80
	36.03
	13.35
	17%

	
	3.6
	50%
	27.92
	23.00
	8.62
	41%

	
	4.8
	70%
	22.66
	19.99
	7.70
	53%

	UMi-3.5GHz
	1.8
	20%
	38.08
	37.80
	14.85
	19%

	
	3.3
	50%
	28.34
	24.59
	8.61
	42%

	
	4.2
	70%
	23.34
	20.33
	5.86
	56%



Proposal 1: Capture the results in Table 3 and Table 4 in the relevant section (e.g., results for non-precoded CSI-RS related enhancement) of the TR. 
[bookmark: _GoBack]Conclusion
This contribution has considered performance benefits of KP PMI codebook design, and made the following proposal:
Proposal 1: Capture the results in Appendix I in the relevant section (e.g., results for non-precoded CSI-RS related enhancement) of the TR. 
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