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1. Introduction

In RAN1#79, it is observed from our simulation results [1] that huge potential performance gain can be obtained from EBF/FD-MIMO if the number of TXRUs is increased.    However, CSI feedback complexity and overhead are major issues as number of TXRUs increases. It is considered that full dimension CSI-RS may cost too much overhead and complexity of CSI derivation may increase significant for large number of TXRUs.  At this stage, at least full dimension CSI-RS and codebook based feedback can be considered for 16TXRU as 16TXRU doesn't requires a lot more CSI-RS overhead compared to 8TXRU case.. Therefore, extending CSI-RS and codebook to support 16TXRU can be considered as one of the candidates of enhancements for EBF/FD-MIMO.  In this contribution, we evaluate the potential gain and discuss the  new codebook design for 16TXRU.
2.  New codebook design for 2D antenna array
The current Rel-12 codebook consists of codewords which are suitable for  1D linear antenna array considering 2D correlated MIMO channel.  Also, the cross polarized antenna configuration has been considered in the codebook design.  Therefore, 4Tx/8Tx codebook can perform sufficiently well.  In Rel-13, 2D antenna array is considered and most of the antenna configurations considered opening up extra TXRU for vertical domain.  Therefore it is desirable to consider a new codebook targeting 2D antenna array.  
Considering above antenna topology, we can consider following similar design from 4Tx/8Tx codebook and extend it to 2D array by the following steps.
 -     Similar to 8Tx codebook, 4-point DFT matrix is used for either horizontal (array 1) or vertical  (array 2).  
· From the 4-point DFT matrix, select one or multiple DFT vector(s).

· Select α as the phase difference between horizontal and vertical antennas.  Select β  as the phase difference between two polarizations. 
With this model, the details of rank 1 and rank 2 codebook design are discussed.
RI=1：
Following the approach, rank 1 codewords can be expressed as follows:
Rank1 codeword model:    
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Initially we can assume 
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 and put the limitation of 
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on the DFT vectors for type 1 codebook. 

 Considering possible polarization leakage and vertical TXRU spacing can be as much as 3.2
[image: image4.wmf]l

 [2] in array 1,   the 8Tx vectors for different rows may not be the same.  Therefore, in type 2, we relax the limitation and allow
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For type 1, type 2 and type 3 codebooks, the codeword model can be expressed as: 
W=W1
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The generation of 
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 follows the same approach of 8Tx codebook described in [3]. Here we describe the generation of 
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 for these two types.
Type 1:

[image: image9.wmf]{

}

{

}

21234

1

, ,,,,,1,,1,

4

jj

a

ab

b

ab

éù

êú

êú

=ÎÎ--

êú

êú

×

ëû

Y

Y

WYeeee

Y

Y

%%%%

                                                               (2)

This is simple extension from Rel-12 8Tx rank1 codebook to 16 Tx codebook.   This is equivalent to doing kronecker product between the existing 8Tx rank 1 codebook for horizontal domain and existing 2Tx codebook for vertical domain.    Since 8Tx codebook needs 4bits for W2 and 2Tx codebook needs 2bits, this adds up to 6bits for W2.  This is straightforward extension but puts some limitation on the DFT vector selection. 
Type 2:
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Type 2 codewords include all the type 1 codewords.  Extra 1-bit overhead is added to relax the limitation on DFT selection.  Therefore, 7bits is needed for W2 . It is possible to have different DFT vectors in different polarization in this model.  
RI=2：
Type 1:
As a starting point for type 1 codebooks, we consider simple extension of performing kronecker product betwen 8Tx codebook and 2Tx codebook for rank 2 codewords as shown below.   10 bits is needed for rank2 codebook.
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Type 2:
In type2, we relax the type1 limitation and 11 bit is needed here.
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Type 3:
Type 3 further increases the flexibility of the selection of 4-point DFT vector in subband level.   For this type, four W1   are grouped into one group such that the wideband selection only selects the W1    group.   For subband selection,  W1   is further selected within the same group.  Equivalently, this means each  W2  corresponds to 4  W2  in subband level.   Rank 1 and rank 2 codeword model respectively becomes
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where 
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 can be different as they can be selected from different W1   in the same group.  
Since there are four groups of W1  and overlapping codewords is considered, 3-bit is required for wideband feedback.  For subband feedback, 2 additional bits is needed to select W1  from the four W1  codewords in the same group.  So 8-bit  is required for the subband feedback.
3. Performance evaluation
It was observed from in [4] that introducing a new codebook for 16TXRUs can provide significant gain compared to the standard transparent scheme with Vertical/Horizontal CSI feedback scheme using two CSI processes.    This time, system level simulation is carried out to compare the performance of the three codebook models with the antenna array type (M, N, P, Q) is (8, 4, 2, 16) or (4, 8, 2, 16).   The same wideband W1 and subband W2 feedback framework from Rel-12 is used.

Table 1: FTP1 simulation results with different feedback types for 16TXRUs with different antenna arrays
	Scenario/ Offered Load

	Antenna array

(M,N,P,Q)
	Feedback type
	Resource Utilization
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	3D-UMi
with

Offered Load=16Mbps
	(8, 4, 2, 16)

	Baseline - standard transparent scheme
	0.75
	20.10
	2.24
	15.75

	
	
	Type 1 codebook (4+6)
	0.51
	28.21 (+40%)
	6.40 (+185%)
	25.16 (+60%)

	
	
	Type 2 codebook (4+7)
	0.51
	28.27 (+41%)
	6.42 (+187%)
	25.16 (+60%)

	
	
	Type 3 codebook (3+8)
	0.51
	28.28 (+41%)
	6.53 (+192%)
	25.32 (+61%)

	3D-UMi
with

Offered Load=12Mbps
	(4, 8, 2, 16)

	Baseline - standard transparent scheme
	0.74
	12.07
	2.10
	9.25

	
	
	Type 1 codebook (4+6)
	0.34
	33.37 (+176%)
	9.78 (+366%)
	32.52 (+251%)

	
	
	Type 2 codebook (4+7)
	0.34
	33.47 (+177%)
	9.80(+367%)
	32.52 (+251%)

	
	
	Type 3 codebook (3+8)
	0.34
	33.53 (+178%)
	9.83 (+368%)
	32.66 (+253%)


Table 2: Full buffer simulation results with different feedback types for 16TXRUs in 3D-Umi Scenario
	Antenna array

(M,N,P,Q)
	Feedback type
	Average cell S.E.(bps/Hz)
	5% cell edge S.E. (bps/Hz)

	(8, 4, 2, 16)
	Baseline - standard transparent scheme
	2.61
	0.045

	
	Type 1 codebook (4+6)
	3.33 (+27%)
	0.071 (+59%)

	
	Type 2 codebook (4+7)
	3.35 (+28%)
	0.077 (+72%)

	
	Type 3 codebook (3+8)
	3.35 (+28%)
	0.079 (+77%)

	(4, 8, 2, 16)
	Baseline - standard transparent scheme
	1.99
	0.0211

	
	Type 1 codebook (4+6)
	3.20 (+61%)
	0.065 (+208%)

	
	Type 2 codebook (4+7)
	3.20 (+61%)
	0.066 (+213%)

	
	Type 3 codebook (3+8)
	3.21 (+61%)
	0.067 (+218%)


It can be observed from Table 1 and table 2 that introducing a new codebook for 16TXRUs can provide significant gain compared to the standard transparent scheme. Among the new codebooks,  type 3 codebook provides the best performance.   Extending the 8Tx codebook model to have more flexibility can give further gain.  
4. Conclusion

In this contribution, we discuss the codebook design for 16TXRUs.  Performance evaluation is carried out to compare the performance among different types of codebook.  It can be observed that introducing a new codebook for 16TXRUs can provide significant gain compared to the standard transparent scheme.  Extending the 8Tx codebook model to have more flexibility can give further gain.   Based on the analysis, it is recommended to further study the design of codebook for 16TXRUs.
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Appendix A
Table A.1 Simulation parameters for Macro cell Scenario

	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, geographical based wrap‑around

	Channel Model
	3D UMi ISD 200

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	3D UMI ISD 200: 41 dbm

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: （M,N,P=8,4,2/4,8,2）
Receiver: 2Rx cross-polarized antenna at UE

	Downtilt 
	3D UMI ISD 200: 110°

	Antenna element spacing
	(dV,dH)=( 0.8λ, 0.5λ,)

	CQI/PMI reporting interval and frequency granularity
	5ms for CSI, 6RB

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2, 

PMI feedback

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC 

With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 

(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	4

	Traffic model
	FTP Model 1 with packet size 0.5 Mbytes (medium ~50% RU, high ~70%RU);  and Full Buffer

	Feedback Assumption
	Non-ideal modeling of channel estimation error modeling 
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 based on DMRS for data demodulation, based on IMR for interference measurement

	Handover margin 
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