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1. Introduction
In RAN1#72bis meeting, it was agreed that the enhanced 4Tx codebook structure is based on grid of beams design similar to the Rel. 10 8Tx codebook.  The agreed working assumptions from RAN1#72bis are listed as follows：
Working assumption for structure of W1: 
· For each rank R =1,2,  W1 is defined as below
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Where Xn  is a 2xCR matrix with DFT columns and [image: image3.wmf] 
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· To be determined:

· N1: 
total number entries of W1 per rank

· Q1:  
granularity of beam of W1 

· For each block matrix Xn

· CR: 

total number of beams

· a1,n, …, aCR,n :  
beam coefficients determining specific directions within the block

Working assumption for structure of W2: 

· For each rank R =1,2, W2 is a 2CR x R matrix defined as below
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where ei is a selection vector of zeros and a “1” in the ith row

· To be determined:

· N2: 

total number entries of W2 per rank

· Q2: 

co-phasing granularity between two polarizations  

· For each ar
· yr1:  

column selection for the first polarization

· yr2 : 

column selection for the another polarization

· mr1: 

phase shift  for the first polarization

· mr2: 

phase shift  for the second polarization

Working Assumption of Codebook Parameters of Rank 1 and Rank 2

· W1 (4 bits)

· N1 


16


· Q1, q1:


FFS

· For each block matrix Xn

· CR:

FFS between 2 and 4 (4 is the default)

· a1,n, …, aCR,n :  FFS

· W2 (3 or 4 bits) and three alternatives for column selection (assuming CR=4): 

· Alt.1 (4 bits) same as 8Tx W2

· Alt.2 (3 bits) subset of 8Tx W2

· Alt.3 (4 bits) as 8Tx W2 modified to

· For rank 1 
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· For rank 2
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· Alt.4 (4 bits) as Alt 3, modified as follows:

· [image: image1.wmf]1
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For rank 2
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2. 4Tx Codebook enhancement for rank-1 and rank-2
Based on the agreed codebook structure, we update 4Tx codebook design which is described in our previous contribution [1] submitted after RAN1#72bis.   The details of the enhanced codebook for rank1-2 are copied to Appendix B for convenience.  
3. Evaluation results of codebook enhancement
According to the working assumptions from RAN1#72bis, companies submitted the enhanced 4Tx codebook proposals which are classified in the table below.
Table 1 Enhanced codebook proposals
	W1
	
	CR=4, q1=e2πj/16
	CR=4, q1=e2πj/32

	W2
	Alt 1
	N/A
	ZTE[1], TI-Alt1[8]

	
	Alt 2
	N/A
	N/A

	
	Alt 3
	ALU[4], Renasas[10], Fujitsu[11]
	Intel[2]

	
	Alt 4
	CATT[5], LGE, Samsung-option2[3]
	HW[9]，Samsung-option1[3]
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For W1, there are two candidate values in the proposals for q1 i.e.  or 
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 (corresponding to Q1=16 or 32). Note that bit-width of W1 is 4bit according to the working assumption.  For Q1=16, each W1 covers a larger range of DFT beams but the granularity is coarser.  For Q1=32, each W1 has finer granularity but covers smaller range of DFT beams.     

For 8Tx, the range of DFT beams in one W1 is 
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p

 .  It is unclear that it needs to cover larger range in 4Tx.  Also if  Q1=16, each W1 has three overlapping beams with other W1(s) while there are two overlapping beams for 8Tx.  The benefit of double GoB codebook structure seems to be diminished if there are too many overlapping beams.   Design with larger range of DFT beams and non-consecutive DFT beams in one W1 codeword are considerations for uncorrelated channel but it does not fit into double codebook structure well and potentially degrades the performance in correlated channel.   Therefore, Q1=32 is a more reasonable choice which can be also seen in the performance evaluation in this section.  

For W2, there are 4 alternatives as listed in section 1. Alt 1 is the same as 8Tx W2 which has the same considerations on granularity of beam and polarization phase as Rel-10 8Tx codebook.  This is the most straightforward way for W2 design.
Alt 2 only has 8 W2 codewords, so it has less beam selections or phase adjustments for different polarizations. This may result in some performance loss.   Saving only 1 bit overhead for each W2 on PUSCH may not be worth for the performance loss.
Alt 3 adds different beams for two different polarizations which can potentially improve the performance under the less correlated channels. However, Alt 3 may have performance loss under the correlated channels especially used for MU-MIMO.  It is shown in [13] that different beams for different polarizations are ill-matched with correlated XPOL channel.
Alt 4 has more phase adjustments for different polarizations than 8Tx but we don’t see any strong reason for 4Tx to adopt better granularity for polarization phase than 8Tx.
Some companies design their codebook based on CR=2 [6][7][12] which means UE has less beam selections. This design approach may have performance loss under both correlated and uncorrelated channels.
Because of the huge simulation load, we only choose some of proposed codebooks to cover different types for evaluation.  The simulation assumption is captured in table A1 in appendix A.  PUSCH 3-2 feedback mode is used in this set of simulations.  Simulation results of full buffer and FTP traffic are shown in the following tables 2 to 4.
3.1. Full buffer traffic 
Table 2 Performance under PUSCH 3-2 feedback mode
	
	Overhead
PMI1(bits)+PMI2(bits)
	Closely spaced XPOL (0.5λ)
	Widely spaced XPOL (4λ)

	
	Rank 1
	Rank 2
	Average spectral efficiency
	Cell edge spectral  efficiency
	Average spectral efficiency
	Cell edge spectral  efficiency

	Source 1[1]
(baseline-ZTE)
	4+4
	4+4
	2.435 
	0.0617 
	2.082
	0.0520

	Source 2[2]
	4+4
	4+4
	2.448 (+0.52%)
	0.0634 (+2.76%)
	2.088 (+0.29%)
	0.0509 (-2.12%)

	Source 3 Option1 of [3]
	4+4
	4+4
	2.436 (+0.04%)
	0.0617 (0.00%)
	2.096 (+0.71%)
	0.0530 (+1.92%)

	Source 4[4]
	4+4
	4+4
	2.411 (-1.00%)
	0.0610 (-1.14%)
	2.094 (+0.57%)
	0.0493 (-5.19%)

	Source 5[5]
	4+4
	4+3
	2.417 (-0.77%)
	0.0629 (+1.95%)
	2.081 (-0.06%)
	0.0523 (+0.58%)

	Source 6[6]
	4+3
	4+3
	2.417 (-0.78%)
	0.0605 (-1.95%)
	 2.077 (-0.23%)
	0.0514 (-1.15%)

	Source 7[7]
	4+3
	4+3
	2.433 (-0.10%)
	0.0618 (+0.16%)
	 2.079 (-0.17%)
	0.0509 (-2.12%)


Observations:
· For closely spaced XPOL, Source 1, Source 2 and Source 3 perform better than other sources because they have more flexible beam selections. 
· Source 1 and Source 3 provide comparably good spectral efficiency gain both for cell average and cell edge under the new feedback mode in both closely spaced and widely spaced XPOL.  
· Source 6 and Source 7 with CR=2 does not perform well especially for uncorrelated channels.
3.2. FTP traffic 
Table 3 Performance with the antenna separation is 0.5λ and FTP 1 traffic (λ=2.5, file size=0.5M)
	
	Overhead

PMI1(bits)+PMI2(bits)
	Closely spaced XPOL (0.5λ)

	
	Rank 1
	Rank 2
	Mean UE Throughput
	5% UE Throughput
	50% UE Throughput
	95% UE Throughput

	Source 1[1]

(baseline-ZTE)
	4+4
	4+4
	14.831 
	1.964
	11.364  
	40.816

	Source 2[2]
	4+4
	4+4
	14.392 (-2.96%)
	1.952 (-0.59%)
	11.111(-2.22%)
	39.604 (-2.97%)

	Source 3 Option1 of [3]
	4+4
	4+4
	14.589(-1.62%)
	2.018(+2.78%)
	11.363(-0.002%)
	40.399(-1.02%)

	Source 4[4]
	4+4
	4+4
	14.274 (-3.76%)
	1.942 (-1.12%)
	10.899 (-4.09%)
	39.604 (-2.97%)

	Source 5[5]
	4+4
	4+3
	14.674 (-1.06%)
	1.952 (-0.59%)
	11.331 (-0.28%)
	40.404 (-1.01%)

	Source 6[6]
	4+3
	4+3
	14.096 (-4.95%)
	1.903 (-3.10%)
	10.929(-3.82%)
	39.604 (-2.97%)

	Source 7[7]
	4+3
	4+3
	14.592 (-1.61%)
	1.947 (-0.83%)
	11.236 (-1.12%)
	40.404 (-1.01%)


Table 4 Performance with the antenna separation is 4λ and FTP 1 traffic (λ=2.5, file size=0.5M)
	
	Overhead
PMI1(bits)+PMI2(bits)
	Widely spaced XPOL (4λ)

	
	Rank 1
	Rank 2
	Mean UE Throughput
	5% UE Throughput
	50% UE Throughput
	95% UE Throughput

	Source 1[1]

(baseline-ZTE)
	4+4
	4+4
	11.475
	1.367 
	8.299
	33.333

	Source 2[2]
	4+4
	4+4
	11.253 (-1.94%) 
	1.337 (-2.14%) 
	8.265 (-0.41%) 
	32.000 (-4.00%) 

	Source 3 Option1 of [3]
	4+4
	4+4
	11.679(+1.77%)
	1.381 (+1.07%)
	8.621 (+3.88%)
	34.783(+4.35%)

	Source 4[4]
	4+4
	4+4
	11.567 (+0.80%) 
	1.353 (-1.02%) 
	8.511 (+2.55%) 
	33.614 (+0.84%) 

	Source 5[5]
	4+4
	4+3
	11.404 (-0.63%) 
	1.375 (+0.59%) 
	8.493 (+2.34%) 
	32.520 (-2.44%) 

	Source 6[6]
	4+3
	4+3
	11.252 (-1.95%) 
	1.322 (-3.24%) 
	8.231 (-0.82%) 
	32.520 (-2.44%) 

	Source 7[7]
	4+3
	4+3
	11.242 (-2.03%) 
	1.330 (-2.66%) 
	8.282 (-0.21%) 
	31.746 (-4.76%) 


Observations:

· For closely spaced XPOL, Source 1 performs the best among all the evaluated codebooks.
· For widely spaced XPOL, Source 1 provides better performance comparing with most of the evaluated codebooks. Comparing with Source 1, Source 3 and Source 4 provide slightly better performance for widely spaced XPOL.  However, they don't perform well in closely spaced XPOL which is a more important MU-MIMO scenario.
· Source 6 and Source 7 with CR=2 have obvious performance loss comparing with other sources with CR=4.
4. Conclusion
In this contribution, design considerations on codebook enhancement are discussed.  Evaluation results are shown and analyzed in this contribution.  From the simulation results, codebook design with CR=4, q1=e2π/32 for W1 and Alt 1 (i.e. same as 8Tx W2) for W2 perform well under all evaluated scenarios i.e. with full buffer traffic and FTP traffic, with both closely spaced and widely spaced XPOL configurations.  Hence we have the following proposal:

Proposal:  Adopt ZTE's rank1-2 codebook proposal which has CR=4, q1= e2π/32 for W1 and Alt 1 (i.e. same as 8Tx W2) for W2.  
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Appendix A: Simulation assumptions and parameters
Table A.1 System Level Simulation Assumptions

	Parameters
	Assumptions

	Deployment scenario
	Scenario A

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 sectors per site with wraparound

	Number of users per cell
	10

	Operating bandwidth (BW)
	10 MHz

	Antenna configuration
	Transmitter: 4Tx cross-polarized antenna at eNB, 0.5λ/4λ separation, 

Receiver: 2Rx cross-polarized antenna at UE

	Feedback periodicity
	10ms

	SU/MU switching
	Dynamic UE selection with orthogonal DMRS, SU/MU dynamic switching with maximal number of UE pairing is 2, the maximal transmission rank per UE is 1for MU and 2 for SU

	Delay between feedback and transmission
	5ms

	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
	3

	Channel Estimation
	Non-ideal modeling of channel estimation on CSI-RS and DM-RS

error modeling 
[image: image11.wmf](
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is used

	Feedback mode
	PUSCH reporting mode 3-2

	Subband size
	6RBs 

	Transmission mode 
	TM10 with single CSI process

	Traffic modeling
	Full-buffer /non-full buffer(FTP1, λ=2.5, file size=0.5M)

	Outdoor-Indoor Ratio
	20% outdoor/80% indoor 


Appendix B: Enhanced codebook
Rank-1 and rank-2 codebooks are enhanced by using two PMI structure. 
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