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1 Introduction
In RAN1#60 meeting, a WF regarding feedback structure [1] was agreed:

· A precoder for a subband is composed of two matrices 

· The precoder structure is applied to all Tx antenna array configurations

· Each of the two matrices belong to a separate codebook

· The codebooks are for further study

· The codebooks are known (or synchronized) at both the eNodeB and UE

· Codebooks may or may not change/vary over time and/or different subbands

· That is, two codebook indices together determine the precoder

· One of the two matrices targets wideband and/or long-term channel properties 

· The other matrix targets frequency-selective and/or short-term channel properties
For 4Tx, two-component feedback framework can enhance the feedback accuracy in Rel-10. Various enhancement schemes, e.g. differential codebook, Two-level codebook, adaptive Codebook, MDC can have good performance gain over Rel-8 feedback scheme and align with this structure.  In this contribution, we discuss the enhancement schemes with this two-component feedback framework for 8Tx. 
2 Extension to 8Tx base codebook design
In this section, we discuss two approaches which can fit into the two-component feedback structure for 8Tx.

Similar to the 4Tx case, a base codebook for 8Tx can be a good starting point. In [2], we discussed the design principles of 8Tx codebook design.  The base 8Tx codebook should be easily extendible for further enhancement.
We gave an example which meets the design principles in [2]. The 8TX base codebook is constructed based on the following Kronecker product structure
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is a 4x4 Rel-8 Householder matrix, 
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is one set of 2 x k matrices. k could take 2 or other value.  Details of these matrices can be FFS.  Codewords for each rank are obtained by selecting sub-matrices from
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.  The exact method of selection is FFS.  For example, codeword can consist of vectors selected from the same or the different  
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.  Other base codebooks,e.g [3][4][5][6] can also be further extended.  The codewords of a base codebook can be in the following forms:  
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where 
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denotes a fixed phase information. 
This 8Tx base codebook can be further extended easily. Various enhancement schemes can be easily implemented as the 8Tx codeword is constructed directly from 4 dimension vector with various phases. The 4Tx feedback enhancement scheme can be reused and phase adjustment scheme can also be considered.
2.1 8Tx codebook enhancement  - Alt1

PMI1 is an index of base 8Tx codebook. So 
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 can be in the form of (2).  With fixing 
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’s to 1 or -1, the precoder corresponding to PMI1 is in the following form:
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PMI2 denotes 
[image: image19.wmf]2

WPMI

 in 4Tx Layer-2 codebook described in [9] or 4Tx differential CB[10]. 
Together with 
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，the 4 Tx beamforming vector u in 
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can be enhanced in terms of feedback accuracy.  This enhancement in rank-1 and rank-2 can be respectively expressed as

Rank1:   
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Rank2: 
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2.2 8Tx codebook enhancement - Alt2

In this alternative approach, PMI2 can be a index of a 2×r matrix 
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). r is the RI of WPMI1;

In this case, PMI1 is an index of base 8Tx codebook for all ranks.  PMI2 targets the phase adjustment; a codebook 
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 can be in the following form:
Rank1: 
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Rank1:   
[image: image32.wmf](

)

12

1

,,

uu

FWPMIWPMIF

uu

aa

æö

éùéùéù

==

ç÷

êúêúêú

--

ëûëûëû

èø

                                                          (9)            
 Rank2:  
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3 Performance Evaluation
System level simulations were performed to evaluate these two approaches for MU-MIMO enhancement.  Details of the simulation setup can be found in [8].
Table 1: Performance of 8x2 MU-MIMO under DP antenna @eNB & UE

	Codebook
	Cell average SE (bits/s/Hz)
	5% Cell edge SE (bits/s/Hz/user)

	ZTE base codebook (4-bit)
	3.48
	0.100

	Alt-1 
	3.78 (+8.7%)
	0.103(+3%)

	Alt-2 
	3.52 (+1%)
	0.105(+5%)


From Table 1, we can see that Alt-2 brings little gain in MU-MIMO simulation.  More gain can be achieved by Alt-1 (i.e. applying enhancement similar to the 4Tx MU enhancement).  Based on this result, it is more preferable to spend extra feedback overhead to increase the accuracy of the 4Tx beamforming vector.
4 Conclusion
In this contribution we have discussed two approaches of using two-component feedback framework.  Based on our analysis, we have the following proposals:
Proposal: A single base 8Tx codebook should be considered as a starting point.
Proposal: Enhancement of the 4Tx beam vector accuracy in 8Tx codewords should be a first choice for feedback enhancement
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Table A1: System level simulation assumptions
	Parameter
	Assumption

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

	Number of users per cell
	10

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Inter-site distance
	500m

	Operating bandwidth (BW)
	10 MHz

	Penetration loss 
	20dB

	Distance-dependent path loss
	L=128.1  + 37.6log10(.R), R in km

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Inter-eNodeB: 0.5  Inter-cell: 1.0

	UE Speed
	3km/h

	Channel model
	3GPP Case1 3D – Urban Macro (Low Spread)

	Antenna spacing at (eNB,UE)
	((/2,N/A) for 8x2

	Antenna polarization for DP configurations
	+/-45(at eNB,  90/0(at UE

	CQI/PMI/RI reporting interval
	5ms for CQI/PMI, 10ms for RI

	CQI/PMI granularity 
	Subband CQI, Subband PMI, 6RB granularity

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE-IRC

	HARQ Scheme
	Chase Combining

	Channel estimation

	Non-ideal

	MU Precoding algorithm
	Zero forcing
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