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1 Introduction
In RAN1#60, it was agreed that it consists of two components for the PMI feedback structure [1]. The two components jointly determine the UE recommended precoder. One of the components may target the wideband/long term channel property while the other component captures the frequency selective/short term properties of the channel.
According to the chairman notes in RAN1#59bis, we have the following WF:
· Improved accuracy of spatial feedback should be supported if sufficient performance gains in realistic scenarios are demonstrated for at least MU-MIMO.
· Enhanced MU-MIMO is supported
· The enhancements are in relation to feedback
· At least the feedback specified for SU-MIMO can also be applied for MU-MIMO operation

The agreed two PMI feedback structure can be applied in 4Tx feedback to improve accuracy for enhanced MU-MIMO
2 Two-Level codebook design

Our proposal presents a two-Layer codebook scheme in order to make the best of the uplink feedback resource.  More than 10 % gain can be obtained based on the Two-Level codebook
2.1 Layer One codebook 
Layer One（L1）codebook is used to generate the initial quantization of the channel state information, while successive refinement is applied in Layer Two（L2）codebook. In this contribution, we propose Rel-8 codebook as a 4Tx L1 codebook;
2.2 Layer Two codebook
In this section, we give a specific 2-bit L2 codebook corresponding to L1 Rel-8 codebook.  We can divide the current Rel-8 codebook into two parts.  The first part is the first 8 DFT codewords which is good for correlated channel in general.  The 2nd part is non-DFT codewords which is more suitable for less correlated environment.  Two different methods are used to construct L2 codewords for these two parts. 
For the DFT codewords, L2 codewords are generated by Rotation-based differential scheme. The corresponding rotation matrices is:
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For the non-DFT codewords, a Transformation-based differential scheme described in [2] can be used to generate L2 codewords by doing compression and rotation.  The specific example with (=0.2 is shown in eqn (2).  Note that 
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 is same notation used in R8 codebook which represents the rank-1 codewords corresponding to the PMI 12, 13,14 and 15.  
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    n=0,1,2,3            （2）
This two layer codebook is shown in Table 1. More details can be found in appendix. 
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Table 1 4Tx Two Level Codebook
3 Further applications of Two-Level codebook
3.1 Application of two-level codebook when RI=2
If UE feeds back RI=2 and the corresponding rank-2 PMI, eNB may want to do rank-1 MU for this UE with another rank-1 UE.  If we limit this to SU in this case, it will affect the gain of SU/MU dynamic switching.  Also, it reduces the pool of available UEs of doing MU which may affect the overall system gain with MU.  It is shown in our previous study that allowing rank2 feedback in MU mode can degrade the MU performance comparing with Rel-8 feedback (i.e. fixed it to RI=1).  Therefore, MU enhancement is recommended even when RI is 2.  

In this scenario, the same 2-level codebook enhancement technique can be applied to one of the layers as shown in the figure below:
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Figure 1

L2 codebook can be generated based on the column vector corresponding to the layer with higher CQI.e.g. Suppose the SU Rank2 PMI is 
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Note that this scheme aligns with the MU enhancement framework and needs no extra overhead.  
3.2 Extending the 2-level codebook to 8Tx
For 8Tx, re-using 4Tx 2-Level codebook scheme can be also very simple.  The examples are shown below.  The significant performance gain is observed in [3] by doing this MU extension.
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Table 2 8Tx Two Level Codebook1

Another example which is more suitable for uncorrelated channel is:
	L1
	L2
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Table 3 8Tx Two Level Codebook2

4 Performance Evaluation of 4Tx two-level codebook
In this section, we evaluate the performance of the proposed codebook shown in appendix. The simulation assumptions used in system level simulation are also given in the appendix.
	
	Average spectral efficiency
	Cell edge spectral efficiency

	Rel-8 codebook 
	2.9051    
	0.0999

	Two-Level codebook
	3.3273 (+14.5%)
	0.1202 (+20.3%)

	Two-Level codebook

L1 - 100ms/ L2 - 5ms
	3.30 (13.7%)
	0.118 (18.7%)

	Two-Level codebook

L1- 50RB/ L2 - 6RB
	3.294 (13.5%)
	0.122 (+20.7%)

	Adaptive codebook

[101960]
	3.261 (12.5%)
	0.107  (9.5%)


Table 4 Case1 0.5lambda Rank-1 SU/MU
	
	Average spectral efficiency
	Cell edge spectral efficiency

	Rel-8 codebook 
	1.9605    
	0.0644

	Two-Level codebook
	2.1535  (+9.8%)  
	0.0706 (+9.6%)


Table 5 UMi 4lambda Rank-1 SU/MU
We have the following observations from the simulation results:

· The 2-level codebook provides significant spectral efficiency gain both for cell average and cell edge.
· The overhead can be reduced by dividing two layers of feedback into wideband/subband or long term/short term.  Similar performance gain is observed with this reduced feedback overhead in both time domain and frequency domain.
· 2-level codebook performs better comparing with adaptive codebook when quantized R is used
5 Conclusion
In this contribution, a method of enhancing feedback accuracy for MU-MIMO by using 2-level codebook was proposed.  This two-level codebook has the following advantages:
· Low implementation complexity (including low codeword searching complexity and good backward compatibility)
· Same technique can be applied to both for 4Tx and 8Tx.  
· Good performance both in correlated and uncorrelated channel
· Small feedback overhead – potentially less overhead than Rel-8 
· Support dynamic switching between Rank2 SU and Rank1 MU very easily 
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Appendix A
Table A1: 2-Level codebook (2-bit for each L1 codeword)
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Table A2: System Level Simulation Assumptions

	Parameters
	Assumptions

	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/ ITU Urban Micro 

	Antenna configuration
	MIMO 4x2

Transmitter: 4Tx co-polarized antenna at eNB, 0.5λ separation for 3GPP Case 1, 4( separation for UMi
Receiver: 2Rx vertically polarized antenna at UE, 0.5λ separation 

	Number of UEs per cell
	10

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

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

	Link adaptation 
	SU-CQI/PMI feedback, post-BF CQI calculated based on SU CQI with adjustment based on ACK/NACK

	MU Precoding
	SLNR

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-ideal
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