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1. Introduction
The following scenarios are identified for study with higher priority for DL MIMO feedback enhancements in [1].
A. Homogeneous macro network (2Tx, 4Tx)

-   Reuse the macro part of the baseline simulation case for scenario 4 in TR36.819, unless otherwise stated in this table

B. Network with low power Tx points for both outdoor and indoor within the macrocell coverage 

· Reuse the assumptions from scenario 3/4 in the CoMP SI with configuration 4b of TR36.814, unless otherwise stated in this table

· CoMP is allowed

C. Outdoor low-power Tx points 

- reuse the assumptions from scenario 3/4 in the CoMP SI with configuration 4b of TR36.814, unless otherwise stated in this table

C1: with macro cell on the same carrier frequency

- no coordination between the low-power Tx points, nor with the macro

C2: with macro cell on an adjacent carrier frequency

- no coordination between the Tx points

- the macro cell has to be taken into account in the cell selection mechanisms
As per the RAN1#66 agreement, scenarios A and C are studied with a higher priority compared to scenario B in the DL MIMO SI [1]. Scenario A is focusing on macro cell and Scenario C is focusing more on small cell. In RAN1#66b, some contributions discussed how to enhance 4Tx codebook for scenarios A and C [2]

 REF _Ref308527966 \r \h 
[3]

 REF _Ref308527967 \r \h 
[4]

 REF _Ref308527969 \r \h 
[5].  In [9], we proposed an approach to enhance 4Tx codebook for scenarios A and C based on our previous work [6]

 REF _Ref308528428 \r \h 
[7].  Evaluation results for scenario A are presented in [9]. In this contribution, evaluation results of feedback enhancements in scenario C2 are provided
2. Codebook Enhancements based Rel.8 4Tx Codebook
Our proposal presents a two-layer codebook scheme in order to make the best of the uplink feedback resource. 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. The structure of two-level codebook fits well into the two-component feedback structure. In this section, we show the steps of generating the proposed two-level codebook. The enhancement is only done to rank-1 and rank-2 codebooks. 
In this section, we give a specific 3-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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Note that the first four L2 codewords (n=0,1,2,3) shown in equation (1) are targeted more on enhancing the 4Tx DFT codewords for ULA antenna configuration. Feedback accuracy is enhanced by fine tuning the DFT beams. The last four L2 codewords (n=4,5,6,7) shown in equation (2) and (3) are targeted more on enhancing the XPOL antenna configuration. The codewords with n=4,5 are for the purpose of having two different options of phase relation between two polarization directions while the codewords with n=6,7 are for the purpose of enhancing the ULA part of the XPOL setup. The codeword with n=4 is basically the identity matrix which gives the option of using exactly the same final codeword as Rel-8 codeword.
For the non-DFT codewords, a transformation-based differential scheme described in [8] can be used to generate L2 codewords by doing compression and rotation. The four L2 codewords shown in equation (2) and (3) are also used to generate L2 codewords.
The enhancement approach of the codebook with rank 2 is similar with the codebook with rank 1. It is noted that the orthogonalization and normalization are applied to the some enhanced codewords. 
Based on the above discussion, the two-level codebook has the following advantages:
· Low implementation complexity (including low codeword searching complexity and good backward compatibility)
· Rel-10 8Tx feedback structure can be reused.
· Small feedback overhead – potentially less overhead than Rel-8 
· Support dynamic switching between Rank2 SU and Rank1 MU very easily.  
· Backward compatible with Rel-8.
3. Evaluations of 4Tx codebook enhancement for DL MIMO
Evaluation results of the two-level codebook for scenario A are shown in [9].  Here we evaluate the performance of various UE multiplexing modes and feedback modes in scenario C2. According to the antenna configurations described in [1], 4 Tx antennas are used in LPN, which are divided into 2 columns, cross-polarized on each column. The simulation assumptions used in system level simulation are given by table A1 in the appendix. There are three UE multiplexing modes: SU, SU/MU dynamic switching with max total 2 layers in MU, SU/MU dynamic switching with max total 4 layers in MU and max 2 layers per UE. 
	
	SU
	SU/MU dynamic switching with max total 2 layers in MU
	SU/MU dynamic switching with max total 4 layers in MU

	
	Average spectral efficiency
	Cell edge spectral efficiency
	Average spectral efficiency
	Cell edge spectral efficiency
	Average spectral efficiency
	Cell edge spectral efficiency

	Rel-8 codebook feedback

PUSCH 3-2
	4.3556
(SU baseline)
	0.1529
(SU baseline)
	4.4178
(MU baseline)
	0.1647
(MU baseline)
	4.6597
(+5.48%)
	0.1880
(+14.14%)

	Two-Level codebook feedback

(WB i1, SB i1)
	4.3733
(+0.41%)
	0.1581
(+3.40%)
	4.4457
(+0.63%)
	0.1729
(+4.98%)
	4.9013
(+10.94%)
	0.2116
(+28.48%)

	R feedback
	4.4106
(+1.26%)
	0.1621
(+6.02%)
	4.5781
(+3.63%)
	0.2130
(+29.33%)
	5.0140
(+13.49%)
	0.2293
(+39.22%)


Table 1 Performance under XPOL antenna and 0.5( antenna spacing in scenario C2
As shown in table 1, average spectral efficiency based on SU/MU dynamic switching with max 2 layers per UE is better than one.  It can be observed that SU/MU dynamic switching with high layers is more applicable to small cell.
For SU, the performance of R feedback comparing with Rel-8 codebook is similar because SU-MIMO doesn’t require finer PMI granularity. For SU/MU dynamic switching, the gains on cell average spectral efficiency and cell edge spectral efficiency of R feedback with max-MU layer over Rel-8 single codebook feedback can reach about 13% and 39% respectively. These significant gains give us the idea that there is a large room for codebook enhancement in the small cell scenario C2 with less interference. The gains come from finer PMI granularity and higher order of MU. 
With more realistic feedback based on our proposed two-layer codebook, we can still see significant gains especially on cell edge spectral efficiency. The gains on cell average and cell edge spectral efficiencies increase when multiplex layer is higher. For SU/MU dynamic switching with max 2 layers per UE, the gains on cell average spectral efficiency and cell edge spectral efficiency of the proposed two-layer codebook over Rel-8 codebook are 10% and 28% respectively. It can be seen that the achievable gain from using the 4Tx double codebook is pretty close to the gain achievable by R feedback.
4. Conclusions
Considerations on feedback enhancements in Scenario A and Scenario C are discussed in this contribution. The views can be summarized as follows:
· The two-level 4Tx codebook can be considered for feedback enhancements in macro cell. The 8Tx double codebook structure can be re-used for correlated environment.
· SU/MU dynamic switching with high layers is more applicable to small cell scenario C2 when inter-cell interference is low.
· The potential gains of feedback enhancements in small cell scenario C2 is high. Codebook enhancements for small cell should be further studied. 
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Appendix A: Simulation assumptions and parameters

Table A1 System Level Simulation Assumptions of small cell
	Parameters
	Assumptions

	Cellular Layout 
	Hexagonal grid, 19 sites, 3 Macro cells per site, wrap‑around 

	ABS Configuration of macro cell 
	All subframes of macro cell is ABS

	LPN Configuration
	Configuration #4b with 4 low power nodes per macro cell

	Number of UEs dropped within each macro geographical area
	30

	Channel Model 
	ITU UMa for Macro, UMi for low power node

	Operating bandwidth (BW)
	10 MHz

	Tx Power 
	46dBm for macro and 30dBm for LPN

	UE Speed
	3km/h

	Association bias
	6dB

	Antenna configuration
	Transmitter: 4Tx cross-polarized antenna at macro eNB, 4Tx cross-polarized antenna at LPN RRH

Receiver: 2Rx cross-polarized antenna at UE
Antenna tilt  15 degree

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

	Feedback scheme
	Rel-8 RI/CQI/PMI for FDD, Channel reciprocity based on SRS is used for TDD

	Delay for scheduling and AMC
	5ms

	Scheduler 
	Proportional Fair

	Traffic Model 
	Full Buffer

	Receiver
	MMSE-IRC 

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-ideal, based on CSI-RS for channel measurements, based on DMRS for data demodulation
Channel estimation error modeling in [6] is used 
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