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1 Introduction

In [1], working assumptions were given below:

· A new aperiodic PUSCH feedback mode is supported in Rel.12 with following feedback

· CQI and rank feedback bit size as in PUSCH Mode 3-1 in Rel 10

· A wideband PMI 

· 2 Tx: 0 bit

· 4 Tx: FFS with the consideration of codebook enhancement in Rel. 12 not excluding 0 bit wideband PMI

· 8 Tx: 4/4/2/2/2/2/2/0 bits for rank 1-8 respectively 

· Per subband PMI(s)
· 2Tx: 2/1 bits for rank 1 – 2

· 4Tx: FFS with the consideration of codebook enhancement in Rel.12

· 8Tx: 4/4/4/3/0/0/0/0 bits  for rank 1 – 8 respectively

· Use Rel 10 W=W1W2 codebook structure for 4 antenna feedback for DMRS based TMs

· The following are for further study and evaluation:

· Subband size

· Detailed W1 and W2 structures, e.g. W1 corresponds to a long term and/or wideband channel properties and W2 corresponds to  a short-term and narrowband channel

· Additional information in the CSI reports for this new feedbsack mode

· For example CSI feedback enhancements targeted at improving MU performance 

(Note that the current Rel-10 4tx codebook has W=W1W2 structure). 

In this contribution, we will introduce detail design and performance of enhanced codebook. 
2 Discussion
2.1 Detail design of 4-tx codebook enhancement
In [2], we introduced the detail design process and simulation of enhanced codebook and observed that:
Observation 1: It is necessary to increase the number of DFT vectors and non-DFT vectors simultaneously;
Observation 2: It is sufficient to increase the number of DFT vectors to 32 for 4Tx.
Observation 3: The other non-DFT vectors can be introduced by considering the co-phase adjustments for cross-polarized antennas.
Observation 4: The other non-DFT vectors can be introduced by considering the phases permutation to keep the large chordal distance.
In addition, the larger codebook with single structure will bring in large overhead. In contrast, the codebook with dual structure would only slightly increase the overhead. Further, with the dual structure codebook the computation complexity mainly concentrates on the second PMI, which is similar with the complexity of Rel-8 4Tx. Moreover, the overhead and complexity resulted by codebook enhancement should be not more than that of Rel-10 8-tx codebook. That is, both W1 (responding to long-term/wideband PMI) and W2 (responding to short-term/subband PMI) should be not more than 4 bits for rank 1 and 2. So we propose that:
Proposal 1: The codebook enhancement should be taken into account for further downlink MIMO enhancement.
Proposal 2: The proposed principle for codebook enhancement for 4Tx:

-  Increase the number of DFT vectors and non-DFT vectors simultaneously;

-  Increase the number of DFT vectors not more than 32;

-  Use the dual codebook structure to reduce overhead;

- The overhead and complexity resulted by codebook enhancement should be not more than Rel-10 8-tx codebook.
The detail design of proposed enhanced codebook had modified and introduced in [3] , in which:  
For rank (denoted as L) is equal to 1 or 2, the precoder 
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 is multiplied by two matrices 
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Where:

· The overall precoder 
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 is a 
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 unitary precoding matrix, in which 
· 
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 is a square unitary 4 x 4 diagonal matrix, 
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 is an 4 x 1 DFT vector corresponding to AoD of the dominant path.
· 
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  is a  
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 DFT vector that comes from the set:
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 matrix. The 3-bit codebooks of 
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 for rank-1 and rank-2 are presented in Table 1~2 in [3].

For rank L is equal to 3 or 4, 
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 are selected from the 4Tx rank-L codebooks defined in Rel-10, i.e., in Table 6.3.4.2.3-2 of 36.211.
Proposal 3:   For both rank 1 and 2, use W=W1W2 codebook structure with not more than 4 bits for bothW1 and W2. 

Proposal 4:   For rank 3 and 4, 
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 are selected from the 4Tx rank-L codebooks defined in Rel-10.
2.2 Performance of codebook enhancement
In the sequel, we compare different codebooks from different metrics.
2.2.1 Link Level Simulation

For rank-1, several typical codebooks in ][4]

 REF _Ref353979901 \n \h 
[5]

 REF _Ref353979903 \n \h 
[6]

 REF _Ref353979906 \n \h 
[7]

 REF _Ref353979908 \n \h 
[8] are chosen for comparing with the proposed codebook in [3]. 
Table 1 represents the overhead corresponding to different codebooks, where 
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 denotes the feedback period of long-term PMI. Some of the dual structure codebooks (i.e. 8 bits codebook proposed in [4]

 REF _Ref353979908 \n \h 
[8]) has slightly higher overhead than others (i.e. 7 bits codebook proposed in [3]

 REF _Ref353979901 \n \h 
[5]

 REF _Ref353979903 \n \h 
[6]) with same period. Moreover, in the case of longer period (i.e. 
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 larger than 4), the 7 bits codebook may even have less overhead than the Rel-8 4Tx codebook. On the other hand, the single structure codebook ([7]) has the lest overhead than any other enhanced codebook in the case of short period (i.e. 
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is equal to 1). However, the trend is reversed when the period becomes longer. It is worth noting that the feedback period of long-term PMI is expected to be much longer, therefore, the codebook with single structure would inevitably bring in larger overhead than the codebooks with dual structure.
Table 1: Comparing the different codebooks from overhead perspective
	Codebook
	Bits
	Codebook structure
	Overhead

	Baseline,Rel-8 4tx
	4 bits
	Single structure
	4

	Proposed codebook in [3]
	7 (4+3)bits
	Dual structure
	4/
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+3

	Enhanced codebook in [4]
	8 (4+4)bits
	Dual structure
	4/
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+4

	Enhanced codebook in [5]
	7 (4+3) bits
	Dual structure
	4/
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+3

	Enhanced codebook in [6]
	7 (4+3) bits
	Dual structure
	4/
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	Enhanced codebook in [7]
	6 bits
	Single structure
	6

	Enhanced codebook in [8]
	8 (4+4)bits
	Dual structure
	4/
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The quantization errors corresponding to each codebook for the cross-polarized channels are compared in Figure 1. It can be observed that the proposed codebook provides better performance than the codebooks with same overhead ([5] and [6]). The 8-bit codebook in [4] has better performance than all the 7-bit codebook, at the cost of higher overhead. On the other hand, the codebook in [7] shows the best performance in high correlation channel while worse performance in low correlation channel. 
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Figure 1: Quantization error vs correlation factor (alpha) of different codebooks
From the perspective of array manifold, different codebooks are compared in Figure 2. It can also be observed that the proposed codebook provides sufficiently good performance.
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Figure 2: Array manifold of different codebooks
Observation 5: The proposed codebook provides a good tradeoff among the quantity error, manifold as well as the overhead costing.

2.2.2 System Level Simulation
In this section, the performance of the enhanced codebooks are evaluated through system level simulation, and the details of the codebook enhancement are provided in [3]

 REF _Ref353979901 \n \h 
[5]

 REF _Ref353979903 \n \h 
[6]

 REF _Ref353979906 \n \h 
[7]

 REF _Ref353979908 \n \h 
[8] respectively. The dynamic switching of SU-MIMO and MU-MIMO is adopted in the simulator. The benchmark is codebook of Rel-8 with PUSCH mode 3-1, the other simulation assumptions are provided in Table 3 of the Appendix. 
Table 2: Throughput comparison (in bps/Hz, 4x2 cross-polarized, 0.5λ, scenario A, PUSCH mode 3-1)
	SU/MU-MIMO
	Cell Average
	Cell Edge 

	Baseline, Rel-8 Codebook,
	1.6698
	0.0520

	Proposed codebook in [3]
	1.773
	6.18%
	0.0597
	14.81%

	Enhanced codebook in [5]
	1.753
	4.98%
	0.0572
	10.00%

	Enhanced codebook in [6], alt1
	1.748
	4.68%
	0.0582
	11.92%

	Enhanced codebook in [7]
	1.751
	4.86%
	0.056
	7.69%

	Enhanced codebook in [8]
	1.7689
	5.93%
	0.0593
	14.04%


In Table 2, it can be observed that the most of the codebook enhancement schemes could provide 5% gain on the cell average performance and more than 10% gain at the cell edge,  in comparison to the legacy codebook, as adopting the MU/SU dynamic switching.  Specifically, the proposed codebook in [3] shows promising gains over Rel-8 codebook. i.e., 6.18% and 14.81% gain on cell average and cell edge, respectively. With a similar codebook structure, the codebook in [8] obtains a very similar performance with the proposed codebook.  Therefore, we conclude that:
Observation 6: The proposed codebook shows promising gain on throughput over Rel-8 codebook .

Proposal 5:  Considering the codebook proposed in [3] as the enhanced codebook for DL FeMIMO.
3 Conclusion
In the contribution, we provide the proposals for CSI feedback enhancement for 4Tx.

Proposal 1: The codebook enhancement should be taken into account for further downlink MIMO enhancement.
Proposal 2: The proposed principle for codebook enhancement for 4Tx:
-  Increase the number of DFT vectors and non-DFT vectors simultaneously;

-  Increase the number of DFT vectors not more than 32;

-  Use the dual codebook structure to reduce overhead;

-  The overhead and complexity resulted by codebook enhancement should be not more than Rel-10 8-tx codebook.
Proposal 3:   For both rank 1 and 2, use W=W1W2 codebook structure with not more than 4 bits for bothW1 and W2.
Proposal 4:   For rank 3 and 4, [image: image29.wmf]W

 are selected from the 4Tx rank-L codebooks defined in Rel-10.
Proposal 5:  Considering the codebook proposed in [3] as the enhanced codebook for DL FeMIMO.
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Appendix
A.1 Effect simulation assumptions
Table 3: The simulation assumptions
	Parameter
	Values used for evaluation

	Performance metrics
	Cell average throughput, cell-edge user throughput

	Deployment scenarios
	Scenario A

	Simulation case
	3GPP-Case1

	High power RRH Tx power 
	46 dBm in a 10MHz carrier

	Number of UEs per cell
	10

	System bandwidth
	10 MHz

	Possible transmission schemes in DL
	SU/MU-MIMO dynamic switching, two co-scheduled UEs

	CSI/CQI delay
	5TTIs

	Overhead 
	3 OFDM symbols for DL CCHs, 4 REs/RB for CSI-RS, 12 REs/RB for DM-RS, 2 CRS ports 

	Scheduler
	PF metrics

	Number of antennas at transmission point
	4

	Number of antennas at UE
	2

	Antenna configuration
	2 columns, cross-polarized on each column 

	Antenna pattern
	3D

	eNB Antenna tilt
	15 degrees

	Antenna gain + connector loss
	14 dBi in 3GPP Case 1

	Feedback scheme
	PUSCH mode 3-1 

	Channel estimation
	Non-ideal estimation through CSI-RS and IMR with estimation error, i.e., 
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 is related to SINR.

	UE receiver
	MMSE-IRC receiver, the covariance matrix is model as 
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, and A is generated according the complex Wishart distribution.

	Placing of UEs
	Uniform distribution for homogeneous networks

	Traffic model
	Full buffer

	Indoor / outdoor modeling
	100 % UEs dropped outdoor
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