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Discussion and decision 
1 Introduction
In the RAN1#72 meeting, the following agreement has been made [1]: 

· 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 consider enhanced 4-Tx codebook designs and present preliminary system level evaluation results for several 4-Tx codebook proposals.  

2 Enhanced 4-Tx codebook design
As agreed in RAN 1#72, the enhanced 4-Tx codebook W should adopt Rel. 10 8-Tx double codebook structure, i.e.,  
· W=W1W2; 
· W1  may correspond to a long term and/or wideband  channel properties; 
· W2  may correspond to a short term and/or  narrow channel properties; 
We propose an enhanced 4-Tx codebook W with W1 and W2 for Rank-1 and Rank-2, which are specified as follows:
· W1 Codebook:  W1 has a block diagonal structure as follows: 
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matrix.  The values of 
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 depend on the rank.  
          For Rank-1 and rank-2, one possible X is chosen to from the following set of oversampled DFT vectors. 
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· W2 Codebook:  W2 is a 
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 depends on the rank.
Rank-1:  One possible option for W2 is to reuse the Rel. 8 rank-1 2-Tx codebook.  
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Rank-2: One possible option for W2 is to reuse the Rel. 8 rank-2 2-Tx codebook. 
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Since W2 is for subband, the codesize for W2 is critical to the overall overhead increase particularly when the bandwidth is large. 
· The overall codebook W is obtained as W1W2 with proper power normalization.  
Proposal: The codebook W1 should be a block diagonal matrix with DFT-like column vectors. The choice of DFT-like beams should be studied. The codebook W2 performs co-phasing.     

3 Evaluation results 
In this section, we present feedback payload comparisons and system level evaluation results for several 4-Tx codebook proposals.  Table 1 lists W1 and W2 codebook sizes in the PUSCH 3-2 Mode for Sources 2-4 corresponding to the contributions [2]

 REF _Ref353770486 \r \h 
[3]

 REF _Ref353770487 \r \h 
[4], respectively.   
Table 1 Overhead Comparison of W1 and W2 Codebooks with PUSCH Mode 3-2
	Codebook (bits)
	W1 CB Size 
	W2 CB Size (Rank 1)
	W2 CB Size (Rank 2)

	Source 1 [2]
	3
	2
	1

	Source 2 [3]
	3
	2
	2

	Source 3 [4]
	4
	4
	4


Table 2 and Table 3 summarize system level evaluation results of several 4-Tx double codebook proposals with PUSCH mode 3-2 in two UE distribution cases: 100% outdoor and 20% outdoor/80% indoor.  The baseline of the system level evaluation is Rel. 10 codebook with PUSCH mode 3-1. The system level evaluation results are obtained for SU-MIMO mode only. The detailed system evaluation assumptions are listed in Table 4 in Appendix.   
Table 2 System Level Simulation Results for 100% Outdoor UEs 
	
	Average Cell

Throughput
	Gain
	Cell-edge User

Throughput
	Gain

	Rel10 CB
	1.9981
	0.0%
	0.0502
	0.0%

	Source 1 [2]
	2.0860
	4.4%
	0.0560
	11.6%

	Source 2 [3]
	2.0824
	4.2%
	0.0549
	9.4%

	Source 3 [4]
	2.1030
	5.3%
	0.0594
	18.3%


Table 3 System Level Simulation Results for 20% Outdoor/ 80% Indoor UEs 
	
	Average Cell

Throughput
	Gain
	Cell-edge User

Throughput
	Gain

	Rel10 CB
	1.9612
	0.0%
	0.0523 
	0.0%

	Source 1 [2]
	 2.0498 
	4.5% 
	0.0532


	 1.7%

	Source 2 [3]
	 2.0301
	3.5% 
	0.0552 
	 5.5%

	Source 3 [4]
	2.0539
	4.7%
	0.0623
	19.1%


It can be seen from Table 2 and Table 3 that an increase of the W2 codebook size from 2 bits to 4 bits offers additional gains in terms of cell average and cell edge throughputs.  However, an increase of the W2 codebook size may potentially increase the feedback payload significantly when the bandwidth is large. In addition, the W1 and/or W2 codebook sizes are related to the PMI search space and thus are related to the UE complexity as well.  The trade-offs among performance, overhead, and complexity should be studied. 
Proposal: Three bits for the W1 and two bits for the W2 codebook size should be considered.   
4 Conclusion

In this contribution, we discuss enhanced 4-Tx codebook deigns and present system level simulation results for several 4-Tx codebook proposals.  Based on our study, we further make the following proposals for consideration:

Proposal 1: The codebook W1 should be a block diagonal matrix with DFT-like column vectors. The choice of DFT-like beams should be studied. The codebook W2 performs co-phasing.     
Proposal 2: Three bits for the W1 codebook size and two bits for the W2 codebook size should be considered.     
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Appendix: 
Table 4 Simulation Evaluation Assumptions

	Scenarios and Parameters
	Assumptions 

	Channel model/Deployment scenarios
	ITU Uma, Scenario A

	Indoor/Outdoor UE Distribution
	100% outdoor  and 20% outdoor/80% indoor

	eNB antenna configuration
	4 Tx with 0.5 λ spacing; X-Pol: ± 45 degrees

	Tx Power at eNB
	46 dBm 

	UE antenna configuration 
	2 Rx with 0.5 λ spacing; X-Pol: ± 45 degrees

	UE Density
	10 UE per Macro cell with uniform distribution

	UE Speed
	3 km/h

	Bandwidth
	10 MHz

	Carrier Frequency
	2 GHz

	Downlink transmission scheme
	SU-MIMO Only 

	Feedback periodicity 
	5 ms

	Feedback delay
	5 ms

	Feedback Mode
	PUSCH Mode 3-1/PUSCH Mode 3-2

	Sub-band granularity
	6 RBs

	Traffic model
	Full-buffer 

	Scheduler 
	PF in time and frequency 

	HARQ limits
	4 

	Rank adaptation
	Rank 1/2 transmission for SU-MIMO 

	Time misalignment error (TAE)
	None 
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