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1. Introduction

MU-MIMO enhancement has been extensively discussed in LTE-A Rel. 10, [1-9]. Many proposals have been made to enhance the Rel. 8 codebook for improving the MU-MIMO performance. Most proposals fall into two categories: exploiting the time/frequency correlation to reduce the channel state information (CSI) quantization error, or exploiting the spatial domain correlation to reduce the CSI quantization error. Because of the diverse views, no proposal for reducing CSI quantization error was agreed in Rel. 10 time frame.  Other directions such as CQI/PMI enhancement have also been discussed in the remaining time of Rel. 10, such as MU-CQI, subband PMI, and rank restricted PMI [10], [11]. Unfortunately there is no consensus on the achievable gains reported by those proposals. Thus it ends up with that the 4Tx feedback performance remains the same as Rel. 8.
2. Necessity to Enhance the Rel. 8 Codebook in Rel. 11
During the discussion of Rel. 10, many operators indicated that 4Tx remains to be an important antenna configuration for practical deployment [12] [16]. Compared to the 8Tx codebook defined in Rel. 10 [13], which is composed of 4Tx DFT vectors and a co-phase between two 4Tx components, the 4Tx codebook has a lower angular resolution. For example, rank-1 4Tx codebook has only 8 DFT vectors. However, the 4Tx component of 8Tx codebook has 32 DFT vectors. In general, we observed 5-10% SE gain in MU-MIMO when we simply adding more vectors into the rank-1 and rank-2 4Tx codebook.  This gain is achievable under the assumption that DMRS and CSI-RS of Rel. 10 LTE-A are expected to be relatively stable in Rel. 11.
3. 4Tx Codebook Update
The most straightforward method to reduce the quantization error for 4Tx is to change the existing codebook, e.g. increasing the number of code words. Codebook update will result in quite some changes across multiple specs. If the group decides not to update the Rel. 8 codebook but still wants to reduce the CSI quantization error, [14] proposes one solution interpolating multiple rank 1 PMIs. Due to the lack of time, this direction is not fully discussed yet in Rel. 10. The advantage is that the spec change is very limited only in 36.213.
4. Throughput Gain for a Larger Codebook
In this section we give some system level results by taking into account the practical limitations of DMRS and CSI-RS. The DMRS sequence generation and effective channel estimation is per RB and the receiver knows only its own DMRS ports via DCI 2C. The impact of DMRS channel estimation error is modelled as PDSCH SINR loss as [15]. The CSI-RS is also implemented in SLS. In the following we give the SE gains for different antenna configurations. The simulation assumptions follow the agreed in [17].
a) Closely spaced ULA, |||| -> ||
Table 1, MU-MIMO performance comparisons for Rel. 8 codebook and a larger codebook for ||||->||
	CQI feedback modes
	PUCCH 1-1
	PUSCH 3-1

	Cell SE (bps/Hz)

	Re. 8 4 bits
	2.14
	2.42

	5 bits codebook
	2.3
	2.59

	6 bits codebook
	2.3
	2.62

	Gain of 5 bits over 4 bits
	7.5%
	7.0%

	Gain of 6 bits over 4 bits
	7.5%
	8.3%

	Cell Edge SE (bps/Hz)

	Re. 8 4 bits
	0.068
	0.08

	5 bits codebook
	0.068
	0.087

	6 bits codebook
	0.071
	0.086

	Gain of 5 bits over 4 bits
	0%
	8.8%

	Gain of 6 bits over 4 bits
	4.4%
	7.5%


b) Closely spaced XPol, X X -> +
Table 2, MU-MIMO performance comparisons for Rel. 8 codebook and a larger codebook for X X->+
	Antenna Configuration
	PUCCH 1-1
	PUSCH 3-1

	Cell SE (bps/Hz)

	Re. 8 4 bits
	1.7
	1.87

	5 bits codebook
	1.79
	1.97

	6 bits codebook
	1.82
	2.03

	Gain of 5 bits over 4 bits
	5.3%
	4.3%

	Gain of 6 bits over 4 bits
	7.1%
	8.1%

	Cell Edge SE (bps/Hz)

	Re. 8 4 bits
	0.059
	0.071

	5 bits codebook
	0.061
	0.071

	6 bits codebook
	0.066
	0.07

	Gain of 5 bits over 4 bits
	3.4%
	0%

	Gain of 6 bits over 4 bits
	12%
	-1%


c) Large spaced XPol, X     X -> +
The SE gain of MU-MIMO over SU-MIMO becomes less significant than the other two antenna configurations. If we want to optimize the codebook performance for this antenna configuration, we believe non-constant modulus vectors are needed (if PA utilization is not a concern for single cell wideband beamforming).
d) Distributed RRH systems
Distributed RRH system (CoMP scenario 4) has been proposed recently in CoMP. In such systems, it’s possible to map multiple transmission points into one CSI-RS pattern. For example two 2Tx antenna TPs can be mapped into one 4 ports CSI-RS pattern. In [18], we have discussed the problem to configure/reconfigure CSI-RS pattern. Fast CSI-RS pattern selection is identified as one solution for this problem. One way to implement this is to add non-constant modulus vectors into the codebook, e.g. to add vectors like [1 1 0 0]T in the rank 1 4Tx codebook. Then fast CSI-RS selection signalling is sent using PMI bit. This solution is only applicable to the case in which total number of Tx antennas for multiple TPs equal to 2, 4 or 8. 
5. Conclusion
In this contribution we briefly overviewed the discussions on 4Tx codebook/feedback enhancement in Rel. 10. System level simulations shows that 5%-10% SE improvement is achievable by simply adding more vectors in the Rel.8 4Tx codebook. The design principle of the additional vectors, e.g. whether antenna calibration errors need to be considered, needs to be decided in future Rel. 11 meetings.
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7. Appendix A
Table 3 SLS Simulation Assumptions 
	Parameter
	Value

	Duplex mode and bandwidth
	FDD, 10 MHz

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

	Users per cell
	10

	Downlink transmission scheme
	SU/MU dynamic switching with max composite rank 2

	Downlink scheduler
	Proportional Fair

	DMRS modelling
	Realistic

	CSI-RS modelling
	Realistic and reuse 1

	CQI reporting mode
	PUCCH 1-1, PUSCH 3-1, rank 1 only

	Total number of RB in one SF
	50

	HARQ
	CC non-adaptive synchronous

	MIMO receiver type
	MMSE option 1 in [19]

	PAPR
	No constraint on per-antenna power imbalance 

	Antenna configuration
	Closely spaced ULA, closely spaced cross pol

	Control overhead
	L=3, 2 CRS ports, DMRS, CSI-RS

	Channel model
	SCM high angular spread

	Link error prediction technique
	EESM

	Inter cell interference modelling
	Realistic



