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1. Introduction

MU-MIMO enhancement has been extensively discussed in LTE-A Rel. 10 for homogeneous network deployments. The CSI-RS/DMRS based RS structure provides much more precoding flexibility than the conventional CRS based RS structure. Compared to the augmented flexibility enabled by the DMRS, the 4Tx CSI quantization accuracy doesn’t get improved because Rel. 8 codebooks are reused in Rel. 10 for 4Tx. However, we notice that Rel. 10 8Tx codebooks comprise constituent 4Tx precoding components that have higher spatial resolution than the Rel. 8 ones. Therefore, it may take minimum efforts to repurpose those components for enhancing 4Tx precoding. In [1] we show the efficiency of a 4Tx codebook with a slightly finer resolution by system improvements for homogeneous networks.  In this contribution, we further verify the efficiency of the same codebook by the system improvements for heterogeneous networks. Furthermore, we expect that CoMP performance should also improve if we apply the same codebook for quantizing the nulling CSI.
2. System Configurations
We consider a heterogeneous network with 57 Macro cells and each Macro cell has 4 Pico cells. Ignoring the effects from the control channel, limitation of DMRS ports, etc, the system performances of “same cell ID” and “different cell ID” scenarios are expected to be similar. We assume that a moderate RSRP bias 12dB is applied to the Pico cell so that both the Pico cells and the Macro cells can have enough associated UEs to benefit from the MU-MIMO SDM gain. 3/8 subframes in the Macro cell are configured as almost blank subframes (ABS) to boost the geometry SINRs of the newly transferred Pico UE(s).
3. Throughput Gain of Larger Codebook
In this section, system level results are presented for the most likely antenna configurations in heterogeneous networks.
a) Ant Config 1: X X at Macro cell, X X at Pico cell and + at UE
Table 1, Full buffer SU/MU dynamic switching, gain over Rel. 8 codebook using ant config 1
	System throughput testing points
	Rel. 8 4 bits
	Rel. 11 5 bits
	Rel. 11 6 bits

	5% (bps/Hz)
	0.044 (100%)
	0.049 (111%)
	0.049 (111%)

	Cell Average (bps/Hz)
	1.89 (100%)
	1.97 (104%)
	2.02 (107%)


b) Ant Config 2: X X at Macro cell, | | | | at Pico cell  and X at UE
Table 2, Full buffer SU/MU dynamic switching, gain over Rel. 8 codebook using ant config 2
	System throughput testing points
	Rel. 8 4 bits
	Rel. 11 5 bits
	Rel. 11 6 bits

	5% (bps/Hz)
	0.047 (100%)
	0.054 (115%)
	0.055 (117%)

	Cell Average (bps/Hz)
	2.36 (100%)
	2.53 (107%)
	2.6(110%)


Observation 1: Significant system throughput gains can be obtained using a slightly larger 4Tx codebook in heterogeneous networks.
4. Standardization of Larger Codebook 
We believe that 6-bit codebook is a reasonable choice considering most practical antenna configurations and the impact of spec changes. Since the gain of closed loop MIMO is expected to be smaller as the rank goes higher for 4Tx especially in MU-MIMO, it minimizes standardization efforts to only enlarge the 4Tx rank 1 and rank 2 codebooks. 
We can first enlarge the 4Tx rank 1 codebook and then design the rank 2 codebook accordingly using the nesting structure. For the additional 48 codewords in the larger 6-bits codebook, 24 of them can be the same as the 4Tx precoding components in Rel. 10 8Tx codebook, which are DFT vectors with a spatial sampling resolution higher than Rel. 8 4Tx codebook. Those 24 codewords will benefit both ULA and XPol antennas. The rest 24 codewords can be designed specifically for XPol antennas since this antenna configuration is a more widely used in operators’ networks than ULA. Some non-constant modulus code words can be considered in order to enable dynamic selection between two 2Tx transmission points using PMI bits.
There exists different ways to write those additional codewords into the spec. One way could be to write those codewords according to 8Tx codebook defined in Rel. 10. Another way could be to write those codewords according to the 4Tx codebook defined in Rel. 8. We slightly prefer the latter.  Table 4 in the appendix gives one example.
5. Conclusion
In this contribution we further investigated the system throughput gain by enlarging the Rel. 8 4Tx codebook by 1-2 bits in heterogeneous networks. We confirmed that larger codebook can get larger gains in heterogeneous networks than in homogeneous ones [1]. Finally we present an example that shows how to enlarge the 4Tx codebook in the spec without affecting the consistency and compatibility.
6. Reference
[1]: R1-101808, “Evaluation of enhanced MIMO feedbacks for LTE-A”, Intel
7. Appendix A
Table 3 SLS Simulation Assumptions 
	Parameter
	Value

	Duplex mode and bandwidth
	FDD, 10 MHz

	Cellular Layout
	57 Macro cell and 4 Pico cells/Macro cell

	Total Users in the system
	30 * 57

	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, rank adaptation enabled

	Total number of RB in one SF
	50

	HARQ
	CC non-adaptive synchronous

	MIMO receiver type
	MMSE option 1 in CoMP evaluations

	PAPR
	No constraint on per-antenna power imbalance 

	Antenna configuration
	Listed in section 3

	Control overhead
	L=3, 2 CRS ports, DMRS

	Channel model
	ITU UMa to the Macro cell/ ITU UMi to the Pico cell

	Link error prediction technique
	EESM

	Inter cell interference modelling
	Realistic


Table 4: 48 Additional vectors defined using Rel. 8 4Tx codebook format
	Codebook index
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	17-39
	To be defined according to index 16
	To be defined according to index 16
	To be defined according to index 16

	40-63
	To be defined according to index 8 to 11 in Rel. 8 codebook
Some other code words support dynamic point selection can be also considered
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