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1. Introduction

MU-MIMO enhancement has been extensively discussed in LTE-A Rel. 10 for homogeneous network. Precoding flexibility and accuracy were two hot topics. The CSI-RS/DMRS based RS structure provides much more precoding flexibility than the conventional CRS based RS structure. Although the precoding flexibility is augmented, the enhancement of precoding accuracy is still under discussion. As a result, Rel. 8 codebooks are reused in Rel. 10. For improving the accuracy, we notice that the constituent 4Tx precoding components of Rel. 10 8Tx codebooks have higher spatial resolution than the Rel. 8 4Tx ones. It may take minimum efforts to repurpose those components for enhancing 4Tx precoding. We verified this approach by showing the efficiency of such a 4Tx codebook for both homogeneous and heterogeneous networks in [1] [2]. Similar performance improvements are also read in other independent contributions [3], [4], [5] as well. In this contribution, we further verify the efficiency of the same codebook using operator prioritized scenarios and the agreed simulation assumptions for CSI feedback enhancement [6]. With the increased spatial resolution, it is expected that CoMP should also benefit from increased accuracy in nulling.
2. Throughput Gain of Larger Codebook
In this section, system level results are presented for the scenarios operator prioritized [6].
a) Scenario A, homogeneous networks, 30 UE/cell
Table 1, Full buffer SU/MU dynamic switching, gain over Rel. 8 codebook in scenario A, XX->+
	System throughput testing points
	Rel. 8 4 bits
	Increase to 5 bits
	Increase to 6 bits

	5% (bps/Hz)
	0.016 (100%)
	0.018 (111%)
	0.018 (111%)

	50% (bps/Hz)
	0.051 (100%)
	0.056 (110%)
	0.057 (113%)

	Cell Average (bps/Hz)
	1.67 (100%)
	1.84 (110%)
	1.89 (114%)


Observation 1: System throughput increases more than 10% in Scenario A when 4Tx codebook increases from 4 bits to 6 bits.
b) Scenario C1, co-channel small cells, 30 UE/macro cell, 29% macro attach ratio
Table 2, Full buffer SU/MU dynamic switching, gain over Rel. 8 codebook in scenario C1, XX->+
	System throughput testing points
	Rel. 8 4 bits
	Increase to 5 bits
	Increase to 6 bits

	5% (bps/Hz)
	0.079 (100%)
	0.082 (115%)
	0.084 (117%)

	50% (bps/Hz)
	0.33 (100%)
	0.36 (109%)
	0.358 (108%)

	Cell Average (bps/Hz)
	2.22 (100%)
	2.36 (106%)
	2.359 (106%)


Table 3, Full buffer SU/MU dynamic switching, gain over Rel. 8 codebook in scenario C1, ||||->||
	System throughput testing points
	Rel. 8 4 bits
	Increase to 5 bits
	Increase to 6 bits

	5% (bps/Hz)
	0.115 (100%)
	0.129 (112%)
	0.125 (109%)

	50% (bps/Hz)
	0.45 (100%)
	0.5 (111%)
	0.52 (116%)

	Cell Average (bps/Hz)
	2.88 (100%)
	3.13 (108%)
	3.25 (113%)


Observation 2: System throughput increases more than 6% in Scenario C1 when 4Tx codebook increases from 4 bits to 6 bits. The gain is smaller in Scenario C1 than Scenario A. 
c) Scenario C2, adjacent channel small cells, 30 UE/macro cell, 29% macro attach ratio

Table 4, Full buffer SU/MU dynamic switching, gain over Rel. 8 codebook in scenario C2, ||||->||
	System throughput testing points
	Rel. 8 4 bits
	Increase to 5 bits
	Increase to 6 bits

	5% (bps/Hz)
	0.162 (100%)
	0.169 (104.7%)
	0.172 (106.2%)

	50% (bps/Hz)
	0.518 (100%)
	0.602 (116%)
	0.638 (123%)

	Cell Average (bps/Hz)
	3.44 (100%)
	3.79 (110%)
	4 (117%)


Observation 3: The enlarged codebooks provide highest gain in C2 with ULA antenna configuration.
3. Standardization of Larger Codebook 
We believe that 6-bit codebook is a reasonable choice for its practicality in most operator prioritized scenarios and the minimum spec changes. Codebooks with more than 6 bits may be considered if sufficient performance gain is found in the operator prioritized scenarios. Since the gain of closed loop MIMO is expected to be smaller as the rank goes higher for 4Tx especially in MU-MIMO, the standardization efforts may be limited to only enlarge the 4Tx rank 1 and rank 2 codebooks. 
For backward compatibility to Rel. 8/10 codebooks, we would like to maximize the reuse of those legacy components and methodology in constructing the 6-bit codebook. For example, we can firstly enlarge the 4Tx rank 1 codebook and then design the rank 2 codebook accordingly using the nesting structure. For the 48 codewords additional to the legacy 4-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 benefit both XPol and ULA antennas. The rest 24 codewords can be designed specifically for XPol antennas since this antenna configuration is more widely used in operators’ networks than ULA.
There exists different ways to write those additional codewords into the spec. One way could be to write those codewords according to the 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 6 in the appendix gives one example. We list suggestions below to define a larger 4Tx codebook in Rel. 11 for both high performance and small standardization efforts.
Suggestion 1: Designing the rank 1 codebook for 4Tx first and then transform the rank 1 codebook into u vector and use house holder reflection and column selection to get the high rank codebook.
Suggestion 2: We prefer enlarging the existing 4Tx codebook to completely replacing it with a larger codebook since the existing codebook is already implemented in products.
Suggestion 3: For the newly added vectors, constant modulus property can be kept up to 6 bits. Non-constant modulus vectors can be considered for a codebook size larger than 6 bits.
Suggestion 4: We can transfer 24 DFT vectors that are already in the Rel 10 8Tx codebook but not in the 4Tx codebook into the enlarged 6-bit codebook.

Suggestion 5: The remaining 24 vectors can be specifically designed for cross polarized antennas and start with the alphabet which is already in the existing 4 bits codebook.

4. Conclusion
In this contribution we further investigated the system throughput gain by enlarging the Rel. 8 4Tx codebook by 1-2 bits in operator prioritized scenarios [6]. We confirmed that larger codebooks have significant system throughput gain in all operator prioritized scenarios. Finally we made some suggestions on how the larger 4Tx codebook could be added into the spec. 
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6. Appendix A
Table 5 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

	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 6: 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 4Tx codebook
Some other non-constant modulus code words can be also considered
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