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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 reported in other independent contributions [3], [4], [5]. In [7], 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.
On the other hand during the MU-MIMO performance enhancement discussion in Rel. 10 and Rel. 11, the CSI mismatch issue has been identified in [8] [9] [10] and different solutions have been proposed in those contributions as well. Those contributions reach a consensus as follows: although individual UE reports CSI that maximizes its own throughput, these reports don’t necessarily maximize the overall system throughput as there is a mismatch between what eNB needs for overall throughput and what individual UE currently sends. This CSI mismatch problem is more severe when eNB wants to perform MU-MIMO pairing but most of the received CSI reports are optimized for high rank SU-MIMO. [10] further investigates this CSI mismatch issue in operator prioritized scenario [5].
The main purpose for this contribution is to combine the proposals for spatial resolution improvement [7] and CSI-mismatch reduction [10] and evaluate the combined proposal under operator prioritized scenario. 
2. Evaluation of CSI feedback enhancement
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
	6 bits codebook in [7] + MU-optimized CSI in [10]

	5% (bps/Hz)
	0.017 (100%)
	0.018 (110%)

	50% (bps/Hz)
	0.05 (100%)
	0.058 (116%)

	Cell Average (bps/Hz)
	1.67 (100%)
	1.94 (116%)


Observation 1: 6bits codebook and MU-MIMO optimized CSI reporting method can have up to 16% SE gain, 10% cell edge SE gain and 16% medium SE gain.
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
	6 bits codebook in [7]

	5% (bps/Hz)
	0.074 (100%)
	0.075 (101.3%)

	50% (bps/Hz)
	0.29 (100%)
	0.34 (114%)

	Cell Average (bps/Hz)
	1.96 (100%)
	2.12 (108%)


Table 3, Full buffer SU/MU dynamic switching, gain over Rel. 8 codebook in scenario C1, ||||->||
	System throughput testing points
	Rel. 8 4 bits
	6 bits codebook in [7] + MU-optimized CSI in [10]

	5% (bps/Hz)
	0.11 (100%)
	0.113 (102.7%)

	50% (bps/Hz)
	0.41 (100%)
	0.466 (115%)

	Cell Average (bps/Hz)
	2.6 (100%)
	2.92 (112.3%)


Observation 2: 6bits codebook and MU-MIMO optimized CSI reporting method can have up to 12% SE gain, 3% cell edge SE gain and 15% medium SE gain. 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, XX->+
	System throughput testing points
	Rel. 8 4 bits
	6 bits codebook in [7]

	5% (bps/Hz)
	0.084 (100%)
	0.088 (104.9%)

	50% (bps/Hz)
	0.365 (100%)
	0.41 (111.2%)

	Cell Average (bps/Hz)
	2.31 (100%)
	2.57 (111%)


Table 5, Full buffer SU/MU dynamic switching, gain over Rel. 8 codebook in scenario C2, ||||->||
	System throughput testing points
	Rel. 8 4 bits
	6 bits codebook in [7] + MU-optimized CSI in [10]

	5% (bps/Hz)
	0.153 (100%)
	0.163 (106.5)

	50% (bps/Hz)
	0.531 (100%)
	0.635 (119.6%)

	Cell Average (bps/Hz)
	3.28 (100%)
	3.9 (119 %)


Observation 3: 6bits codebook and MU-MIMO optimized CSI reporting method can have up to 19% SE gain, 6.5% cell edge SE gain and 19% medium SE gain. The gain is higher in Scenario C2 than Scenario A. 
3. Conclusion
In this contribution we further investigated the system throughput gain by combining a larger 6bits 4Tx codebook [7] and MU-MIMO optimized CSI reporting method [10] in operator prioritized scenarios [6]. We confirmed that the combined method has up to 19% cell average throughput gain, up to 10% cell edge SE gain and up to 19% cell medium SE gain in operator prioritized scenarios. Based on the observations from system level simulations, we propose following items to be considered for Rel. 11 DL MIMO enhancement:

Proposal 1: Enlarge the 4Tx codebook to 6 bits

Proposal 2: Define necessary eNB signaling to guide the UE to report CSI

Proposal 3: Optimize the CSI feedback for different eNB scheduling preferences
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5. Appendix A
Table 6 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


