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1 Introduction

The potential CSI feedback enhancements are summarized as follow [1]:

· 4-Tx PMI feedback codebook enhancements to provide finer spatial domain granularity and support different antenna configurations for macro and small cells, especially cross-polarized antennas, both closely- and widely-spaced, and non-co-located antennas with power imbalance

· a new CSI feedback mode providing sub-band CQI and sub-band PMI 

· finer frequency-domain granularity

· enhanced control of the reported rank and corresponding assumptions for CQI/PMI derivation, to improve support for MU-MIMO.

The reasons for diverse evaluation results were discussed in RAN1 #71. In order to further justify the gains of the potential CSI feedback enhancements proposed by different companies, the simulation assumptions were discussed in the email discussion [2]. In this contribution, we provide the evaluation results of further downlink MIMO enhancement based on the simulation assumptions agreed in [2]. Our evaluations mainly focus on codebook enhancement for Homogeneous network consisting of macro eNBs (i.e., scenario A).
2 Performance evaluations
In this section, the performance of the enhanced 7 bits and 6 bits codebooks are evaluated through system level simulation, and the details of the codebook enhancement are provided in [3] and [4] respectively. The dynamic switching of SU-MIMO and MU-MIMO is adopted in the simulator. The baseline of feedback is set as Rel-8 codebook with PUSCH mode 3-1, the other simulation assumptions are provided in the Appendix. The SINR performances are illustrated in Figure 1 and Figure 2 for closely-spaced and widely-spaced cross-polarized antenna configuration respectively, and the throughput for both antenna configurations are summarized in Table 1 and Table 2. 

In Figure 1 and Figure 2, it can be observed that 6 bits codebook achieves only little SINR performance gain in comparison to the codebook in Rel-8, while 7 bits codebook can achieve higher gain over Rel-8 codebook. The results are consistent with the throughput gains that are shown in Table 1 and Table 2, in which the 7 bits codebook shows promising gain over Rel-8 codebook and 6 bits codebook for both closely-spaced and widely-spaced cross-polarized antenna configuration. Specifically, as shown in Table 1, for closely-spaced antenna configuration, 10.41% and 21.84% gain on cell average and cell edge are observed. The same trend can be observed for widely-spaced cross-polarized antenna configuration in Table 2, in which 14.31% and 19.38% gain on cell average and cell edge are presented.
Table 1: Throughput comparison (in bps/Hz, 4x2 cross-polarized, 0.5λ, scenario A)
	SU/MU-MIMO
	Cell Average
	Cell Median (50%-tile)
	Cell Edge 

(5%-tile)

	Rel-8 Codebook
	2.0099 
	0.1615 
	0.0586 

	Enhanced Codebook (6bits)
	2.0164 
	0.32%
	0.1680 
	4.02%
	0.0614 
	4.78%

	Enhanced Codebook (7bits)
	2.2192 
	10.41%
	0.1874 
	16.04%
	0.0714 
	21.84%


Table 2: Throughput comparison (in bps/Hz, 4x2 cross-polarized, 4λ, scenario A)
	SU/MU-MIMO
	Cell Average
	Cell Median
(50%-tile)
	Cell Edge
(5%-tile)

	Rel-8 Codebook
	2.1242 
	0.1797
	0.0707

	Enhanced Codebook (6bits)
	2.1720 
	2.25%
	0.1855
	3.23%
	0.0732
	3.54%

	Enhanced Codebook (7bits)
	2.4281
	14.31%
	0.2140 
	19.09%
	0.0844
	19.38%
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Fig 1: SINR for closely-spaced antenna configuration    Fig 2: SINR for widely-spaced antenna configuration
Observation 1: The enhanced 7 bits codebook could provide promising gain over Rel-8 codebook for downlink MIMO.
Based on the observation, we propose that: 
Proposal 1: The codebook enhancement should be taken into account for further downlink MIMO enhancement in Rel-12.
3 Conclusions
In this contribution, we provide the evaluation results of codebook enhancement for downlink MIMO. Our observation and proposal are summarized as follow:
Observation 1: The enhanced 7 bits codebook provides promising gain over Rel-8 codebook for downlink MIMO.

Proposal 1: The codebook enhancement should be taken into account for further downlink MIMO enhancement in Rel-12.
4 References

[1] RP-121416, “Further Downlink MIMO Enhancement for LTE-Advanced – Core Part”, Alcatel-Lucent, Sep. 2012
[2] [71-12], “Evaluation Assumptions for DL MIMO Enhancement”
[3] R1-130166, “CSI feedback enhancements for downlink MIMO”, New Postcom, Jan. 2013

[4] R1-114351, “Evaluation results for feedback enhancement (Scenario A and C)”, LG, Nov. 2011.
Appendix: simulation assumptions

Table 3: The simulation assumptions
	Parameter
	Values used for evaluation

	Performance metrics
	Cell average throughput, cell-edge user throughput

	Deployment scenarios
	Scenario A

	Simulation case
	3GPP-Case1

	High power RRH Tx power 
	46 dBm in a 10MHz carrier

	Number of UEs per cell
	10

	System bandwidth
	10 MHz

	Possible transmission schemes in DL
	SU/MU-MIMO dynamic switching, two co-scheduled UEs

	CSI/CQI delay
	5TTIs

	Overhead 
	3 OFDM symbols for DL CCHs, 4 REs/RB for CSI-RS, 12 REs/RB for DM-RS, 2 CRS ports 

	Scheduler
	PF metrics

	Number of antennas at transmission point
	4

	Number of antennas at UE
	2

	Antenna configuration
	2 columns, cross-polarized on each column 

	Antenna pattern
	3D

	eNB Antenna tilt
	15 degrees

	Antenna gain + connector loss
	14 dBi in 3GPP Case 1

	Feedback scheme
	PUSCH mode 3-1 

	Channel estimation
	Non-ideal estimation through CSI-RS and IMR with estimation error, i.e., 
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	UE receiver
	MMSE-IRC receiver, the covariance matrix is model as 
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, and A is generated according the complex Wishart distribution.

	Placing of UEs
	Uniform distribution for homogeneous networks

	Traffic model
	Full buffer

	Indoor / outdoor modeling
	100 % UEs dropped outdoor
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