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1 Introduction

In RAN#57 the WID of further Downlink MIMO Enhancement for LTE-Advanced was agreed [1]. Simulation assumptions and scenarios have further been approved by email [2] to reduce divergence of performance evaluations identified in [3] as much as possible.
In contribution [4], we summarize some proposals of downlink MIMO enhancement by improving feedback granularity and enhancing control of rank/PMI reporting. In this contribution, we evaluate some of feedback proposals in [4] including 4Tx codebook enhancement and PUSCH mode 3-2 according to the agreed evaluation assumptions [5].
2 Feedback Proposals
2.1 Spatial granularity for enhanced 4Tx codebook
An enhanced spatial resolution is designed for PMI feedback of 4Tx cross-polarized linear antenna (CLA) configurations [4]. This codebook structure is similar to the 8Tx codebook introduced in Rel 10 with a two-stage structure W=W1W2, where W1 is a 4x4 matrix corresponding to a long term and/or wideband channel properties, and W2 is short-term/narrowband channel estimation quantizing beam/column selection for each polarization, phase shift and/or amplitude difference between two polarizations. 

The matrix W1 represents long-term and/or wideband channel information for antenna elements with the same polarization of a 4Tx CLA. It can be shown with following block diagonal form:
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where V is a 2x2 matrix with two orthogonal/non-orthogonal column vectors represented by V = [u1, u2] where u1 and u2 are quantized by DFT vectors. In our evaluations, the matrix V can be represented with 
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 where resolution of matrix V is 4 bits with 32 DFT vectors.
The matrix W2 represents short-term and/or subband channel estimation for each polarization and the impact of XPD for 4Tx CLA. 

· For rank 1: 

· 
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where 
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 is a 2x1 selection vector with all zeros except for the n-th element with value 1. Therefore two column vectors of W1 can be independently selected for each polarization using 
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 with 2 bits. In our evaluations, the phase shift between two polarizations can be quantized by 4 bits and the amplitude imbalance α is quantized by 4 bits.
2.2 PUSCH mode 3-2
New PUSCH mode 3-2 supports finer feedback granularity in the frequency domain with sub-band PMI feedback, and together with the enhanced 4Tx codebook, it is considered to be important for MU-MIMO in order to make more accurate scheduling decisions and precoder selection for MU-MIMO.
3 Performance Evaluation
In this section, our feedback proposals including codebook enhancement and PUSCH mode 3-2 are evaluated to show the throughput improvement for 4Tx DL MIMO, using the agreed simulation assumptions [2] [5]. Scenario A with 20% outdoor/80% indoor UE distribution in full buffer model is evaluated and the performance results are listed in Table 1. Details of the simulation assumptions are given in the Appendix. 
Table 1 4Tx performance enhancement in Scenario A

	MIMO Mode
	Feedback Mode
	Codebook
	Average Cell SE (bps/Hz/cell)
	50%ile user SE (bps/Hz/user)
	5%ile user SE (bps/Hz/user)

	SU/MU-MIMO
	PUSCH 3-1
	Rel-8
	2.64 (Baseline)
	0.20 (Baseline)
	0.045 (Baseline)

	
	PUSCH 3-2
	Rel-8
	2.69 (2%)
	0.20 (0%)
	0.047 (4%)

	
	
	Two-stage enhanced codebook
	2.90 (10%)
	0.21 (5%)
	0.057 (27%)


Reducing PMI feedback granularity from wideband PMI (PUSCH mode 3-1) to subband PMI (PUSCH mode 3-2) with Rel-8 codebook, 4Tx DL MIMO has 2% gain on average cell SE and 4% gain on 5%ile user SE respectively. Therefore introducing PUSCH alone can limitedly improve the system performance.  When feedback enhancements at frequency and spatial domains are combined, the system performance can be improved with 10% at average cell SE and 27% at cell edge SE.  
Therefore following proposals are suggested:

Proposal 1: Finer spatial granularity should be introduced for the 4 tx PMI feedback, by means of the codebook proposed above. 

Proposal 2:  Sub-band PMI feedback via PUSCH mode 3-2 should be adopted.
4 Conclusion
In this contribution, we evaluate feedback proposals including 4Tx codebook enhancement and PUSCH mode 3-2 according to the agreed evaluation assumptions. Simulation results showed that only introducing PUSCH 3-2 mode has very limited performance gain on 4Tx DL MIMO. 4Tx codebook should be enhanced together with PUSCH 3-2 mode for obvious throughput improvement of DL MIMO. Therefore following proposals are suggested:

Proposal 1: Finer spatial granularity should be introduced for the 4 tx PMI feedback, by means of the codebook proposed above. 

Proposal 2:  Sub-band PMI feedback via PUSCH mode 3-2 should be adopted.
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Appendix
System simulation assumptions

	Parameter
	Values used for evaluation

	Performance metrics
	· Cell average spectrum efficiency, 5%ile and 50%ile user spectrum efficiency
· Jain Index 

	Deployment scenarios
	Scenario A

	Traffic modeling
	Full-buffer model

	Outdoor-indoor ratio
	20% outdoor/80% indoor UE distribution

	Number of UEs per sector
	10 UE per macro cell with uniform distribution

	System bandwidth
	10 MHz 

	Transmission mode
	TM10 with single CSI process

	Network synchronization
	Synchronized

	Antenna configuration
	For eNB: 4Tx with 2 columns, cross-polarized on each column, closely-spaced ( X X

For UE: 2Rx cross-polarized ( +

	Feedback scheme (e.g. CQI/PMI/RI)
	5ms feedback period and 5ms delay between feedback and transmission
PUSCH 3-1, PUSCH 3-2

	MIMO mode
	SU/MU-MIMO: dynamic rank 1 or 2 selection in SU-MIMO, rank 1 per UE in MU-MIMO, and dynamic switching between SU-MIMO and MU-MIMO

	Maximal number of co-scheduled UE
	2

	Channel estimation
	non-ideal modeling of channel estimation on CSI-RS, orthogonal DM-RS

	SU/MU switching
	Dynamic UE selection with non-ideal modeling of orthogonal DMRS

	Feedback error
	0.1% bit error rate

	Receiver type
	MMSE-IRC receiver at the UE 

	Control channel and reference signal overhead
	Fixed 0.3063

	Link adaptation
	Non-ideal, with outer-loop control 













































































_1420097441.unknown

_1420097957.unknown

_1420098300.unknown

_1418457943.unknown

_1418470310.unknown

