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1 Introduction

The study item on downlink MIMO enhancement was approved in RAN#51 [1].  One objective of the study item with first priority is to identify the need for downlink MIMO enhancements applicable to practical antenna configurations, especially 4 tx, and to evaluate such enhancements. In this contribution, we therefore present our views on CSI feedback to give enhanced performance for cross-polarized linear antenna arrays (CLA), since these typically have the highest priority for network operators.
2 Codebook enhancement for CLA
In real-life LTE deployment scenarios, CLA antenna configurations are the most common. MU-MIMO is an important means to increase cell throughput, and yet current Rel-10 codebooks for 2/4-Tx have poor performance for MU-MIMO due to the coarse spatial quantization. MU-MIMO performance is highly dependent on how accurately the CSI (especially the PMI) can be obtained, and therefore PMI feedback codebook enhancement for CLA is a high priority in Rel-11.

In LTE Rel-10, a two-stage feedback of W1 and W2 for 8Tx has been standardized, each of which has 4 bits at most, whereas the Rel-10 codebooks for 2Tx and 4Tx are the same as Rel-8 codebooks, and have smaller size (having only 2 and 4 bits respectively). If the 2Tx and 4Tx codebooks were to use the same number of bits as for 8Tx, there is clearly a possibility to improve DL MIMO performance. At the same time, the two-stage codebook structure could be exploited to avoid a commensurate increase in feedback overhead compared to 2Tx and 4Tx in Rel-10. This means that 2Tx and 4Tx codebooks with a larger size are worth investigating in the Rel-11 study item.

To provide some initial insight into the problem and the potential scope for improvement, we compare here the performance of both SU-MIMO and MU-MIMO for 4Tx 0.5λ CLA using the Rel-10 codebook but with eight-bit resolution, allowing both amplitude and phase adjustment between the two polarizations. Real channel estimation is modelled for both demodulation and CSI estimation; full details of the simulation assumptions are given in the Appendix. The results are shown in Table 1.

Table 1 CLA performance comparison between Rel-10 4Tx codebook and a larger codebook.
	Tx scheme
	Codebook scheme
	Average cell  SE
(bps/Hz/cell)
	Cell-edge user SE

(bps/Hz/user)
	Jain index

	SU-MIMO
	Rel-10 codebook
	2.81
	0.052
	0.65 

	
	8-bit enhanced codebook
	2.89
	0.060
	0.67

	
	Gain from larger

codebook size
	3%
	15%
	-

	MU-MIMO
	Rel-10 codebook
	2.33
	0.068
	0.81

	
	8-bit enhanced codebook
	2.77
	0.077
	0.79

	
	Gain from larger

codebook size
	19%
	13%
	-


Observations:

· The 8-bit enhanced codebook shows a gain over the Rel-10 codebook especially for MU-MIMO due to the reduced beam granularity. The gain in average cell SE in MU-MIMO is much more than that in SU-MIMO, since MU-MIMO is more sensitive to the accuracy of the PMI quantization.
3 Conclusions
Simulation results are presented demonstrating the potential scope for MIMO performance enhancement with the popular 0.5λ 4Tx CLA antenna configuration by means of a larger PMI codebook. 

It is noted that the feedback overhead would not necessarily increase in proportion to the codebook size, due to the possibility to exploit the two-stage codebook structure already adopted for 8Tx in Rel-10.

On the basis of these results, we conclude that  larger PMI feedback codebooks are well worth investigating in the DL MIMO enhancement SI in Rel-11.
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Appendix: Simulation assumptions and parameters

	Parameter
	Assumptions used for evaluation

	Deployment scenario
	3GPP case 1 3D, SCM-UMa with high angle spread (15deg)

	Cell number
	19 cells with 3 sectors per cell

	Wrap-around model
	Yes

	Duplex method and bandwidths
	FDD: 10MHz for downlink

	Network synchronization
	Synchronized

	Traffic model
	Full-buffer

	UE number per sector
	10

	Maximal number of co-scheduled UE
	4

	Handover margin
	1.0 dB

	eNB Antenna assumptions
	4Tx：cross-polarized antennas with 0.5-lambda spacing (CLA): +/- 45 degrees

	UE antenna assumptions
	2Rx: one pair of cross-polarized antennas with polarization angles of +90/0 degrees

	UE antenna orientation
	Random distribution within range [-90, 90] degrees

	Calibrated antenna array
	Ideal

	Downlink transmission scheme
	SU-MIMO: rank 1/2 adaptation
MU-MIMO: rank 1 per UE, DMRS, ZF precoding

	Downlink scheduler
	Proportional fair, frequency selective

	Feedback assumptions (feedback periodicity in time domain, feedback granularity in frequency domain)
	Sub-band PMI: 5ms periodicity, 6ms delay

	
	Sub-band CQI report: 5ms periodicity, 6ms delay, with measurement error: N(0,1dB) per PRB

	CQI
	SU-CQI for SU-MIMO and lower bound MU-CQI for MU-MIMO

	Downlink HARQ scheme
	Synchronous HARQ, Chase combining

	Downlink receiver type
	MMSE

	CSI-RS based CSI estimation error
	Real

	DM-RS channel estimation
	Real

	Feedback error
	1% codeword error rate

	HARQ
	Chase combing with max 3 retransmissions

	Control channel and reference signal overhead
	As agreed in ITU assumption with PDCCH of 3 OFDM symbols
SU-MIMO: 0.3158

MU-MIMO: 0.3063
















































































