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1 Introduction

MU-MIMO Dimensioning has been discussed in the latest RAN1 meetings [1-3]. So far, most preliminary simulation results suggest that up to 4 co-scheduled users and up to 2 layers per user should be supported. Obviously the actual dimensioning depends on the number of antennas at eNodeB and UE, as well as the accuracy of channel state information at eNodeB. When accurate channel knowledge is available at eNodeB, precoder can be designed to minimize interference at UE, thereby increasing the number of streams that can be supported. However, for codebook-based precoding, multi-stream per user is challenging due to the relatively large residual inter-user interference. To realize the benefit of multi-stream per user with codebook-based precoding, extension to current PMI/CQI feedback scheme is necessary. In this contribution, we propose such an extension scheme for the case of 4 antennas at eNodeB and compare its performance with Release-8 MU-MIMO.

2 PMI/CQI feedback

Assume that eNodeB has 
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, where K is the total number of UEs. Compute the SVD
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, and denote the right singular vectors associated with the largest and second largest singular values as 
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, respectively. Given the Release-8 rank-2 codebook 
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, suppose that UE k chooses rank-2 transmission and selects its 4×2 precoding matrix as
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where 
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 denotes the Frobenius norm. In addition to the conventional single-user CQIs for the two streams, UE k also feeds back two CQIs for potential multi-user transmission. For example, assuming that the precoding matrices of two co-scheduled UE are orthogonal to each other and that an MMSE receiver is used, UE k calculates the MU CQIs for the two streams as
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where P is the total transmit power and 
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 is the noise power. These MU CQIs provide reasonable measure of the performance achievable with MU transmission and facilitate dynamical SU/MU switching. 

In summary, if UE k chooses rank-2 transmission, then it feeds back a PMI, two SU CQIs and two MU CQIs. In the derivation of the MU CQIs, orthogonality between the precoding matrices of co-scheduled users is assumed, which places a restriction on which UEs can be paired. This is beneficial to obtain low inter-user interference. For the Release-8 rank-2 codebook, below is a list of pairs of orthogonal precoding matrices:
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For the 8-Tx antenna case, low inter-user interference can be ensured by reporting additional information which represents requirement for the paired UE, such as best companion index (BCI) [4]. 

3 Simulation results
System-level simulations are performed to compare the performance of the proposed downlink MU-MIMO scheme which supports dual layers per UE with the Release-8 scheme which supports only single layer per UE. The simulation parameters are given in Appendix. From the simulation results in Table 1, we see that both cell average spectral efficiency and cell edge spectral efficiency improve by allowing dual layers per UE in this situation.

Table 1 System-level performance of 4x2 MU-MIMO with codebook-base precoding

	Transmission mode
	Gain (of cell average SE)
	Gain (of cell edge SE)

	MU single stream per UE
	100%
	100%

	MU max two streams per UE
	103%
	108%


4 Conclusions

In this contribution, we have proposed a PMI/CQI feedback scheme for downlink MU-MIMO with four antennas at eNodeB to support two streams per UE, where each UE that chooses rank-2 transmission reports one PMI, two SU CQIs and two MU CQIs to eNodeB. The scheme guarantees low inter-user interference and facilitates dynamical SU/MU switching. Based on the system-level simulation results, we propose the following for downlink MU-MIMO:

1)     Two layers per UE should be supported for codebook-based precoding with 4 Tx antennas.

2)
For codebook-based precoding, both SU and MU CQIs should be reported to realize the benefit of multiple layers per UE and facilitate dynamical SU/MU switching.
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Appendix: System-level simulation parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500m

	Load
	 10 UE per sector

	Bandwidth
	10MHz

	Total BS TX power 
	46dBm – 10MHz carrier

	BS antenna gain plus cable loss
	14 dBi 

	UE antenna gain
	0 dBi

	Noise figure at UE
	9dB

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers, I=128.1 – 2GHz

	Minimum distance between UE and cell
	>= 35 meters

	Lognormal Shadowing with shadowing standard deviation
	8 dB for macro cell

	Penetration Loss  
	20dB

	Channel model
	SCM-E 

	UE speeds of interest
	3km/h

	Number of antenna elements (BS, UE)
	(4, 2)

	Antenna separation (BS, UE) [times of wavelength]
	(4, 0.5)

	Antenna Polarization 
	BS cross polarization,  UE co-polarization 

	CQI / ACK/NAK feedback delay
	Refer to 3GPP TS 36.213 (TDD UL/DL configuration 1)

	Control and RS overhead 
	3 OSs DL control and 4 CRS ports, 12 REs DRS per PRB

	Scheduler
	Proportional Fair

	CQI feedback scheme
	Reuse transmission mode 7 in Rel-8

	HARQ
	HARQ-CC, Maximum 4 transmission times, Maximum HARQ process follows 3GPP TS 36.213 (TDD UL/DL configuration 1)
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