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1 Introduction

In previous contributions such as [1] to [4] a non Unitary Precoding (nonUP) based Multi-User MIMO (MU-MIMO) scheme for spatial multiplexing was described, which relies on codebook-based vector quantisation of the channel measurements at the terminals (channel vector quantisation or CVQ for short).  Link- and system-level simulation results showed significant gain in terms of average throughput of the proposed technique. 
In this contribution we investigate the performance of Zero-forcing Beamforming (as a special case of non-unitary precoding) by comparing it with unitary precoding (UP) with varying traffic load and UE feedback granularity. The link simulation results show that nonUP does not have gain over UP. 
2 Unitary Precoding (UP) 

The unitary precoding scheme here assumes that the UE feedsback CQI based on a codebook of 2 unitary (DFT) matrices according to the working assumption. The Node B will then use the same codebook to do the transmission. Since these are link simulations, no rank adaptation is applied. This absence of rank adaptation will negatively affect the UP method in the low SNR regions.  It will also show very pessimistic results for the case where the UE has only 1 receive antenna. 
3 Non Unitary Precoding (nonUP)
The non unitary precoding scheme here assumes that the UE feedsback CQI based on a codebook of N vectors and is used by each UE to quantize channel measurements. The UE then feeds back this quantization index along with a real-valued lower-bound estimate of its SINR, which depends on the amplitude of the channel and the directional quantization error. We note that in this case the UE does not know the beamforming vectors in advance; hence it cannot report an accurate value for the SINR. The NodeB utilizes this feedback information collected from all the UE’s to select the users for transmission and design the beamforming matrix such that, e.g. the sum-rate is maximized. When multiple receiver antennas are at the UE side, we use the scheme proposed in [2] to improve the performance. 

4 Simulations 

4.1 Simulations Assumptions

The detailed link simulation parameters and assumptions are given in Table 1 and Table 2.

Table 1. OFDMA parameters

	Parameter
	Assumption

	Bandwidth
	5 MHz

	Carrier frequency
	2.19 GHz

	OFDM sub-carriers
	301

	Carrier spacing
	15 kHz

	OFDM symbol duration
	1/14 ms

	TTI duration
	1 ms

	Number of RBs
	25 (0.18 MHz per RBs)

	MCS
	QPSK (R = 1/3,2/5,1/2,3/5,2/3,3/4,4/5)

16QAM (R = 1/2,3/5,2/3, 3/4,4/5)

64QAM (R = 3/5,2/3,3/4,4/5)


Table 2. Simulation assumptions
	Parameter
	Assumption

	Channel model
	Typical urban

	Scheduling
	Proportional fair

	Initial Target BLER
	10%

	Antenna configuration
	2 x 2/ 2 x 1

	Spatial correlation
	0.5

	Traffic model
	Full buffer traffic

	MIMO detector
	MMSE

	Codebook size for ZF
	16 Vectors

	Codebook size for Unitary precoding at NodeB
	2 DFT unitary Matrices

	UE Number
	 5/10

	Feedback granuality
	1 RB/5RB

	UE speed
	3 km/h

	Feedback delay
	3 TTI

	HARQ
	Chase combining (Max. ReTx: 6)


4.2 Simulations Results

In Fig. 1 and Fig 2 we show the performances of nonUP and UP (unitary precoding) for 2by2 (the basic MIMO mode) with varying traffic load and UE feedback granularity. We can see that only in very lower SNR, nonUP is better than UP.  In middle and high SNR, UP is better than nonUP. Moreover, as the subband size increases, the performance gap between UP and nonUP becomes even greater. In Fig. 3 we show the same performance comparison for UE’s with 1 receive antenna. Here, we see that nonUP does better than UP. This is due to the fact that the UP did not employ rank adaptation.
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Figure 1 Performance of UP vs. nonUP for 2x2MMSE for subband sizes 1RB and 5RB
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Figure 2 Performance of UP vs. nonUP for 2x2MMSE for subband sizes 1RB and 5RB
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Figure 3 Performance of UP vs. nonUP for 2x1 Receivers for subband sizes 1RB and 5RB
5 Conclusions 

In this contribution we investigate the performance of unitary precoding vs. non unitary precoding with varying traffic load and UE feedback granularity. Simulation results show that nonUP does not have gain over Unitary Precoding. However, when the UE has only 1 receive antenna, the nonUP does better than UP. This is due to the fact that the UP did not employ rank adaptation.
In addition, if we consider the large codebook size of nonUP and additional dedicated pilot channel requirement, we conclude that the unitary precoding (or the use of the orthogonal precoding vectors in a subframe) is the preferred operation mode of MU-MIMO. Thus, we would prefer not to include additional signaling support or overhead to support the use of non-orthogonal precoding vectors. 
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