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1 Introduction

Currently there are two main proposals for MU-MIMO under discussion in RAN1 which differs mainly in two aspects
· The size of the codebook

· The allowed correlation 
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 between any two precoding vectors of the scheduled UEs
The unitary precoding (UP) [1] suggest a small (2 bit feedback) codebook and 
[image: image2.wmf]r

=0 whereas the Zero Forcing precoding (ZFP) method suggest a larger codebook (4-5 bits feedback) and 
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. In this contribution, the performance of these schemes are compared by system level simulations.
2 Simulation setup
The system simulator parameters and the CQI definition can be found in the appendix. We have made the simulations in two types of 2x2 MIMO channels with very different characteristics

· TU channel with no TX, RX channel correlation

· SCM suburban channel with 
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 spaced antennas 
The SCM channel has a low angular spread and closely spaced antennas which therefore resembles a SDMA scheme where UEs are separated by “beams”. 

The codebook size of R=16 vectors are used with variable allowed correlation 
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 and ZFP. When  
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, ZFP degenerates to UP. Also UP with a codebook size of R=4 vectors are included in the results. The number of UEs per sector were either 2 or 8 to resemble low and higher load respectively.
3 Results
In this section, system level simulator results are provided for the TU and the SCM Suburban MIMO channels.  
3.1 Uncorrelated TU channels 

Figure 1 shows the average cell throughput and Figure 2 the cell edge user throughput. When the load is low (2 UE/cell), the use of ZFP , codebook size R=16 and 
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gives an increase of 15% of the average cell throughput and 62% increase in cell edge throughput compared to the UP and codebook size R=4.
The interference avoiding transmission scheme of ZFP is clearly beneficial to the cell edge users. For highly loaded cells (8 UE), the UP, R=4 scheme outperforms the ZFP schemes when it comes to average cell throughput. Here the ZFP possibility is less useful since it is likely to find two near-orthogonal users among the 8 and the CQI ambiguity in ZFP degrades the cell throughput. For cell edge users however, using ZFP still have an advantage over UP. 
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Figure 1 Uncorrelated TU channel results, average cell throughput as a function of 
[image: image9.wmf]r


[image: image10.emf]0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

0

50

100

150

200

250

300

350

400



5th percentile UE throughput [kbps]

8 UE per cell

2 UE per cell

R=4

R=16

R=4


Figure 2 Uncorrelated TU channel results, cell edge user throughput as a function of 
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3.2 Suburban channel, (/2 spaced antennas

Figure 3 shows the average cell throughput and Figure 4 the cell edge user throughput. In this channel, which is more “directional” (low angular spread, (/2 spaced antennas), the ZFP shows a constant superior performance over UP for both high and low loads and cell and cell edge throughputs. It should be noted that when the load is high, the optimal 
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 is closer to 0 (which corresponds to UP). The cell edge throughput is however always maximal for 
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 in this SCM Suburban channel. 
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Figure 3 Suburban channel results, average cell throughput as a function of 
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Figure 4 Suburban channel results, cell edge user throughput as a function of 
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4 Conclusion
From the results presented in this contribution, it can be concluded that

· The gain of ZFP with codebook size 16 vectors over UP with 4 vectors depends on the channel scenario, the load and if the cell or cell edge throughput is considered.

· For the ZFP scheme, the optimal value for the allowed maximum spatial correlation 
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 depends also on the channel scenario, the load and if the cell or cell edge throughput is considered.
· For low load, ZFP has substantial gain over UP
· For high load, UP shows similar or even better performance than ZFP

The ZFP thus enables good performance use of MU-MIMO for a smaller number of users on the cell than UP. However, there are scenarios where the small codebook UP has similar or even superior performance than ZFP. We therefore suggest the following way forward:
Define a MU-MIMO scheme with a variable parameter to adapt to different channel scenarios and loads. The scheme should be adapted semi-statically and signalled on higher layers.

For instance, a simple solution could be two modes, see Table 1 for an example.

Table 1 Different MU-MIMO modes broadcasted by higher layer signaling
	MU-MIMO mode
	Codebook size
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	I
	4
	0

	II
	16
	0.5


Appendix
Each UE estimates the equivalent MISO channel 
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 for subcarrier r and makes the appropriate quantization 
[image: image21.wmf]r

k

,

ˆ

h

 using the codebook. The codebook index (per resource block group, RBG) is then feed back to the NodeB together with a CQI estimate per RBG. The CQI for UE number k  on a certain subcarrier r is calculated as the SINR with an averaged intra-cell interference term
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where 
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 is a precoding vector and S is the subset of possible interfering precoding vectors, is the channel vector, 
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 and 
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 are the noise and transmit power per UE respectively.


The subset S is determined by the parameter 
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.  For UP and 2 TX antennas, 
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=0 the cardinality 
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. When ZFP is used, the precoding vectors are given by the columns in 
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, we assume that only UEs {i,j} that yield precoding vectors 
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 may be MU-MIMO scheduled together. 

Table 1 System simulation parameters
	Parameter
	Value

	Link emulation
	Embedded link simulator

	Scheduling algorithm
	Proportional Fair

	Channel model
	TU (Typical Urban), SCM Suburban

	Traffic model
	Full queue traffic

	Frequency re-use
	1

	Transmission bandwidth 
	5 MHz

	Inter-site distance
	500 m

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Shadowing correlation between cells / sectors
	0.0 / 1.0

	Modulation schemes 
	QPSK, 16-QAM, 64-QAM

	Channel coding rates
	0.04 to 0.89

	Penetration loss
	20 dB (TU), 0 dB (SCM)

	UE speed
	3 km/h

	Number of Drops
	200

	Number of SUBFRAMES Per Drop
	2000

	FFT size
	512

	Number of TX Antennas
	2

	Number of RX Antennas
	2

	BS TX Power
	43 dBm

	Codebook index feedback granularity
	2 RB (24 subcarriers)

	Antenna spacing (SCM model)
	TX:0.5 (, RX:0.5 (

	Intercell interference
	Spatially white

	Number of Users Per Sector
	2 or 8

	Control delay in scheduling and AMC 
	6 subframes

	Max Number of HARQ Retransmissions (Chase Combining)
	3

	H-ARQ mode
	Chase
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� The actual value for � EMBED Equation.3  ��� in mode II depends on the codebook size and should be selected based on the codebook size decision in RAN1. 
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