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1. Introduction

During the past several RAN WG1 meetings, codebook design on Multi-User MIMO (MU-MIMO) has been discussed. And at the last RAN1 #48bis meeting, it was decided that codebook should be defined for Node B transmission as well as for UE feedback. Currently, mainly three codebook-based precoding schemes for downlink MU-MIMO are discussed: Unitary codebook-based precoding (Unitary precoding) [1], Non-unitary codebook based precoding (Non-unitary precoding) [2], and Zero Forcing-Beam Forming (ZF-BF) [3], [4].
This contribution presents our simulation comparison results on the cell-throughput performances employing each precoding scheme in E-UTRA downlink. Moreover, the influences of codebook size and channel correlation value on the system performance also presented.

2. Details on Precoding Schemes for Downlink MU-MIMO

2.1 Unitary Precoding

(a) Codebook
In this contribution, we use the Discrete Fourier Transform (DFT)-based precoding vectors as a codebook shown in [7], which has a very simple structure. The codebook consists of the top nT rows of DFT matrix with the size N(= 2B) as the following equation, 
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-th vector, and nT and N are the number of transmit antennas and codebook size, respectively. In unitary precoding, the codebook is unitary matrix-based, i.e., the N vectors compose 
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). The same unitary matrix-based codebook is utilized at both the Node B and UE side in unitary precoding.
(b) UE Feedback

In the unitary precoding scheme, the UE tries each precoding matrix 
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 and calculates the channel quality indicators (CQIs) on each of its M vectors assuming the other M-1 vectors in the same precoding matrix are interference. Then, the UE selects the best vector with the highest CQI and feeds back the preferred vector index (PVI) as well as the corresponding CQI to the Node B. 
(c) Precoding and Scheduling at Node B
At node B, the M UEs selecting the same unitary matrix and different layers, as well as with the highest sum-rate (Max C/I scheduling) or weighted sum-rate (PF scheduling) will be scheduled. Meanwhile, the same CQIs as reported from UEs are used for data transmission.
2.2 Non-unitary Precoding
(a) Codebook
In this contribution, we utilize the same codebook as that of unitary precoding and non-unitary precoding, i.e., DFT-based codebook.

(b) UE Feedback

In the non-unitary precoding scheme, two cases are considered as UE feedback in this contribution

· Case A: The same method is utilized as unitary precoding, i.e., each UE tries each unitary matrix 
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 and then feeds back the PVI as well as the corresponding CQI to the Node B
· Case B: In calculation of CQI of each precoding vector n (n = 0, 1, …, N-1), UE tries all possible combinations of interference vectors, whose correlation to vector n are lower than given threshold . Then, UE uses the minimum CQI from all the possible combinations as CQI of precoding vector n. Finally, the UE selects the best vector with the highest CQI and feeds back the PVI as well as the corresponding CQI to the Node B
(c) Precoding and Scheduling at Node B

At node B, the M UEs selecting the different PVI and the correlation of their preferred vectors are lower than threshold , as well as with the highest sum-rate (Max C/I scheduling) or weighted sum-rate (PF scheduling) will be scheduled. 
2.3 ZF-BF
(a) Codebook
In this contribution, we assume DFT-based codebook, and the codebooks at Node B and UE side are same. Since the codebook at Node B and UE side have different quantizing target, here we denote them with different symbols as UE codebook 
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(b) UE Feedback

In ZF-BF scheme, each UE calculates the received weighting vector firstly. After calculating the received weighting vectors, the equivalent channel becomes
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where 
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 is the conjugate transpose of the left singular vector of UE k’s channel matrix 
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      corresponding to the maximum singular value. Then, UE will utilize the pre-determined quantized channel vector (or codebook) to quantize 
[image: image16.wmf]k

h

, and the quantization result is shown as eq. (3)
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where 
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 are the transmission power of each stream, and power of noise and inter-cell interference, respectively. Finally, the UE k will feed back the index of 
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 as its channel directional information (CDI), as well as the CQI value.
(c) Precoding and Scheduling at Node B

In ZF-BF scheme, considering the high computational complexity of optimal scheme, i.e., exhaustive search, we utilize Greedy based precoding and scheduling scheme. The algorithm is as follows.
· Assume that the UE feedback is 
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, scheduled UE set 
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 is a null set, and corresponding precoding matrix 
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· Find user and precoding vector combination 
[image: image26.wmf]{,}

n

k

w

 which can bring the largest overall throughput improvement, and update 
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 after ZF-BF can be expressed as 


[image: image32.wmf]2

2

ˆ

ˆ

1

jjj

j

jij

knk

k

knk

ij

SINR

SINR

SINR

¹

=

+

å

hw

hw


 MACROBUTTON MTPlaceRef \* MERGEFORMAT (4)

· Repeat the above mentioned procedure until no such user/precoding vector exists, or the maximum number of scheduled user is reached
3. Simulation Conditions

We compared the spectral efficiency (e.g. cell throughput) of unitary, non-unitary (Case A and B in 2.2), and ZF-BF precoding schemes for MU-MIMO based on the system-level simulation. The detailed simulation parameters are listed in Table 1. 
Table 1 – System simulation parameters
	Cellular layout
	Hexagonal grid, 19 cell-sites, 
3 sectors per cell-site

	Transmitter antenna pattern of Node B

(Antenna gain)
	3-sector antenna pattern, 
70 degree sector beam (14 dB)

	Inter site distance (ISD)
	500 m

	Distance-dependent path loss
	128.1 + 37.6log10(r) dB

	Penetration loss
	20 dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation between cells/sectors
	0.5 (inter-site) / 1.0 (intra-site)

	Channel model
	Typical Urban channel model

	Transmission power of Node B
	46 dBm

	Thermal noise density
	-174 dBm/Hz

	Frequency re-use
	1

	Transmission bandwidth 
	10 MHz

	FFT size
	1024

	RB size
	12 sub-carriers

	Sub-frame (TTI) length
	1 msec

	Number of antennas
	2 antennas (Node B) / 2 antennas (UE)

	Number of UE
	16 UEs per sectors

	Maximum Doppler Frequency
	5.55 Hz

	Scheduling algorithm
	Proportional Fairness

	Traffic model
	Full queue traffic

	Modulation and coding schemes
	QPSK: 1/3, 1/2, 2/3, 3/4

16QAM: 1/2, 2/3, 3/4, 4/5
64QAM: 2/3, 3/4

	Target PER
	10 %

	Feedback granularity of PVI (CDI)
	5 RBs

	Feedback granularity of CQI
	1 RB

	Control delay of AMC and scheduling
	3 msec

	HARQ
	No

	Channel estimation
	Ideal

	CQI estimation
	Ideal


4. Simulation Results
Figure 1 provides the performance comparison of three MU-MIMO precoding schemes, including unitary, non-unitary (Case A and B both with  = 0.2) and ZF-BF, as a function of codebook size (2B) in non-correlated (Spatial correlation at Node B:  = 0.0) and high-correlated ( = 1.0) 2-by-2 MIMO channels, respectively. In Fig. 1, we can see that the spectrum efficiency performing unitary precoding and non-unitary precoding are degraded, but that of ZF-BF is improved as the codebook size is increased. Furthermore, the performance of non-unitary precoding is same as unitary precoding when the codebook size is less than 8 because there is only one orthogonal vector for paring in non-unitary precoding for our utilized codebook. Even when the codebook size is 16, the achievable performance using non-unitary precoding is smaller than that using unitary codebook with the codebook size of 2 bit. 
We can see from Fig. 1(a) that when the channel is non-correlated, the performance using unitary precoding with the codebook size of 2-bit achieves higher system throughput than ZF-BF with codebook size of 4-bit. On the other hand, Fig. 1(b) shows that for high-correlated channels, ZF-BF achieves much better performance than unitary and non-unitary precoding because the loss of channel vector quantization (CVQ) accuracy due to coarse feedback granularity can be reduced small in correlated channels.
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 (a) Non correlated channel                  (b) High correlated channel
Figure 1 – Comparison of spectral efficiency for MU-MIMO precoding schemes 
with PVI/CDI feedback granularity of 5 RBs
We would like to express our views on the precoding scheme for downlink MU-MIMO. If MU-MIMO operation is applied to low antenna correlated channel (i.e., normally large antenna separation), unitary precoding is enough since ZF beam-null cannot track the instantaneous channel variation especially when a UE speed is fast. In this case, 2-bit (4-vector) codebook size is the most appropriate. 
On the other hand, when the channel correlation is very high (i.e., normally small antenna separation), ZF beamforming may have some benefit though further investigation is necessary. Therefore, from the performance point of view, we had better to consider codebook design separately according to different antenna configuration (antenna separation) similar to SU-MIMO case. We need further investigation on the impact of fading correlation (or angular spread) and antenna configuration to the MU-MIMO performance.
5. Conclusion
From the above simulation results, our current view is as follows. 

· Large antenna separation (> 10) (No and low-spatial correlated channel) case: 

· Use of unitary codebook-based precoding with codebook vector size of four (2-bit)

· Small antenna separation (= ) (High-spatial correlated channel) case:
· ZF-BF may have some performance benefit though we need further investigation on the effect of spatial correlation lower than one (i.e., angular spread exists) 
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