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1. Introduction
In RAN1#48bis meeting, working assumption is agreed as [1]: (1) Define codebook for Node B transmission; (2) Unitary codebook (collection of the unitary matrices) for UE feedback generation (from Riga): this does not impose any limitation on the selection of the preferred precoding vector (contained in a unitary matrix of the codebook). 
Accodringly in RAN1#49 meeting, the following MU-MIMO related working assumption was agreed [2]:

Way forward on size of UE feedback codebook

· 2 Tx antenna: at max 3 bits

· 4 Tx antenna: at max 4 bits
In this document, the performance of different MU-MIMO schemes, namely Unitary precoding and Zero forcing are investigated. We also address considerations on associated control signaling aspects.
2. Unitary precoding vs. zero forcing 
2.1. Unitary precoding

2.1.1 Codebook

We use the Discrete Fourier Transform (DFT)-based precoding vectors as a codebook shown in [3][4], which has a very simple structure and Constant Modulous (CM) property as in the SU-MIMO codebook. The same unitary matrix-based codebook could be utilized at both the eNode B and UE side in unitary precoding.
At eNode B, the UEs selecting the same unitary matrix and different precoding vectors are grouped, and then the groups of UEs are scheduled based on Max C/I scheduling or PF scheduling.
2.1.2 Feedback and DL indication
In the unitary precoding scheme, the UE 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. The UE selects the preferred precoding vector with the highest CQI and then feeds back the preferred precoding vector index (PVI) as well as the corresponding CQI to the eNode B. The CQI calculation and feedback can also be accomplished in several ways as in [5]
DL signaling may need to indicate precoding matrix consisting of the vectors allocated for the simultaneously scheduled UEs to improve the detection performance. Since in unitary precoding the same codebook with smaller codebook size would be used for eNodeB transmission, the DL signaling overhead could be kept small.
2.2. Zero forcing

2.2.1 Codebook

We use the codebook with Grassmanian design as in [6] for UE feedback generation, that is, 
[image: image1.wmf]}

{

2

1

N

UE

u

u

u

C

L

=

. In the ZF scheme, the transmit precoders for UEs are calculated using regularized zero forcing beamforming – specifically the precoding weights are given by the normalized columns of the matrix W where,
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and 
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 are the vectors fed back by the users scheduled in the same RBs from the UE codebook. I is the 2×2 identity matrix and α is a small constant.
In ZF-BF scheme, scheduling is performed by searching UEs and precoding vectors combination which can bring the largest overall throughput. 
The system with ZF-BF obtain SDMA gain for UEs with 1 receive antenna as well.
2.2.2 Feedback and DL indication 

In ZF-BF scheme, each UE calculates the received weighting vector, and the weighting vector is the conjugate transpose of the left singular vector of UE’s channel matrix corresponding to the maximum singular value. Then, UE  utilizes the pre-determined quantized channel vector (or codebook) to quantize the channel matrix. CQI feedback should indicate the channel quality observed at UE while considering MU interference from co-allocated UEs. This can be accomplished by averaging over all possible combinations of interfering UEs. Finally, the UE feeds back the index of quantized channel vector as its channel directional information, as well as the corresponding CQI value. Accordingly eNodeB can update those CQI values with scaling factor as described in [5].
In order to achieve good detection performance, the UE needs to know other interferers’ precoding vectors; thus DL signaling may need to indicate the precoding vectors of all simultaneously scheduled UEs, or dedicated precoded pilots are employed.
3. Numerical analysis
We provide simulation to compare the performance of unitary precoding and ZF precoding scheme for 2×2 MIMO channels for low, median and high spatial correlation respectively. 
3.1. Simulation setup
For the evaluation on unitary precoding, 2-bit DFT-codebook is used for both UE feedback and eNodeB transmission. In the evaluation for ZF precoding, the 3-bit UE codebook containing 8 Grassmanian vectors is used. The resulting eNodeB codebook is obtained from (1) where 
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. In order to keep reasonable codebook size in eNodeB, the 4-bit codebook after pruning matrices corresponding to combinations of UE codebook-vectors is selected in eNodeB as in [6].
The simulation parameters used to obtain the results are listed in the Table 1.

Table 1. Simulation assumptions
	Transmission BW
	10MHz

	Sub-frame (TTI) duration 
	1.0 ms

	Sub-carrier spacing
	15kHz

	Sampling frequency 
	15.36 MHz

	RB size
	12 sub-carriers

	Number of RBs used
	5 (60 sub-carriers)

	FFT size
	1024

	Number of occupied sub-carriers
	601 (DC sub-carrier is null)

	Number of OFDM symbols per sub frame
	14

	Channel coding
	Turbo code, R=1/3

	Modulation and coding rate
	20 levels

[QPSK, R=1/8] [QPSK, R=1/5] [QPSK, R=1/4] [QPSK, R=1/3]

[QPSK, R=2/5] [QPSK, R=1/2] [QPSK, R=3/5] 

[16QAM, R=7/20] [16QAM, R=2/5] [16QAM, R=1/2] 

[16QAM, R=3/5] [16QAM, R=2/3]

[64QAM, R=1/2] [64QAM, R=11/20] [64QAM, R=3/5]

[64QAM, R=2/3] [64QAM, R=7/10] [64QAM, R=3/4]
[64QAM, R=4/5] [64QAM, R=5/6]

	Antenna configuration
	2×2

	Number of UEs
	10

	Channel environments
	TU, 3km/h, Tx sparial correlation: 0.1, 0.5, 0.9

	Channel estimation
	MMSE channel estimation

	Pilot and signaling overhead
	28.5% (14.3% for pilot and 14.2% for signaling)

	FEC Decoder algorithm
	Max-Log-MAP with 8 iterations

	CQI reporting delay
	5ms delay without feedback error

	HARQ
	Non-blanking based IR with maximum 4 transmission 

(non-adaptive, synchronous in time and freq. domain: use same RBs with a period of 6ms)


3.2. Simulation results
Fig. 1-3 show the link throughput comparisons between unitary precoding and ZF precoding for 2×2 antenna configuration in MU-MIMO channel with different Tx spatial correlations. It can be seen from Fig. 1 that when the channel is low correlated, the performance using unitary precoding with the smaller codebook size achieves higher system throughput than ZF precoding. While when channel is median correlated, unitary and ZF have comparable throughput as shown in Fig. 2. On the other hand, Fig. 3 shows that for high-correlated channels, ZF-BF achieves better performance than unitary precoding.
[image: image6.emf]Typical Urban (Tx 0.1, Rx 0.0) 3km/h

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

0 5 10 15 20 25

Geometry [dB]

Spectral efficiency [bps/Hz] 

a

ZF

UP


Fig.1 Comparison for MU-MIMO precoding schemes under low correlated channel
[image: image7.emf]Typical Urban (Tx 0.5, Rx 0.0) 3km/h

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

0 5 10 15 20 25

Geometry [dB]

Spectral efficiency [bps/Hz] 

a

ZF

UP


Fig.2 Comparison for MU-MIMO precoding schemes under median correlated channel
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Fig.3 Comparison for MU-MIMO precoding schemes under high correlated channel

3.3. Comparison on related issues
From several aspects, the advantage and disadvantages are discussed for unitary precoding scheme and ZF precoding:

(1) Performance: The unitary precoding achieves higher system throughput than ZF in low correlation channel while ZF outperforms unitary precoding in high correlation channel.
(2) Scheduling flexibility: ZF can achieve higher scheduling flexibility (multiuser diversity) compared to unitary precoding; unitary precoding increases the scheduling flexibility by using small codebook size [3].
(3) Signaling overhead: unitary precoding can keep same small codebook for both UE feedback and eNodeB transmission, therefore low signal overhead is obtained. ZF precoding uses larger codebook for UE feedback, and another much larger codebook or dedicated precoded pilots are needed for eNodeB transmission. Therefore, larger signal overhead is expected for non-unitary precoding.

(4) Complexity: ZF precoding has the higher complexity for CQI calculation for both UE and eNodeB side. Unitary precoding would need less memory than ZF precoding to keep codebook if same codebook is used in both eNodeB side and UE side.

According to above points, unitary precoding is more suitable for MU-MIMO transmission.     
4. Conclusion
In this document, we evaluate and compare throughput performance and other related issues of unitary precoding and ZF precoding for MU-MIMO. According to the results, we propose to adopt unitary precoding as working assumption for MU-MIMO.
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