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1. Introduction

In RAN1#48bis meeting, MU-MIMO related working assumption was agreed as following: 
· Define codebook for Node B transmission 

· 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).

Besides, four questions were proposed to be addressed in this RAN1#49 meeting [1]. In this document, the performance of unitary precoding and non-unitary precoding schemes are investigated and compared. We also address the questions raised for MU-MIMO. 
2. Unitary precoding vs. Non-unitary precoding 
There are two main proposals for MU-MIMO under discussion in RAN1, unitary precoding and non-unitary precoding. Since the unitary codebook for UE feedback has been agreed, currently the major issue is the codebook decision for NodeB transmission. 
For unitary precoding, the same codebook would be used for both UE feedback and NodeB transmission. For non-unitary precoding, two different codebooks would be used for UE feedback and NodeB transmission respectively, otherwise, dedicated precoded pilots is needed for to inform UE the used precoding matrix. 
Currently, the codebook designs for unitary and non-unitary precoding schemes differ mainly in (1) codebook size and (2) the threshold for correlation 
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 between any two selected precoding vectors of the scheduled UEs assuming 2×2 or 4×2 configuration. Unitary precoding proponents suggest a small codebook and 
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[2]-[4]. Non-unitary precoding proponents suggest a larger codebook with 
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 [5]-[7].
3. Numerical analysis
We simulated to compare the performance of unitary precoding and non-unitary precoding scheme for 2×2 and 4×2 MIMO channels under different codebook size, different number of active UEs and different 
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values. It should be noted that the codebook size here is for codebook used for UE feedback generation.
3.1. Simulation setup
The DFT based codebooks are used in the simulations. For UE feedback generation, DFT matrices are used as the codebook elements. For NodeB transmission, the precoding matrix is selected by assembling two precoding vectors indicated by scheduled UEs whose correlation is smaller than 
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.

For 2×2, TU channel with Kronecker model for spatial extension is used for evaluation. For 4×2, case1A, case1B, case2 and case3 are used for evaluation.

The simulation parameters used to obtain the results are listed in the Table 1.
Table 1 Simulation assumptions
	Transmission BW
	10MHz

	Sub-frame duration 
	0.5 ms

	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
	7

	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;  4×2

	Channel environments
	TU (antenna correlation Tx:0.5, Rx:0.0) for 2×2 configuration
Case 1A, 1B, 2, 3 for 4×2 configuration

	Geometry
	10dB

	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
	2ms 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
Table 1 shows the link throughput comparisons with variable UE numbers, codebook size R and 
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 values for 2×2 antenna configuration. The best two performances are marked in red in the table. From the results, it is seen, when the system load is low, i.e. number of UE is smaller (2, 4), the non-unitary precoding (
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) performs better than unitary precoding. When the number of UE is equal and larger than 6, the unitary precoding outperforms non-unitary precoding.
Table 2 Throughput (Mbps) of 2×2 MU-MIMO (Geometry=10dB)
	Codebook size R
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	the number of active UEs

	
	
	2
	4
	6
	8
	10

	4
	0
	1.7441
	1.7966
	1.8486
	1.8912
	1.9311

	8
	0
	1.7011
	1.8058
	1.8669
	1.8901
	1.9080

	
	0.4
	1.6791
	1.8193
	1.8469
	1.8464
	1.9005

	
	0.8
	1.6578
	1.7613
	1.5443
	1.5944
	1.6201

	16
	0.4
	1.7627
	1.8599
	1.8260
	1.8680
	1.8852

	
	0.6
	1.7750
	1.7916
	1.7846
	1.8194
	1.8405

	
	0.8
	1.6592
	1.7733
	1.6636
	1.7073
	1.7152

	
	0.9
	1.6495
	1.7000
	1.4848
	1.5543
	1.5659


Table 2-5 show the link throughput comparisons for 4×2 antenna configuration under different channel environments: case1A, case1B, case2 and case3. The same trends can be seen from the results i.e. when number of UE is smaller (2, 4), the non-unitary precoding performs better than unitary precoding.  When the number of UE is equal and larger than 6, the unitary precoding outperforms non-unitary precoding.
Table 3 Throughput (Mbps) of 4×2 MU-MIMO for Case1A (Geometry=10dB)
	Codebook size R
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	the number of active UEs

	
	
	2
	4
	6
	8
	10

	4
	0
	2.3505
	2.4948
	2.5763
	2.7508
	2.7614

	8
	0
	2.3523
	2.5320
	2.6685
	2.7628
	2.7850

	
	0.3
	2.3486
	2.5035
	2.5893
	2.6181
	2.6816

	16
	0.3
	2.3814
	2.5661
	2.6113
	2.6788
	2.6792

	
	0.5
	2.4061
	2.5646
	2.5736
	2.6001
	2.6171

	
	0.7
	2.3456
	2.4124
	2.5655
	2.5745
	2.6085


Table 4 Throughput (Mbps) of 4×2 MU-MIMO for Case1B (Geometry=10dB)
	Codebook size R
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	the number of active UEs

	
	
	2
	4
	6
	8
	10

	4
	0
	2.3708
	2.5034
	2.5859
	2.7628
	2.7785

	8
	0
	2.3893
	2.4904
	2.6788
	2.7628
	2.7850

	
	0.3
	2.3207
	2.4875
	2.5682
	2.6325
	2.7752

	16
	0.3
	2.4090
	2.5431
	2.6373
	2.6422
	2.7630

	
	0.5
	2.4770
	2.4829
	2.5729
	2.5938
	2.7398

	
	0.7
	2.3724
	2.4638
	2.5001
	2.5751
	2.6354


Table 5 Throughput (Mbps) of 4×2 MU-MIMO for Case2 (Geometry=10dB)
	Codebook size R
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	the number of active UEs

	
	
	2
	4
	6
	8
	10

	4
	0
	2.4529
	2.4749
	2.6430
	2.6426
	2.6802

	8
	0
	2.3153
	2.4945
	2.6224
	2.6426
	2.6847

	
	0.3
	2.3060
	2.4756
	2.5477
	2.6104
	2.6759

	16
	0.3
	2.3129
	2.5330
	2.6245
	2.6269
	2.6443

	
	0.5
	2.3495
	2.4506
	2.5275
	2.5988
	2.6045

	
	0.7
	2.3578
	2.4275
	2.5009
	2.5038
	2.5510


Table 6 Throughput (Mbps) of 4×2 MU-MIMO for Case3 (Geometry=10dB)
	Codebook size R
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	the number of active UEs

	
	
	2
	4
	6
	8
	10

	4
	0
	1.3916
	1.5188
	1.6340
	1.6516
	1.8663

	8
	0
	1.3570
	1.5190
	1.6245
	1.6588
	1.8764

	
	0.3
	1.3248
	1.5078
	1.5901
	1.6134
	1.8039

	16
	0.3
	1.3608
	1.5190
	1.6340
	1.6583
	1.7865

	
	0.5
	1.4527
	1.4553
	1.4920
	1.5586
	1.7681

	
	0.7
	1.4116
	1.4266
	1.4535
	1.5335
	1.7134


3.3. Discussion on related issues
In addition to above simulation results, the advantage and disadvantages are summarized for unitary precoding scheme and non-unitary precoding:

(1) Performance: The unitary precoding outperforms non-unitary precoding in most environment --- when number of UEs is equal and larger than 6;

(2) Scheduling flexibility: Non-unitary can achieve higher scheduling flexibility (multiuser diversity) compared to unitary precoding by setting threshold of correlation
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; unitary precoding chooses small codebook size to ensure the scheduling flexibility [3];

(3) Signaling overhead: unitary precoding can keep same small codebook for both UE feedback and NodeB transmission, therefore low signal overhead is obtained. Non-unitary precoding uses larger codebook for UE feedback, and another much larger codebook or dedicated precoded pilots are needed for NodeB transmission. Therefore, larger signal overhead is expected for non-unitary precoding.

(4) Complexity: Non-unitary precoding has the higher complexity for CQI calculation. Non-unitary precoding needs more memory to keep two codebooks in both NodeB side and UE side.

According to above points, we propose unitary precoding for MU-MIMO transmission.
4. MU-MIMO issues discussion

We provide our views on the questions for MU-MIMO proposed in RAN1 #48bis meeting.
Q1) codebook for Node B transmission and UE feedback generation

Q1a) definition: same or different?

Q1b) size: same or different?
We prefer to use same codebook with the same size for Node B Transmission and UE feedback generation.

Q2) DL indication: the transmission precoding vector for each UE or the matrix consisting of the vectors allocated for the simultaneously scheduled UEs
We prefer to indicate precoding matrix consisting of the vectors allocated for the simultaneously scheduled UEs by DL signaling (In fact, there is no difference for unitary precoding.)

Q3) Assumption for CQI calculation regarding simultaneously scheduled UEs: no or yes (if yes, how many?)
For unitary precoding, the CQI calculation doesn’t need to consider other scheduled UEs. 

Q4) Scenarios for application of MU-MIMO: high/low spatial correlation? What else?
Q4a) Feedback overhead needed for the considered scenario?

We don’t have strong view on this point currently, but if the switching between high/low spatial correlations is considered, more complexity will to be incurred for the system.
5. Conclusion
In this document, we compared throughput performance and discussed the differencebetween unitary precoding and non-unitary precoding for MU-MIMO. According to the results, we propose to adopt unitary precoding with DFT based codebook as working assumption for MU-MIMO.
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