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1. Introduction

The RAN1#47bis meeting agreed to support (i) rank non-specific precoding codebook and (ii) semi-static configuration of SU-MIMO or MU-MIMO per a UE [1]. In this contribution, we propose a DFT based structured codebook design aligned to those decisions.
2. Codebook design

The DFT based codebook enables simple and structured implementation [3]. Our proposal for codebook is based on investigations in [7] and could be classified to “Rotated DFT” in [5] with rotation values for 
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for 2 transmit antenna case and 
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 for 4 transmit antenna case, respectively, where 
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 equals to codebook size. More precisely, following is size 16 codebook and 4 transmit antenna case.
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Value 
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 indicates vector permutation corresponding precoding matrix. This operation could be utilized for a column subset selection with a rule for fixed column vector(s) when rank is smaller than the number of transmit antennas.
3. Numerical analysis
3.1. Simulation assumptions
In this section we describe the simulation setup used to obtain the results presented later. 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]

	Channel environments
	TU (antenna correlation Tx:0.5, Rx:0.0), 3km/h

	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)


Further details are as follows:

For SU-MIMO evaluation, the UEs’ feedback are assumed as preferred precoding matrix selected from unitary codebook, then the nodeB uses first two column vectors of indicated precoding matrix for transmission; and

For MU-MIMO evaluation, the UEs’ feedback are assumed as preferred subset of column vectors of a unitary precoding matrix selected from unitary codebook, then the nodeB groups the UEs with same preferred precoding matrix and makes unitary transmission up to 2UEs simultaneously.
3.2. Simulation results
3.2.1 Codebook design

In this section, we compared 3 kinds of codebook designs in addition to our suggested codebook design described in section 2. Those are: 1) DFT codebook [4]; 2) Rotated DFT codebook with the phase rotation parameters as in [5]; 3) Householder codebook [6]. 

Figure 1 to Figure 4 show the link throughput comparisons with various codebooks for 2×2 and 4×2 antenna configurations. From the numerical results of Figure 1, it can be observed that for SU-MIMO 2×2 configuration, all codebooks have similar performance with 2 bits feedback overhead for PMI. 
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Figure 1 Throughput of SU-MIMO with various codebooks (2x2)
And from the results of Figure 2, it is shown that for SU-MIMO 4×2 configuration, performance of Rotated DFT codebook and our suggested codebook have similar performance but outperforms DFT codebook slightly with same PMI feedback overhead (2 bits); the Householder codebook can achieve performance similar to the DFT-based codebook also, but with higher PMI feedback overhead (4 bits).
[image: image7.emf]Typical Urban 3km/h, SU-MIMO, 4x2
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Figure 2 Throughput of SU-MIMO with various codebooks (4x2)
For MU-MIMO case, we also compare the different precoding schemes with different codebook designs in Figure 3 and Figure 4. From the numerical results of Figure 3, it can be observed that for MU-MIMO 2×2 configuration, all codebooks have similar performance as well as SU-MIMO 2×2 case with 2 bits PMI feedback overhead.
[image: image8.emf]Typical Urban 3km/h, MU-MIMO, 2x2, 10 active UEs
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Figure 3 Throughput of MU-MIMO with various codebooks (2x2)
Finally, from the results of Figure 4, it is shown that for MU-MIMO 4×2 configuration, Rotated DFT codebook and our suggested codebook have similar performance but outperforms DFT codebook and the Householder codebook slightly. Corresponding feedback overhead for precoding control is a) 5 bits (2-bit PMI + 3-bit subset-ID) for DFT codebook and Rotated DFT codebook, b) 4 bits (2-bit PMI + 2-bit for value 
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 in eq.(1)) for our suggested codebook and c) 3 bits (3-bit PMI) for Householder codebook, respectively.
[image: image10.emf]Typical Urban 3km/h, MU-MIMO, 4x2, 10 active UEs
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Figure 4 Throughput of MU-MIMO with various codebooks (4x2)
3.2.2 Codebook size

As already shown in [1] and [3], our suggestion for codebook size is as follows. Regarding SU-MIMO transmission, size 8 codebook for 2 tx antenna configuration and size 16 codebook for 4 tx antenna configuration are suggested considering trade off between performance and feedback overhead. Moreover, as for MU-MIMO transmission, smaller codebook is preferable because larger codebook size leads performance loss due to less multi-user diversity gain in spatial domain.
4. Conclusion
In this document, we evaluate throughput performance with various codebook designs for both SU-MIMO and MU-MIMO. According to the results, we cannot see a significant performance difference between the codebooks. The DFT based codebooks have simple and structured construction. Therefore, we proposed to adopt the DFT-based codebook for SU-MIMO and MU-MIMO.
Moreover, based on the simulation results [3] smaller codebook size for MU-MIMO than that of SU-MIMO provides more throughput gain.
According to the evaluation results, we propose:

· Apply DFT-based codebook for precoding

· For 2x2 configuration, codebook size 8 for SU-MIMO and size 4 for MU-MIMO.
· For 4x2 configuration, codebook size 16 for SU-MIMO and size 8 for MU-MIMO.
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