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1. Introduction

It was agreed in RAN1#46 that multi-user MIMO (MU-MIMO) is supported for the E-UTRA in addition to single-user MIMO (SU-MIMO) [1]. In this contribution, we evaluate throughput performance with different codebook size and antenna configurations for both SU-MIMO and MU-MIMO cases. In the evaluation, codebook based unitary precoding is used for both SU-MIMO and MU-MIMO cases. We discuss the optimum codebook size for SU-MIMO and MU-MIMO respectively based on the results.
2. Numerical analysis
2.1. 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; 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.
DFT based size-2m codebook for 2x2 configuration:
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DFT based size-2n codebook for 4x2 configuration:
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2.2. Simulation results
In this section we present simulation results to demonstrate the performance with different codebook size for 4×2 and 2×2 cases separately. Fig. 1 shows the throughput performance of precoding with different codebook size for SU-MIMO in 4×2 case. Fig. 2 and Fig.3 show the throughput performance of precoding with different codebook size for MU-MIMO in 4×2 case, while the numbers of active users are 10 and 20 respectively, and max.CIR type scheduler is assumed.
[image: image3.emf]Typical Urban 3km/h, SU-MIMO, 4x2
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Figure 1. Throughput of SU-MIMO (4×2)
Fig.1 shows SU-MIMO with precoding can achieve improved system throughput by 1-2dB. Fig.1 also shows the throughput performance improves with the increasing of codebook size, and the best selection of codebook size is 16 for 4×2 for SU-MIMO transmission.

[image: image4.emf]Typical Urban 3km/h, MU-MIMO, 4x2, 10 active UEs
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Figure 2. Throughput of MU-MIMO (4×2, 10 active UEs)
[image: image5.emf]Typical Urban 3km/h, MU-MIMO, 4x2, 20 active UEs
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Figure 3. Throughput of MU-MIMO (4×2, 20 active UEs)
Fig.2 and Fig.3 show MU-MIMO with precoding can achieve significant gain in system throughput over the non-precoded MU-MIMO by around 3dB and 2dB, respectively. With 10 active UEs (Fig.2), when the codebook size increases from 4 to 8, the performance is improved, however, when larger codebook size 16 is used, the performance degrades by 0.6dB compared to size 8. With 20 active UEs (Fig.3) the performance with codebook size 8 is very close to the performance with codebook size 16. Therefore, the codebook size 8 should be the best selection for MU-MIMO transmission in 4×2 configuration with considering tradeoff between performance and feedback overhead.
[image: image6.emf]Typical Urban 3km/h, SU-MIMO, 2x2
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Figure 4. Throughput of SU-MIMO (2×2)

Fig.4 shows the throughput of precoding with different codebook size for SU-MIMO in 2×2 case, and Fig.5, Fig.6 show the performance for MU-MIMO in 2×2 case, while the numbers of active users are also 10 and 20 respectively. 

Fig.4 shows the throughput performance also improves with the increasing of codebook size for 2×2 case, and the performance with codebook size 8 is similar to the performance with codebook size 16. With the consideration of tradeoff between performance and feedback overhead, the codebook size 8 can be the best selection for SU-MIMO transmission in 2×2 configuration.

[image: image7.emf]Typical Urban 3km/h, MU-MIMO, 2x2, 10 active UEs
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Figure 5. Throughput of MU-MIMO (2×2, 10 active UEs)

[image: image8.emf]Typical Urban 3km/h, MU-MIMO, 2x2, 20 active UEs
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Figure 6. Throughput of MU-MIMO (2×2, 20 active UEs)

Fig.5 and Fig.6 show MU-MIMO with precoding can also achieve significant gain in system throughput over the non-precoded MU-MIMO in 2×2 configuration by 2-3dB. With 10 active UEs (Fig.5) the performance of MU-MIMO transmission degrades when the codebook size increases, which is different from SU-MIMO transmission. With 20 active UEs (Fig. 6) the codebook size increases from 4 to 8, the performance is improved, however, when larger codebook size 16 is used, the performance degrades by 0.6dB compared to size 8. The performance with codebook size 4 is similar to the performance with codebook size 8. Therefore, the codebook size 4 should be the best selection for MU-MIMO transmission in 2×2 configuration with considering tradeoff between performance and feedback overhead.
As concluded from all above results, the SU-MIMO and MU-MIMO prefer different codebook size, that is, a larger codebook for SU-MIMO mode, while a smaller codebook for MU-MIMO. The reason can be explained for that: with unitary precoding, the performance will be improved with the increasing of codebook size in SU MIMO transmission, since more accuracy can be achieved for matching between channel matrix and precoding matrix with larger codebook size; however, in MU MIMO transmission, with larger codebook size, the performance loss may exist due to less scheduling possibility or multi-user diversity gain in spatial domain. 

2.3. Consideration on signaling
SU-MIMO and MU-MIMO can be used interchangeably depending on the various conditions (e.g. channel, the number of active UEs). However, it is needed to decide whether the switching between SU-MIMO and MU-MIMO is in slow (semi-static) mode or in fast (dynamic [3]) mode. 
With semi-static switching, SU-MIMO and MU-MIMO can be optimized separately; therefore precoding codebook design and codebook size could be varied depending on the scheduling mode. In above results, we showed that SU-MIMO mode and MU-MIMO mode have different preference for the precoding design and operation. That is, in SU-MIMO mode, UE feedbacks the preferred precoding matrix, and the codebook of size 16 can achieve performance advantages, on the other hand, in MU-MIMO mode, UE feedback preferred subset of column vectors of precoding matrix, and codebook of with smaller size (8 or 4) is preferred in order to minimize the scheduling conflict and thus maximize the system throughput. With dynamic switching, same codebook for SU- and MU-MIMO is required; therefore, optimal precoding design of SU-MIMO and MU-MIMO is not available.

3. Conclusion
In this document, we evaluate throughput performance with different codebook size for both SU-MIMO and MU-MIMO. With semi-static switching between SU-MIMO and MU-MIMO, the precoding codebook size and design could be different depending on the scheduling MIMO mode in order to achieve optimization of both SU-MIMO precoding and MU-MIMO precoding. According to the evaluation results, we propose:
· For 4x2 configuration, codebook size 16 for SU-MIMO and size 8 for MU-MIMO.
· For 2x2 configuration, codebook size 8 for SU-MIMO and size 4 for MU-MIMO.
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