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1 Introduction
In RAN4 #57 meeting, there was discussion on codebook selection method for UL MIMO. In [1], it is proposed that with fixed rank transmission, random codebook selection is a proper way for PUSCH testing. During the online discussion, fixed precoder method was also proposed for consideration. 
In this contribution, further investigation was performed to the codebook selection issue. The study was focused on 2Tx requirements as agreed in RAN4 #57 meeting.
2 Discussion
Table 1 list the codebook designed for 2Tx UL MIMO [2]. For the PUSCH transmission, 6 indices are assigned for rank 1 transmission, while the identity matrix is used for rank 2 case. It is obvious that no codebook selection issue for rank 2 because of size-1 codebook.
Table 1: Codebook for transmission on antenna ports 
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For the fixed precoder method for testing, the codebook is fixed to a preassigned one and kept constant during the simulation. While for the proposed random selection scenario, the suggestion is that for each rank 1 PUSCH transmission, the codebook used at the UE side is selected randomly from the corresponding column of Table 1. 
Note that only frequency non-selective precoding in a component carrier is supported for UL MIMO. A reasonable selection method is randomly select a single TPMI in one uplink TTI transmission, then change the single TPMI in a random way for the next uplink TTI transmission. 
2.1 Performance results for fixed precoder
In this section we look at the UL MIMO performance assuming that the codebook for precoding is fixed for each simulation. Simulation assumptions were captured in Annex. Performance of codebook index 0 to 3 was presented for comparison. Note that index 4 and 5 behave as antenna selection, they were not included in the evaluation of fixed codebook selection.
Figure1 shows performance corresponding to different codebook indices under high correlation EVA channel. FRC with QPSK, 1/3 code rate and full RB allocation is used. The correlation matrix is according to [3]. It can be seen that for a certain channel model, there exists large gap between different codebooks. The reason is that for a chosen codebook that does not match the channel (index 2 and index 3), the performance has a decrease compared to the matched one. The worst case will happen when a chosen codebook act on the channel produce an inverse direction to the UE  as the performance of index1 shown in Figure1. 
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Figure1: 2x2 case performance comparison, QPSK, 1/3 code rate
Figure2 shows performance comparison for 16QAM, 3/4 code rate case. Other simulation assumptions are same to Figure1. As can be seen, the conclusions are same to those derived from figure1 case, as described above. 
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Figure2: 2x2 case performance comparison, 16QAM, 3/4 code rate

Figure3 and figure4 show the performance with the propagation condition of EPA channel. The same conclusion can also be derived from the simulation results.
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Figure3: 2x2 case performance comparison, QPSK, 1/3 code rate
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Figure4: 2x2 case performance comparison, 16QAM, 3/4 code rate
Based on the above observation, it is evident that different precoder would cause different performance. Especially under high correlation channel condition, the difference is not marginal. Thus fixed precoder method would need selection of the TPMI. This may be time consuming and which index should be chosen is always debatable. In contrary to the fixed precoder, random precoder would give averaged performance and is seen as the most suitable case. Note that random precoder scheme is already used in the DRS demodulation requirements in 36.101 where the DRS is also precoded same as DMRS in UL MIMO. It was also proved in the study of PMI testing in 36.101 that random precoder is optimal compared to fixed precoder.
Proposal 1: Random precoding matrix selection with fixed rank transmission to be considered in PUSCH performance requirements for UL MIMO.
2.2 Random codebook selection

Considering the codebook structure of 2Tx UL MIMO in Table 1, one observation is that the function of index 4 and index 5 is designed for antenna selection. In Figure 5 two kinds of random precoder subset were compared. For the curve of “Index 0-3”, the range of selected TPMI is restricted to index 0 to index 3, which means that the antenna selection vectors were precluded. For the curve of “Index 0-5”, all the rank1 vectors were included as selected codebook. 
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Figure5: Random precoder comparison, QPSK, 1/3 code rate
The results show that the two schemes have different performance. The reason is rank1 codebook includes antenna selection function as mentioned before. When index 4 or index 5 is selected as the precoding vector, the PUSCH would be transmitted only on one of the transmit antennas. Thus the SNR decreased to half at the receiver. And the performance will be influenced. 
We do not see too much difference between two schemes. However the antenna selection codebooks, i.e. codebook index 4 and 5 were designed to account for the antenna gain imbalance (AGI) caused by handhold position or other factors that can not be interpreted as propagation condition (channel model). It was agreed in previous meetings that AGI will not be considered in the performance test case design. In this case we propose that for the random codebook selection scheme, the range of selected codebook for 2Tx rank1 should be restricted to index0 to index3.

Proposal 2: Index0 to index3 are chosen for random precoder in PUSCH performance requirements for UL MIMO.
3 Conclusion
In this contribution, we give our consideration on codebook selection method for PUSCH performance testing. We proposed that
· Random precoding matrix selection with fixed rank transmission to be considered in PUSCH performance requirements for UL MIMO.

· Index0 to index3 are chosen for random precoder in PUSCH performance requirements for UL MIMO.
It is suggested that RAN4 take these information into account and start work on certain BS demodulation aspects.
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4 Annex: Simulation assumptions

Simulation assumptions for UL throughput performance comparison:
	Common parameters
	Value

	Channel Model
	EVA 5Hz, EPA 5Hz, 

	Noise Model
	AWGN

	Power imbalance between antennas
	0 dB

	Channel Bandwidth
	10 MHz

	Channel estimation
	Practical and realizable channel and noise estimates

	Cyclic prefix
	Normal

	Precoding method
	Random precoding / Fixed Rank

	Resource allocation
	Full RB allocation

	Modulation scheme
	QPSK, 16QAM

	Code rate
	1/3, 3/4, 

	Maximum number of HARQ transmissions
	4

	Redundancy version sequence
	{0,2,3,1} 

	HARQ combining
	Incremental redundancy

	Simulation length
	10000 subframes at minimum
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