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1. Introduction

In RAN4#70 meeting, PMI test for 4Tx enhanced codebook and PUCCH reporting mode was further discussed. And some conclusions about PMI test were summarized as below:

· Single PMI Test

a. TBD on the following options discussed:

i. PUCCH 1-1 submode1, rank 1

ii. PUCCH 1-1 submode2, rank 1

iii. PUCCH 2-1 with rank 2

b. Test Metric : Existing test method and metric
· Multiple PMI Test

a. PUSCH 1-2, TM9, Rank 1 and/or 2 to be down selected with simulation results.  

b. Test Metric: Existing test method and metric

c. TBD : PUSCH 3-2, TM9, Rank 1
In this contribution, we provide our proposals on PMI reporting requirements for DL MIMO enhancement.
2. Discussion
Regarding rank1 PMI tests, considering both codebook sub-sampling of PUCCH modes and function of 4Tx enhanced codebook, PUCCH1-1 submode1 and submode2 are considered as two test options. One or both of them can be used for PMI test. Compared these two reporting modes, they use different codebook sub-sampling sets. From the aspect of 4Tx enhanced codebook testing, the codebook subset including more pre-coding codeword is more conducive to verify the performance requirements. Compared the two sub-modes of PUCCH1-1, rank1 codebook sub-sampling for submode1 involves more available pre-coding matrices. So from figure 1, it can be observed that PUCCH1-1 submode1 provide a larger performance gain from follow PMI than submode2. Hence, if only one reporting mode is down-selected for rank1 single PMI, PUCCH1-1 submode1 is more suitable.
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1.1) Low correlation channel
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1.2) High correlation channel


Figure 1 Normalized throughput for wideband PMI reporting
Proposal1: If only one reporting mode is selected for rank1 single PMI, PUCCH1-1 submode1 is more suitable.

In 4Tx codebook enhancement, RAN1 defined the new codebooks for rank-1 and rank-2. In our opinion, as rank1 enhanced codebook is tested, it should be considered to introduce the requirements for rank2 enhanced codebook in Rel-12. 
Proposal2: PMI requirements for rank2 enhanced codebook can be defined in Rel-12.

For multiple PMI tests, the same performance requirements will be reflected for PUSCH3-2 and PUSCH1-2, regardless of any rank number. Thus, only PUSCH1-2, no PUSCH3-2, is required for multiple PMI test cases.

Proposal3: For rank1 and rank2 multiple PMI, only PUSCH1-2 is required.
In practical networks, either cross polarization or uniform linear array can be configured for 4Tx antennas in eNB. However, in RAN1 work on codebook enhancements, 4Tx X-pol channel model is primarily considered for DL MIMO enhancement. Therefore, 4x2 X-pol channel and high correlation should also be used for PMI tests. And in the current version of specification, channel model and spatial correlation parameters for 4Tx X-pol configuration has been defined. So maybe it is not needed to re-design channel model for 4Tx X-pol in Rel-12 DL-MIMO. 
In order to present the performance difference in low correlation and high correlation, we simulate sub-band PMI reporting with R12 codebook and R8 codebook, respectively. And the simulation results are given in figure 2.
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2.1) Rank1, low correlation
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2.2) Rank1, high correlation
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2.3) Rank2, low correlation
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2.4) Rank2, high correlation


Figure 2 Sub-band PMI reporting under low correlation and high correlation
From figure 2, it can be observed that:

· For rank1, the gain of Rel-12 codebook to Rel-8 codebook is more obvious under high correlation than under low correlation;
· For rank2, Rel-12 codebook performance is larger than Rel-8 under high correlation and the opposite under low correlation;
Based on these observations, X-pol and high correlation scenario can just reflect the superiority of Rel-12 codebook better.

In addition, it is needed to further study whether high correlation channel meets codebook test requirements. High spatial correlation channel has a low variability in time domain and frequency domain and low spatial correlation channel is opposite. For dual codebook, high correlation channel is beneficial to reflect the characteristic of long time and wide band of W1. But due to low variability in long time, maybe almost the same W1 will be reported in test. In this case, the variability requirements of follow W1 could not be fulfilled. For this, RAN4 defined a high correlation channel with beam direction steering in Rel-10 eDL-MIMO 8Tx PMI tests. For 4Tx dual codebook test, it is needed to verify whether to also introduce beam steering channel or not. We count the indices of reported W1 under high correlation without beam steering and the statistic results are shown in figure 3.
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3.1) Rank1, PUCCH1-1 submode1
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3.2) Rank1, PUSCH1-2


Figure 3 PMI Statistics for follow W1 under high correlation channel
From the statistics for index of reported W1, in high correlation channel, PMI for W1 can be reported with a certain degree of variability. Though more W1 indices of follow PMI focus on several pre-coding, all the pre-coding can basically be selected in simulation. Then, variability requirement of reported PMI can be substantially fulfilled. Therefore, in order to simplify test, beam steering could be not introduced for high correlation channel for PMI reporting.
Proposal4: X-pol and high correlation should be used for PMI tests for both rank1 and rank2. And beam steering channel could be not introduced.

Minimum performance requirements for PMI reporting are defined as throughput ratio of follow PMI and random PMI at test point. In Rel-8 PMI tests, test point is set at 60% of the maximum throughput using random pre-coding. In Rel-10 eDL-MIMO PMI tests, due to the large gain from follow PMI, test point is set at 70% of the maximum throughput using feedback pre-coding. For rank1 PMI test on 4Tx enhanced codebook, from figure 2 it can be observed, in high correlation channel, the cures of wideband and sub-band follow PMI approach full throughput at Rel-8 test point. This is unfavourable to reflect the gain of follow PMI. Hence, Rel-10 test point can be re-used for rank1 PMI requirements. For rank2 PMI tests, from figure 2.4, Rel-8 test point can be used. 
Proposal5: Rank1 test use Rel-10 test point and rank2 test use Rel-8 test point. 
3. Conclusions
In this contribution, we provide our proposals on PMI reporting requirements for DL MIMO enhancement. And these proposals are shown as following:
Proposal1: If only one reporting mode is selected for rank1 single PMI, PUCCH1-1 submode1 is more suitable.

Proposal2: PMI requirements for rank2 enhanced codebook can be defined in Rel-12.
Proposal3: For rank1 and rank2 multiple PMI, only PUSCH1-2 is required.
Proposal4: X-pol and high correlation should be used for PMI tests for both rank1 and rank2. And beam steering channel could be not introduced.
Proposal5: Rank1 test use Rel-10 test point and rank2 test use Rel-8 test point.
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