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1.1. Introduction

During the Jeju #54 meeting, there was some limited discussion on the PUSCH multiplexing structure. Some companies have identified some issues with HARQ buffer corruption when the eNB does not correctly decode the rank indicator information when control information is multiplexed into PUSCH transmission. This document discusses the issues with the control information multiplexing in PUSCH.
2.1. Problem statement and Analysis
Problem statement:

In PUSCH transmissions data and control information can be multiplexed together. In case of CQI/PMI the number of bits rate matched into PUSCH depends on whether or not RI is 1 or larger than 1. If RI is larger than 1 then the number of bits to be encoded is usually doubled compared to when RI equal to 1. Since CQI/PMI and Data are sequentially concatenated before interleaving, the number of coded bit for CQI/PMI affects the starting bit position of coded data bits.
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Figure 1.
Figure 1 shows an example of multiplexing of CQI/PMI, RI, data and ACK/NACK in PUSCH transmission. Depending on the Rank calculated by the UE, the number of RE for CQI/PMI will change from light green in figure 1 to slashed dark green. So depending on the content of RI, the starting position of data RE can change. In the event that RI is misinterpreted in the eNB, the starting position of data RE changes and thus may lead to data HARQ buffer corruption in the eNB for that given HARQ process.
Analysis:

We tried to address this issue in 3 points, the probability of HARQ buffer corruption, solution by implementation, and mechanism in the specification to address this issue.

The problematic case only occurs in the uplink transmission when eNB incorrectly decodes the RI in case there is a simultaneous transmission of control information and UL-SCH data information. So the probability of the buffer corruption can be expressed as Pr(buffer-corruption) = Pr(RI-miss-detection)*Pr(multiplexing-of-control-and-data)*Pr(two-CRC-check-fails-of-control-information). From the past discussions and contributions from multiple companies, it is well known that correct RI reception is critical to downlink SU-MIMO performance, and thus suggested to have BLER of RI to be equal to ACK/NACK error quality requirements or lower. This means that Pr(RI-miss-detection) will fall in the ranges of 1% ~ 0.1%. Moreover, the periodicity of the RI transmission is expected to be very long. Taking into account the probability of multiplexing of control and data in the uplink transmission and the probability of both CRC fails of 2 possible CQI/PMI sizes, the Pr(buffer-corruption) will be sufficiently low enough to not to cause any significant impact.
The problem lies in the fact that the in some cases eNB may not be able to correctly decode the RI. Although we do not see the necessity of enforcing an implementation solution according to the above discussion, one possible eNB receiver implementation option for resolving this issue when the reliability of RI is not enough is to use two HARQ buffers. In the event that control and data are multiplexed in the uplink, the eNB can have 2 HARQ buffers for 2 possible decoding positions for data. This can insure there is no HARQ retransmission buffer corruption by implementation. There are extra mechanisms to first measure the reliability of RI information, and try to have 2 HARQ buffers for both possible decoding positions for data only in the event that eNB thinks it has received an un-reliable RI. These measurements could be simple as measuring received SINR for RI, measuring cross-correlation level, and etc.
Additionally the eNB has the mechanism to signal the needed offset value of RI from 1 dB to 13 dB, where offset value for CQI/PMI is only in the ranges of 0 dB to 6dB. The eNB can utilize the offset to give sufficiently high offset values for RI, and insure reliable reception of RI, if the implementation of eNB requires reliable RI reception to avoid problematic cases.
3.1. Conclusion

In conclusion, we do not see any issue with the HARQ data buffer corruption due to unreliable RI reception in eNB and do not see sufficient evidence to change the specification in this stage.
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