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1.1. Introduction

In Sorrento (#52) it was decided to map the control information in PUSCH by serial concatenation with data information and interleave the control and data stream so that information is mapped in a time-first manner, and map the ACK/NACK information near the RS puncture the data and or control information. Although there was some discussion regarding the transmission of CQI and Rank on PUSCH, it was not clear how would Rank and CQI would be multiplexed into the PUSCH. In this document we propose 2 alternatives regarding the multiplexing of Rank information into PUSCH.
2.1. PUSCH multiplexing structure for control information
Depending on Rank value the number of bits for CQI may differ. This difference may be small for some CQI reporting modes such as mode 2-1 and 2-2, but for mode 3-1 and 3-2 the number of bits may be quite different, because each differential CQI value for each sub-band is being reported for each codeword. Naturally to avoid blind detection of payload size at the eNB side, Rank and CQI should be separately encoded. The current specification does not entail the details of how Rank information is multiplexed so that the eNB could decode it without the knowledge of CQI payload size. Here we give two alternatives to Rank information multiplexing.
Alternative 1 is to keep the same concept of control information being time-first mapped, but to ensure Rank information can be always decoded first, it should be positioned at the very first resource elements prior to time-first mapping interleaver. So basically this alternative is to serially concatenate Rank, CQI, and then Data information in the order of Rank first, CQI second, and Data last. After serial concatenation they are mapped into the physical resources by the time-first mapping rule. ACK/NACK information as agreed in Sorrento is mapped near the RS from the opposite side of the Rank and CQI information as shown in figure 1. Since Rank, CQI and Data is to be serially concatenated Rank, CQI and Data should be all rate matched to be fit into the assigned resources.
Alternative 2 is to map the Rank information just like ACK/NACK information. To avoid any error case with ACK/NACK transmission, Rank is always transmitted the SC-FDMA symbols next to possible ACK/NACK position. Since the RS SC-FDMA symbols are positioned at SC-FDMA symbol #3 and #10, the Rank information should be positioned at SC-FDMA symbol #1, #5, #8, and #12 for the normal CP case. If the ACK/NACK information is to be confined to only 4 SC-FDMA symbols then the Rank information should be also can be confined to 4 SC-FDMA symbols to keep things simple. Since the Rank information is to be positioned near the possible ACK/NACK position regardless of transmission of ACK/NACK or the payload size of rank dependent CQI information, Rank information should also be punctured into the physical resources just like ACK/NACK. The advantages of alternative 2 is that even transmission of Rank information resources in each slot is guaranteed, and also for the high Doppler cases, the Rank information can be somewhat protected, since it is positioned near the RS.
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Figure 1. Illustration of Alternative 1 – Time-First mapping of Rank
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Figure 2. Illustration of Alternative 2 – Near RS mapping of Rank
3.1. Conclusion

Alternative 1 keeps all the current working assumptions the same, and keeps the specification simple. Alternative 2 has the advantage of guaranteeing even positioning of Rank information in both slots, which may be important feature for frequency hopping UE which require frequency diversity and may have some gains in high Doppler cases. In conclusion our first preference is Alternative 2, and we propose to adopt this structure into TS 36.212.
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