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1. Introduction
In PUSCH summary from RAN1#50:

· Same gain factor for control and data

· Different coding rates for control is achieved by occupying different number of symbols

· The coding rate to use for the control signalling is given by the PUSCH MCS. The relation is expressed in a table.

· A table links each PUSCH MCS with a given coding rate for control signalling, i.e, the number of symbols to use for an ACK/NAK or a certain CQI/PMI size

· Data and the different control fields (ACK/NAK, CQI/PMI) are mapped to separate modulation symbols, i.e., a single symbol (QPSK/16QAM/64QAM) cannot contain both data and control

· For CQI, FFS which option to select

· the same constellation as used by PUSCH is used

· restrict the constellation 

· For ACK/NAK, the coding, scrambling and modulation should maximize the Euclidean distance

· For ACK/NAK (in case of FDD), a modulation symbol used for control signaling carries at most 2 bits of coded control information regardless of PUSCH modulation scheme

· Rate matching 

· 1 stage – the circular buffer RM takes presence of control signalling into account

· For ACK/NAK transmission, starting points in circular buffer are not affected by presence/absence of control signalling

· Investigate the need for a mapping rule taking error cases into account

· FFS if PUSCH is power boosted to compensate for coding loss for data when control is transmitted

· Control signalling mapped such that it appears in both slots of a subframe (for FS type 1)

· Control signalling mapped to SC-FDMA symbols next to RS:es
· If the UE is allowed to autonomously select between different CQI formats, the amount of blind decodings acceptable to the eNdoeB is FFS
2. Discussion

2.1. Encoding of Control Information

Encoding of different control information on PUSCH can be either joint or separate. In joint encoding, the various control information is multiplexed before the channel encoder. Some of the information can be repeated to add extra reliability, if needed. For example, ACKNAK can be repeated a number of times, then multiplexed with CQI and jointly encoded. This option, however, is not recommended, because of difficulties with the DTX detection, as well as additional complexity. The encoding of Control Information should thus be separate. Specifically, this means that ACKNAK, SRI, and CQI should be encoded separately, and then multiplexed onto different modulation symbols in PUSCH. 
2.2. Prioritizing the Control Information and Mapping to PUSCH Samples
Control information can be assigned priority levels. For example, ACKNAK can have the highest priority level (e.g. level 0). CQI can have a lower priority level, etc. Note that certain control information can have same priority levels. For example, it would be possible to make ACKNAK and SRI have the same priority level (e.g. level 0), since both them shall be received in a timely fashion with high detection performance. 
Prioritized control information can be mapped surrounding the DM RS in decreasing order of priority. For instance, ACKNAK can be immediately surrounding the RS. Then, the next can be SRI, which is then surrounding the ACKNAK information, etc. In general, information of priority level n is surrounding the information of priority level n – 1. However, if certain two kinds of information are assigned identical priority levels, then they can be interleaved. In general, we suggest following order of priority: ACKNAK has the priority 0, SR has the priority 1, and Rank has the priority 2, and CQI has priority 3. Thus, the sequence of mapping this information surrounding the RS is determined based on the priority levels. 
2.3. Considerations on ACKANK, SRI, and Rank
When a type of information comprises only one or two bits, then actual channel coding is not necessary, since ML hypothesis testing is trivial. Thus, special attention can be paid to transmission of each of these i.e. these should not be encoded by the same channel code as the CQI, for example. Rather, simple signals can be designed to carry ACKNAK, for example. One simple solution could consists of re-using the definition of reference signals to carry the one-or-two bit type of information. For example, the transmission diagram for ACKNAK on PUSCH can be given by the Figure 1. 
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Figure 1: Possible Transmission of ACKNAK Information in PUSCH
In Figure 1, the RS is some type of reference signal (RS), which may or may not be the same as the RS defined for the coherent data demodulation. In Figure 1, the RS is then modified depending on the ACKNAK information. This modification can be simple multiplication, for example. Alternatively, this modification can be cyclic – shifting. Thus, the purpose of this modification is to impress the ACKNAK information onto the RS. This RS is then multiplexed with UL data or other control modulation symbols, before the DFT pre-coder and the rest of the chain (in Figure 1) can be as normal in DFT – spread OFDMA. Zeroes or other signals can also be present before the IFFT. The receiver can then remove the RS modulation to recover the ACKNAK information. Same principle can be applied to the transmission of SRI and Rank.  
2.4. DTX Detection in the UL
Note that the DTX detection can pose a problem for ACKNAK transmission in PUSCH. Specifically, if a UE misses a DL grant from the NodeB, and is transmitting on PUSCH, then ACKNAK DTX occurs. The NodeB is expecting ACKNAK feedback, but it may not be there. One solution is described in [3], where CRC is scrambled with the UE ID in order to help detect ACKNAK DTX. While this solution alleviates a part of the problem, some additional measures may be required in support of DTX detection. Specifically, when PUSCH frame error occurs (e.g. 20% of time), the NodeB receiver is forced to flip a coin to decide if there was ACK or NAK present. Thus, theoretical DTX to ACK error is as high as 10%, which is just on the high-end margin of the acceptable requirements [1]. In reality, the PUSCH BLER can be targeted to about 20%, but this target can easily be over-shot because of several practical factors: CQI estimation errors, and un-predictability of inter-cell interference, which changes from one sub-frame to the next. Thus, the actual BLER on PUSCH can be in excess of 30%, in certain cases, which would imply that DTX to ACK error requirements can be violated. At the same time, it is not practical to mandate 20% (or less) PUSCH BLER in system deployments. If this were mandated, it would cause operators to perform more conservative scheduling to account for errors, and overall system performance could be degraded. This is why other measures, on top of CRC scrambling, can be deployed in support of DTX detection. These measures can include, for example, DTX signaling using RS cyclic shifts.  

3. Conclusion

In summary, it is recommended that different control information fields are separately encoded, prioritized according to categories, and then mapped around the RS in layers. For control information which comprises 1 or 2 bits, separate and simple signaling structure can be considered, without complicated channel coding schemes. Finally, the problem of ACKANK DTX detection remains present, and there are several options that require a careful study. 
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