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1.1. Introduction

During the #53 meeting in Kansas we have agreed to a MCS linkage formula between control information and data in PUSCH. In this contribution we try to address some of the remaining issues with the control information MCS when transmitted on the PUSCH.
2.1. Control information MCS during Data retransmissions

One of the remaining issues is which MCS to use for control information in case of data retransmissions. Data scheduling is an implantation issue, thus it is up to the eNB to decide how to operate the data transmission and retransmissions. It is also well known that when the first block error rate (FER) of the data is operating in reasonable low range, such as 10%, the retransmission typically do not need to be the same code rate as the first transmission in order to successfully transmit a packet. So it may be so that the eNB can schedule the retransmission in the uplink so that the code rate of the data may be higher than what the initial data transmissions are operating in.
If this is so, it is rather questionable whether we should rely on the MCS of data to calculate the control information MCS in case of data retransmission on the PUSCH. So we propose to utilize the reference spectral efficiency of the initial transmissions to calculate the MCS of the control information when control information is multiplexed during uplink data retransmissions.
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Equation (1) shows the MCS linkage formula between control information and MCS of the data. In order to calculate the number of RE which need to use for certain control information, the UE need to first know the reference code rate and the modulation order, since all other parameters from the UE point of view is fixed (or semi-statically fixed). From here we will denote the multiplication of reference code rate and modulation order as the reference spectral efficiency.
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In case of PUSCH transmissions which happen to multiplex control information and retransmission of data information, the control information uses the reference spectral efficiency of the initial data transmission. In the uplink scheduling grant RV 1, 2, 3 are explicitly only used for data retransmission, whereas RV 0 is used for data initial transmissions and retransmissions. So in the specifications it may be so that it would be beneficial to use the reference spectral efficiency of the transmitting PUSCH to calculate the needed RE for control information in case RV 0 is being used. In cases RV 1, 2, or 3 are being used in the PUSCH transmission, the reference spectral efficiency of the PUSCH transmission which has been transmitted using RV 0 should be used.
From the UE point of view the UE only need to calculate the reference spectral efficiency of latest PUSCH transmission using RV 0 (in the same HARQ of course), and utilize this reference spectral efficiency for any control and data retransmission multiplexed PUSCH transmission which may happen with RV 1, 2, or 3.
3.1. Subframe bundling for control information
In LTE we have a mechanism called subframe bundling in order to extend coverage for the cell edge UEs. During subframe bundling data transmissions, it can be so that the code rate of the data transmission can be very high. One example would be 320 bit QPSK entry in the 1RB MCS table. The transmission of 320 bits using QPSK in 1 RB will result in code rate of higher than 1 for data. Control information obviously to not have the HARQ mechanisms to support code rate of higher than 1. And even though we already have some mechanism called the offset value to compensate the reference code rate being used the data transmission, it is rather questionable this offset value should compensate even if the reference code rate is higher than 1, or even reference code rate close to 0.9 for that matter.
So in case the uplink subframe is bundled to extend the coverage of the data transmission, we propose to also bundle the control information. It should be for further study how to support control information bundling in these coverage limited cases, but one simple solution may be use chase combing or some simple RV definition to support IR combing. Depending on coding scheme there may be cases IR combining may give better performance, such as the tail biting convolutional code or the linear block code, but in some coding schemes such as the simplex repetition code, chase combining should be enough.
One possible simple RV definition for TCC would be control signal RV 0 to be start of parity 1, and control signal RV 1 to be start of parity 2. We can also limit the lowest number of encoded bit for the linear block code to be 20 bits (since the linear block code was originally designed for PUCCH transmission of 20 encoded bits), and use chase combining for the linear block code.
4.1. Conclusion

In conclusion we propose the following;
· Use the reference spectral efficiency from the latest RV 0 PUSCH transmission to derive the number of REs needed for control information transmitted with data in RV 1, 2, and 3 transmissions.
· Reference spectral efficiency defined as 
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· In case of control information is transmitted during data subframe bundling, the control information is also to be subframe bundled.
· For linear block code limit the minimum number of encoded bits to 20.
· Repetition, Simplex repetition, and linear block code should use chase combing in case of subframe bundling

· FFS whether to use chase or IR combining for Tail biting convolution code in case of subframe bundling
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