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1 Introduction
Rel-13 work item on further LTE physical layer enhancements for MTC was approved in [1]. According to the WID, Rel-13 low complexity UE supports reduced UE bandwidth of 1.4 MHz in downlink and uplink. The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink. A relative 15dB coverage enhancement for FDD is targeted and either elimination or repetition can be considered for PUCCH according to the WID. In addition, power consumption reduction shall be considered both in normal coverage and enhanced coverage, to target ultra-long battery life.
In this contribution, we analyze the UCI transmission scheme for Rel-13 low complexity UEs.
2 Discussion

2.1 Types of UCIs
It is natural to support HARQ-ACK and SR transmission for Rel-13 low complexity UEs in both normal coverage and enhanced coverage since there are DL and UL traffics. For Rel-13 low complexity UEs in enhanced coverage, HARQ-ACK and SR repetition on PUCCH shall also be supported to provide accurate feedback for DL-SCH and to make sure UL-SCH can be scheduled. 
For Rel-13 low complexity UEs in enhanced coverage, UE is expected to be low speed or static and aperiodic CSI on PUSCH can provide the channel condition to the network. Furthermore, repetition of periodic CSI on PUCCH would consume a lot of UE power. In addition, for Rel-13 low complexity UEs in both normal coverage and enhanced coverage, without periodic CSI transmission on PUCCH, implementation complexity can be reduced by not supporting PUCCH format 2/2a/2b, and PUCCH resource overhead can be reduced without PUCCH format 2/2a/2b reservation, and power consumption can be reduced as well, so as to prolong the battery life of Rel-13 low complexity UEs. Considering the benefits above, P-CSI transmission shall be not supported for Rel-13 low complexity UEs in both normal coverage and enhanced coverage.
Hence, we have the following proposals:

Proposal 1: HARQ-ACK and SR shall be supported for Rel-13 low complexity UEs in both normal coverage and enhanced coverage.
Proposal 2: Periodic CSI shall not be supported for Rel-13 low complexity UEs in both normal coverage and enhanced coverage.
2.2 UCI transmission on PUCCH
For Rel-13 low complexity UEs in normal coverage, HARQ-ACK and SR transmissions can follow the existing design in previous releases. 
For Rel-13 low complexity UEs in enhanced coverage, HARQ-ACK and SR repetition can follow the existing HARQ-ACK repetition mechanism defined in previous releases respectively with an extension of current repetition factor to support more and larger repetition times. It should be noticed that the HARQ-ACK codebook size will change during the overlapped portion, as shown in Figure 1, which may affect the HARQ-ACK combination since different codebook may have different transmission performance. Hence, network shall make sure that the transmission of HARQ-ACK repetition corresponding to one DL-SCH will not start before the ongoing transmission of HARQ-ACK repetition corresponding to another DL-SCH; or if such scheduling occurs, UE shall not feed back HARQ-ACK corresponding to second DL-SCH until the ongoing HARQ-ACK repetition corresponding to the first DL-SCH is finished; or UE treats this as an error case and does not anymore feed back HARQ-ACK corresponding to second DL-SCH. In addition, there will be only one DL transmission occupying 6RBs, which means PUCCH format 1a/1b may be enough for HARQ-ACK repetition transmission.
Hence, we have the following proposal:

Proposal 3: The existing HARQ-ACK and SR transmission schemes can be reused for HARQ-ACK and SR transmission for Rel-13 low complexity UEs in both normal coverage and enhanced coverage.
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Figure 1: Overlapping of repetition times of the HARQ-ACK corresponding to different DL-SCHs
2.3 Concurrent transmission of PUCCH and PUSCH
Taking into account the implementation complexity and power consumption, concurrent transmission of PUCCH and PUSCH shall be not supported for Rel-13 low complexity UEs in both normal coverage and enhanced coverage.

Hence, we have the following proposal:

Proposal 4: Concurrent transmission of PUCCH and PUSCH shall be not supported for Rel-13 low complexity UEs in both normal coverage and enhanced coverage.
2.4 HARQ-ACK on PUSCH
For Rel-13 low complexity UEs in enhanced coverage, assuming that concurrent transmission of PUCCH and PUSCH is not supported, if HARQ-ACK is allowed to be transmitted on PUSCH, then the transmission of ongoing HARQ-ACK repetition corresponding to one DL-SCH may be shifted from PUCCH to PUSCH when there is PUSCH scheduled during the HARQ-ACK repetition period, as shown in Figure 2. In addition, considering that UL grant and DL grant occupied 6RBs cannot be transmitted in the same subframe, and different traffics may have different repetition times, the repetition of DL HARQ-ACK and PUSCH are hard to be aligned in time, that is, when there is HARQ-ACK to be fed back during the ongoing PUSCH repetition, part of PUSCH transmissions will be punctured by HARQ-ACK on PUSCH, as shown in Figure 3. It should be noted that both the combination of HARQ-ACK and PUSCH within the respective repetition period will be affected in the cases in Figure 1 and 2. To avoid such influence, network shall avoid scheduling PUSCH during the ongoing repetition period of HARQ-ACK and avoid scheduling DL-SCH which requires HARQ-ACK feedback during the ongoing repetition period of PUSCH, as shown in Figure 4 and 5. So, DL HARQ-ACK will not be transmitted during the repetition of PUSCH, and it is equal to not supporting HARQ-ACK on PUSCH. 
For Rel-13 low complexity UEs in normal coverage, design for HARQ-ACK on PUSCH can either reuse the existing design in previous release or can be aligned with the design in enhanced coverage.
Hence, we have the following proposal:

Proposal 5: HARQ-ACK on PUSCH shall be not supported for Rel-13 low complexity UEs in enhanced coverage.
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Figure 2: Ongoing HARQ-ACK repetition collision with PUSCH repetition
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Figure 3: Ongoing PUSCH repetition collision with HARQ-ACK repetition
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Figure 4: PUSCH is scheduled out of the ongoing repetition period of HARQ-ACK
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Figure 5: HARQ-ACK is transmitted out of the ongoing repetition period of PUSCH
2.5 HARQ timing
For Rel-13 low complexity UEs in enhanced coverage, one simple way is to use the existing DL HARQ timing based on the last repetition subframe. However, overlapping of the HARQ-ACK repetition as shown in Figure 1 should be avoided by scheduling restriction at network side; otherwise, new HARQ timing shall be considered to support HARQ-ACK repetition without changing codebook size.
For Rel-13 low complexity UEs in normal coverage, the existing HARQ timing shall be reused.
Hence, we have the following proposal:

Proposal 6: The existing DL HARQ timing shall be reused for Rel-13 low complexity UEs in both normal coverage and enhanced coverage, and for enhanced coverage, DL HARQ timing is based on the last repetition subframe.
3 Conclusions

Based on the analysis on UCI transmission for Rel-13 low complexity UEs, we have the following proposals:
Proposal 1: HARQ-ACK and SR shall be supported for Rel-13 low complexity UEs in both normal coverage and enhanced coverage.
Proposal 2: Periodic CSI shall not be supported for Rel-13 low complexity UEs in both normal coverage and enhanced coverage.
Proposal 3: The existing HARQ-ACK and SR transmission schemes can be reused for HARQ-ACK and SR transmission for Rel-13 low complexity UEs in both normal coverage and enhanced coverage.

Proposal 4: Concurrent transmission of PUCCH and PUSCH shall be not supported for Rel-13 low complexity UEs in both normal coverage and enhanced coverage.
Proposal 5: HARQ-ACK on PUSCH shall be not supported for Rel-13 low complexity UEs in enhanced coverage.
Proposal 6: The existing DL HARQ timing shall be reused for Rel-13 low complexity UEs in both normal coverage and enhanced coverage, and for enhanced coverage, DL HARQ timing is based on the last repetition subframe.
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