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Introduction
PHICH functionality can minimize the control channel resource usage to indicate the retransmission of PUSCH. Even for a one bit transmission of PHICH, in coverage enhanced mode, a large number of repetition is required. Instead of repeating PHICH over a large number of subframes with only small portion of REs in each subframe, we propose the repeated REs are located in one or a few subframes concentrated in time. By such design, the period required to receive PHICH can be minimized and the UE power consumption can be minimized. 
In addition, we propose that the design used for PHICH can be used for other than HARQ indicator (HI) usage. For example, paging can use a similar structure. It means to design a generic small downlink control channel to transmit up to "a few bits". 
Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]According to release 8 discussion [1][2], the current PHICH provides BER 10e-3 around 4.5 dB in 5 MHz system bandwidth operation. This is not sufficient for Rel.8 cell edge without power boosting[3].  For CE MTC, in order to reach 15 dB coverage enhancement, roughly Es/No = -15 dB would be required. From 4.5 dB and -15dB, 20 dB order of repetitions are required for PHICH. As original reference is 4.5 MHz operation, a bit more would be required for example 1 dB. Then roughly 21 dB order enhancement may be required. It means PHICH requires 128 times ( 27 ) repetitions would be required for very rough calculation.
Current PHICH is realized by 3 time repetitions and code multiplexing of SF=4 with a complex spreading code. Then 8 PHICHs can be transmitted using 12 REs.  By having 128 times repetition, 1536 REs would be required for 8 HIs.
2 CRS case with 3 control symbols means one PRB contains 120 REs in the PDSCH area. Using 6 PRBs, 720 REs are available. So 8 HIs could be mapped within 2 subframes of 6 PRBs for maximum coverage enhancement case. Although evaluation based on the simulation is required further, one to a few subframes would be required for 8 HIs of maximum coverage extension also depending on power boosting. 
[bookmark: _GoBack]Another possible design choice would be 1536 REs for 8 HIs are sent using more subframes but only a small number of REs in each subframe is occupied. For example, if 100 bits are usable in each subframe, around 15 subframes are required. Compared with such design using large number of subframes, to minimize the subframes for HI would be better in order to reduce the MTC UE power consumption. 
The HI does not have CRC as to have CRC for such a one-bit channel is very costly. Therefore, REs used for HI by MTC-CE UEs cannot be used for other purpose like normal PDSCH assignment as it could misjudge ACK or NACK. This is also the reason not to distribute REs used for HI over a large number of subframes. HI transmission based on DCI format 3/3A type design (multiple HI bits are concatenated and add CRC over multiple bits) can have CRC but it requires these concatenated HIs need to target the same or largest level of the enhanced coverage. When the number of concatenated HIs and the number of UEs are not aligned well, the overhead is large. For the design extending PHICH, by adjusting the number of repetition of HI REs, it is possible to multiplex different number of the HI repetitions.
Based on above discussion, we propose following.
Proposal 1:	HI transmission for enhanced coverage is supported.
Proposal 2:	HI transmission for enhanced coverage is realized by repeating and spreading the HI similar to the current PHICH transmission. Repeated REs used for HI of enhanced coverage are transmitted to all usable REs in 6 PRB of a subframe. If multiple subframes are required, these subframes are contiguous in time.

Figure 1 shows the subframe usage of HI for enhanced coverage. The REs shown in green are used for HI for enhanced coverage.


Figure 1. HI for enhanced coverage

Above discussion was for HI usage. Additionally, MTC/CE system requires the channel to transmit "a bit" or "a few bits". One of such example is paging. For paging, the UEs detects whether a certain bit is TRUE or FALSE periodically. If the bit says TRUE, the UE receives further channel like PDSCH(or PCH) in order to check whether this UE is really paged. The design of the HI transmission can be used for the indication of the paging. Then it allows different number of the repetition can be multiplexed flexibly and the time to wake up for paging can be minimized. Another possible usage may be TPC command if it is required. Therefore, we propose the design used for the HI transmission is generalized to a small downlink control channel for up to "a few bits".
Proposal 3:	The HI transmission method for enhanced coverage can be used for other purposes, for example paging. Therefore, MTC system should support a generic small downlink control channel.

Conclusion
We discussed the required number of the repetition for PHICH for enhanced coverage very roughly. We propose following.
Proposal 1:	HI transmission for enhanced coverage is supported.
Proposal 2:	HI transmission for enhanced coverage is realized by repeating and spreading the HI similar to the current PHICH transmission. Repeated REs used for HI of enhanced coverage are transmitted to all usable REs in 6 PRB of a subframe. If multiple subframes are required, these subframes are contiguous in time.
Proposal 3:	The HI transmission method for enhanced coverage can be used for other purposes, for example paging. Therefore, MTC system should support a generic small downlink control channel.
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