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Abstract

This document discusses the need for support of PHICH in MTC and shows how the PHICH function can be supported in a narrowband control channel region and in a subframe structure that incorporates ePDCCH.  
1. Introduction
In previous LTE releases, the PHICH has been used to efficiently signal PUSCH ACK / NACK information to the UE. MTC is likely to be control channel signaling limited and it is important that control information is efficiently transmitted between the eNodeB and UE, hence it is desirable to maintain PHICH functionality in Release-13 LTE MTC.

This document discusses the use of PHICH and PDCCH for feedback signaling and proposes how PHICH functionality could be supported in a narrowband control channel region and in a subframe structure that incorporates ePDCCH. 
2. Use of PCHICH vs PDCCH for ACK / NACK Feedback
PHICH

The PHICH is used in the DL in Rel.8-12 to convey ACK / NACK information for PUSCH transmissions when a non-adaptive UL re-transmission scheme is used. 
PHICH is an efficient means of conveying PUSCH ACK / NACK information to the UE. For a UE, a single ACK/NACK bit is spread and code multiplexed onto the 12 resource elements of the PHICH. A single PHICH group consisting of 12 resource elements can be code-multiplexed between up to 8 UEs through the use of orthogonal spreading sequences.
PDCCH

To allow PDCCH to inherently convey ACK / NACK status, when PUSCH is NACKed, DCI format 0 is used to re-schedule an UL transmission. This also allows for adapative re-transmission. The state of the New Data Indicator (NDI) flag instructs the UE whether to treat the scheduled UL transmission as a new transmission or a re-transmission. Adaptive re-transmission allows the eNodeB to change the resources used for re-transmissions, allowing for greater scheduling flexibility and leaves open the possibility of performance gains through the use of vendor-specific re-transmission patterns. 
In Release-13 MTC, if there is no synchronous re-transmission scheme (and no PHICH functionality), PDCCH is probably only required to indicate NACK for PUSCH transmissions. If PUSCH is correctly received by the eNodeB, it may be acceptable to not inform the UE of the PUSCH ACK status and to leave the UL-SCH transport block in the UE’s transmit HARQ buffer. 
The ability to optimize PUSCH transmissions through adaptive retransmission might possibly have some merit for high capability devices that transmit large amounts of UL data (resulting in less use of UL network resources and less UE power consumption). In MTC applications, much less UL data is transmitted and the ability to service UEs is constrained by the availability of control channel resources, particularly PDCCH. 

In a 1.4MHz system bandwidth, DCI format 0 conveys 37 bits (16 of which are CRC bits). An MTC UE in average SINR conditions might require PDCCH transmission using a QPSK R=1/3 coding scheme (the coding scheme required depends on the SINR CDF, which is deployment dependent). This coding scheme requires 2 CCE (i.e. 72 RE) to convey DCI format 0. 

A PDCCH is transmitted to a single UE. Multiple UEs cannot be code multiplexed onto a single PDCCH.

Comparison of PHICH and PDCCH efficiency for ACK / NACK

Based on the discussion above, in fairly typical channel conditions:

· PHICH requires 12 resource elements to transmit a single ACK / NACK bit. These 12 resource elements can be code-multiplexed to support multiple UEs.

· PDCCH requires 72 resource elements to transmit a single ACK / NACK bit. A single PDCCH supports a single UE. PDCCH is required to indicate NACK, but not ACK. 
Based on the above, our understanding is that PDCCH is less efficient than PHICH. Given that MTC is likely to be control signaling limited, our opinion is that an efficient PUSCH ACK / NACK feedback signaling scheme is required.   
3. PHICH Operation with a Narrowband Control Channel Region
In [1], Sony has described how MTC can operate using a narrowband control channel region. The narrowband control channel region is a symbol-shifted version of the Rel.8-12 control channel region and operates according to the Rel.8-12 UE procedures. Hence it naturally contains PHICH functionality, as shown in Figure 1. 
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Figure 1 – Support of PHICH functionality within the narrowband control channel region
4. PHICH Operation with ePDCCH
Various companies have proposed the use of ePDCCH as the Physical Downlink Control Channel for MTC. If this proposal is adopted, then based on our view that PHICH is required functionality for efficient MTC operation, the ePDCCH proposal needs to indicate how PHICH can be supported. 

The simplest approach to supporting PHICH functionality within the “ePDCCH subframe” structure would be to use one of the OFDM symbols of the narrowband region to support PHICH and the other symbols to support ePDCCH / PDSCH, as shown in Figure 2. However this method would seem to contradict some of the motivations for using ePDCCH in the first place: if the approach shown in Figure 2 is not adopted, then the ePDCCH proposal should indicate an alternative way to support PHICH.
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Figure 2 – Possible method of supporting PHICH functionality within the ePDCCH subframe structure
5. Conclusion
PHICH is required for efficient feedback signaling in Release-13 LTE MTC. 
The narrowband control channel region proposal naturally incorporates support of PHICH. The proposal to use ePDCCH as the Physical Downlink Control Channel for MTC has not indicated how PHICH functionality would be supported. This document suggests that one method of supporting this functionality in the ePDCCH subframe structure would be to use a single OFDM symbol in the subframe for support of a PHICH-like channel.  
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