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1. Introduction
During RAN #60 meeting [1], “New WI: Low cost & enhanced coverage MTC UEs for LTE” was approved. One objective of this WI is to specify “Simplification of PHICH and PCFICH functionality or alternative mechanism to PHICH and PCFICH functionality so that coverage limited UE is not constrained by PHICH and PCFICH physical channels”. 
Up to now, there is no conclusion about the need of coverage improvement of PHICH. This contribution discusses possible methods and the specification impact for PHICH enhancement. 
2. Functionality Analysis
eNB sends UE ACK/NACK on PHICH for UL data transmission (PUSCH).  A non-adaptive retransmission is supported by PHICH in case of NACK if there is no new NDI in PDCCH. During MTC SI phase, PHICH is de-prioritized and there was also no consensus whether to remove PHICH for MTC UEs in bad coverage or not.  
Up to now, there are several proposals about PHICH simplification or alternative solutions for PHICH enhancement to support MTC operation in coverage enhanced mode. 
Alt.1: HARQ functionality is removed

Under this alternative solution, RLC ARQ is used to guarantee PUSCH transmission. However, RLC ARQ cannot contribute coverage improvement since no redundancy combing gain can be obtained. More repetitions may be needed for PUSCH than that under layer-1 HARQ mechanism, if RLC ARQ is adopted.  In addition, specification effort will be needed to apply RLC ARQ for MTC UEs in bad coverage, if layer-1 UL HARQ is removed, since RLC ARQ is triggered only after the maximal number of HARQ transmission achieves. From this perspective, specification effort is required to support RLC ARQ for MTC UEs in coverage enhanced mode if PHICH functionality is removed. 
Observation #1: RLC ARQ will have specification impact if layer-1 UL HARQ is removed and thus not an efficient mechanism to support MTC operation in coverage enhanced mode. 

Observation #2: Layer-1 UL HARQ should be supported for MTC devices. 

Alt.2:  PHICH functionality is replaced by (E)PDCCH
This solution is similar to that defined for Relay layer 1 HARQ operation, i.e., PHICH is replaced by a UL grant in (E)PDCCH to indicate an NACK. If UL grant is not received, ACK is assumed by UE. However, the number of relay nodes within a cell is much smaller than MTC UEs. Then, this solution will have (E)PDCCH (E)USS capacity problem. In addition, it should be noted that the requirement of PHICH is 0.1%, which is stricter than 1% for (E)PDCCH. This means higher Pmiss rate if (E)PDCCH is used for HARQ transmission. For example, the possibility will increase, that eNB sends an NACK in (E)PDCCH but UE fails to detect it and thus think it is an ACK.  The system impact of high Pmiss rate should be carefully studied. 
Moreover, the resource overhead would be very large if PHICH is replaced by a UL grant in (E)PDCCH.   Based on the simulation results in our companion paper [2] on PDCCH enhancement, the total resource overhead of 27-bit DCI is 5760 REs, assuming 20 repetitions for a 9.6dB coverage improvement. If a smaller DCI size is used, DCI format 1A should also be reduced to guarantee no BD complexity increase when DCI format 0 and 1A still have the same size. For PHICH, the coverage gap is about 10.33 dB, based on evaluation results in TR 36. 824 [3], and 240-300 REs by 20~25 repetitions are expected to meet the coverage gap. Note that the total resource of PHICH can be shared by multiple UEs. 
Table 1   Comparison of PDCCH and PHICH MCL, Required improvement and Resource Overhead  
	Physical channel name 
	PHICH
	PDCCH 

	Maximum Coupling Loss for FDD (MCL) (dB) 
	145.37 [3] 
	146.1 

	Required improvement (dB) 
	10.33 
	9.6 

	Repetition 
	20~25
	~20

	Resource overhead (RE)
	240~300
	~5760 (8CCE per repetition)

	Note 1: The required improvement of PHICH and PDCCH is based on the PUSCH requirement (MCL is 140.7 dB, and required improvement is 15 dB).


Observation #3: Replacing PHICH by (E)PDCCH is not an efficient method to support MTC operation in coverage enhanced mode. 
Alt.3: Enhanced PHICH for coverage enhancement 
PHICH repetition across multiple subframes is one simple solution to improve coverage. One concern on repetition of PHICH is resource collision. However, PHICH resource is determined by PUSCH resource and DMRS cyclic shift. eNB has enough scheduling flexibility to avoid resource collision. Because PHICH spread by orthogonal sequence, UEs with same or different coverage can be multiplexed within one PHICH group. In addition, other enhanced PHICH designs, such as some solutions discussed in NCT WI, can also be considered. 
Observation #4: PHICH repetition is a simple method to meet coverage enhancement, and requires fewer resources compared to Alt. 1. 
According to the above observations, the following proposals are made
Proposal #1: The functionality of UL ACK/NACK should be supported by MTC UEs, and PHICH could be enhanced for MTC UEs coverage improvement.
Proposal #2: PHICH repetition in time domain is a straightforward approach to improve PHICH coverage, and other enhanced PHICH can be considered too.
3. Conclusion
This paper discussed the functionality of PHICH, and analyzed the possible specification impact of possible alternative solution for PHICH coverage enhancement.  Based on the simulation results and theoretical analysis, we have the following observations and proposals. 
Observation #1: RLC ARQ will have specification impact if layer-1 UL HARQ is removed and is not an efficient mechanism to support MTC operation in coverage enhanced mode. 

Observation #2: Layer-1 UL HARQ should be supported for MTC devices. 

Observation #3: Replacing PHICH by (E)PDCCH is not an efficient method to support MTC operation in coverage enhanced mode. 

Observation #4: PHICH repetition is a simple method to meet coverage enhancement, and requires fewer resources compared to Alt. 1. 

Proposal #1: The functionality of UL ACK/NACK should be supported by MTC UEs, and PHICH could be enhanced for MTC UEs coverage improvement.

Proposal #2: PHICH repetition in time domain is a straightforward approach to improve PHICH coverage, and other enhanced PHICH can be further studied.
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