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1. Introduction
The new WI for low cost & enhanced coverage for MTC UE based on LTE was approved at RAN #60 [1]. Concerning PHICH/PCFICH support for coverage deficit MTC devices, [1] specified:

· 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
When defining the detailed solutions for the above coverage enhancement techniques, relative spectral efficiency impact and cost/power consumption impact should be taken into account. 
In this proposal, the requirement of PHICH to support the coverage deficit MTC UEs is indicated.
Furthermore, we focus on discussing the simplified functionality of PCFICH and its impact to specification. A related solution is also proposed. 
2. Discussions
Previously, [2] indicated the possibility of employing RLC ARQ or ePDCCH in order support to replace PHICH functionality. [3] highlighted the limitations surrounding these 2 alternatives, which outweigh the marginal cost savings provided by a PHICH less device. The functionality of UL ACK/NACK should be supported by MTC UEs, and PHICH could be enhanced for coverage limited MTC UEs.
Proposal 1. PHICH support should be maintained for both regular and coverage deficit low-cost MTC.

The number of CFI symbols could vary, particularly in machine only systems, when the machine traffic is under-sized (e.g. requesting only one PCFICH symbol when there could be only a few machine devices in a given cell). 
In this case, a low-cost device (both regular and extended coverage cases) will operate with a better spectral efficiency when the adequate PCFICH number of symbols matches the MTC amount of device registered to the cell and the related MTC traffic, if possible to avoid transmitting PCFICH. For this specific case, the overall spectrum efficiency improvement is equivalent to:

PCFICHreduction= 16 RE/subframe = 1600 RE/s which is equivalent to max 8 kb/s (assuming 5/6QAM64) control traffic enhancement.
Hence, it is important to identify an appropriate CFI value for scheduled MTC UEs without using the legacy PCFICH.
The alternative mechanisms to eliminate PCFICH could be:

1) Pre-defined CFI

CFI may be predefined according to the sub-frame index. eNB would schedule the normal UEs and MTC UEs according to the predefined CFI value and SFN index. This scheme would reduce the flexibility of normal UEs. Also this mechanism would require to be predefined via higher layer signalling. However, this may not accommodate the above criteria. Also a counter-example is provided in Table 1. It appears that:

(i) The PCFICH information broadcast flexibility is compromised and

(ii) The scheduling latency of some packets is affected.
2) Fixed CFI

In any downlink subframe, the coverage deficit UEs are expected to decode PDCCH and the CFI is specified to be a fixed value (e.g. CFI=3 symbols). This case doesn’t cover the under-loaded MTC systems where CFI<3 symbols.
3)  CFI value is indicated as the value of the PHICH duration 
· eNB broadcasts the PHICH duration value via PBCH (MIB). 
· Secondly, when the PHICH duration value transmitted via PBCH and the CFI value transmitted via PCFICH are the same, eNB will schedule data transmission for the target UEs (e.g. coverage deficit MTC UEs). 
· Target UEs know that this CFI value is indicated by the PHICH duration value. Regular UEs excepting target UEs are aware that CFI value is indicated by PCFICH. When PCFICH=2 and PHICH duration=3, eNB also schedules MTC UEs based on 3 symbols allocated for control channels. 
	Subframe No.
	0
	1

	CCH region size
	1
	3

	CFI value
	1
	3

	The amount of UEs
	large
	Small 

	Issue
	some UE cannot be scheduled
	frequency usage efficiency is low


Table 1. Example of CFI configuration 
· The 3rd solution could be an efficient method to address the PCFICH problem for low cost MTC UEs. 
Similar to PCFICH, PHICH support for MTC traffic has not been investigated during the SI phase:

· eNB sends UE ACK/NACK on PHICH for UL data transmission (PUSCH). 
· A non-adaptive retransmission is supported by PHICH in case of NACK (assuming there is no new NDI in PDCCH). 
· It is noted that HARQ operation using repetitions for the ACK/NACK feedback is an efficient method to improve PHICH coverage. Since the MTC devices could be located in any coverage location, between 0 down to -15dB (hence the term “scalable coverage”), thus layer-1 HARQ support for coverage deficit MTC UEs is required.

Proposal 2: For machine only systems, the PHICH duration for low-cost MTC UEs can be used to derive CFI. 
3. Conclusions

In this contribution, the requirement of PHICH to support the coverage deficit MTC UEs is indicated. Furthermore, we analyzed the potential issues of PCFICH for low-cost MTC UEs. Following proposals are concluded:

Proposal 1. PHICH support should be maintained for both regular and coverage deficit low-cost MTC.
Proposal 2: For machine only systems, the PHICH duration for low-cost MTC UEs can be used to derive CFI. 
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