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1. Introduction

During RAN #60 meeting, “New WI: Low cost & enhanced coverage MTC UE for LTE” ([1]) was approved. One objective of this work item 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”.
In this contribution, specification impact of simplification of PHICH and PCFICH functionalities for coverage improvement MTC UEs are discussed and some solutions are proposed.
2. Discussion on Simplification of PHICH and PCFICH
2.1.  PHICH
PHICH conveys HARQ ACK/NACK information for PUSCH transmission. Techniques for coverage improvement for PHICH are excluded from analysis in TR36.888 ([2]). If repetition is used for PHICH coverage improvement, it may introduce resource collision problem and interference problem to normal UEs. Simplification of PHICH is required for coverage limited MTC UEs. Two solutions for simplification of PHICH may be considered.

Alt 1: Elimination of HARQ mechanism

If PHICH is eliminated, functionality of physical layer HARQ is removed. RLC layer ARQ mechanism can be used to ensure transmission quality, but the number of retransmission could be increased.
Alt 2: Functionality of PHICH replaced by (E)PDCCH
The functionality of PHICH can be replaced by (E)PDCCH for coverage limited MTC UEs . Relay-like HARQ operation pattern could be considered for coverage limited MTC UEs.  Multiple HARQ processes may not be required for low data rate, then asynchronous uplink HARQ is a choice to convey ACK/NACK information for PUSCH transmission and functionality of PHICH can be implemented by UL Grant in (E)PDCCH. If synchronous HARQ could be supported for coverage limited MTC UEs, an MTC UE would wait for UL Grant of the same process for further confirmation after transmitting PUSCH. If UL Grant of same process is not received within the predefined Timer, “ACK” would be assumed, otherwise, received UL Grant implies for “NACK”. And the probability of NACK for PUSCH is only 10%. The required resource overhead for PHICH and PDCCH is demonstrated in table 1. 
Table 1:  Comparison of PDCCH and PHICH for required resource overhead
	Scenario
	UE ratio
	Resource overhead (RE) usage
	HARQ error rate
	Total Relative Resource Usage (assume 10 repetition for both PHICH and (E)PDCCH

	1 
	95% normal MTC UE    5%coverage improvement UE
	12 for PHICH

288（8CCE）for PDCCH
	10%
	1740

	2
	
	
	
	2580


From table 1, we can see the relative resource usage increase of (E)PDCCH is moderate if PHICH is replaced by UL grant. Note the table describes the worst scenario for the resource increase. In reality, with (E)PDCCH more resource allocation flexibility is possible. While with PHICH resources have to be reserved, even in the case no PUSCH.
Proposal 1: Functionality of PHICH could be implemented by (E)PDCCH.
2.2.  PCFICH
PCFICH carries information about the number of OFDM symbols used for transmission of PDCCHs in a sub-frame, and the starting OFDM symbol of the PDSCH. If repetition is applied for PCFICH, CFI value for each sub-frame is required to be the same and the dynamic indication functionality of CFI would be lost. 
The following could be the alternative mechanisms for PCFICH:
Alt 1: CFI is carried in MIB.
The reserved bits in MIB may carry CFI information. Coverage limited MTC UEs decode CFI carried in MIB before decoding PDCCH. The CFI flexibility of normal UEs could be impacted.
Alt 2: CFI is predefined.
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 the flexibility of normal UEs would be impacted. For low cost MTC in coverage improvement mode, the possible PDCCH resource configuration is predefined.
Alt 3:  UEs blindly decode PDCCH assuming different CFI.
In this case, each subframe could be flexibly configured but the implementation complexity of the MTC UEs would be increased.
The alternative mechanisms have been summarized as shown in the Table 2.
Table 2: Summary of alternative mechanisms for PCFICH simplification
	Alternative Mechanism
	Advantage
	Disadvantage

	Option 1
	medium complexity;
medium flexibility
	additional signaling overhead; PDCCH/PDSCH region size for normal UEs is limited

	Option 2
	No signaling overhead;
low complexity;       medium flexibility
	PDCCH/PDSCH region size for normal UEs is limited

	Option 3
	No signaling overhead;    each sub-frame can be flexibly configured
	high blind detection complexity especially for different PDCCH region size of each sub-frame


Proposal 2:  Blind decoding is preferable for PCFICH simplification if it is not excluded. Otherwise, funcitionality of PCFICH could be replaced by predefined CFI.
3. Conclusions

In this contribution, we have discussed the specification impact of simplification of PHICH and PCFICH functionalities for coverage improvement MTC UEs. We propose that:
Proposal 1: Functionality of PHICH could be implemented by (E)PDCCH.
Proposal 2: Blind decoding is preferable for PCFICH simplification if it is not excluded. Otherwise, funcitionality of PCFICH could be replaced by predefined CFI.
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