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1. Introduction
RAN Plenary # 65 meeting approved a new Rel-13 WID on “Further LTE Physical Layer Enhancements for MTC” [1] with a reduced 1.4MHz bandwidth on both downlink and uplink.  From the WID, 

The general objective is to specify a new UE for MTC operation in LTE that also allows for enhanced coverage compared to existing LTE networks and low power consumption, with the following detailed objectives:

· Specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode (full duplex FDD, half duplex FDD, TDD) based on the Rel-12 low complexity UE category/type supporting the following additional capabilities:
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.
· Bandwidth reduced UEs should be able to operate within any system bandwidth.

· Frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported. 

· The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink.

· The allowed re-tuning time supported by specification (e.g. ~0 ms, 1 ms) should be determined by RAN4.
· Target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage.
· Provide power consumption reduction for the UE category/type defined above, both in normal coverage and enhanced coverage, to target ultra-long battery life:
This contribution presents our considerations on UL HARQ realization for Rel-13 MTC UEs. 

2. Discussions on UL HARQ Realization for Rel-13 MTC UEs
In legacy system, ACK/NACK feedback for UL data transmission is carried by PHICH, which is transmitted within the entire DL bandwidth. However, there will be some challenges for R13 MTC UEs with low complexity (LC) and coverage enhancement (CE) to receive HARQ for PUSCH. This contribution analyses some features about UL HARQ for Rel-13 UEs as follow.  

UL HARQ for LC MTC UEs in normal coverage
LC MTC UEs cannot decode PHICH, due to bandwidth reduction in downlink. One possible solution is that ACK/NACK is indicated by the new data indication (NDI) in DCI, which informs UEs to perform a new data transmission or retransmission. Since MTC UEs also fail to decode PDCCH spread in wide bandwidth, such DCI carrying ACK/NACK information needs to be transmitted within EPDCCH or m-PDCCH for narrow band MTC UE. 
Another possible solution is to design a new HARQ channel (i.e., EPHICH) for LC UEs, which can fit into 1.4MHz.  Of course, some specification impact can be expected. 
Observation #1: UL HARQ for Rel-13 MTC LC UEs in normal coverage with low complexity can be supported by a DCI within EPDCCH without much spec impact. 
UL HARQ for MTC UEs with CE
WID suggests to consider “Either elimination or repetition techniques (e.g. PBCH, PHICH, PUCCH)” for UEs with coverage enhancement. As discussed above, PHICH cannot be decoded by LC MTC UE and HARQ may rely on NDI in DCI or EPHICH. Repetition across multiple subframes may be needed for EPDCCH/m-PDCCH or EPHICH. 
For MTC UEs in CE mode, using NDI in EPDCCH is not efficient to feedback ACK/NACK. Though DCI size can be reduced as a compact DCI size, with some fields such as TPC command and MCS index removed, the resource overhead are quite large. Table 1 summarizes resource overhead for compact DCI and legacy DCI under a 15dB coverage extension, referenced to simulation in [2], [3]. Note that 8 CCE aggregation level is applied. 

Observation #2: Using NDI in EPDCCH for HARQ is not efficient for MTC UE in CE mode.
Table 1 Resource overhead and power consumption for control information repetition

	DCI size 
	27 bits
	17 bits
	10 bits 
	5 bits

	Repetition 
	~20
	~15
	~12
	~10

	Resource overhead (RE)
	~5760
	~4320
	~3456
	~2880


Longer duration of HARQ information reception means large power consumption. Then, it will be beneficial if UEs with CE can receive NACK indication as soon as possible, for example, within one subframe. For easy description, such feature of UL HARQ is named as “one-shot” HARQ. Compared to ~300REs for PHICH repetition [2], it’s feasible to use 2~6PRB pairs to transmit one-shot HARQ within one subframe. 
Observation #3: It will be beneficial for UE power consumption if UL HARQ for Rel-13 UEs with coverage enhancement supports one-shot transmission. 
Since ACK/NACK by PHICH supports non-adaptive retransmission, it means a long repetition of PUSCH happens at each retransmission if following current design rule for ACK/NACK feedback.  In CE mode, eNB can have an estimation of cumulated SNR at the UE receiver. A new HARQ re-transmission will require a smaller number of repetitions compare to initial transmission or the previous HARQ re-transmission based on the estimated cumulated SNR. Therefore it will be helpful to indicate a repetition number for retransmission to terminate a long repetition early. Also, it can reduce UE power consumption. Hence, UL HARQ for Rel-13 UEs with coverage enhancement should support early termination by indicating a repetition number in case of retransmission from the perspective of resource overhead and power consumption.  
Power consumption and resource overhead with/without early termination are compared in Table 2. In this table, one initial transmission with 20 repetitions (100 REs per repetition) and one retransmission is assumed for a successful reception of a data packet. Further, repetition number for retransmission is 20 without early termination and is 10, 5, 1 with early termination. In case another 5 repetition is needed in the retransmission, 37.5% resource overhead and power consumption can be reduced. 

Table 2  Power consumption and resource overhead for one HARQ retransmission
	Repetition number for a successful reception
	20+20
	20+10
	20+5
	20+1

	Power consumption (J)
	0.06
	0.045
	0.0375
	0.0315

	Resource overhead (RE)
	4000
	3000
	2500
	2100


Observation #4: It will be beneficial if UL HARQ for Rel-13 UEs with coverage enhancement supports early termination from the perspective of power consumption and resource overhead. 

Thirdly, to improve resource efficiency further, one-state HARQ feedback can be introduced. It means UL HARQ channel only feedback NACK or ACK in CE mode due to repeated transmission within one or multiple subframes, but not exist always. For example, only NACK is transmitted in this UL HARQ channel. Especially under a large population of MTC UEs in CE mode, such design can bring much spectrum efficiency. 
Observation #5: It will be beneficial if UL HARQ for Rel-13 UEs with coverage enhancement supports one-state HARQ feedback from the perspective of spectrum efficiency. 
Based on above discussion, it can be concluded that 
· For MTC LC UEs in normal coverage, UL HARQ by a DCI within EPDCCH is a simple way without much specification impact.

· UL HARQ by DCI is not efficient for MTC UEs in CE mode, even if a compact DCI is designed, from the perspective of resource overhead. 

· For MTC UEs in coverage mode with or without low complexity, some benefits can be expected if UL HARQ can support one-shot transmission and early termination from the perspective of resource overhead and power consumption. 

Then, it seems worthwhile to introduce a new UL HARQ channel for MTC UEs with coverage enhancement, with a functionality of one-shot transmission and early termination, from the perspective of resource overhead and power consumption.  Such new channel can also be applied to MTC LC UEs. 
Proposal #1: Introduce a new UL HARQ channel for MTC UEs in coverage enhancement mode with or without low complexity.

Proposal #2: Recommend RAN1 to design a new UL HARQ channel supporting one-shot transmission and early termination. 
3. Conclusion
In this paper, detail analysis is given for YL HARQ realization for MTC UEs with coverage enhancement and/or low complexity. From the discussion, we have following observations:
 Observation #1: UL HARQ for Rel-13 MTC LC UEs in normal coverage with low complexity can be supported by a DCI within EPDCCH without much spec impact. 
Observation #2: Using NDI in EPDCCH for HARQ is not efficient for MTC UE in CE mode.
Observation #3: It will be beneficial for UE power consumption if UL HARQ for Rel-13 UEs with coverage enhancement supports one-shot transmission. 
Observation #4: It will be beneficial if UL HARQ for Rel-13 UEs with coverage enhancement supports early termination from the perspective of power consumption and resource overhead. 

Observation #5: It will be beneficial if UL HARQ for Rel-13 UEs with coverage enhancement supports one-state HARQ feedback from the perspective of spectrum efficiency. 
Finally, following proposals are drawn:
Proposal #1: Introduce a new UL HARQ channel for MTC UEs in coverage enhancement mode with or without low complexity.

Proposal #2: Recommend RAN1 to design a new UL HARQ channel supporting one-shot transmission and early termination. 
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