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Introduction
In RAN1#79 [1], it was agreed that “Legacy PCFICH, PDCCH and PHICH are not received by Rel-13 low complexity UEs at least for system bandwidth > 1.4MHz”. Moreover, in the revised WID [2], the objective further clarified that “The work should target high commonality between different system bandwidths”. As a consequence, a new mechanism of indicating UL-HARQ for low-complexity MTC UEs should be defined and used for all system BW.
In this contribution, we provide analysis in terms of pros and cons of different explicit and implicit UL-HARQ indication methods, and a possible new EPHICH design that can be considered for low-complexity MTC UEs operating in reduced 1.4MHz RF bandwidth.
Discussion
Comparing different UL-HARQ indication methods
It is generally well understood for low-complexity MTC UEs with reduced RF bandwidth of 1.4MHz will not be able to decode the legacy PHICH in system bandwidth larger than 1.4MHz. To indicate UL-HARQ (one HARQ-ACK bit) in the downlink for all system BWs, different indication methods that have been proposed so far are discussed below.
1. New PHICH design / enhanced PHICH: As discussed in [6-8], a new PHICH would allow explicit HARQ-ACK bits to be transmitted to LC-MTC UEs. When UE is in enhanced coverage mode, repetition of the new PHICH could be provided by the eNB over multiple PRBs and subframes. In general, a new PHICH design will have following benefits and impacts at the system-level and standards effort.
Pros:
· Low repetition level due to only 1 bit transmission. This will lead to
· More efficient feedback. In [4], 10 times less overhead is expected compare with EPDCCH like structure.
· Better network capacity as less time is required for LC-MTC UEs to stay connected to the network. This is particular attractive considering large number of LC-MTC UEs are expected.
· UE battery saving from less decoding of UL-grant or new DCI format and less time staying connected to the network.
Cons:
· High standards effort as it needs to introduce a new PHICH channel and its related resource mapping.
· Less resource for EPDCCH and/or PDSCH transmissions (if operating in EC mode).
· Possibly higher repetition level for EPDCCH and PDSCH.

1. PHICH-less operation 1: Similar to relay backhaul link, as discussed in [4-9], an implicit indication method of HARQ-ACK is provided to LC-MTC UEs based on the NDI field in the UL grant in EPDCCH.
Pros:
· Elimination of PHICH channel and thus one less physical channel LC-MTC UEs need to support.
· Least specification impact among all options. Work needed to
· Define new UE behaviour for PUSCH retransmission.
Cons:
· Large control signalling overhead. This will lead to less DCI can be transmitted in the downlink and becoming less spectrum efficient. Consequently,
· Reduced network capacity in the DL as less number of UEs can be scheduled.
· Higher UE power consumption as many UEs are waiting to be scheduled while still perform blind decoding of DCI, considering a large number of low-complexity MTC UEs are expected to be deployed.
· When many LC-MTC UEs are SPS scheduled, the amount of overhead will be even larger as SPS retransmissions are solely rely on receiving the UL-grant [2].
· Higher repetition level due to larger payload size for the UL-grant. Consequently,
· Increased retransmission cycle time and this leads to higher UE power consumption.
· Further reduces network capacity as the overhead is even larger and the amount of time LC-MTC UEs need to remain connected to the network is increased.

1. PHICH-less operation 2: As oppose to a new PHICH design/channel, the functionality of PHICH (HARQ-ACK bit) for LC-MTC UEs is explicitly provided via a new compact DCI format in which HARQ-ACK bits for multiple UEs are conveyed together [3-9].
Pros:
· Elimination of PHICH channel.
· Slightly less specification impact (if any) than a new EPHICH design. But still need to 
· Introduce a new DCI format and configuration signalling.
· Define common search space for EPDCCH.
Cons:
· Higher repetition level for the new DCI format compared to 1-bit HARQ-ACK in new EPHICH. Same disadvantages and system-level impacts as using the UL-grant method.
· Increased control signalling overhead in the downlink. Although HARQ-ACK bits for multiple UEs can be encoded in the same DCI, the same disadvantages and system-level impacts as using the UL-grant method.
· Reduced scheduling flexibility [3]
· Since timing alignment is necessary for HARQ-ACK feedback transmissions among different UEs. This means for some UEs will need to use a longer repetition period than they actually need.
· If the multiple UEs are residing in different 1.4MHz bandwidths, they need to perform RF retuning just to receive the new HARQ-ACK DCI. It is unlikely the UEs are able to receive anything else.
· Common search space needs to be defined as the new common DCI is intended for multiple UEs.
· Increased overhead and blind decoding per UE due to a new DCI format that LC-MTC UEs need to support.

Considering there are many undesirable and potentially significant system-level impacts such as increased control signalling overhead, reduced network capacity, reduced scheduling flexibility and UE power consumption from using the adaptive retransmission scheme (UL-grant) and introducing a new HARQ-ACK DCI, it is unclear whether the benefit of less standards effort can be justified. In fact, the amount of standards work is also considered to be quite significant from introducing a new HARQ-ACK DCI. It is, therefore, we propose

Proposal: Indication of UL-HARQ for low-complexity MTC UEs should be provided in a new PHICH (EPHICH).

A new EPHICH design
In Figure 1, frequency multiplexing of a new EPHICH / EPDCCH PRBs in 1.4MHz bandwidth is shown for low-complexity MTC-UEs, with (1a) depicting the case of UE operating in non-coverage enhanced mode and (1b) for the case of coverage enhanced mode. In non-coverage enhanced mode (1a), one or maybe two EPHICH/EPDCCH (USS) PRBs should be sufficient for scheduling and transmitting UL-HARQ for multiple UEs within the same 1.4MHz BW. In coverage enhanced mode (1b), all 6 PRBs are used for EPHICH and EPDCCH repetitions. If necessary, EPHICH and EPDCCH can be repeated over multiple subframes.
[image: ]
Figure 1: Frequency multiplexing of new EPHICH/EPDCCH PRBs for LC-MTC UEs
In Figure 2, a RE mapping scheme is shown for the new EPHICH channel with EPDCCH (USS) or PDSCH within one PRB. When RE multiplexing the new EPHICH with EPDCCH or PDSCH within the same PRB, one could consider maximising reception performance / reliability of the new EPHICH channel. By keeping the same REG definition and size for the legacy PHICH to minimise the specification impact, one eREG for the new EPHICH could still be transmitted with 4 REs and mapped in OFDM symbols adjacent to the existing DMRS symbols to improve performance as shown in Figure 2.
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Figure 2: Multiplexing of EPHICH and EPDCCH within a PRB for LC-MTC UEs
To minimise the standards effort for defining a new EPHICH in Rel-13, another simple and straight forward approach is to directly reuse the existing channel encoding process for the legacy PHICH, from repetition, BPSK modulation, spreading to scrambling. Thus, multiplexing of HARQ-ACK feedbacks for multiple LC-MTC UEs is still achieved for the new EPHICH channel within one PRB.
The remaining details/design need to be defined relating to the multiplexing of EPHICH with EPDCCH or PDSCH within a PRB are:
· Mapping of EPHICH eREG on EPDCCH/PDSCH PRBs (with considering the presence of CRS and/or CSI-RS)
· Impact to EPDCCH eREG and eCCE mapping
Conclusion
In this contribution, we provided analysis in terms of pros and cons of different explicit and implicit UL-HARQ indication methods for low-complexity MTC UEs operating in reduced 1.4MHz RF bandwidth. As the result of this analysis, we propose:
Proposal: Indication of UL-HARQ for low-complexity MTC UEs should be provided in a new PHICH (EPHICH).
To minimise the standards effort for introducing a new EPHICH channel in the Rel-13 MTC work item, a simple and straight forward approach in designing a new PHICH (EPHICH) is presented. It is proposed to take the new design in Section 2.2 as the starting point for further EPHICH discussion.
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