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1. Introduction 
In RAN1#73, several contributions on discussing the necessity of a new ePHICH for NCT are provided [1] [2] [3] [4]. Main considerations for introducing or not introducing a new ePHICH channel for NCT were:
To introduce,
· ePHICH provides a mean for synchronous and non-adaptive UL-HARQ operation as PHICH in earlier releases.
· The principle of UL-HARQ reporting on the same component carrier as UL grant is given in CA is still retained when cross-carrier scheduling is not configured.

· Load balancing of ACK/NACK feedback across component carriers.

· Reduce ACK/NACK collision probability on the scheduled carrier due to limited capacity to serve both CA and non-CA capable UEs.

· Same overhead as to earlier releases.
Not to introduce,
· Significant effort is required to design enhanced PHICH.
· Alternative of using a compact scheduling of retransmissions with lower specification impact could be considered.
In this contribution, we provide our considerations and identification of open questions and design efforts relating to two alternative options between the compact scheduling of PUSCH retransmissions and using an enhanced PHICH on NCT carriers.
2. Discussions
2.1. Compact scheduling of re-transmission

A suggestion in [5], a new common DCI format (DCI format 3/3A-based technique) which possibly still offers a low overhead means of carrying downlink HARQ-ACKs could be introduced for the NCT. In contrast to a new enhanced PHICH channel on NS-NCT, the new DCI format would carry multiple downlink HARQ-ACKs of different UEs and be provided in the common search space of PDCCH on the legacy carrier type (PCell) even when UL grants were given in the EPDCCH of the NS-NCT (SCell) for PUSCH transmission on the same cell, or a new common search space on EPDCCH in the case of S-NCT.
With this common DCI format approach of sending downlink HARQ-ACKs, the following open questions and drawbacks should be studied and addressed before concluding it is worthwhile to embark on designing the DCI format.
· As channel encoding of DCI messages carrying on PDCCH/EPDCCH is different from ACK/NACK encoding on PHICH, the number of resultant bits and baseband symbols would be significantly higher,  and occupying more REs. To retain the same synchronous UL-HARQ operation as in earlier releases, it would be necessary for the new DCI format to be transmitted in most of the downlink subframes (if not all) and increases the number of blind decodes on the common search space for NCT capable UEs. Furthermore, according to the legacy operation, a UE may receive PHICH w/o waiting for the demodulation of PCFICH and PDCCH. By introducing ACK/NACK DCI, the performance of ACK/NACK is now depending on CFI & PDCCH performance on top of CDMA of ACK/NACK to separate number of users. 
· Drawback: The number of blind decodes on the common search space and UE processing power will be increased.
· Open question: Will it create and how to resolve capacity limitation on the existing PDCCH CSS? 
· The purpose of self-scheduled CC is to decouple the linkage between PCC and SCC so that SCC can be flexibly configured. For non-standalone-NCT operating as SCell in carrier aggregation, it will further stretches / burden the capacity of CSS on PDCCH without any possibility of load balancing of HARQ-ACK feedbacks between different component carriers. In standalone-NCT operating as PCell, this heavy loading situation would also occur on the new EPDCCH for CSS. 
· Drawback: One of the existing CA principles that both UL grants and downlink ACK/NACK are to be provided on the same component carrier in self-scheduling will be broken.
· Open question: How to provide load balancing of downlink HARQ-ACK feedbacks between component carriers?
· The number of HARQ-ACK feedbacks in the downlink varies with the number of UEs that is transmitting PUSCH on a given carrier. Using a DCI format approach implies a constant payload size independent of system BW and often could have an over- or under-dimensioning situation where the number of UEs is large or just a few. 
· Open question: What is optimum information size for the new DCI format and how to resolve over- and under- dimensioning issue?

· A DCI format would mean some latency delay in UE processing compared to PHICH/EPHICH to acquire HARQ-ACK feedbacks and in turn delays UL (re)transmission preparation and procedures. 
· Open question: Are there any impact to existing UE implementations of UL retransmission procedures?
· Existing requirement verification method in RAN4 since Rel-8 for testing PHICH demodulation performance cannot be reused and a new verification method needs to be studied and developed. 
· Drawback: Longer time and more workload are envisioned for RAN4 to develop new testing methodology for verifying downlink HARQ-ACK decoding performance.

2.2. ePHICH for NCT

The straight forward approach of providing downlink HARQ-ACKs would be extending the existing PHICH transmission for the NCT carrier (applicable to both non-standalone and standalone NCT). As discussed in [5], many of the existing PHICH features could be reused without having to redesign the encoding process from repetition coding, BPSK modulation to scrambling. Since the cell-specific RS transmission would be reduced and cannot be used for demodulation, ePHICH resources would most likely be UE-specifically configured and demodulated based on DMRS, similar to the existing EPDCCH. 
The major and probably the only designing effort would perhaps be the resource allocation for the mapping of scrambled composite PHICH or ePHICH.  Main difference to the design effort of EPDCCH is that most of the eREG definitions can be reused. Therefore, the remaining open questions relating to the introduction of a new enhanced PHICH are seemed to be

· configuration of ePHICH resources,

· association of PHICH group to eREG, and
· mapping of ePHICH REs.
3. Conclusion 

In this contribution, we have provided discussions and identified open questions / drawbacks of two alternative options between the compact scheduling of PUSCH retransmissions and using an enhanced PHICH on NCT carriers. Based on the open questions and drawbacks identified for both techniques, contrary to the common perception, we believe the compact scheduling approach of using a common DCI format would require more study effort and time in completing the necessary design work. Additionally, it would be unable to provide load balancing of downlink HARQ-ACKs across component carriers and thus increases loading on the carrier that provides common search space. For the UEs, it would also increase the number of blind decodes and potentially introduces delay in UL retransmission procedure.
Therefore, we propose RAN1 starting design process of a new enhanced PHICH for the new carrier type suitable for both non-standalone and standalone operations.
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