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1. Introduction
In Rel-8 to Rel-11, PHICH is used for PUSCH ACK/NACK feedback. However, in Rel-12 NCT standardization, it is agreed that CRS is removed on NCT. Hence PHICH cannot be transmitted on NCT. It is desirable to introduce PUSCH ACK/NACK feedback mechanism for NCT. In this contribution, we share our views on the EPHICH design for NCT.
2. Discussion
In NCT, there are mainly three options for  PUSCH ACK/NACK feedback[1]:
· Option 1: Implicit ACK/NACK signaling

PUSCH retransmission is always scheduled by UL grant, where NDI is used to indicate whether the PUSCH is retransmission or not. This option has no impacts on specification.
· Option 2: EPHICH based method
Introduce a new physical channel (EPHICH) for PUSCH ACK/NACK feedback. EPHICH can be transmitted in a DMRS based manner.

· Option 3: Group DCI based method
A new group DCI format which includes multiple PUSCH ACK/NACK can be transmitted on NCT. This would also require that common search space is specified for NCT. With the consideration of EPDCCH blind decoding efficiency, it is more desirable that the new group DCI format should have a similar size to legacy DCI format, e.g. DCI format 0/1A. 
For option 3, one group DCI needs at least 4 ECCEs (assuming 1 ECCE of 36 REs). Assuming that the new group DCI has the same size of DCI format 0/1A, the resource efficiency is almost 0.22 for 20MHz. Even if the new group DCI has the same of DCI format 2, the resource efficiency is almost 0.4 for 20MHz. However, with PHICH, one PHICH group (i.e. 12 REs) can contain 8 ACK/NACK bits in normal CP, resulting in a resource efficiency of almost 0.67. From the resource efficiency perspective, option 3 is not preferable.
In the following, we analyze the applicability of option 1 and option 2 in non-standalone and standalone NCT.

· Non-standalone NCT

For non-standalone NCT, it can only work as an SCell in carrier aggregation mode, and SPS PUSCH is not supported on SCell. Then the ACK/NACK feedback on NS-NCT is only used for dynamic PUSCH. So the number of ACK/NACK feedback may not be large.

For PUSCH on NS-NCT, in case of cross carrier scheduling, the ACK/NACK feedback can be carried by the PHICH on PCC. In case of self-carrier scheduling by EPDCCH, the PUSCH ACK/NACK feedback mechanism needs to be defined. 

For option 1, the control overhead depends on the EPDCCH and PUSCH error rate. In [1], the control overhead between option 1 and 2 is evaluated with the assumption that EPHICH operates in the same resource efficiency as PHICH, and the results show that the overhead difference is very small and insignificant with typical numbers of scheduled UEs per subframe. Hence, for NS-NCT, EPHICH is not necessary and implicit ACK/NACK can be used.
· Standalone NCT

For standalone NCT, it can work as a PCell, which should support both dynamic and SPS PUSCH. There may be a large number of ACK/NACK feedback due to the SPS PUSCH in a subframe. The EPHICH based method is beneficial from the control overhead perspective. The results in [1] also show that the gain of EPHICH will increase with increased number of scheduled UEs. From EPHICH design aspect, the resource efficiency of EPHICH shall be comparable to that of PHICH. Furthermore, standalone NCT needs to introduce EPDCCH CSS. It is beneficial to have the EPHICH design together with EPDCCH CSS.
3. Conclusion 
In this contribution, the design of EPHICH for NCT is discussed. We mainly analyze the applicability of implicit ACK/NACK and EPHICH based method for non-standalone and standalone NCT. Particularly, we have the following proposals:

Proposals: 
· EPHICH is not necessary for non-standalone NCT and implicit ACK/NACK shall be used instead.
· EPHICH shall be supported for standalone NCT and designed together with EPDCCH CSS. The resource efficiency of EPHICH shall be comparable to that of PHICH.
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