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Introduction
In RAN1#80 meeting, consensus was reached for the following observations on necessary enhancements to DL control signalling as captured in [1]:
Observations:
· For possible enhancements to DL control signalling,
· For the purpose of self-scheduling itself, no absolutely needed enhancements have been identified
· Please note that other potential enhancements not specifically related to self-scheduling only are of course applicable as well. 
· The following potential issues applicable to DL control could be studied for the 36.300 CA deployment scenarios:
· Possible extension of the cross-carrier scheduling framework to more than 5 CCs
· FFS including:
· CIF (3bit vs. 5bit) as part of the UL/DL grants
· USS definition (in case of 3bit vs. 5bit CIF)
· Aspects to be considered (not limited to):
· DL control channel capacity limitation
· (E)PDCCH blocking/collision
· PHICH blocking/collision
· Increased false-detection rate with an increasing number DL carriers
· UE DL control decoding limitations incl. increasing number of blind decodes
· Improved UE power saving
· Potential limitations of the eIMTA signalling
On the PHICH blocking/collision aspect in cross-carrier scheduling (CCS), it is discussed in our companion contribution [2] that this issue occurs when a large number of UEs and/or UL CCs are CCS’ed from the same/one CC (e.g. PCell), causing PHICH resource capacity issue in the legacy control region when transmitting UL-HARQ in the downlink. While it is well understood that creating new PHICH resources in the legacy control region would not be possible due to backward compatibility, one possible approach identified in [2] that could be considered is to create and multiplex new PHICH resources (EPHICH) on new EPDCCH sets that are only accessible by eCA UEs.
In this contribution, we provide some initial thoughts on this new PHICH (EPHICH) for eCA UEs.
Discussion
The suggested additional one or more EPDCCH set(s) for eCA UEs [3, 4] are mainly to alleviate the limited downlink control capacity that cannot be accommodated by the legacy PDCCH and the existing two sets of EPDCCH, for cross-carrier scheduling a large number of CCs and UEs in the same cell. Since the new sets of EPDCCH are only accessible by Rel-13 eCA UEs, resource allocation and mapping of eREGs can be flexibly designed. Due to this, it is possible and desirable to multiplex the new PHICH (EPHICH) and the new EPDCCH within the same PRB among the legacy PDCCH and EPDCCH (USS) control regions within a subframe as shown in Figure 1. Additionally, we may even consider whether the new PRB set(s) size for EPHICH/EPDCCH (USS) could be dynamically changing such that it is just sufficient to accommodate the required downlink control resources for eCA UEs; thus, maximising PRB resources for PDSCH transmission.
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Figure 1: Frequency multiplexing of new EPHICH/PDCCH PRBs for Rel-13 eCA UEs
When multiplexing the new EPHICH and EPDCCH within the same PRB, one could consider maximising reception performance / reliability of the EPHICH channel. By keeping the same REG size and definition for the legacy PHICH, one eREG for EPHICH could still be transmitted with 4 REs and mapped in OFDM symbols adjacent to the existing DMRS symbols as shown in Figure 2. 
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Figure 2: Multiplexing of EPHICH and EPDCCH within a PRB for Rel-13 eCA UEs
To minimise the standards effort for defining a new EPHICH in Rel-13, one simple and straight forward approach is to directly reuse the existing channel encoding process for PHICH, from repetition, BPSK modulation, spreading to scrambling.  Hence, the remaining details/design relating to the multiplexing of EPHICH and EPDCCH within a PRB and need to be defined are:
· eREG definition for EPHICH,
· EPHICH group mapping to eREG,
· Mapping of EPHICH eREG on EPDCCH PRBs (with considering the presence of CRS, DMRS, CSI-RS), and
· Impact to EPDCCH eREG and eCCE mapping
Conclusion
[bookmark: _GoBack]In this contribution, we discussed the need for a new PHICH (EPHICH) and its design for the Rel-13 eCA work item. A simple and straight forward approach in designing a new PHICH (EPHICH) is presented. It is proposed to consider introducing a new PHICH (EPHICH) multiplexing with new EPDCCH set(s) within same PRB for Rel-13 eCA UEs and taking the new design in Section 2 as the starting point for further EPHICH discussion.
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