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1 Introduction
The enhanced PDCCH has been approved as a work item [1] in Rel-11. During the discussion of ePDCCH, some companies provided their views on the necessities of PHICH enhancement [3-10]. In this contribution, we also provide our view on support of enhanced PHICH in Rel-11.
2 Motivations of enhanced PHICH
In Rel-11, ePDCCH should be able to support the following functions:
· able to support increased control channel capacity,
· able to support frequency-domain ICIC, 

· able to achieve improved spatial reuse of control channel resource ,
· able to support beamforming and/or diversity,
· able to operate on the new carrier type and in MBSFN subframes,
· able to coexist on the same carrier as legacy UEs

Since the ePDCCH could increase the capability for DL/UL scheduling, PHICH may become the bottleneck on the uplink transmission. In addition, current PHICH may not well suitable to support HARQ-ACK response for ePDCCH based uplink grants, for example, CoMP scenario 4, or inter-band TDD carrier aggregation with cross-carrier scheduling.
In CoMP scenario 4, spatial reuse for the same radio resource (for both downlink and uplink) may provide higher spectrum efficiency. In this case, the benefit of cell splitting gain on uplink would accompany the capacity and collision issues on HARQ-ACK response. Hence, it is reasonable to allow a new PHICH resource also with the property of spatial reuse. Furthermore, for the case of different TDD UL-DL configurations on different bands, current agreement on the uplink cross-carrier scheduling is that PHICH is transmitted on the cell carrying the UL grant. The possible issue may be, for example, as shown in Figure 1, an UE performs PUSCH transmission in subframe#2 of CC#1 with UL-DL configuration 6 and the corresponding DCI is transmitted in subfram#5 via CC#0 with UL-DL configuration 5. In addition, the scheduled cell’s (CC#1) PUSCH scheduling timing and HARQ timing follow the timeline of scheduled cell itself. As listed in Table 1, for backward compatible with Rel-8/9/10 UEs, PHICH would not be transmitted in subfram#6 of CC#0. In this case, additional resource to carry the HARQ-ACK signalling would be necessary to support the synchronous Hybrid-ARQ.
Table 1: The factor 
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Cell#0: UL-DL configuration 5

Cell#1: UL-DL configuration 6

Follow cell#1's scheduling time

Follow cell#1's HARQ time

UE detects a UL grant for 

cross-carrier scheduling

UE intents to detect the HARQ-ACK for the PUSCH 

but no PHICH transmitted in this subframe

 of PHICH for TDD [2].
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Figure 1: PHICH issue for the case of different TDD UL-DL configurations on different bands.
Observation: Current PHICH may not well suitable to support HARQ-ACK response for ePDCCH based uplink grants and new application scenarios for new release.
Proposal: Introduction of enhanced PHICH should be considered.
3 Considerations of enhanced PHICH
For enhanced PHICH (ePHICH), it is natural to allocate it in PDSCH region to allow capacity incensement and spatial reuse. Like ePDCCH, and CSI-RS, it has been argued that introducing new channel/signal would impact on the DL resource. Hence, to avoid the waste of radio resource, the fully utilization of PHICH should be ensured before HARQ-ACK signal is scheduled in ePHICH, and correspondingly, the flexibility of ePHICH resource should be considered to support the variation of UL traffic. 

Proposal: The flexibility of enhanced PHICH resource should be considered to support the variation of UL traffic
Currently, PHICH carries HARQ-ACK responses for PDCCH based uplink grants. When ePHICH and ePDCCH are introduced, the linkage between PUSCH and ePHICH should be considered to satisfy different application scenarios, i.e., the PUSCH should be able to be granted by PDCCH or ePDCCH. It is straightforward that PHICH carries HARQ-ACK responses for PDCCH based uplink grants, and ePHICH carries HARQ-ACK responses for ePDCCH based uplink grants. However, in some cases, this kind of linkage would result in inflexible PHICH/ePHICH resource allocation. Therefore, it is suggested not limiting the linkage between PUSCH and PHICH/ePHICH. One possible solution is that the HARQ-ACK resource is decided by eNB and implicitly indicated by the determination of HARQ-ACK resource index. The detail need further study.
Proposal: The linkage between PUSCH and PHICH/ePHICH should be jointly considered.
For the design principle of ePHICH, it is desire to reuse the design concept of legacy PHICH, such as ePHICH resource index linkage, CDM based multiplexing, minimum mapping unit, and transmission scheme. Other advanced techniques to provide higher spectral efficiency, for example beamforming, can be considered for further enhancement.
4 Conclusion
This contribution discussed the necessities of enhanced PHICH and some design principles. Based on the discussion, our proposals are:
Proposal 1: Introduction of enhanced PHICH should be considered.
Proposal 2: The flexibility of enhanced PHICH resource should be considered to support the variation of UL traffic.
Proposal 3: The linkage between PUSCH and PHICH/ePHICH should be jointly considered. 
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Cell#0: UL-DL configuration 5


Cell#1: UL-DL configuration 6


Follow cell#1's scheduling time


Follow cell#1's HARQ time


UE detects a UL grant for cross-carrier scheduling


UE intents to detect the HARQ-ACK for the PUSCH but no PHICH transmitted in this subframe
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