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1. Introduction
During several meetings, the design of enhanced DL control channel has been discussed in Rel-11, where it can utilize many beneficial schemes (i.e. beam-forming gain, SM, frequency domain ICIC and so on) and increase DL control channel capacity for many deployment scenarios (e.g. CoMP, HetNet and new carrier type scenario). Together with enhanced PDCCH (i.e. E-PDCCH), some companies provide the motivation and necessity of enhanced PHICH by considering several deployment scenarios [1]-[3]. In this contribution, we also provide our view on introduction of enhanced PHICH in Rel-11.
2. Discussion
2.1. Motivations of E-PHICH in Rel-11
Currently, a various deployment scenarios including CoMP, HetNet and new carrier types have been considered and discussed in Rel-11. In these scenarios, the use of enhanced DL control channel is very attractive to increase the system performance and capacity of control channel, which it can provide the interference coordination (i.e. frequency domain ICIC for control channel), higher spectral usage by multi-layer transmission (e.g. beamforming and SU/MU-MIMO) and cell splitting gain with spectral reuse. Therefore, it can also allow the enhanced PHICH to provide the above benefits similar to E-PDCCH in order to solve the problems of legacy PHICH in some scenarios.
In CoMP scenario 4, supporting MU-MIMO with non-orthogonal DMRS is possible to achieve with cell splitting gains on DL/UL transmission. However, in this case, the capacity of legacy PHICH resources may be restricted especially for full system loading, even if it can be flexibly controlled by eNB’s scheduling considering combinations of cyclic shift values of DM-RS and scheduled lowest PRB index. And also, PHICH resource collision probability would be significantly increased for UL SPS transmission and thus, it would cause the UL grant scheduling restrictions for dynamic scheduling of data transmission. 
Furthermore, in case of new carrier types which have the less or eliminated control channel and CRS, the necessity of E-PHICH is remarkable due to limited ability for demodulation of legacy PHICH. Therefore, the utilization of E-PDCCH as well as E-PHICH in new carrier types should be considered.
In addition to, in case of CA with different TDD configuration under CA enhancement WI, it might be considered to allow use of E-PHICH to provide flexible PHICH transmission timing, especially for having different PHICH timing between legacy UEs and Rel-11 UEs. 
To design low cost MTC UEs, there would be a possibility that only a part of total configured system bandwidth is used for MTC UEs. However, since legacy PHICH is always transmitted on total system bandwidth, new PHICH can need to be considered for MTC UEs.
2.2. Considerations of E-PHICH design
Higher spectral efficiency
One of the most favorable benefits allowed by enhanced control channel is to provide the higher spectral efficiency by using MIMO schemes such as SU/MU-MIMO, beamforming and so on. Based on multi-layer transmission, E-PHICH can increase the capacity and reception reliability. For example, if Rel-11 UEs transmit PUSCH in transmission mode supporting two transport blocks, eNB can indicate the responses of two HARQ-ACKs associated with UL SU-MIMO transmission by using only one E-PHICH resource if multi-layer transmission of E-PHICH is supported.
Especially in CoMP scenario 4, the support of MU-MIMO based on non-orthogonal DM-RS for E-PHICH can allow the higher spectral reuse gain (i.e. cell splitting gain) in combination with distributed RRHs. By this scheme, each transmission point can allow the E-PHICH transmission on the same frequency-time resource according to DM-RS based on different pseudo random sequence. Moreover, if E-PHICH based on orthogonal DM-RS is transmitted on corresponding antenna port within a RB-pair, it can also enjoy the higher spectral efficiency and increasing SNR by beamforming scheme. In this case, we need to further study on reasonable usage of E-PHICH transmission by considering the multiplexing with E-PDCCH if E-PDCCH and E-PHICH is shared in same control region, because the number of orthogonal DM-RS ports within a RB-pair can be somewhat limited for transmission of both E-PDCCH and E-PHICH (8 DM-RS port for normal CP). 
In addition to, higher modulation order for E-PHICH can be also discussed with increasing spectral efficiency for control channel. If it is allowed with higher modulation order (e.g. BPSK->QPSK or 16QAM), it would be more desirable than multi-layer transmission in increase of spectral efficiency point of view due to MIMO receiver, inter-layer interference, at least two antennas equipment, specific application case in static channel and accurate CSI reporting). However, it should be noted that if E-PHICH is changed to different modulation order, it needs to modify the current PHICH processing chain such as repetition, SF 4 by OCC, BPSK modulation and REG mapping. Therefore, it needs to check whether current PHICH processing is maintained for E-PHICH design, considering together with many aspects including E-PDCCH design, E-PHICH resource allocation in data region, modulation order, minimum mapping unit (e.g. REG) and application of MIMO scheme. 
Distributed and localized E-PHICH
As seen above multi-layer transmission, E-PHICH can also enjoy the distributed or localized transmission to obtain the frequency diversity or frequency selective gain (and/or beamforming gain), respectively. It is very natural to apply these approaches to E-PHICH as like E-PDCCH, which both control channel is able to share same transmission scheme. Therefore, if E-PHICH is introduced in Rel-11, it should consider both transmission schemes for E-PHICH like E-PDCCH.
Multiplexing with E-PHICH and E-PDCCH
Since we are discussing on E-PDCCH design as one of new DL control channel, we are able to consider the coexistence of E-PDCCH and E-PHICH, if E-PHICH is introduced together with E-PDCCH in Rel-11. Both enhanced control channels would have a big possibility to be shared in the same control region, which is configured by UE-specific manner, in PDSCH region. If so, it would be desirable to apply with same principle on PHICH mapping procedure as Rel-8/9/10, in which PHICH is firstly mapped in available REGs except REGs for PCFICH before PDCCH allocation on physical resource grid. In addition to, both distributed and localized mapping schemes for enhanced control channel are supported for E-PDCCH transmission at previous meeting. For E-PHICH, it can also follow same mapping schemes as distributed or localized E-PDCCH to obtain same benefits like E-PDCCH. Therefore, according to control region for either distributed or localized transmission scheme, both enhanced control channels (i.e. E-PDCCH and E-PHICH) multiplexing can be changed. The details need further study.
Minimum mapping unit
In current PHICH, resource element group (i.e. REG) as minimum mapping unit has been used for legacy DL control channel transmission. For PHICH, one PHICH group is composed of three REGs and each REG is allocated with maximum frequency division in frequency domain, and three REGs is allocated on same or different OFDM symbols in time domain depending on PHICH duration. Therefore, whether same approach is applied for E-PHICH should be decided, and since its decision could also affect to the E-PDCCH design, we need to carefully take that kinds of approach into account. As baseline, same processing chain from legacy PHICH can be reused for E-PHICH design together considering E-PDCCH design results.
Linkage from E-PHICH to PUSCH
Current PHICH resource is determined by lowest PRB index among scheduled RBs and cyclic shift value for DM-RS. As mentioned in introduction, corresponding linkage scheme is not welcome in some cases, especially UL SPS and CoMP scenario 4 due to decrease scheduling freedom. So, new linkage between PHICH and PUSCH in E-PHICH can be discussed to allow full flexibility for scheduling [2]. 
3. Conclusion
E-PHICH can enjoy many benefits with several good options as like E-PDCCH, and have the more capacity and flexibility than current PHICH. It is summarized as follows:
· E-PHICH needs to be discussed with above motivations including CoMP, HetNet, new carrier type, CA with different TDD configurations and MTC.
· For E-PHICH design, There are several consideration points as bellows:

· Higher spectral efficiency by using MIMO scheme/higher modulation

· Distributed/localized E-PHICH transmission

· Multiplexing E-PHICH and E-PDCCH in control region

· Minimum mapping unit

· Linkage from E-PHICH to PUSCH

Basically, most considerable properties for E-PHICH can be following E-PDCCH design. Therefore, we propose when the E-PDCCH is discussed, E-PHICH should be together considered for better DL control channel design, and most design concept of E-PDCCH can be reused for E-PHICH in Rel-11.
References

[1] R1-113682, “Views on enhanced PHICH”, Ericsson, ST-Ericsson.
[2] R1-114067, “PHICH Enhancements”, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent
[3] R1-113912, “Aspects on DL and UL Control Channels for HARQ with Enhanced PDCCH”, LG Electronics




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































