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1 Introduction

Whether or not to introduce ePHICH in Rel-11 was discussed in a number of contributions in RAN1#68 [1]-[8].  The main motivations for introducing ePHICH are similar to those for introducing an enhanced CSS and include:

· Support of FDM-ICIC for DL control signaling (e.g. in ABS/MBSFN subframes)

· Increased capacity for CoMP scenario 4
· Forward compatibility considerations such as support for a stand-alone NCT, MTC UEs, and (in the more distant future when legacy UEs are phased out) for operation with reduced CRS density (e.g. from only 1 port). 
This contribution considers principles for an ePHICH design.
2 ePHICH Design
As ePHICH aims to replace or supplement PHICH for some Rel-11 UEs, PHICH design principles can be reused for the ePHICH design. Furthermore, it would be beneficial to reuse the PHICH design as much as possible for ePHICH for minimizing specification efforts. 
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Figure 1 ePHICH location in the system BW
Location of ePHICH

PHICHs are transmitted within a minimum set of resources for legacy CCHs (first OFDM symbol) unless the network configures the duration for PHICH transmissions to be over the maximum set of resources (maximum number of OFDM symbols specified for legacy CCHs). Applying the same principle, ePHICHs should be transmitted within a minimum set of resources for enhanced CCHs (eCCHs) which can be N PRBs pairs distributed across the system BW as illustrated in Figure 1. 
Proposal 1: ePHICHs are transmitted within a minimum configured set of PRB pairs for enhanced CCHs.
Minimum mapping unit, multiplexing method and transmission scheme
For the PHICH design, the aspects of minimum mapping unit, multiplexing method, and transmission scheme were jointly considered. The minimum mapping unit is a REG, composed of 4 consecutive REs (skipping CRS REs) in the frequency domain. A REG is designed for supporting a PHICH transmission scheme and a PHICH multiplexing method having the following characteristics:

· PHICH transmission: SFBC is used for TxD and hence the 4 REs comprising a REG should be in the same OFDM symbol and experience practically the same channel response. 

· PHICH multiplexing: Up to 8 PHICHs can be multiplexed in a REG using length-4 OCC and I/Q domain multiplexing. For OCC multiplexing, the 4 REs should practically experience the same channel response. 
Likewise, for ePHICH, the aspects of minimum mapping unit, multiplexing method, and transmission scheme should be jointly considered. 
When TxD is used for an ePHICH transmission, the multiplexing method and the enhanced REG (eREG) designs can be similar to the corresponding legacy ones. The eREGs forming an ePHICH group should be distributed across the minimum set of resources (PRB pairs) to exploit frequency diversity. For example, when an ePHICH group is composed of 3 eREGs, the 3 eREGs can be mapped onto 3 PRB pairs distributed across the system BW, one eREG per PRB pair. For facilitating TxD reception and OCC multiplexing of ePHICHs, REs in an eREG should be consecutive, in time or frequency or both domains. The number of REs in an eREG, the number of ePHICHs in each ePHICH group, and the eREG RE mapping in each ePHICH PRB pair are FFS.
When single-layer transmission is used for ePHICH, the motivation of forming an ePHICH using eREGs becomes weak because single-layer transmission does not require REs to be consecutive. However, for the commonality of the design and for reducing the specification complexity, eREG based design may still be considered. 
Proposal 2: The following ePHICH mapping principles are proposed:

· The ePHICH mapping unit is an eREG composed of N adjacent REs in the time/frequency domain (N is FFS).
· eREGs forming an ePHICH group are distributed across the minimum set of configured PRB pairs. 
ePHICH DMRS, and multiplexing of ePHICH and other physical channels
The number of ePHICH REs per PRB pair is not expected to be large and the remaining REs in respective PRB pairs should be utilized for transmission of other physical channels, e.g., ePDCCH and ePCFICH. 
When TxD is the transmission scheme of both ePDCCHs/ePCFICH and ePHICHs, the same antenna ports (APs) 7 and 8 can be used for demodulation of all eCCHs. When TxD is used for ePHICH and single-layer transmission is used for ePDCCH/ePCFICH, or when single-layer transmission scheme is used for all eCCHs, separate APs should be assigned for the different eCCHs transmitted in the same PRB pair. 
Observation 1: For multiplexing ePHICH and ePDCCH/ePCFICH, ePHICH DMRS can be provided as follows:

· If TxD is used for all eCCHs, APs 7 and 8 can be used for demodulating the ePHICH and the other eCCHs. 
· If the transmission scheme for ePHICH is different from the one for other eCCHs, or if all eCCHs use single-layer transmission, orthogonal AP(s) can be provided for the ePHICH and the other eCCHs.
In designing the multiplexing of ePHICH and ePDCCH in a same PRB pair, the ePDCCH type (distributed or localized) should be explicitly considered. 
In case the ePDCCH transmission is distributed, ePDCCHs may also need eREGs to form an eCCE, where eREGs comprising an eCCE can be distributed across the PRB pairs. For multiplexing ePHICH and ePDCCH in this case, two alternatives are considered: 
· Alt 1: A common eREG is designed to be used both for ePHICH, ePCFICH, and ePDCCH, and a subset of eREGs is reserved to be used as ePHICH eREGs. 
· Alt 2: REs for ePHICH eREGs are first selected and the remaining REs are used for transmission of ePDCCHs/ePCFICH. The remaining REs can form eREGs or eCCEs for ePDCCH. 
Alt 1 can reuse most components of the legacy design for multiplexing PHICH, PCFICH, and PDCCH, and hence it reduces specification efforts. On the other hand, Alt 2 can ensure a common ePHICH RE mapping pattern for both localized and distributed ePDCCH transmissions, and it may be able to achieve a better ePHICH BLER by carefully choosing ePHICH REs in the time-frequency grid. 
In case ePDCCH transmission scheme is localized, ePDCCH does not need eREGs to form an eCCE and hence Alt 2 could be a natural choice. 
Observation 2: For ePHICH eREG mapping, two alternatives, Alt 1 and Alt 2 can be considered.
3 Conclusions

This contribution considered principles for an ePHICH design and proposed the following:
Proposal 1: ePHICHs are transmitted within a minimum configured set of PRB pairs for enhanced CCHs.
Proposal 2: The following ePHICH mapping principles are proposed:

· The ePHICH mapping unit is an eREG composed of N adjacent REs in time/frequency domain (N is FFS).

· eREGs forming an ePHICH group are distributed across the minimum set of configured PRB pairs. 

For ePHICH eREG mapping and for multiplexing ePHICH with other eCCHs, the following observations apply:
Observation 1: For multiplexing ePHICH and ePDCCH/ePCFICH, ePHICH DMRS can be provided as follows:

· If TxD is used for all eCCHs, APs 7 and 8 can be used for demodulating the ePHICH and the other eCCHs. 

· If transmission scheme for ePHICH is different from the other eCCHs, or if all eCCHs use single-layer transmission scheme, orthogonal AP(s) can be provided for ePHICH and the other eCCHs.
Observation 2: For ePHICH eREG mapping, two alternatives can be considered.
· Alt 1: A common eREG is designed to be used both for ePHICH, ePCFICH, and ePDCCH, and a subset of eREGs is reserved to be used as ePHICH eREGs. 

· Alt 2: REs for ePHICH eREGs are first selected and the remaining REs are used for transmission of ePDCCHs/ePCFICH. The remaining REs can form eREGs or eCCEs for ePDCCH. 
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