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1. Introduction

Over the email discussion before RAN1 68bis [1], companies showed many justifications for introducing ePHICH, such as forward compatibility with NCT, low cost MTC, and spatial reuse in CoMP scenario 4. Furthermore, some companies shared their views on ePHICH design including physical layer structure and resource mapping [2] [3]. Given the tremendous time spent in Rel. 11 for designing ePDCCH, ePHICH design should be compatible with ePDCCH to minimize the additional changes on ePDCCH. This contribution presents our views on several aspects of the ePHICH design.
2. Physical Layer Structure of ePHICH
In the legacy PHICH design, multiple A/N bits are multiplexed in the same PHICH group through CDM (OCC4), and each PHICH group is mapped to 3 REGs. The four REs of each legacy REG should be contiguous in frequency or time domain in order to apply Alamouti encoding/decoding and also maintain the CDM orthogonality after channel distortion. However, the eREG, which may be defined for ePDCCH in Rel. 11, may not have 4 REs contiguous in frequency or time domain. The lack of contiguity makes the legacy PHICH structure hard to be fitted into the eREG to be defined for ePDCCH. For example, instead of Alamouti encoding/decoding, rank one beamforming has to be applied to the eREG. Thus we need a new physical layer structure for ePHICH rather than reusing the legacy PHICH physical layer structure. In this section we propose several ePHICH physical layer structures.
Alternative I: We can maximize the reuse of the legacy PHICH PHY structure and assign dedicated PRB pairs for ePHICH. Standardization efforts could be minimized for this alternative because we just need to switch the decoding RS from CRS to UERS and organize the REs in the dedicated PRB pairs as the legacy REGs. However, it makes hard to share the REs between ePHICH and ePDCCH. For example, if there is one ePHICH transmission in the dedicated ePHICH PRB pairs, the remaining REs can hardly be reused for PDSCH or ePDCCH. In order to achieve a similar frequency diversity order as the legacy PHICH, at least three PRB pairs should be allocated for ePHICH even though only few A/N bits far less than the design limit are actually transmitted. What is more, if the resource granularity of the frequency domain ICIC is one PRB pair, the number of required PRBs further increases. Then the PDSCH throughput will be impacted.
Alternative II: We may partially reuse the legacy PHICH PHY structure and let the ePHICH share the same PRB pairs with the ePDCCH, e.g. the CSS PRBs. One constrain of the legacy PHICH is that the 4 REs of one REG have to be contiguous in time/frequency and minimum 2 decoding pilots are required in order to do Alamouti encoding. This feature may be hard to be accommodated in the ePDCCH PRB pair. If the OCC length could be reduced, for example down to 2, it becomes easier to accommodate ePHICH REs in the ePDCCH PRB pairs with the support of spatial diversity via Alamouti encoding or rank 1 random beamforming. An example of alternative II is shown in Fig.1. The only difference from the legacy PHICH is the OCC length.
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Fig.1. Example of alternative II ePHICH PHY structure.
Alternative III: We can design a new ePHICH PHY structure and ePHICH shares the same PRB pair with ePDCCH. As shown in Fig.2, the ePHICH design uses FDM/TDM instead of CDM for A/N multiplexing. Similar to the legacy PHICH, each A/N bit is repeated N times and BPSK modulated. N depends on the frequency diversity order. I/Q multiplexing is still used in one ePHICH group. The number of A/N bits supported per ePHICH group is M. The ePHICH REs in one PRB pair can puncture all the eREGs in the same PRB pair evenly to minimize the impact on the ePDCCH performance. The main advantages of this alternative include:

1) More flexible RE sharing with ePDCCH;

2) In the previous CDM based ePHICH structure, all the REs (12 or 6) of each ePHICH group are used even though only one ACK/NAK bit is transmitted in the ePHICH group. With the proposed FDM/TDM structure, only N REs are used to transmit one A/N bit to one UE. The remaining REs in the ePHICH group can be used by ePDCCH transmission. So from ePDCCH decoding viewpoint, those ePHICH REs can be viewed as punctured REs.
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Fig.2. Example of Alternative III ePHICH PHY structure
The performance and multiplexing capability of alternative III depend on the repetition number N. In Fig.3, we show some performance comparisons between alternative III and alternative I with different assumptions (detailed assumptions are in the appendix). Two cases are compared:

1) Case 1: In RAN4 test case [4], maximum 3 A/N bits (OCC sequence indexes 0,1,4 are used. 0 for desired A/N) are assumed to be multiplexed in the same PHICH group (12 REs). The resultant spectrum efficiency is 1/4 bps/Hz. So we select N = 4 in alternative III ePHICH to achieve the same SE as PHICH and compared it with alternative I, which is very similar to the legacy PHICH. 
2) Case 2: In alternative I, one ePHICH group maximally supports 8 A/N bits, then the SE = 2/3bps/Hz. Correspondingly we set N=3 and multiplex 2 A/N bits in the 3 REs using I/Q multiplexing to achieve the same SE as alternative I. Since RAN4 does not have test assumptions for this fully loaded case, we simply assume desired A/N bit and each interference A/N bits are allocated with the same power.
For case 1, alternative III outperforms alternative I by 1.3dB because of frequency diversity order increase from 3 to 4 and also alternative III doesn’t have inter-code interference, which exists in alternative I. For case 2, two alternatives have similar performances because they have the same frequency diversity order and similar I/Q interference.
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Fig.3. Performance comparison of alternative I and alternative III
Proposal 1: ePHICH should share the same PRB pairs with ePDCCH. 

Proposal 2: The ePHICH physical layer structure should be compatible with the final ePDCCH PHY structure.
3. ePHICH Resource Mapping
If ePHICH shares the same resources with ePDCCH, the resource mapping of ePHICH depends on the final ePDCCH PHY structure, such as the definition of eREG, spatial diversity scheme and eCCE to RE mapping. Although it is better to discuss detailed ePHICH resource mapping schemes after ePDCCH has been finalized, some principles can still be kept in mind:
1) ePHICH resource should share the same PRB pairs that are allocated to ePDCCH for efficient resource utilization, and it can be further reduced to share the same PRB pairs as common search space.
2) In order to meet the challenging BER target such as ACK->NAK 1% and NAK->ACK 0.1%, the resources used to transmit one ACK/NACK bit should be distributed in multiple ePDCCH PRB pairs to achieve frequency diversity.
3) In each ePDCCH PRB pair, the ePHICH REs of each ePHICH group should be evenly distributed in each eREG.

4) If one ePDCCH PRB pair contains ePHICH resources, ePDCCH can do rate matching around the ePHICH REs or puncture the ePDCCH symbols mapped on the ePHICH REs. However, since UE is transparent to the puncturing process, if the REs allocated to ePHICH are not used, they can be used to transmit the corresponding ePDCCH symbols to improve the performance of ePDCCH.
5) The UERS antenna ports used to decode ePHICH should be implicitly associated with the ePHICH resource as shown in the companion contribution [5]. Since ePHICH and ePDCCH share the same PRB pair, ePHICH and ePDCCH that are associated with the same APs should follow the same transmission mode to simplify the receiver processing.
4. Conclusion
In this contribution we present several designs of ePHICH physical layer and take into account the compatibility with the prospective ePDCCH physical layer structure. In addition, we also list several principles in ePHICH resource mapping assuming ePHICH and ePDCCH share the same PRB pairs. The proposals are reiterated as following: 
Proposal 1: ePHICH should share the same PRB pairs with ePDCCH. 

Proposal 2: The ePHICH physical layer structure should be compatible with the final ePDCCH PHY structure.
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6. Appendix

Table 1 Simulation assumptions

	Parameter
	Value

	System bandwidth
	10 MHz

	Channel model
	ETU 70Hz, 1x2

	Resource mapping
	3 REGs distributed in 3PRB pair in Alt I; 
N REs distributed in N PRB pairs in Alt III

	Power offset (w.r.t the 1st interference)
	[-4 0 -3] dB for Alt I in case 1

[0 0 0 0 0 0 0 0] for Alt I in case 2

[0 0] for Alt III in case 2

	Channel estimation
	2D-MMSE

	Receiver
	ML

	Reference signal
	UERS port 7 for ePHICH demodulation
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