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1 Introduction

The necessity of the ePHICH is discussed with the necessity of CSS for ePDCCH [1][2]. We proposed no ePHICH in Rel.11. We think the overall potential saving of a potential ePHICH compared to sending an explicit ePDCCH on the system perspective is negligible within current target deployment. In this document, we compare three possible approaches to support UL HARQ with ePDCCH.

In section 2.1, we compare alternatives for PHICH like operation. According to the discussion, we identify the merit of ePHICH is only to reduce the DL control overhead for UL non adaptive retransmissions. The gain depends on the target BLER of PUSCH, expected coding rate of DL control signalling. These are analyzed in section 2.2
2 Discussion 
2.1 Comparison of Alternatives
Alternative 1: new ePHICH as ACK/NACK

In alternative 1, the HARQ mechanism is identical to Release 8. The ePHICH either triggers a non-adaptive retransmission (NACK) or suspends transmissions for the HARQ process until an ePDCCH for the same HARQ process is received (ACK). It should be noted that the content of the ePHICH is ignored if it coincides with the reception of ePDCCH. The ePDCCH either indicates a new transmission by a toggled NDI or a retransmission by a non‑toggled NDI. 
Alternative 2: PHICH is reused

In alternative 2, the HARQ mechanism is completely identical to Release 8.
Alternative 3: no ePHICH and no PHICH

In alternative 3, retransmissions are always scheduled by ePDCCH similar as relay operation. The ePDCCH indicates new transmissions by a toggled NDI and retransmissions by a non-toggled NDI. If a UE does not receive an UL grant on ePDCCH, the UE enters "suspend" status (equivalent to Release 8 "PHICH=ACK" with no PDCCH in Rel-8) until a new UL grant on PDCCH for that HARQ process is received. 

In Alternative 1 (ePHICH), ePHICH could design to work efficiently in eICIC condition than alternative 2 (rel.8 PHICH). However, ePHICH further complicates the search space design. Some eCCE/eREG or a part of assigned PDSCH resources should be reserved for ePHICH. In practice, that means that ePDCCH or PDSCH should be mapped around the ePHICH REs, since the UEs should assume that the relevant REs are always occupied by ePHICH.
Alternative 2 (PHICH) has less spec impact. However, it has potential shortage of PHICH resources. PHICH needs to carry A/N feedback for transmissions that are assigned by PDCCH as well as by ePDCCH. Even if numerically sufficient resources are available, there is still a PHICH resource collision probability that may require complex planning or management at the eNB
In Alternative 3, no radio resource for ePHICH is necessary and no procedure to associate UL transmissions with an ePHICH index required. Then it would be simple HARQ protocol and almost no added spec impact compared to "normal" ePDCCH specification. However, for each retransmission, an ePDCCH is necessary in alternative 3. We compare the overhead of ePDCCH and ePHICH in section 2.3. From our analysis, difference between ePHICH and no ePHICH is very small. 
For SPS, the probability of requiring a retransmission of an SPS first transmission goes above the target BLER particularly if the channel condition on the configured PUSCH resource becomes inferior. In such a case, it is therefore suboptimum to use a retransmission on exactly the same resources, i.e. to trigger a non-adaptive retransmission. Instead, it is much better to assign an adaptive retransmission in order to utilize better frequency resources. This requires the use of an ePDCCH. Therefore in a practical system, we think the percentage of ePDCCH use will not be on the lower end. In consequence, the system benefit of having an ePHICH for SPS is not large or not present.   
2.2 Impact of overhead of ePDCCH and ePHICH
The gain of the PHICH in Release 8 is to reduce the DL control overhead for UL synchronous retransmissions. From a HARQ protocol perspective PHICH is not needed. 
Therefore, we should discuss the overhead of ePDCCH and ePHICH in detail. 

Figure 1 and Figure 2 show the ePDCCH and ePHICH overhead for alternatives 1 (ePHICH + ePDCCH) and alternative 3 (ePDCCH only) for a 10MHz system bandwidth and 10 UEs. The calculation details are shown in the Annex. 
For alternative 1, we consider different probabilities for applying adaptive retransmissions, i.e. probabilities for using a ePDCCH for triggering retransmissions despite the availability of ePHICH. 
Figure 1 and Figure 2  show that for a given PUSCH BLER operation point the overhead difference between alternative 1 and alternative 3 is very small. In large probability of adaptive retransmissions, alternative 3 (PDCCH only) actually causes less overhead than alternative 1 (PHICH + PDCCH).

According to the discussion of section 2.1 and 2.2, we propose not to support ePHICH.
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Figure 1 Overhead of ePDCCH and ePHICH (aggregation level 2)
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Figure 2 Overhead of ePDCCH and ePHICH (aggregation level 4)
2.3 Operation and behaviour for simultaneous PDCCH and ePDCCH reception
At least in Release 11, it should be possible that a UE monitors both PDCCH and ePDCCH in the same subframe on a backward compatible carrier. The UE behaviour with respect to detetcting PHICH might be:
· When an UL grant on PDCCH is detected, the UE checks the PHICH 8 subframes later in FDD. 
· When an UL grant on ePDCCH is detected, the UE doesn’t check PHICH on 8 subframes later in FDD. If no corresponding ePDCCH is detected at that time, the HARQ process is suspended (like PHICH=ACK)
The error handling when the last detected UL grant is uncertain between PDCCH or ePDCCH needs to be analyzed further taking into account misdetection probability and CRC length. In addition, it might be worth to consider semi-statically prohibit to receive PHICH in order to avoid false detection of PHICH in severe SINR condition from CRS perspective. For NCT, a UE monitors only ePDCCH in NCT when non cross carrier scheduling is configured. In this case, the UE should check only ePDCCH for retransmission triggering on NCT.
3 Conclusion 
We propose that only adaptive retransmissions always requiring an ePDCCH are supported, similar to the case for the relay backhaul link. 
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Annex
[Parameters]

	The number of REs per ePHICH  
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	The number of REs per eCCE 
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	The number of REs per RB（normal CP）
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	Channel bandwidth 
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	Transmission bandwidth configuration 
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	The number of REs per channel bandwidth 
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	Aggregation level 
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	The number of UEs 
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[Assumptions]

· Number of retransmissions is limited to one.

· Overhead does not include DL ePDCCH.
· At most 4 ACK/NACK are multiplexed in ePHICH
· Alternative 1: Using separate ePHICH as ACK/NACK


overhead (%)
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· Alternative 2: Operation without ePHICH
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Figure 3. Procedure of UL HARQ mechanism without ePHICH
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