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1 Introduction
Standardization of the ePDCCH is proceeding and several important decisions have already been made [1]
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 \* MERGEFORMAT [2]. One unaddressed issue associated with ePDCCH is whether to enhance the PHICH and PCFICH, and if an “ePHICH” and/or an “ePCFICH” is needed. In this contribution, we investigate the necessity of PHICH and PCFICH enhancements.
2 Discussion on the necessity of PHICH enhancement
The PHICH carries HARQ ACK/NAK feedback for non-adaptive uplink retransmissions. The UE finds its UL ACK/NAK using an implicit mapping rule on the PHICH. The PHICH shares the control region with PDCCH under same REG structure.
The introduction of ePDCCH introduces new challenges since there are potentially more UL grants transmitted. Furthermore, the ePDCCH could also be used in conjunction with the PDCCH in a scenario 4-type deployment. Even with the addition of the ePDCCH, the PHICH resource allocation scheme must meet the following constraints:
(1) There should be enough capacity for all individual UE transmitting at the same time;
(2) There should be no collision between ACK/NAKs of two different UE.
In Rel-10, a specific PHICH resource is identified by the index pair 
[image: image1.wmf](

)

seq

PHICH

group

PHICH

,

n

n

, where 
[image: image2.wmf]group

PHICH

n

 is the PHICH group index and 
[image: image3.wmf]seq

PHICH

n

 is the orthogonal sequence index within the group. The number of PHICH group is defined as:
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The parameter 
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 is configured in PBCH. 
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 is the total number of available PRB within the system bandwidth. For a 10MHz system, there are at most 13 PHICH groups in a subframe. Considering there are 8 orthogonal sequences per PHICH group for a normal cyclic prefix, at most 104 orthogonal PHICH resources can be supported. In Figure 1, the numbers of ACK/NACK resources under different PHICH configurations are plotted.
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Figure 1. The number of A/N resources under different PHICH configurations
For CoMP Scenario 4, the number of UL transmissions in a cell requiring PHICH for ACK/NACK transmission is dramatically increased due to the larger number of active UEs. Furthermore, more UEs are able to transmit with multiple spatial layers as the channel conditions are typically improved when more than one RRH is available. The PHICH resources may also be used by other purposes, e.g. acknowledging the Msg3 transmitted by UE in the random access procedure. On the other hand, since with scenario 4, the macro eNB and all LPN typically transmit the same control channels in the control region with SFN manner, the PHICH resources cannot increased over what can be achieved for Ng = 2 regardless of the total number of RRHs within the macro coverage. Note that simply increasing the number of PHICH groups for Rel-11 UEs may not be possible due to backward compatibility reasons. Thus, the number of PHICH resources might be insufficient for CoMP scenario 4. 
In addition to a capacity problem on the PHICH, there is also an increased risk of collisions when the ePDCCH is introduced: the UE determines its PHICH resource implicitly as defined in (2)
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 is mapped from the cyclic shift for DMRS field in the most recent PDCCH with uplink DCI format for the transport block(s) associated with the corresponding PUSCH transmission. 
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 has only 8 configurations, and for SPS scheduling, 
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 is the spreading factor size used for PHICH modulation. IPRB is the lowest PRB index in the first slot of the corresponding PUSCH transmission. With scenario 4, it may happen that two UEs transmit to different RRHs using the same 
[image: image13.wmf]_

PRBRA

I

 and 
[image: image14.wmf]DMRS

n

. Hence, the probability of collision increases with the number of deployed RRHs.
Note that PHICH transmission is not always necessary, since the eNB may also rely on adaptive retransmissions with NDI domain in UL grant. In that case, collisions and/or capacity limitations can be alleviated by switching users from non-adaptive to adaptive retransmissions when needed. However, this process would increase control overhead, thus is not really desirable. 
Observation 1: the Rel-8 PHICH design cannot meet the requirement in Rel-11 on the capacity and A/N mapping.
In order to increase the capacity of PHICH, additional time and frequency resources need to be allocated for PHICH. As the ePDCCH is being standardized to satisfy the requirement from CoMP, MIMO and new carrier type scenarios, it is natural to also look at an enhanced PHICH (ePHICH) to satisfy the same requirement as ePDCCH. Such an ePHICH could be multiplexed in frequency with a PDSCH or use some eCCEs from the ePDCCH search space, either UE-specific or common, with a new mapping for the PHICH groups and sequences.
3 Discussion on the need for ePCFICH

For Rel-10, PCFICH is used to indicate the number of OFDM symbols of the control region. Similarly, an ePCFICH could be used to indicate the resource allocation for the ePDCCH, either in time in frequency [3]
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[4]. 
For Rel-11, as discussed in several contributions, e.g. [2], the resource allocation for the ePDCCH searching space can be indicated by either dynamic signaling (e.g., specific DCI in PDCCH) or RRC signaling (just as for R-PDCCH) [5]. If dynamic signaling is used, eNB can configure the exact resources used by ePDCCH on a subframe-by-subframe basis, which eliminates the need for the ePCFICH. If indicated with RRC signaling, if the search space is large enough, there should be enough resources to choose where to send the ePDCCH. Furthermore, the PRBs in the search space not used for actual ePDCCH transmission can be scheduled for PDSCH or another ePDCCH. There is no need for additional notification to the UE.
Observation: An ePCFICH is not necessary for the indication of resource allocation of ePDCCH in Rel-11. 
4 Conclusions

The need of ePHICH and ePCFICH was investigated. It is concluded that:
· The Rel-8 PHICH design cannot meet the requirement in Rel-11 on the capacity and A/N mapping.
· An ePHICH should be designed to go along with the ePDCCH
· An ePCFICH is not necessary for the indication of resource allocation of ePDCCH in Rel-11.
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