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1. Introduction
There have been discussions on the necessity of R-PHICH which delivers DL ACK/NACK for UL backhaul data transmission in a physically separated channel. This contribution provides a view on this issue.
2. Discussions
There exist two types of UL retransmission in Rel-8; non-adaptive and adaptive retransmission. The non-adaptive retransmission is performed based on PHICH only, without having a retransmission grant. The adaptive retransmission is always controlled by retransmission grant in PDCCH, and UE ignores DL ACK/NACK delivered in PHICH when it detects a retransmission grant. NDI bit in a retransmission grant can be interpreted as an implicit DL ACK/NACK as UE retransmits the previously transmitted codeword if NDI bit is not toggled.
If all the UL backhaul HARQ errors are managed by adaptive retransmission, i.e., by retransmission grants in R-PDCCH, there is no need for R-PHICH irrespective of the PUSCH transmission mode -- SPS or non-SPS; R-PHICH is necessary only when non-adaptive retransmission is used in UL backhaul HARQ. Thus, the necessity of R-PHICH can be justified only after the effectiveness of non-adaptive retransmission is shown in consideration of the design complexity and resource consumption that would be caused by introducing R-PHICH.
One consideration point is the UL backhaul retransmission probability. As backhaul link is expected to be more stable due to several features captured in [1] (fixed/nomadic relay, RN site optimization, directional antenna in backhaul link, low penetration loss, existence of LOS component, …), the retransmission probability will be lower than that of the link between eNB and UE. In this case, the amount of information delivered by R-PHICH would be small because UL backhaul transmission is received successfully with a high probability and a UL grant for a new transmission is sent accordingly in most cases. 
The effect of introducing R-PHICH on the control signal overhead is analyzed. Here, p denotes the retransmission probability, N1 denotes the number of REs used for R-PHICH for each RN, and N2 denotes the number of REs used for R-PDCCH for each RN. The difference of the control signal overhead is in that some resources are occupied by R-PHICH when R-PHICH exists and the some resources are used for retransmission grants when R-PHICH does not exist. All the other control overhead (e.g., UL grant for new transmission) is the same in the two cases. We focus on this difference in this contribution.

The overhead is equal to N1 REs for each RN when R-PHICH exists. When R-PHICH does not exist, the overhead is equal to the amount of the resources occupied by retransmission grants which is given by N2*p under the assumption that all the decoding errors are recovered after one retransmission. Table 1 compares the overhead of the two cases. Here, we set N1=12/4 by assuming the maximum level of PHICH multiplexing (8 DL ACK/NACK per 12 REs) and two-codeword transmission for each RN. We set N2=36 by assuming that R-PDCCH size is equal to that of PDCCH with aggregation level 1. Also, we assume that no adaptive retransmission is used when R-PHICH exists, which implies that the potential resource saving effect that can be obtained by adaptive retransmission is not taken into consideration.  We can observe in the table that introducing R-PHICH is not desirable for the control overhead reduction when the retransmission probability is low. A similar observation was made in [2].
	Retransmission probability (p)
	Overhead when R-PHICH exists (N1)
	Overhead when R-PHICH does not exist (N2*p)

	0.01
	3
	0.36

	0.03
	3
	1.08

	0.05
	3
	1.80

	0.07
	3
	2.52

	0.09
	3
	3.24


Table 1. Comparison of control signal overhead required for the instruction of UL retransmissions (average number of REs per RN).
3. Conclusion
It is concluded in this contribution that R-PHICH is not necesssary considering the complexity and resource consumption that would be caused by introducing R-PHICH. We propose to manage all the retransmissions of UL backhaul by retransmission grants in R-PDCCH (i.e., adaptive retransmission) without having R-PHICH.
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