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1
Introduction
Discussion on whether R-PHICH is needed or not for backhaul link has been ongoing for some time. In order to answer this question it should be considered whether non-adaptive or fully adaptive HARQ is adopted for backhaul uplink. In this contribution, the needs on non-adaptive and adaptive HARQ are discussed and a way forward for the needs on R-PHICH is proposed.
2
Needs on Non-adaptive and Adaptive HARQ for Backhaul Link
A non-adaptive HARQ, where retransmissions are not scheduled, means that when a UE receives a NACK, it will retransmit the transport block using the same resource as for the initial transmission; however an adaptive HARQ means the eNB will ask for a retransmission always by sending a UL grant on PDCCH. 
Taking the characteristic of relay and backhaul link into account, some points are discussed in the following subsections to clarify the needs on non-adaptive and adaptive HARQ for backhaul uplink. 
2.1
Control Channel Overhead

One main concern to use adaptive HARQ for UL backhaul is from possible large control channel overhead. However it seems control channel overhead may not be a big obstacle for backhaul link: 

According to the relay performance evaluation in [1], the backhaul geometry value is always larger than 5dB if directional antenna and RN site planning are used. Referring to our R’8 simulation results shown in table1 below, it could be observed that 1 CCE is sufficient for one PDCCH when geometry value is larger than 5dB. Thus taking 5MHz system bandwidth as an example: if using 3OS for control, it roughly has 20 R-PDCCHs available in one DL backhaul SF because there are about 20 CCEs totally. Even larger R-PDCCH number is expected if smaller CCE size is used due to the good link quality at backhaul link. Typically, less than 10 RNs could be deployed in one cell because it is likely data transmission capability of backhaul link will become bottleneck instead of control channels if more than 10 RNs are deployed [1]. Thus we think number of control channel may not be a problem for backhaul link.  
Table 1 the relationship between Geometry and CCE number

	Geometry(dB)
	-5
	-4
	-3
	-2
	-1
	0
	1
	2
	3
	4
	5
	6

	Probability to use 1 CCE
	0.0
	0.001
	0.009
	0.058
	0.225
	0.461
	0.728
	0.898
	0.972
	0.995
	0.999
	1.0


Furthermore, semi-persistent scheduling [2] for backhaul UL can be used to further reduce the control channel overhead. With semi-persistent scheduling the initial transmissions are not dynamically scheduled. This always reduces the control channel overhead a lot and make more space for dynamic retransmission. Thus, it may further reduce the need for non-adaptive HARQ.  

2.2

HARQ Operation Point

With fully adaptive HARQ, retransmissions are always scheduled and no separate ACK/NACK channel is needed because ACK/NACK information can be implicitly derived from R-PDCCH content: The R-PDCCH could either indicate a new transmission by a toggled NDI or a retransmission by a non‑toggled NDI. With adaptive HARQ, all control channels for backhaul links can be used for scheduling retransmissions for all relays and new transmissions for dynamically scheduled relays. Since relays have stable and very good backhaul link, most of packets are new transmissions and retransmission probability is then naturally quite low. Also with relays HARQ operation point is typically selected so that most of packets get through after initial transmission in order to achieve small packet delay. In [3], some calculation shows that PDCCH overhead is not a problem as well in case when relatively low BLER operation point is assumed. It is also true that HARQ timing mismatch between macro UE and UL backhaul link will generate more requests to adaptive HARQ. 
2.3
Potential Complex Control Channel Design for Non-Adaptive HARQ
With non-adaptive HARQ an additional ACK/NACK channel for backhaul link has to be designed, standardised and implemented, which gives more burden to 3GPP work. R8 work shows that sending a separate ACK/NACK is very expensive: a separate ACK/NACK has to be sent strongly coded (repetition) and with high power in order to guarantee low enough error probability [4].
Alternatively, adaptive HARQ implies that all the retransmissions are scheduled. This has the advantage that no separate ACK/NACK channel is needed in the backhaul DL. Retransmissions are requested with backhaul UL grant (implicit NACK) and a backhaul UL grant for a new transmission implies that retransmissions are not continued. Such operation will reduce complexity for design.
3
Conclusions

Based on above discussion on adaptive HARQ and non-adaptive HARQ, it looks fully adaptive HARQ is a good way forward for UL backhaul. So we propose not to use R-PHICH in backhaul link by using fully adaptive HARQ. 
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