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1 Introduction
Whether to support R-PHICH is still an open question after several rounds of email discussions on its necessity. This contribution provides some justifications on the need of R-PHICH.
2 Discussion

2.1 Control Overhead of ACK/NACK per RN
HARQ is assumed for backhaul uplink even though its channel tends to have better quality than that of the direct link. Without the dedicated channel carrying ACK/NACK, R-UL grant has to be transmitted to facilitate HARQ. While the R-UL grant based HARQ has a potential to more closely adapt to the ever-changing channel conditions than explicit ACK/NACK, it comes at the cost of significant overhead of R-PDCCH. The overhead depends on retransmission probability, CCE level and the number of RNs per donor cell.

LTE-A uplink supports SU-MIMO, meaning that up to two transport blocks (TBs) can be transmitted from a scheduled UE in a subframe per UL component carrier. Since the backhaul of type 1 relay is generally the throughput bottle-neck, it is very likely that SU-MIMO would be supported in backhaul uplink. In [2] it is agreed that, “If layer shifting is configured, the HARQ-ACKs for all transport blocks are bundled into a single HARQ-ACK. One-bit ACK is transmitted to the UE if all transport blocks are successfully decoded by the eNodeB. Otherwise, one-bit NACK is transmitted to the UE. ” In another word, the block error rate (BLER) after 1st HARQ transmission, for uplink SU-MIMO would be set differently from that for uplink SIMO. For example, if the operating BLER is 1% for single transport block (e.g., SIMO), the joint BLER of two transport blocks (any one would fail) is roughly 2% assuming that the channels of different layers are un-correlated. In the follow analysis, 1 CCE is assumed composed of 36 REs as in Rel-8. Due to the relatively good channel conditions in backhaul link, only two CCE aggregation levels are considered: 1 and 2.
Table 1: Comparison of control overhead per RN 
	
	1 CCE per R-UL grant
	2 CCEs per R-UL grant

	
	1% BLER for 1 TB
	10% BLER for 1 TB
	1% BLER for 1 TB
	10% BLER for 1 TB

	R-UL grant only
	36*0.02=0.72 RE
	36*0.2=7.2 REs
	72*0.02=1.44 REs
	72*0.2=14.4 REs

	R-PHICH only
	12/8=1.5 REs
	12/8=1.5 REs
	12/8=1.5 REs
	12/8=1.5 REs

	50%-50% mix
	1.11 REs
	4.35 REs
	1.47 REs
	7.95 REs

	30%-70% mix
	1.26 REs
	3.21 REs
	1.48 REs
	5.37 REs

	70%-30% mix
	0.95 RE
	5.49 REs
	1.46 REs
	10.5 REs


Table 1 shows that 0.72 resource element (RE) is needed for each RN when R-UL grant is solely used for ACK/NACK. If R-PHICH is solely used, the control overhead stays the same at 1.5 REs regardless the BLER operating point or SU-MIMO/SIMO transmissions. When half of ACK/NACKs are carried by R-UL grants and half of ACK/NACKs are carried by R-PHICH, the control overhead is 1.47 REs per RN. 
It is seen that using R-PHICH would increase the overhead when 1 R-UL grant is composed of 1 CCE and retransmission probability of transport block is very low, e.g., 1%. However, for other cases, R-PHICH brings lower overhead, especially when HARQ retransmission probability gets higher and CCE aggregation level increases.
The control overheads of the above five cases are shown in Figure 1 and Figure 2 under the assumption of SU-MIMO in backhaul uplink,. When the retransmission probability is higher than 2%, R-UL grant only case has the highest overhead. If 1 R-UL grant is composed of 2 CCE as in Figure 2, the cross-over occurs at 1% retransmission probability. Similarly, when only one block is transmitted (e.g., SIMO), the cross-over happens at 4% and 2% BLER as shown in Figure 3 and Figure 4.
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Figure 1: Control overhead comparison (1CCE  2TB)
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Figure 2: Control overhead comparison (2CCE  2TB)
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Figure 3: Control overhead comparison (1CCE  1TB)
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Figure 4: Control overhead comparison (2CCE  1TB)
2.2 Total Overhead for ACK/NACK
The total overhead also depends on the total number of RNs per marco-cell. In the relay simulation methodology [2], up to 10 RNs are assumed for each donor eNB. However in real deployment, a large number of relay nodes would be needed, especially due to:
· Relatively small coverage of each type 1 relay. Given the pathloss model, antenna gain/pattern, transmit power of a RN-UE link, a coverage area of a RN is about 1% of the marco-cell. Assuming for example, 30% of marco-cell area needs to be filled/extended/enhanced by type 1 relay nodes, roughly 30 RNs will be needed.

· Indoor relay has been identified as a deployment scenario in [2] which means that potentially there will be many RNs in a macro-cell especially in densely populated areas
In RAN2, up to 100 RNs are assumed which may reflect the deployment situations not listed in [2]. Therefore, if backhaul uplink HARQ solely replies on R-UL grants, the total number of REs required for ACK/NACK would soon become unbearable (e.g., 10~20 total PRBs) when the number of RNs approaches 100 and the retransmission probability is around 10%.
2.3 Simpler Receiver Processing
Less receiver processing is needed for R-PHICH detection due to the underlying non-adaptive HARQ. With R-PHICH, only blind decoding is performed to identify whether there is an ACK/NACK in this subframe, i.e., the process of decoding the information in a scheduling grant is not necessary. By comparison, decoding an R-UL grant involves the process of blind decoding followed by NDI identification.
2.4 Impact on UL HARQ Operation 
For FDD, 8 ms RTT is agreed to be the baseline for backhaul uplink. From a number of contributions on HARQ operation and uplink backhaul subframe allocations in [3][4], it is seen that synchronous HARQ can be accommodated without significant conflicts with HARQ operations in the access link. Here synchronous HARQ should be understood as RTT of both 8ms and 16ms being supported in backhaul uplink. Therefore, R-PHICH fits nicely with the baseline assumption of HARQ RTT in backhaul uplink. 
In fact, given the semi-static nature of uplink backhaul subframes, the room is very limited for UL-grant based asynchronous HARQ. 
For TDD, R-PHICH is supposed to carry the subframe offset information for ACK/NACK feedback, the similar way as Rel-8 PHICH in order to fit TDD subframe structure. In this sense, there is no significant issue with HARQ operation in TDD regarding to the support of R-PHICH. 

3 Summary
The necessity of R-PHICH was discussed from the following aspects: the control overhead, receiver processing and HARQ operations. Based on the analysis, we propose to introduce R-PHICH for backhaul link.
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