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1 Introduction
In. this contribution we provide further analysis of R-PHICH.
2 Discussion

2.1 Advantage of overhead
In the absence of special PHY channel to carry ACK/NACK, backhaul UL HARQ has to be operated via R-UL grant. Obviously, adaptive HARQ depending on R-UL grant has more flexibility in operations than explicit ACK/NACK, but the main advantage of explicit ACK/NACK over adaptive HARQ is the less overhead. The overhead depend on retransmission probability, CCE level and the number of RN.

Currently, LTE-A supports UL single user spatial multiplexing, meaning that up to two transport blocks can be transmitted from a scheduled UE in a subframe per UL component carrier, i.e., UL RN may also support spatial multiplexing. It is agreed in [2], “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 other words, we should consider at least two transport blocks when analyzing overhead. Where it is assumed, there is 10 RNs in donor eNB and 1 CCE is composed of 36 REs.

Table 1: Comparison of overhead
	
	1 CCE for one R-UL grant,

1% (reTx-P) for one TB
	1 CCE for one R-UL grant,

10% (reTx-P) for one TB
	2 CCEs for one R-UL grant,

1% (reTx-P) for one TB
	2 CCEs for one R-UL grant,

10% (reTx-P) for one TB

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

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

	Coexistence proportion (5:5)
	1.11 REs
	4.35 REs
	1.47 REs
	7.95 REs

	Coexistence proportion (3:7)
	1.26 REs
	3.21 REs
	1.48 REs
	5.37 REs

	Coexistence proportion (7:3)
	0.95 RE
	5.49 REs
	1.46 REs
	10.5 REs


Above table shows the overhead comparison. If retransmission probability of each transport block is 1%, two transport blocks are approximately 2%. The grid in yellow indicates that each RNs’ average overhead is 0.72 RE when only R-UL grant is used for ACK/NACK. The grid in red represents the case that only R-PHICH is used for ACK/NACK and this mode has nothing to do with CCE and retransmission probability, corresponding each RNs’ average overhead is 1.5 REs. The grid in green indicates that each RNs’ average overhead is 1.47 REs when both R-UL grant and R-PHICH (5:5) are used for ACK/NACK. The grid in blue indicates that each RNs’ average overhead for different mix ratios of R-UL grant vs. R-PHICH.
We can see that R-PHICH does increase the overhead when 1 R-UL grant is composed of 1 CCE and retransmission probability of transport block is 1%. However for all other cases, R-PHICH brings lower overhead, especially when retransmission probability becomes higher.
For two transport blocks, overheads of five cases are shown in the Figures 1~2. When retransmission probability is larger than 2%, R-UL grant-only case has highest overhead as shown in the Figure 1, in another word, the overhead of R-PHICH only and mixed cases is less than R-UL grant-only. We can see switching of overhead is 1% retransmission probability in Figure 2, if 1 R-UL grant is composed of 2 CCEs. Similarly, when only one block is transmitted, switching of overhead is 4% and 2% as shown in Figures 3~ 4.
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Figure 1: Comparison of overhead (1CCE  2TB)
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Figure 2: Comparison of overhead (2CCE  2TB)
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Figure 3: Comparison of overhead (1CCE  1TB)
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Figure 4: Comparison of overhead (2CCE  1TB)
2.2 Advantage of scenario
Besides the overhead advantage, R-PHICH is more suitable for SPS mechanism in backhaul link when almost no UL grant is configured for a long period of time. Moreover, for backhaul link, it is less necessary to adopt adaptive HARQ even though transport block occur error, given the rather stable frequency selectivity of the channel.
2.3 Advantage of detection complexity
Only blind detection is needed in R-PHICH reception, i.e., the process of identifying signalling is not be needed. However, for R-UL grant mode, the process of identifying NDI is required, followed by the blind detection, because retransmission depends on NDI.
3 Summary
Overhead, scenario and detection complexity of R-PHICH were discussed. We proposed that R-PHICH needs to be introduced for backhaul link.
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