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1 Introduction

In RAN1#58bis, a list of issues was identified for type 1 relay backhaul design. One issue is the need for R-PHICH in response to uplink backhaul transmission. This issue has been discussed in subsequent meetings, e.g., in [1], and a WF was proposed in [2], where the eNB uses UL grant with non-toggled NDI bit for adaptive Un UL HARQ re-transmissions.
While ACK/NACK on the downlink backhaul is to be supported, the question is if a separate channel such as R-PHICH is necessary. This contribution discusses the dominance of non-adaptive HARQ for the relay uplink. If only non-adaptive HARQ is supported, R-PHICH may be more efficient way to provide ACK/NACK response than relying on R-PDCCH alone.
2 LTE Uplink HARQ Operation 
For Rel-8 the uplink HARQ operation, synchronous HARQ is defined where the downlink ACK/NACK response occurs at a fixed time (i.e., 4 subframes after uplink transmission in FDD) in response to the uplink transmission. On the other hand, both adaptive and non-adaptive HARQ are supported, requiring both PHICH and PDCCH to provide the HARQ feedback. The UL HARQ operation is summarized in Table 9.1-1 of 3GPP 36.300 v9.2.0 and copied below.

Table 9.1-1 (3GPP 36.300 v9.2.0).: UL HARQ Operation

	HARQ feedback  seen by the UE
	PDCCH
seen by the UE
	UE behaviour

	ACK or NACK
	New Transmission
	New transmission according to PDCCH

	ACK or NACK
	Retransmission
	Retransmission according to PDCCH (adaptive retransmission)

	ACK
	None
	No (re)transmission, keep data in HARQ buffer and a PDDCH is required to resume retransmissions

	NACK
	None
	Non-adaptive retransmission


While adaptive mode exists, the non-adaptive operation is the basic mode where the set of resource blocks used for the transmission is identical to the initial transmission. Thus, only a single bit ACK/NACK transmitted on the PHICH is needed. The NACK transmitted on the PHICH can be viewed as a single bit scheduling grant for retransmissions where the set of bits to transmit and the physical resources are known from the previous transmission. The transmit format and the RB allocation for the retransmission are the same as the previous transmission. The redundancy version follows a predefined pattern, where the next redundancy version in the pattern is used whenever a NACK is sent on the PHICH. 
When explicit PDCCH response exists, PHICH is ignored. Rather the new data indicator in the uplink scheduling grant of PDCCH notifies the UE whether the transport block should be retransmitted or not. The new data indicator toggles for each new transport block. Since the uplink scheduling grant is sent on PDCCH, parameters like modulation, coding rate, redundancy version, RB allocation can be potentially changed for the retransmission. 
3 Relay Uplink HARQ 
According to 36.814 v1.3.2, for relay backhaul link the set of downlink subframes during which backhaul transmission may occur is semi-statically assigned. The set of uplink backhaul subframes, during which uplink backhaul transmission may occur, can be semi-statically assigned, or implicitly derived from the downlink backhaul subframes using the HARQ timing relationship. The “R-PDCCH” is used to dynamically or “semi-persistently” assign resources, within the semi-statically assigned sub-frames, for the downlink backhaul data). The R-PDCCH may assign downlink resources in the same and/or in one or more later subframes.
Considering the relay backhaul link property, it is likely that as opposed to [2], the non-adaptive HARQ mode would be sufficient for the relay backhaul link. Several reasons are listed as below.

· The resources may be semi-persistently assigned to save control overhead and the R-PDCCH may not be present in all subframes, or may contain only minimal information. Requiring the R-PDCCH for adaptive HARQ would defeat the purpose of saving resources.

· Since the channel condition on the backhaul link is expected to be relatively stable, it is unlikely that the RB allocation or the transmit format need to change dynamically for the retransmissions. Rather the RN can simply reuse the allocation in the initial uplink grant. 

· Since the backhaul link has relatively good channel quality, it is unlikely that the RN would miss the initial scheduling grant. Thus there is no need to provide the modulation and coding information again for the retransmissions in case the initial grant was lost.

· The backhaul downlink still has the need of sending NACK even if other parameters do not need to be repeated. Since the backhaul link capacity is recognized as the bottleneck for relay performance, aggressive transmission schemes such as higher order modulation, higher-layer spatial multiplexing are expected to be utilized on the backhaul. This need is amplified by the limited resources available to the backhaul, considering that the backhaul link is TDM-ed with the relay access link, and the number of usable OFDM symbols per subframe may be smaller than a regular subframe. 
4 Implementation Issues

One of the concerns with having a R-PHICH is increased overhead. However, as shown in [1], the increased overhead is minimal. On the contrary, there might even be reduced overhead if a lot of NACKs are sent. This would happen for instance if the BLER target operating point is high, and/or the number of RNs is large.

Implementation of the R-PHICH should be relatively straightforward since it reuses Rel-8 design. Such an implementation would be straightforward for a TDM+FDM implementation of the R-PDCCH since the R-PHICH could be carried in the TMD-ed portion of the control channel. For FDM, the R-PHICH format would be slightly different since it could not be TDM-ed anymore. However, the new design should be relatively simple. However, not having a R-PHICH would be even simpler since there would be no need to design a new channel, although a new control message would probably have to be defined.

These implementation issues need to be carefully understood before deciding whether the R-PHICH is needed or not.
5 Conclusions
In conclusion, non-adaptive HARQ should be sufficient for uplink backhaul. In that case, defining a single bit R-PHICH would be an efficient way to convey the ACK/NACK information
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