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 Downlink Hop by Hop HARQ for Multihop Non-transparent RS with Distributed Scheduling
LIU Yang, QU Hongyun, CHEN Yuqin, and XU Ling
ZTE
Introduction
This contribution proposes the hop-by-hop HARQ for multihop HARQ (hybrid ARQ) for WiMAX multihop non-transparent relay networks with distributed scheduling. A representative MR-BS multihop network of non-transparent RSs with distributed scheduling is shown in figure 1. Only RS1 is able to communicate with the MR-BS and communications with the MS occur via the multi-hop path from MR-BS through RS1 and then RS2.
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Fig. 1 A Representative MR-BS Multihop Network of Non-transparent RSs
In previous contributions, two types of RS are defined as transparent RS and non-transparent RS. The non-transparent RS may transmit its own preamble and DL/UL MAP while transparent RS simply relay the preamble and DL/UL MAP from MR-BS. Furthermore, non-transparent RS has two types, centralized and distributed scheduling. The centralized scheduling RS does not create its own DL/UL MAP but may modify the MAP from MR-BS if necessary. As a contrast, the distributed scheduling RS generates its own DL/UL MAP.
Previous work in [1] proposes an end-to-end HARQ design for the non-transparent multihop centralized-scheduling networks. When RS receives one HARQ burst, the ACK will not be sent immediately. Instead, the RS relays the HARQ burst to the subordinate stations.  The ACK from MS will be relayed to MR-BS when MS received the burst successfully. The MAP allocates the uplink ACK channel according to the successful transmission. However, the resource will be wasted if the burst relay fails. 
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Fig. 2 End-to-end HARQ for non-transparent with centralized scheduling.
An example of the end-to-end HARQ for centralized scheduling is shown in Fig. 2. Here a best case scenario is depicted where an RS is able to decode a DL burst that occurs near the front of the DL sub-frame and perform the relay of this burst onto the next hop in the next frame and where the HARQ ACK delay is set at 1 frame. Since the ACK channels are previously defined, when the relay from RS1 to RS2 fails, the retransmission will be scheduled at frame 9 by MR-BS after the NAK from RS2 is received.

For the multihop network with distributed scheduling, it can be shown that hop-by-hop HARQ performs better than end-to-end HARQ in the presence of HARQ burst reception failures at any hop. This is possible due to the autonomous scheduling done at each RS so that feedback of reception failure does not have to be returned all the way to the MR-BS before retransmissions can be scheduled. Therefore, hop-by-hop HARQ is proposed as the HARQ relay mode to be used with distributed scheduling. In the hop-by-hop design, an RS receives the HARQ burst from the superordinate station and responds immediately indicating the success (ACK) or failure (NACK) of reception of the HARQ burst over that hop. If the reception was successful, this HARQ burst is then forwarded to the next subordinate station. If the reception had failed, the superordinate station retransmits the HARQ burst in response to the NACK received from the subordinate station.
An example of hop-by-hop HARQ with distributed scheduling in the representative multihop network (given by figure 1) is shown in figure 3. In figure 3, MR-BS transmits the HARQ burst and receives the ACK from RS1 in frame 2. Simultaneously, the HARQ burst is relayed by RS1 to RS2. In this manner, when the transmission fails at the second hop (RS1 to RS2), the retransmission will happen at frame 5. Compared to the case in figure 2, where the retransmission happens at frame 9, the hop by hop design is more efficient in the sense of retransmission. 
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Fig. 3 Hop-by-hop HARQ for non-transparent RS with distributed scheduling.
Specified Text Changes

[Insert new sub-clause 6.3.17.4.1.2]

6.3.17.4.1.2 DL Hop by Hop HARQ for Multihop Non-transparent RS with Distributed Scheduling
The hop-by-hop HARQ shall be used for distributed scheduling RS scenarios.
In the hop-by-hop design, each hop shall use independent HARQ transactions between a station (which may be MR-BS or an intermediate RS). For hop-by-hop HARQ, the HARQ transactions shall adhere to the same protocols and procedures as between a BS and MS in a non-relay network 
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