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Hop by Hop vs End to End HARQ
1.  Introduction
In DL HARQ for transparent RS with hop-by-hop relaying (6.3.17.4.2.1 of [1]), the retransmission procedure is described as “If the RS does not receive the HARQ sub burst successfully, the RS shall send a NACK signal to the MR-BS. Upon receiving the NACK from the RS, the MRBS shall retransmit the HARQ sub burst to the RS. When HARQ sub-burst is successfully received at RS, MS-BS request RS to transmit HARQ sub-burst.” .
It could be shown as figure 1.
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Figure 1 Retransmission in the first hop

It could be found that the MR-BS needs to allocate DL MAP hop by hop. Just after receiving the ACK from RS, the BS allocates the resource for next hop, which will cause extra transmission delay. 
If the BS allocates the DL MAP end-to-end (allocate bandwidth over all the links in the path at the same time), when RS receives the burst correctly, it can forward it immediately, which will reduce transmission delay significantly. It is shown in figure 2 below.
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Figure 2, end-to-end allocation, no retransmission

The problem of end to end allocation is that when RS receives the burst incorrectly, it has no burst to forward to the MS. But the MS does not know it and will still receive the empty burst, and then it will combine the empty burst with the burst received latterly, which will cause gain degradation in burst decoding. It can be show as figure 2 below.
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Figure 3. end to end allocation, retransmission

2. Proposed Scheme

A method is proposed here to prevent MS to combine the empty burst with the burst retransmitted. The method is to reverse the value of AI_SN parameter in the HARQ MAP IE when RS receives incorrectly and BS allocate bandwidth for retransmission. It can be shown as figure 4 below.
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Figure 4 Reverse AI_SN for retransmission to RS

As can be seen, when RS receives the burst incorrectly, BS shall allocate bandwidth end to end for retransmission, but it reverse the value of AI_SN in the HARQ MAP for MS. So, MS will not combine the empty burst with the burst received latterly.

3. Proposed Text Changes

---------------------------------------------------------Start of the Text----------------------------------------------

[Adopt the following text modification to the P802.16j baseline document]
6.3.17.4.2.1 RS hop-by-hop HARQ

When MR-BS or RS sends a HARQ sub burst to MS through RS, the RS shall receive the HARQ sub burst from the MR-BS for relaying the burst to the MS. If the RS receives the HARQ sub burst correctly, then the RS sends an ACK signal to the MR-BS and saves it for the event that there may be a retransmission to MS. Subsequently, the RS forwards the sub burst to the MS. If the RS does not receive the HARQ sub burst successfully, the RS shall send a NACK signal to the MR-BS. Upon receiving the NACK from the RS, the MRBS shall retransmit the HARQ sub burst to the RS. When HARQ sub-burst is successfully received at RS, RS forwards the sub burst to the MS. When the MR-BS receives a NACK from the MS, the MRBS notifies the RS to retransmit the HARQ sub burst to the MS, and the RS shall retransmit the stored correct HARQ sub burst to the MS.
MR-BS may allocate DL MAPs for the RS and the MS either hop by hop (i.e. allocate DL MAP for the MS after receiving ACK from RS), or end-to-end (i.e. allocate DL MAPs over all the links in the path at the same time). If the MR-BS allocates DL MAP end-to-end, when receiving NACK from the RS, it may reallocate new DL MAPs for all links for retransmission. In such a case, the value of AI_SN in the DL MAP for the MS shall be reversed, which prevents the MS from combining the previous empty burst with the current burst.
---------------------------------------------------------End of the Text-----------------------------------------------

4. Reference
[1]
P802.16j/D1, “Part 16: Air Interface for Fixed and Mobile Broadband Wireless Access Systems Multihop Relay Specification”
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