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1. Introduction

In this contribution, backhaul subframe allocation issues considering 8ms or 10ms backhaul HARQ operation are discussed when access uplink HARQ process with 8ms periodicity is assumed. 
2. Subframe allocation for backhaul HARQ process
There’s several problems in backhaul link design such as the UL ACK loss, data collision and etc as pointed out in previous our contribution[1-2]. Considering it,  two approaches are derived as shown in Figure 1, 2. 
Firstly let’s assume that both DL/UL backhaul subframes are allocated with 8ms periodicity. When DL backhaul subframe allocation overlaps with non-MBSFN configurable subframes (e.g. #0, #4, #5 and #9), we suggest DL backhaul subframe is re-allocated to the nearest neighboring subframe (so called, +/-shifting operation) so that DL backhaul transmission and PHICH A/N response will be delayed or led by one subframe. Other suggestion is that such an overlapped subframe is not used for for PHICH or PDSCH, i.e. puncturing or skipping; at the expense of delay of corresponding HARQ process as shown in Figure 1. Similar approaches can be applied to the case of DL backhaul with 10ms periodicity. 
In case of 8ms periodicity, two additional implicit rules which do not collide with non-MBSFN configurable subframes are required for backhaul. The shifting operation causes naturally more than one implicit rule. Basic implicit rule is 4ms-to-4ms but additional implicit rules, i.e. 3ms-to-5ms or 5ms-to-3ms are inevitably introduced. If the related processing for response is not finished within 3ms, additional rules are not feasible. Similarly, in case of 10ms periodicity, two additional implicit rules are also required, i.e. 3ms-to-7ms and 5ms-to-5ms on top of 4ms-to-6ms (when shifting operation is applied).  Of course within 3ms the HARQ processing should be finished. In order to resolve the restriction, we can think of different type of subframe allocation pattern for DL backhaul as shown in Figure 2. Figure 2 doesn’t have the 3ms-to-7ms pattern rule. If DL backhaul subframe is allocated to index#1, 2, 3, 7 and 8 assuming 50% of total resource is allocated to this backhaul downlink, there’s only three type of rule, i.e. two of 4ms-to-6ms, two of 5ms-to-5ms and one of 6ms-to-4ms (see the Figure 2).
Next, let’s think about  “UL data collision when UL is scheduled” and “UL ACK loss when DL is scheduled” in access link if backhaul UL is scheduled in the non-MBSFN configurable subframes. But it can be resolved by means of non-scheduling of UL/DL data at the expense of resource waste. However, to maximize the resource utilization in case of UL ACK loss problem, ACK/NACK repetition method can be applied to such a subframe without any specification change, resulting that at least one of repeated ACK/NACKs is received. Also, aggressive scheduling policy can be used for the same case.
Finally let’s consider the collision among HARQ processes of backhaul and access link. In case of 8ms UL HARQ, when 1 backhaul HARQ is activated, 7 out of 8 available HARQs  can be used for access without collision. As the number of activated HARQs increases like 1, 2, 3 and 4, then the number of available non-collision HARQ process decreases gradually like 7, 6, 5 and 4. This is main advantages of 8ms. In case of 10ms UL HARQ, when 1 backhaul HARQ is activated, 4 out of 8 available HARQs collide with very the activated backhaul at least once in every 40ms. In case the number of activated HARQ process varies from 1 to 4, then the number of available collision-free HARQ process is always 4, and in case the number of activated HARQ process is 5~ 6, then the number of available collision-free HARQ process is 8.
In addition it is preferred that the number of DL/UL backhaul subframe are approximately the same and the positions are well-aligned to support HARQ operation in order to avoid increased scheduling complexity, unnecessary overhead due to ACK/NACK timing adjustment or bundling.
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Figure 1: Example of backhaul subframe allocation in case of 8ms HARQ 
(Shifting/puncturing operation, Backhaul = 4 HARQs per 8ms, Access = 4 HARQs per 8ms)
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Figure 2: Example of backhaul subframe allocation in case of 10ms HARQ

(Shifting/puncturing operation, Backhaul = 5 HARQs per 10ms, Access = 4 HARQs per 8ms)


3. Conclusion

Some issues in backhaul subframe allocation in the fake-MBSFN approach 
are discussed and two type of approaches are proposed with additional tips 
(e.g. shifting, puncturing, even/odd-numbered allocation, ACK/NACK repetition, aggressive scheduling). 
A distinguished characteristic of 8ms backhaul is that one backhaul HARQ affects only one access HARQ according to the allocation pattern illustrated in section 2. A distinguished characteristic of 10ms backhaul is that the 3ms HARQ response time can be avoided by use of such an allocation in shown in Figure 2. 
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� Note that those issues identified in section 2 come from the constraint on the MBSFN subframe configuration, so they are not raised in band swapping approach in [2]


� It seems that some of the tips could also be applied to the case of band swapping approach.





