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1. Introduction

In this contribution, several backhaul design issues is identified and propose subframe allocation method for backhaul HARQ operation considering access uplink HARQ process with 8ms periodicity. 
2. Subframe allocation for backhaul HARQ process
In case that DL/UL backhaul subframes are allocated with 8ms periodicity, if DL backhaul subframe allocation overlaps with non-MBSFN configurable subframes (e.g. #0,  #4, #5 and  #9),  DL backhaul subframe is re-allocated to the available neighboring subframe so that backhaul transmission and ACK/NACK response will be delayed or led by one subframe (circled subframe #0 and #4). Instead of the shifting option, the overlapped subframes can’t be used for PHICH or PDSCH, i.e. puncturing, backhaul transmission and ACK/NACK response will be delayed by 8ms as shown in Figure 1. For example the 4th DL subframe and the 8th UL subframe in the first radio frame are not used in case of subframe puncturing. 
When it comes to the interval of DL and UL subframe of one HARQ process, in case of subframe allocation with 8ms periodicity, two more interval patterns are introduced i.e. 3-to-5 or 5-to-3 in addition to the original 4-to-4 by using the shifting rule, provided that the rule mapped to the nearest subframe is applied in Figure 1. In case of subframe allocation with 10ms periodicity, two more interval patterns are also introduced i.e. 3-to-7 and 5-to-5 in addition to the original 4-to-6 ratio, assuming that the rule mapped to the nearest subframe is applied in Figure 2. In such case, it is desirable the 3-to-7 HARQ process is not used, resulting that the 8 HARQ processes out of 10 HARQ processes will be used by 3-bit HARQ process indication.
The purpose of shifting or puncturing is to utilize limited backhaul resources as much as possible in spite of several constraints such as #0, #4, #5 and #9 of non-MBSFN subframes. However it may cause “UL data collision” and “UL ACK loss” in access link if the backhaul UL data is scheduled. But it can be simply resolved by not scheduling of backhaul UL data.
Meanwhile if the access DL data causing UL ACK loss should be scheduled at that subframe (e.g., subframe #4 in the first radio frame in Figure 1), at least access UL ACK loss problem can be resolved by means of ACK/NACK repetition (Rel-8) or aggressive scheduling or new ACK/NACK features for LTE-A UEs.
The main advantage of 8ms backhaul design seems to avert the collision of backhaul and access link even though both are assigned at either even-numbered subframe or odd-numbered subframe. Let us assume that one HARQ process is activated in the backhaul link. Then, 7 out of 8 HARQ processes can be used in the access link without UL data collision if 8 ms periodicity is applied to the backhaul process; 4 out of 8 access link processes collide with the activated backhaul process at least once in every 40 ms if 10 ms periodicity is applied to the backhaul process. 
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Figure 1: Example of backhaul subframe shifting based on HARQ with 8ms periodicity (e.g. the number of backhaul HARQ process = 4, the ratio of interval “A” to interval “B” is 4-to-4)
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Figure 2: Example of backhaul subframe shifting based on HARQ with 10ms periodicity (e.g. the number of HARQ process =5, the ratio of interval “A” to interval “B” is 4-to-6)

Finally 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.

3. Conclusion

Some issues in backhaul link design with the fake-MBSFN approach are discussed and solutions to the issues are briefly introduced, focused on 8ms or 10ms periodicity backhaul HARQ process. It is shown that some of the solutions could also be applied to the case of band swapping approach.  Most of pros and cons seem to be almost identical, except that 8ms backhaul design is to avert the collision of backhaul and access link even though both are assigned at either even-numbered subframe or odd-numbered subframe. 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 [1].
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