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1. Introduction
To avoid collision of UL transmission on backhaul link and access link, the UL backhaul subframes shall be pre-known by the relay node, as agreed in [1]
· 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
It is still to be decided whether explicit signaling is required for the indication of UL backhaul subframes. In this contribution, we show our views on this issue.
2. Discussion
2.1. Asymmetrical backhaul subframes allocation
Figure 1 shows an example of symmetric DL/UL backhaul subframe allocation in TDD DL/UL configuration 2, where 1 DL (subframe #8) and 1 UL (subframe #2) backhaul subframe are assigned. It is observed that the ratio of DL subframes and UL subframes on the backhaul link is 1:1, while the ratio is 7:1 on the access link. Such disparity can lead to insufficient DL backhaul resources, which in turn reduces the performance. Therefore, it is desirable to support asymmetric DL/UL backhaul subframe allocations. 
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Figure 1: Example of symmetry DL/UL backhaul subframe allocation
Asymmetric DL/UL backhaul subframe allocation is also beneficial for FDD. Considering that more resources are required in DL than UL for most applications, symmetric DL/UL backhaul subframe allocation may assign UL backhaul subframes more than necessary. An example is shown in Figure 2, where 3 subfames are needed for DL backhaul transmissions and 2 subframes are required for UL backhauling, to accommodate asymmetric DL/UL traffic loads. In case asymmetric DL/UL backhaul subframe allocation is not supported, one subframe (e.g. subframe #5) is unnecessarily assigned for UL backhaul usage. Noted that due to the half duplex property of relay node (RN), a backhaul subframe comes with the price that transmission on the access link is blocked in that subframe. Hence, asymmetric DL/UL backhaul subframe allocation allows more efficient resource utilization on the access link. 

Although a DL backhaul subframe is configured as an MBSFN subframe in the relay cell, RN can still transmit UL grant or PHICH in the DL backhaul subframe to the R-UEs. On the other hand, an R-UE is preferably not to transmit any signal (including ACK/NAK) in an UL backhaul subframe. Therefore, the Rel-8 HARQ process on the access link can be affected, if there are more UL backhaul subframes than DL backhaul subframes. This makes heavy UL backhaul subframe allocation less attractive. Further, since heavy DL traffic occurs more often, we propose that for asymmetric DL/UL backhaul subframe allocation, at least the case of more DL assignment is supported.
According to the discussion above, we have 
Proposal: Both symmetric and asymmetric DL/UL backhaul subframe allocations shall be supported. In case of asymmetric DL/UL backhaul subframe allocation, at least allocation of more DL backhaul subframes is supported.
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Figure 2: Example of DL/UL subframes allocation for FDD
2.2. Explicit vs. implicit UL backhaul subframe allocation
For FDD, asymmetric DL/UL backhaul subframes can only be supported by explicit UL backhaul subframe allocations. For TDD, either the explicit or the implicit approach can support asymmetric DL/UL backhaul subframe, at least to some extent. While the implicit approach may save some signaling overhead, the explicit approach provides greater flexibility on DL/UL backhaul subframe allocation. 

Figure 3 illustrates an example of implicit DL/UL backhaul subframe allocation for TDD configuration 1. Subframe #4 and #9 are assigned as DL backhaul subframes. With Rel-8 HARQ timing, subframe #3 and #8 are derived as the UL backhaul subframes. Hence, the asymmetric DL/UL backhaul subframe allocation in Figure 4 cannot be achieved by the implicit approach. 
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Figure 3: A symmetrical DL/UL backhaul subframe allocation achievable by the implicit approach
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Figure 4: An asymmetrical DL/UL backhaul subframe allocation not achievable by the implicit approach
Since DL backhaul subframes are semi-statically assigned, the associated signaling overhead already exists. For TDD, since subframe #0, #1, #5, #6 cannot be used as backhaul subframes, a total of 6-bit are sufficient to explicitly indicate both the DL and UL backhaul subframes. For FDD, it is also expected that the signaling overhead will not be excessive for the explicit approach. Given the advantage of flexible backhaul resource allocation, we prefer to have 
Proposal: UL backhaul subframes shall be semi-statically assigned with explicit indication.
2.3. Explicit allocation of DL/UL backhaul subframes
In principle, with explicit DL/UL backhaul subframe allocation, any subframe can be assigned for backhauling. On the other hand, some design rules are necessary to prevent undesirable backhaul subframe allocations.
· Rule 1: Backhaul subframe allocation shall minimally impact the HARQ processes on the access link. According to the Rel-8 specification, subframes {#0, #4, #5, #9} in FDD and {#0, #1, #5, #6} cannot be configured as MBSFN subframes. If the UL subframes corresponding to these non-MBSFN subframes are assigned as UL backhaul subframes, the relay node cannot receive the ACK/NACK feedback corresponding to the PDSCH transmitted in these non-MBSFN subframes on the access link. Therefore, it is preferable not to assign these UL subframes as backhaul subframes. If it is inevitable to use one or more of these UL subframes for UL backhauling, the UL subframes associated with less non-MBSFN subframes shall be used. Figure 5 shows an example of TDD DL/UL configuration 4. According to Rel-8 specification, the ACK/NACK corresponding to the non-MBSFN subframes {#0, #1, #5} and {#6} are transmitted in subframe #2 and #3, respectively. Hence, it is preferable to assign subframe #3 for UL backhauling, since it is associated with less non-MBSFN subframes and affects less ACK/NACK feedbacks on the access link.
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Figure 5: Example of backhaul subframe allocation for TDD configuration 4
· Rule 2: DL/UL backhaul subframes shall be allocated with reasonable HARQ RTT on the backhaul link. The HARQ RTT on the backhaul link shall be within a threshold. Real-time services may not be well supported, if HARQ RTT on the backhaul link is excessively large. 
· Rule 3: The ratio of DL/UL subframes on the backhaul link shall be similar to the ratio on the access link. Since the same traffic passes on the backhaul and access link, maintaining similar DL/UL subframe ratios on these two links is desirable. 
Figures 6 – 10 show examples of DL/UL backhaul subframe allocation and the associated HARQ timing for TDD DL/UL configuration 1, taking into account the above design principles.
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Figure 6: Backhaul subframe allocation, option 1
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Figure 7: Backhaul subframe allocation, option 2
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Figure 8: Backhaul subframe allocation, option 3
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Figure 9: Backhaul subframe allocation, option 4
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Figure 10: Backhaul subframe allocation, option 5

3. Conclusion
In this contribution, we discuss DL/UL backhaul subframe allocations. Our proposals are:
· Both symmetric and asymmetric DL/UL backhaul subframe allocations shall be supported. In case of asymmetric DL/UL backhaul subframe allocation, at least allocation of more DL backhaul subframes is supported.
· UL backhaul subframes shall be semi-statically assigned with explicit indication. 
· Backhaul subframe allocation shall consider the following aspects:
· Backhaul subframe allocation shall minimally impact the HARQ processes on the access link.

· DL/UL backhaul subframes shall be allocated with reasonable HARQ RTT on the backhaul link.

· The ratio of DL/UL subframes on the backhaul link shall be similar to the ratio on the access link.
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