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1. Introduction
In RAN1-60 meeting, a way forward on backhaul subframe allocation for TDD was agreed [1] as following:
· For TDD, both asymmetric and symmetric DL/UL Un subframe allocation are supported
· For TDD, explicit configuration on the set of Un UL subframes is supported

For FDD, although no agreement was reached, the following proposals were presented in last meeting [2].

· The position and the number of available Un UL subframes are derived from the configuration of Un DL subframes

· A Un UL subframe is allocated 4 TTIs after a Un DL subframe

· Support the following implicit timing for Un HARQ:

· UL data transmission happens in subframe #(k+4) if UL grant is transmitted in subframe #k

· UL ACK/NACK feedback for DL data transmission in subframe #k is transmitted in subframe #(k+4)

· UL HARQ re-transmissions are synchronous wrt the HARQ process ID

· UL re-transmissions are transmitted in the subframe corresponding to the same UL HARQ process Id as the initial transmission

· UL HARQ process IDs depend on the DL subframe allocation

· UL HARQ process ID is not indicated by (R-)PDCCH

In this contribution, we show our views on backhaul subframe allocation and associated HARQ operation for both FDD and TDD.
2. Backhaul SF allocation and HARQ operation for FDD
2.1. DL/UL backhaul subframe timing
For FDD, when symmetric DL/UL backhaul subframe allocation is applied, it is desirable to allocate DL and UL backhaul subframes in pairs. That is, each UL backhaul subframe is allocated 4ms after a DL backhaul subframe [2]

 REF _Ref257307186 \r \h 
[5]. This fixed timing has several advantages as follows.
· Fixed timing enables implicit UL backhaul subframe allocation and potentially saves the corresponding signaling overhead.

· The timing between PDSCH transmission and UL A/N is the same as Rel-8. The HARQ processes on the access link are not impacted.
· The timing between UL grant and PUSCH transmission is the same as Rel-8. Donor eNB can schedule PUSCH transmissions for macro UEs and RNs simultaneously, which allows largely reusing Rel-8 eNB scheduler implementations.
Hence, it is preferable that for FDD each UL backhaul subframe is allocated 4ms after a DL backhaul subframe.
2.2. Backhaul subframe allocation periodicity
For FDD, the backhaul subframes can be assigned with a 8ms periodicity, in order to avoid the impacts on access HARQ processes. However, the non-MBSFN subframes {0, 4, 5, 9} cannot be assigned as DL backhaul subframes, which leads to collision between DL backhaul subframes and non-MBSFN subframes.
In order to avoid the collision, 10ms or 8/16ms backhaul subframe allocation schemes are proposed [6]
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[7]. It is noted that either of the schemes has some impact on the UL access HARQ processes. During a period of 40ms, all UL access HARQ processes may be affected in turn with the 10ms periodicity, and part of the UL access HARQ processes will be affected with the 8&16ms periodicity. On the other hand, the impact on UL access HARQ processes can be mitigated by RN sending ACK on PHICH to R-UEs to suspend the impacted UL access HARQ processes. In the following, we compare the10ms and the 8&16ms schemes.
· Signaling overhead for DL/UL backhaul subframe assignment. In case of the 8&16ms periodicity, the set of DL/UL backhaul subframes cycles every 40ms, which means that the corresponding signaling shall cover four radio frames. Assuming bitmap is applied and taking non-MBSFN into account, it is foreseeable that at least 24 bits are needed. For the 10ms periodicity, the corresponding signaling shall only cover one radio frame and a 6-bit bitmap is sufficient for DL/UL backhaul allocation, assuming UL backhaul subframes are implicitly derived.
· Backhaul HARQ design simplicity. In case of the 8&16ms periodicity, timing between UL and DL backhaul subframes varies, which complicates the HARQ timeline. For the 10ms periodicity, the timing between DL and UL backhaul subframes is fixed.
Therefore, for FDD, it is preferable to DL/UL backhaul subframes are allocated with a 10ms periodicity.
2.3. HARQ operation for FDD

HARQ operation on the backhaul link is tightly associated with the backhaul subframe allocation and shall be designed based on the assigned DL/UL backhaul subframe patterns.
For backhaul DL HARQ, our preference is that asynchronous and adaptive HARQ shall be applied. The timing between R-PDSCH transmission and UL ACK/NACK satisfies “n/n+4” relationship, which is the same as Rel-8. 
For backhaul UL HARQ, our current preference is that UL grant with non-toggled NDI bit is applied for backhaul UL HARQ retransmission [5][8]. Thus, backhaul UL HARQ is adaptive and R-PHICH is not needed. With the assumption that backhaul subframes are allocated with the 10ms periodicity, synchronous HARQ is preferred for simplicity.
Since each UL backhaul subframe is allocated 4ms after a DL backhaul subframe, the Rel-8 timing between UL grant and PUSCH transmission can be reused on the backhaul link. Assuming the 10ms backhaul subframe allocation periodicity and synchronous UL HARQ, the timing between R-PUSCH and the next UL grant is extended to 6ms.
Therefore, for FDD, it is preferable to apply asynchronous and adaptive HARQ processes for backhaul DL, and synchronous and adaptive HARQ processes for backhaul UL without R-PHICH. 
2.4. Asymmetric DL/UL backhaul subframe allocation

The above discussion assumes symmetric DL/UL backhaul subframe allocation for FDD. In some cases, asymmetric DL/UL backhaul subframe allocation for FDD can be beneficial [3][4]. For typical applications, more resources are required for DL transmissions than UL transmissions. Symmetric DL/UL backhaul subframe allocation may assign UL backhaul subframes more than necessary. The unused UL backhaul subframes block the usage of the corresponding UL subframe on the access link. With asymmetric DL/UL backhaul subframe allocation, such unnecessary blocking of UL subframes on the access link can be avoided.
An example is shown in Figure 1, where 3 subframes 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 [3][4]. 

For asymmetric DL/UL backhaul subframe allocation, it is reasonable to only support DL heavy allocations, considering typical usage case. Supporting UL heavy backhaul subframe allocation affects the UL ACK/NAK transmission and the corresponding HARQ process on the access link, since RN cannot receive R-UE’s UL transmission in the UL backhaul subframes. 
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Figure 1: Example of DL/UL subframes allocation for FDD
3. Backhaul SF allocation and HARQ operation for TDD

3.1. DL/UL backhaul subframe timing
For TDD, both symmetric and asymmetric DL/UL backhaul subframe allocations are supported [1]. In case of symmetric DL/UL backhaul subframe allocation, assuming UL subframe #n as an UL backhaul subframe, DL subframes #(n-k1) shall be allocated as a DL backhaul subframe, where DL subframe #(n-k1) and UL subframe #n follows the Rel-8 timing relationship between UL grant and PUSCH transmission. Such a DL/UL backhaul subframe allocation scheme ensures that donor eNB can schedule RNs and macro UEs simultaneously, allowing maximally reusing Rel-8 eNB scheduler implementations. However, for some Rel-8 TDD DL/UL subframe configurations, the UL ACK/NACK corresponding to PDSCH transmission in subframe #(n-k1) is not sent in subframe #n. This leads to some PDSCH transmission on the access link without UL ACK/NACK feedback.
In case of asymmetric backhaul subframe allocation, it is reasonable that more DL backhaul subframes are allocated than UL backhaul subframes. As mentioned above, UL subframe #n and DL subframe #(n-k1) can be  allocated as backhaul subframes in pairs. Then additional DL subframes #(n-k2) can be allocated for DL backhaul, where #(n-k2) represents the set of subframes satisfying the Rel-8 timing relationship between PDSCH transmissions and associated UL ACK/NACK. When more DL backhaul subframes are required, additional DL subframes #(n-k3) can be allocated for DL backhaul subframe. By such a DL/UL backhaul subframe allocation scheme, the impact on access HARQ processes can be minimized. It is noted that DL subframes #(n-k1), #(n-k2) and #(n-k3) are MBSFN configurable subframes.
On the other hand, following the above rules, some DL/UL backhaul subframe allocation may result in excessive backhaul HARQ RTTs (e.g. >15ms). As the example shown in Figure 2, the DL/UL backhaul subframe allocation lead to a 19ms DL HARQ RTT. Hence, the DL/UL backhaul subframe allocation patterns with excessive backhaul HARQ RTTs shall be precluded. In the Appendix, we show the DL/UL backhaul patterns for different TDD DL/UL subframe allocation.
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Figure 2: Example for DL/UL backhaul subframe allocation with excessive backhaul HARQ RTT
3.2. Backhaul subframe allocation periodicity
For TDD, it is natural that DL/UL backhaul subframes are allocated with a 10ms periodicity to be consistent with the TDD frame structure. A 6-bit bitmap is sufficient for DL/UL backhaul subframe indication.
3.3. HARQ operation for TDD
Similar to FDD, TDD HARQ operation on the backhaul link is tightly associated with the backhaul subframe allocations.
For backhaul DL HARQ in TDD, Rel-8 asynchronous and adaptive HARQ is preferred. In case of symmetric DL/UL backhaul subframe allocation, the ACK/NACK corresponding to R-PDSCH transmission in DL backhaul subframes within set #(n-k1) is sent in UL backhaul subframe #n. In case of asymmetric DL/UL backhaul subframe allocation, the ACK/NACK for R-PDSCH transmissions in DL backhaul subframes within set #(n-k1) and/or #(n-k2) and/or #(n-k3) are sent on UL backhaul subframe #n, where k1, k2 and k3 have the same meanings as in section 3.1. 
For backhaul UL HARQ in TDD, it is preferred that synchronous and adaptive HARQ is adopted. The timing relationship between UL grant and the corresponding PUSCH transmission is k1, which is the same as Rel-8. Assuming a 10ms backhaul subframe allocation periodicity, the timing between PUSCH transmission and the next UL grant is (10-k1). It is noted that k1 shall be less than or equal to 6ms according to Rel-8 TDD specification, which can ensure sufficient decoding time.
In some TDD DL/UL subframe configurations, all UL subframes may carry ACK/NACK feedbacks for PDSCH transmission in non-MBSFN subframes. No matter which UL subframe is allocated for backhaul, RN will not be able to receive ACK/NACK feedbacks for R-PDSCH transmissions in non-MBSFN subframes. This problem, however, can be dealt by implementations.
In the Appendix, we show the preferred TDD DL/UL backhaul subframe allocation and associated HARQ timelines, with the principles discussed above.
4. Conclusions
In this contribution, we discuss DL/UL backhaul subframe allocation and the associated HARQ operation for both FDD and TDD. We have the following proposals:

Proposal 1：For both FDD and TDD, if UL subframe #n is assigned for backhaul, then DL subframe #(n-k1) is also assigned for backhaul, where
· for FDD, k1=4
· for TDD, k1 follows the Rel-8 timing between UL grant and PUSCH transmission

Proposal 2: For TDD with DL heavy backhaul subframe allocations, additional DL subframes are assigned for backhauling, with the preferred HARQ patterns shown in the Appendix.
Proposal 3: For both FDD and TDD, a 10ms backhaul subframe allocation periodicity is applied, with a 6-bit bitmapping for indicating DL/UL backhaul subframes.
Proposal 4: For both FDD and TDD, asynchronous adaptive HARQ is used for DL backhaul HARQ, and synchronous adaptive HARQ is preferable for UL backhaul UL HARQ.
· For FDD
· UL grant → PUSCH timing is 4ms; 
· R-PUSCH → next UL grant timing is 6ms;
· PDSCH → UL ACK/NACK timing is 4ms. 
· For TDD
· UL grant → PUSCH timing is k1; 
· PUSCH → next UL grant timing is (10-k1);
· PDSCH → UL ACK/NACK timing is k1 or k2 > 4, depending on DL/UL backhaul subframe allocations.
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6. Appendix

TDD configuration 1:
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Figure 3: Example 1 for backhaul subframe allocation and HARQ operation
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 Figure 4: Example 2 for backhaul subframe allocation and HARQ operation
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Figure 5: Example 3 for backhaul subframe allocation and HARQ operation
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Figure 6: Example 4 for backhaul subframe allocation and HARQ operation
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 Figure 7: Example 5 for backhaul subframe allocation and HARQ operation

TDD configuration 2:
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Figure 8: Example 6 for backhaul subframe allocation and HARQ operation
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Figure 9: Example 7 for backhaul subframe allocation and HARQ operation
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Figure 10: Example 8 for backhaul subframe allocation and HARQ operation
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Figure 11: Example 9 for backhaul subframe allocation and HARQ operation
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Figure 12: Example 10 for backhaul subframe allocation and HARQ operation
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Figure 13: Example 11 for backhaul subframe allocation and HARQ operation
TDD configuration 3:
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Figure 14: Example 12 for backhaul subframe allocation and HARQ operation
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Figure 15: Example 13 for backhaul subframe allocation and HARQ operation
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Figure 16: Example 14 for backhaul subframe allocation and HARQ operation
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Figure 17: Example 15 for backhaul subframe allocation and HARQ operation
TDD configuration 4:
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Figure 18: Example 16 for backhaul subframe allocation and HARQ operation
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Figure 19: Example 17 for backhaul subframe allocation and HARQ operation
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Figure 20: Example 18 for backhaul subframe allocation and HARQ operation
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Figure 21: Example 19 for backhaul subframe allocation and HARQ operation
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Figure 22: Example 20 for backhaul subframe allocation and HARQ operation

TDD configuration 6:
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Figure 23: Example 21 for backhaul subframe allocation and HARQ operation
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