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1  Introduction
For the issue of backhaul link subframe assignment discussed in several contributions [1, 2], two schemes of 8ms/16ms and 10ms HARQ RTT on backhaul link were presented, and both pros and cons were compared. In this contribution, we also focus on the subframe assignment of backhaul link with 8ms/16ms and 10ms HARQ RTT
For in-band RN, resources are multiplexed between backhaul link and access link in TDM. Considering the compatibility of Rel-8 UE on access link, the HARQ timing of R-UEs affects the subframe assignment of backhaul link. Besides the access link HARQ timing, backhaul link subframe assignment is also constrained by the restriction of non-MBSFN subframe, i.e. #0, #4, #5, #9 for FDD and #0, #1, #5, #6 for TDD in every radio frame. These non-MBSFN subframes cannot be assigned for backhaul link DL transmission. These factors cause three types of collision scenarios:

Type 1 collision – the collision between access link UL retransmission and backhaul link UL transmission.

Type 2 collision -- the collision between access link ACK/NACK feedback and backhaul link UL transmission.

Type 3 collision – the collision between non-MBSFN subframe and backhaul link DL transmission.

Considering the above three types of collisions, we present 8ms/16ms and 10ms backhaul link HARQ RTT schemes, each capable of avoiding some collisions, with the residual collisions that can be resolved in other ways [1].
2  Discussion
2.1  8ms/16ms HARQ RTT
The 8ms/16ms HARQ RTT allocation of backhaul link was analyzed in some contributions [1,2]. In this scheme the backhaul link subframes are assigned according to the HARQ timing of R-UE, and then the HARQ RTT of backhaul link is equal to 8ms or 16ms, shows in Figure 1 where #2 of radio frame n, #8 of radio frame n+1, #6 of radio frame n+2 are assigned as backhaul downlink subframes, #6 of radio frame n, #2 of radio frame n+2, #0 of radio frame n+3 are assigned as backhaul uplink subframes accordingly.
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Figure 1 8ms/16ms HARQ RTT on backhaul link
It keeps a fixed interval, 4 subframes, between a backhaul DL subframe and backhaul UL subframe. The advantage of keeping backhaul UL subframe 4ms lag than DL is to avoid Type 2 collision. At the same time, the timing relationship of assigned backhaul link DL and UL subframes is tallied with an synchronous HARQ process, on access link the same HARQ process will not be used for R-UE to avoid Type 1 collision.   
Note that Type 3 collision is inevitable because of using 8ms/16ms backhaul link HARQ RTT, shows as Figure 1, #0 subframe of radio frame n+1 and #4 subframe of radio frame n+3(marked as grey diagonal) are non-MBSFN subframe, it also influences UL #4 subframe of radio frame n+1 and #8 subframe of radio frame n+3 (marked as yellow diagonal). For these subframes impacted by Type 3 collision, a few solutions were provided in [2]. Some alternatives are listed below.
2.1.1  Reserve subframes
Take Figure 1 as an example, because of Type 3 collision, #0 subframe of radio frame n+1 and #4 subframe of radio frame n+3 cannot be used as backhaul DL subframe, and when these two subframes are used for access link, R-UE would sent ACK/NACK on #4 subframe of radio frame n+1 and #8 subframe of radio frame n+3, which would causes Type 2 collision. Accordingly, these two subframes, #0, #4, may be reserved and not used for either backhaul link or access link.
Reserving subframes helps to achieve full compatibility of Rel-8 UEs on access link, however at the cost of scheduling flexibility and potential resource waste. Some simple indication is needed for backhaul link subframe allocation. 
2.1.2  Using subframes for LTE-A UE
In order to make full use of the subframes which are impacted by Type 3 collision, while maintaining the compatibility of R-UEs, the subframes as #0 subframe of radio frame n+1 and #4 subframe of radio frame n+3 in Figure 1 could be used for LTE-A UEs on access link.  
The DL HARQ process of LTE-A UE in #0 and #4 DL subframes are the same as usual, ACK/NACK should be reported to RN on #4 and #8 UL subframes accordingly. If NACK is received, RN should start an asynchronous HARQ retransmission to the LTE-A UE.   
Type 1 collision may occur when some UL grants are sent on #0 or #4 DL subframe, and the access uplink transmission on #4 or #8 subframe from LTE-A UE is not received correctly by RN. In the case of synchronous HARQ, LTE-A UE would retransmit in #2 subframe of radio frame n+2 or #6 subframe of radio frame n after receiving NACK. Apparently, these two subframes are backhaul UL subframes which cannot be used for access link retransmissions. Some modification can be introduced on LTE-A UE HARQ timing to resolve this problem [4], for example, RN indicates the LTE-A UE to retransmit the UL data on n+9 subframe, #3 subframe of radio frame n+2 or #7 subframe of radio frame n+4 in figure 1.
Under this scheme, the compatibility of Rel-8 UEs on access link is kept, at the same time, the subframes potentially wasted in subframe reservation scheme can be utilized by LTE-A UEs on access link, therefore improving the relay system capacity. In this scheme, more assignment indications are needed..
2.1.3  8ms/16ms RTT on backhaul link
Due to Type 3 collision, #0 subframe of radio frame n+1 and #4 subframe of radio frame n+3 cannot be used for backhaul DL, therefore no ACK/NACK of #6 subframe of radio frame n and #0 subframe of radio frame n+3 could be received from donor eNB in these two subframes. To solve this, a method to change backhaul link HARQ process timing, similar as that discussed above for LTE-A UE should be considered: to modify the feedback timing to later subframe.
Because of these subframe that cannot be used for backhaul link: #0 subframe of radio frame n+1 and #4 subframe of radio frame n+3 for DL, #4 subframe of radio frame n+1 and #8 subframe of radio frame n+3 for UL, HARQ RTT on backhaul link can have two values, 8ms or 16 ms. In Figure 1, backhaul DL HARQ process, from the initial transmission on #2 subframe of radio frame n till the retransmission on #8 subframe of radio frame n+1，the RTT is 16ms, and from the initial transmission on #8 subframe of radio frame n+1 till the retransmission on #6 subframe of radio frame n+2，the RTT is 8ms.
8ms/16ms HARQ RTT backhaul link subframe allocation needs at least an indication with periodicity of 40ms, as the agreed indication methods for MBSFN, 24-bit overhead seems suitable for the backhaul link subframe allocation or some other indicators on backhaul link may be introduced. 
2.2  10ms HARQ RTT 
The most attractive merit of 10ms HARQ RTT for backhaul link subframe allocation is the absence of Type 3 collision. For the 10ms HARQ RTT, a few suggestions on intervals between DL and UL backhaul link subframes were discussed [1,2]. For subframe n used for backhaul DL, n+4 or n+5 or n+6 UL subframes used for backhaul have been discussed. Considering Type 2 collision, n+4 subframe may be preferred for backhaul uplink. Figure 2 shows a 10ms HARQ RTT allocation for backhaul link.
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Figure 2 10ms HARQ RTT on backhaul link
2.2.4  ACK for Type 1 collision
Using 10ms HARQ RTT on backhaul link can effectively reduce the chance of Type 3 collision. By keeping backhaul UL subframe 4ms lagging after backhaul DL subframe, Type 2 collision can be avoided. Therefore, only Type 1 collision should be considered. As an example, while RN is transmitting on #6 subframe of radio frame n+1, a synchronous retransmission from R-UE which correspondingly has an initial transmission in #8 subframe of radio frame n will collide with the backhaul uplink transmission. To avoid the possible retransmission on #6 subframe from R-UE，RN may always send an ACK to R-UEs in #2 subframe of radio frame n+1, no matter whether the data is received or not, and then RN could indicate the R-UE to restart the retransmission process in a later subframe. By sending R-UE a fake ACK, Type 1 collision would be resolved and the compatibility of Rel-8 UE on access link can be maintained.
2.2.5  HARQ RTT on backhaul link
With 10ms HARQ RTT of backhaul link subframe allocation, some modification on HARQ timing can be introduced to backhaul link HARQ process. For DL HARQ process, eNB transmits backhaul data to RN in subframe n, and then RN sends ACK/NACK to eNB in subframe n+4. If a NACK is received, retransmission will be carried out in n+10 or n+k*10 subframe by eNB scheduling. The similar process is for UL, RN transmits backhaul data to eNB on subframe n, and then eNB sent ACK/NACK to RN on n+6 subframe, if NACK is received, retransmission will occur in n+10 subframe by RN. 
Note that such modification of HARQ timing in backhaul link can cause some delay for data transmission as the HARQ RTT is increased to at least 10ms from 8ms. On the other hand, 10ms HARQ RTT results in less frequent indications of backhaul link subframe assignment.
3  Conclusion
In this contribution, we considered about three types of collision between backhaul and access link. Two schemes of backhaul link HARQ RTT are discussed. Based on the discussion we propose:
For 8ms/16ms HARQ RTT  
· LTE-A UEs, with modified HARQ timing as opposed to Rel-8 UE, can be assigned with subframes that cannot be used for backhaul link because of Type 3 collision.
· HARQ RTT of backhaul link can have two values: 8ms and 16ms. 
· The least indication periodicity is 40ms.
For 10ms HARQ RTT 
· Fake ACK would be sent to R-UEs in order to avoid Type 1 collision.
· Some modification on HARQ timing should be introduced to backhaul link HARQ process

· The least indication periodicity is 10ms.
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