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1
Introduction
In RAN1, there have been discussions on HARQ related aspects for the backhaul link. However such discussions are closely related to the way of subframe (SF) allocation for backhaul as well as for the access link: either symmetry way or asymmetry allocation is to be ultilized. And it is expected that there might be some differences also between FDD and TDD on SF allocation. In this contribution, we present some discussions on this aspect, based on which we have proposals for FDD and TDD respectively. 
2
Discussion
2.1
Definition of Symmetry and Asymmetry SF Allocation
Symmetry allocation corresponds to the cases where the same number of SFs are allocated for UL and DL backhaul, while asymmetry allocation means the numbers of SF for DL and UL backhaul are unequal. The allocation of backhaul SF may impact the backhaul resource allocation method and also the complexity of HARQ timing design. In case of symmetry allocation in FDD, simple linkage between DL and UL backhaul SFs is possible, which may simplify the HARQ timing design as well as the way of resource allocation [1]
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[2]. 
2.2

FDD

· DL heavy case for Un link

In Rel-8 FDD, there is one-to-one fixed timing between UL and DL SF, therefore it is symmetric allocation. However for backhaul, it still needs discussions on whether symmetry way is still effective. Some companies have considered the DL heavy case for the Un link, i.e., the number of DL Un sub-frame is larger than that of the UL Un sub-frame. Note that for type I relay the SFs are shared in TDM fashion between the backhaul link and the access link. If DL heavy case is assumed for the Un link, e.g. {6DL, 3UL}, then for the Uu link it would be {4DL, 7UL}, which is typically a UL heavy pattern. One example of such case is shown in Figure 1. There seems to be limited use case for such kind of allocations. Firstly from traffic point of view, if DL heavy traffic calls for DL heavy sub-frame allcoations for the Un link, then it is highly likely that on the Uu link more DL SFs would be needed compared to the Uu UL. Secondly from link quality point of view, if DL Un link is better than DL Uu link and UL Un link is equal or worse than UL Uu link, then more sub-frames will be need for the UL Un compared to the Uu UL, which further limits the use case of DL heavy allocation for the Un link. Based on the above discussions, we have the following observation

Observation #1
There seems to be limited use case for the DL-heavy allocation for the Un link from either DL traffic or relative Un and Uu link quality point of view. 
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Figure 1 Example of asymmetry sub-frame allocations for Uu link and Un link
· Link efficiency

Regarding the relative link quality of the Uu and Un link, there has been concern that the relative channel conditions between DL and UL in the backhaul is not necessarily the same as that of the access link, e.g. DL Un link quality is better than DL Uu link and UL Un link is equal or worse than UL Uu link quality [3]. For DL, the Un link efficiency may be better compared to the Uu link for typical secarinos. However for UL, the relative link quality between the Un link and Uu link is unclear. For example, if the Un UL sub-frame configurations are different for the RNs, the relay-to-relay interference may impact the Uu link efficiency, which needs further evaluations. We thus have the following observation. 
Observation #2 The difference between the relative UL/DL link quality of Uu and Un link needs further evaluations. It is still unclear whether such difference is significant enough to become a motivation of asymmetric UL/DL sub-frame allocations for the Un link.  
· HARQ collision
The collision between Un and Uu transmissions could happen in some cases. For the collision between Un transmission and Uu retransmission, “Always ACK” method could be used to avoid the Uu retransmission. 
In [4], there has been concern about the collision between Un transmissions and SPS transmissions in the Uu link, and asymmetric Un sub-frame allocations are used therein to solve such collision, which is shown in the figure 2 below.
[image: image2.emf]0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

DL

UL

UL HARQ Process 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

Not available to Un link Un sub-frames

SF Index

Uu SPS (10ms)

Un SF (8&16ms)

Initial transmission of Uu SPS 


Figure 2 Collision between Un transmission and Uu SPS initial transmission

In the figure, 8&16ms Un sub-frame pattern is used for the Un link and 10ms SPS periodicity assumed for Uu. In this case Uu SPS initial transmission will collide with Un UL HARQ process #6 as shown in the figure. In [4] it is proposed that such collision can be avoided by allocating this HARQ process to the Uu UL. This effectively turns some DL Un sub-frame into standalone DL sub-frames. However, as discussed above there seems to be limited use case for such DL heavy allocation. Alternatively, both UL Un sub-frame and DL Un sub-frame (i.e., those relates to UL Un HARQ process #6) could be reallocated to the Uu link to avoid such collision, which natually results in symmetric UL/DL allocations for both Un and Uu links. On the other hand with 10ms backhaul sub-frame allocations this kind of collision will never happen. Based on the above discussions we have one more observation below.
Observation #3 Collision between Un and Uu transmissions can be solved under symmetric UL/DL allocations for both Uu and Un link.   
In case of symmetry allocation, explict SF allocation would be necessary only for the DL backhaul, while for UL backhaul the allocation can be derived implictly based on the fixed HARQ timing as in Rel-8. If asymmetry backhaul SF allocation is enabled, explicitly SF allocation for uplink backhaul shall be necessary, which will result in not only more signalling overhead, but also more complex backhaul HARQ timing configuration. Specification work is expected to be more as well for asymmetric allocation. 

Based on the above discussions we have the proposal as following:
Proposal1: For FDD, symmetry backhaul SF allocation is enough. Then implicit uplink backhaul SF configuration based on fixed timing similar to Release 8 is ultilized.  
2.2

TDD
In TDD, relay node will operate at some pre-configured TDD UL-DL configurations depending on traffic characteristic. It is therefore natural to have asymmetry UL and DL backhaul SF allocations in TDD. The asymmetric allocation is quite easy to fulfill for some TDD configurations, without any extra standardization complexity due to reuse of Rel-8 HARQ timing. 

However, fully reuse Rel-8 HARQ timing for UL backhaul SF reservation based on the DL backhaul SFs may not be effective for some TDD configurations since it may leave no UL SFs for the access link. Figure 2 shows a simple example for TDD UL-DL configuration #4: if DL SF 4, 7, 8 ,9 is reserved for DL backhaul, then UL SF 2, 3 is for UL backhaul by implicit allocation according to Rel-8 HARQ timing. In this case there are not any UL SFs left for the RN cell. Thus we have the following proposal. 
Proposal 2: For TDD, use explicit uplink backhaul sub-frame configuration for some TDD configurations at least, and implicit way could be enabled based on needs. 
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Figure 2 an example for implicit UL SF allocation in TDD configuration4

4
Conclusions

In this paper, we are discussing on the backhaul SF allocation. It concludes that symmetry backhaul SF allocation is enough for FDD, which means an implicit allocation for UL BH SFs is effective. For TDD, it shall use asymmetry UL backhaul SF allocations at least for some TDD UL-DL configurations, and the implict way could be enabled based on needs.  
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