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1. Necessity of Asymmetric Subframe Allocation
1) Different subframe allocation ratio of Un/Uu between DL and UL due to different spectral efficiency

In RAN1#60, there were discussions about the necessity of asymmetric Un subframe allocation which implies that the number of DL Un subframes is different from that of UL Un subframes. The necessity of asymmetric Un subframe allocation comes from the fact that the “relative” spectral efficiency (i.e., the ratio of Uu link efficiency to Un link efficiency) is not the same in UL and DL, especially for different relay UEs.

We give an example of necessity of asymmetric subframe allocation. Suppose a case where one DL heavy UE (UE1) is associated to a RN and the spectral efficiency of DL backhaul link is the same as that of the DL access link for UE1. For simplicity, we assume that there is no UL traffic for UE1. For this UE, 50:50 allocation between Un and Uu links is optimal as all the DL subframes can be fully utilized. Now let’s assume that one UL heavy UE (UE2) is associated with the RN and the spectral efficiency of UL backhaul link is NOT the same as that of the UL access link for UE2. Then, the optimal Un/Uu allocation becomes different from that of DL. If UE2 is closer to the RN and the Uu link efficiency is higher than that of Un link, then a different Un/Uu allocation ratio (e.g., 60 % for Un and 40 % for Uu) is the optimal operation point for UL. In this example, downlink optimal ratio is 50:50 but uplink optimal ratio is 60:40, and one following question is how we can handle this asymmetry. If we use a one-to-one implicit mapping rule, then the flexibility is not allowed to address this asymmetry as the number of backhaul subframes is always the same in DL and UL. As a result, the user experience of either UE1 or UE2 has to be degraded unnecessarily in an implicit Un UL allocation.
The necessity of asymmetric resource allocation can be explained even in a single UE perspective. One UE may have different optimal ratio (backhaul/access) for both UL and DL due to the difference between DL and UL spectral efficiencies caused by e.g., different transmission power or different interference level in DL and UL. For example, optimal ratio of DL backhaul to DL access link is 0.3 (30:70) while optimal ratio of UL backhaul to UL access is 0.6 (60:40). Then, the above-mentioned issue is raised again even in single UE case about how eNB can determine the optimal backhaul subframe allocation ratio for DL and UL when the optimal points are different from each other. 

Based on the above discussion, we believe that it should be possible to map multiple DL grants to one ACK/NACK transmission opportunity to support asymmetric resource allocation efficiently. And this mapping relation requires a variable ACK/NACK transmission timing. We note that this feature is already captured in TDD system and is under discussion in the carrier aggregation agenda in order to support the asymmetric carrier aggregation case.
Summary#1:

· Support of variable ACK/NACK timing to support different spectral efficiency of backhaul and access link

2) To mitigate impact from Uu UL transmission blocking/collision
The proposed asymmetric allocation method can mitigate the collision between Uu UL and Un UL and also enables Uu UL SPS transmission to be done without any collision.

As shown in Figure 1, 2, and 3, LTE UL SPS transmission can’t be supported due to initial or retransmission collision with Un UL transmission in case of 8&16ms RTT. However if Un B2 process colliding with Uu UL SPS transmission in Figure 1 is allocated to Uu UL subframe rather than to Un UL subframe, such a collision can be avoided. In other word, if downlink standalone allocation in terms of B2 process can be applied, then UL SPS transmission can be free from such kind of collision. The downlink standalone allocation means that only downlink subframe is allocated, that is, there’s no (implicitly or explicitly) associated UL subframe. Also in Figure 3, the same asymmetric allocation can be applied to avoid UL SPS re-transmission collision.
Meanwhile, in 10ms RTT case, Uu UL SPS transmission with 10ms periodicity can be naturally supported without any collision with Un UL backhaul subframe. Furthermore, if asymmetric allocation in downlink is introduced to backhaul link, the collision between Uu UL and Un UL transmission can be averted. In Figure 6, B2 process asymmetrically exists only in downlink subframe. It means that the subframe for Un UL B2 process can be used for Uu UL transmission without any collision.
Finally, this standalone subframe allocation requires for variable ACK/NACK transmission timing as mentioned in Section 1. For example, assuming that the Un DL B2 process is assigned in subframe#2 of the first radio frame in Figure 6, the associated Un UL ACK/NACK will be transmitted desirably in subframe#7. It means that ACK/NACK transmission happens at subframe#n+5 when downlink transmission occurs at subframe#n. Therefore, we propose to introduce additional ACK/NACK timing such as “n+5”, “n+6”, in addition to LTE ACK/NACK timing.
Summary#2: 

· Asymmetric subframe allocation can avoid SPS initial or retransmission collision

· Asymmetric subframe allocation can mitigate impact from Uu UL transmission collision
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Figure 1: Uu UL SPS initial transmission colliding with Un UL transmission (8&16ms RTT)
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Figure 2: Uu UL SPS re-transmission colliding with Un UL transmission (8&16ms RTT) 
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Figure 3: Uu UL SPS re-transmission colliding with Un UL transmission (8&16ms RTT) 
( SPS with 10 ms period couldn’t supported in a RN Uu in case of 8&16ms RTT.
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Figure 4: Uu UL SPS transmission without any collision with Un UL transmission (10ms RTT). ( SPS with 10 ms period can basically be supported in a RN Uu in case of 10 RTT
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Figure 5: Uu UL transmission colliding with Un UL transmission (10ms RTT). 
( Every Uu UL process collides with Un backhaul subframe at least once in 40 ms.
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Figure 6: By allocating UL subframe #6 to Uu, 4 Uu UL processes (A0, A2, A4, A6) can operate without collision (10ms RTT). ( Uu process collision problem can be mitigated by asymmetric allocation.
2. Summary
We discussed necessity of asymmetric subframe allocation between DL and UL due to different spectral efficiency between backhaul and access link. Also by using the asymmetric allocation impact from Uu UL transmission collision with Un UL transmission can be mitigated to some extent and SPS initial or retransmission collision can be avoided as well. 







