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1 Introduction

Within RAN1, the discussion on FDD Un subframe allocation is ongoing. Two remaining issues to be discussed are:

· Should the allocation be symmetric or asymmetric?

· Should we have implicit or explicit configuration for the Un UL subframes?
This contribution discusses these two points and describes the benefits of having symmetric, implicit allocation for FDD. The FDD Un HARQ is discussed in the companion contribution [13].
2  Backhaul subframe allocation & configuration
Based on the recent discussions and related contributions, here is a summary of the requirements for backhaul subframe allocation and configuration:
· Minimum impact on Uu operation, including HARQ, and SPS. 
· Flexible allocation ratios between Uu and Un
· Minimum resource waste for both Un and Uu interfaces
· Minimum standard impact
· Simple Un HARQ timeline
· Minimum overhead for Un subframe configuration.
2.1 Basic Principles of Un Subframe Allocation

According to recent discussions, the basic principles for Un subframe allocation are as follows: 

· Un DL subframe allocation 

Each DL subframe except 0, 4, 5 or 9 of a radio frame can be allocated to the backhaul link, since these subframes can not be configured as MBSFN sub-frames.

· Un UL subframe allocation
· UL subframes 4, 8, 9 and 3 of a radio frame cannot be used for backhaul transmission to ensure the UL ACK/NACK for the Uu transmission at DL subframe 0, 4, 5 and 9 of a radio frame are available after 4ms.
· The interval between two Un UL subframes can be an even number to ensure that Un UL subframes can be allocated in even or in odd with the least impact on Uu UL SPS operation. As shown in Figure 1, all subframes with odd number are used for the (re)transmission for the Uu UL SPS in 10ms period at subframe#1 of each radio frame.
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Figure 1 Uu UL SPS operation

· Timeline relationship between DL and UL subframe
Each DL Un subframe at position n is followed by a UL Un subframe at position n+4 has the following merits [7]:

· Ensure the UL ACK/NACK for each Uu DL transmission is available after 4ms to avoid the case of DL subframe at positon n is used for Uu link, while UL subframe at positon n+4 is used for Un link. 
· Ensure each Un DL transmission can obtain UL ACK/NACK feedback after 4ms to reuse R8 timeline
· Ensure high efficient eNB scheduling for direct link and Un link. Otherwise, there is the inefficient eNB scheduling case as shown in Figure 2. In this case, eNB sends UL grant for RN in DL subframe #1(in blue) for Un UL transmission in UL subframe #7(in red circle), while UL scheduling for a macro UE at the same UL subframe#7(in red circle) is trigged by UL grant/PHICH in DL subframe #3. The different scheduling decision time will make it difficult for eNB to take the QoS and traffic buffer information etc. of these two links into account together, which results in low-efficiency scheduling at eNB and low performance of Uu or Un link. For example, the eNodeB does not know if any resources, or how much resources, should be reserved for the retransmission of the macro UE.
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Figure 2 An inefficient case of DL Un subframe at position n is followed by a UL Un subframe at position n+6 
2.2 Pattern Analysis for Un Subframe Allocation 
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Un DL/UL subframes can be allocated in either a symmetric or an asymmetric pattern.

· Symmetric Un DL/UL Subframe Allocation
Currently, whether allocating Un UL subframes with an 8ms or 10ms periodicity is discussed [6, 12]. As shown in [4~8], such symmetric patterns can provide flexible Un/Uu subframe ratio, as well as flexible Un subframe allocation pattern with the combination of basic subsets. They can also support Uu operation, e.g. HARQ, SPS etc. In [6], it has concluded that 8ms periodicity method (8&16ms RTT values) for the uplink was optimal since it had the maximum number of available backhaul subframes, was reusing most of rel-8 HARQ timeline, had little impact on the UE and enabled flexible subframe allocation sharing between the backhaul and the access link. Figure 3 shows the impact on Uu UL HARQ by Un subframe allocation in 8ms (RTT with 8&16ms method) &10ms (RTT is 10 ms with single HARQ value) period. It can be seen that 8 ms periodicity has less impact (i.e, fewer subframes that cannot be used for initial transmission because the A/N would collide with DL MBSFN subframes) on Uu UL HARQ than the 10 ms. Thus 8ms periodicity Un subframe allocation (Un UL with RTT of 8&16ms) should be supported.
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Figure 3 Impact on Uu UL HARQ by Un subframe allocation in 8ms&10ms period
· Asymmetric Un Subframe Allocation

Asymmetric subframe configuration as described in [11] decouples the relation between Un DL and UL subframes. This asymmetric pattern has not been clearly defined, which means more standard work and risk since the target using scenario of asymmetric pattern is also indefinite.
Furthermore, it should be noted that it does not means that asymmetric pattern can ensure no effect on Uu (access link) operation. For instance, Uu operation such as UL HARQ synchronous retransmission and SPS/SRS/UCI configuration in periodicity are heavily related to the interval of Uu UL subframe allocation other than the time relation between the Un UL and DL subframe.
On the other hand, asymmetric pattern may increase Un HARQ latency as shown in Figure 4: for the case where more Un DL subframes are allocated than UL subframes, the latency of R-PDSCH to UL ACK/NACK is increased beyond 4ms.
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Figure 4 Asymmetric pattern of more Un DL subframe than Un UL subframe

· Backhaul subframe configuration

The Un UL subframe configuration depends on the Un subframe allocation pattern. Specifically, the implicit configuration is suitable for the case when Un UL subframe allocation follows a regular pattern or a specific relation to Un DL subframe, e.g. 4ms offset. This reduces overhead and configuration signalling. Explicit assignment is suitable for the case of irregular Un subframe allocation or asymmetric UL/DL backhaul subframe allocation and provide more flexibility. However, asymmetrical structure requires more overhead to signal the Un UL subframe configuration. 
3 Conclusion
Based on the above summary, we suggest the following proposals: 
Proposal 1 on Un subframe allocation:
· Each DL subframe except 0, 4, 5 or 9 of a radio frame can be allocated to Un link 
· Each UL subframe except 3, 4, 8 or 9 of a radio frame can be allocated to Un link

· Each Un DL subframe at position n is followed by a Un UL subframe at position n+4
· Un UL subframe can be allocated in even or odd to minimize the impact on Uu UL SPS 
Proposal 2 on Un subframe pattern:
· Symmetric pattern for Un DL/UL subframe allocation is baseline

· Implicit configuration for Un UL subframe based on Un DL subframe is supported 
· 8ms periodicity Un subframe allocation (Un UL with RTT of 8&16ms) should be supported
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