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1
Background
In the RAN 1#62bis meeting, most of the issues regarding Un subframe configuration and HARQ for FDD have been settled, and an 8-bit bitmap was agreed to be included in the RRC signaling to indicate the Un subframe configuration. One issue remained, whether to include an offset value indicating a shift of the 8-bit bitmap ‎[1]‎
. It was then concluded, that such an offset value is not essential in order to configure the backhaul link, because an offset of the bitmap can also be reached by cyclically shifting the bitmap ‎[2] as shown in figure 1. 
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Figure 1 Offset vs. Cyclic-shift
The primary remaining objective is to reach a consistent understanding between DeNB and relay for the start position of the 8-bit bitmap indicating the Un subframe configuration. In this paper, we analyze this issue and show that both a consistent understanding for the start position of the 8-bit bitmap signaling and an optimized position of the backhaul subframes for each RN can be achieved.
1
Precise application the bitmap
The application of the bitmap is explained in section 5 of 36.216 ‎[4]: 

For frame structure type 1, a subframe configured for eNB-to-RN transmission is a subframe satisfying 
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, with the exception that a downlink subframe that cannot be configured as MBSFN subframe in the relay node cell shall not be configured for eNB-to-RN transmission. The set 
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 is determined as the union of the applicable offset values listed in Table 5.2-1 with respect to the parameter SubframeConfigurationFDD, which is configured by higher layers, and where “x” means that the corresponding bit in the bitmap can be either 0 or 1
The parameters nf and ns are defined in section 3.2 “Symbols” of 36.216 ‎[4]: 
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System frame number as defined in [3]
[…]
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Slot number within a radio frame as defined in [3]

However, there is no indication whether the timing of the DeNB or the timing of the RN is implied, i.e. whether the parameters denote numbers relating to the timing at the DeNB or the RN. If the timings of the DeNB and the RN are not fully synchronized, then the timing offset basically introduces an offset to the start position of the 8-bit bitmap and thus causes an ambiguity. This ambiguity should be avoided by clearly stating which timing is referred to. As backhaul subframes happen on the Un link where the timing of the DeNB applies it would be more natural to assume the cited formula relates to the backhaul timing, but on the other hand the MBSFN subframes in the relay node cell clearly obey the subframe timing of the relay cell, so there is potentially a source of misunderstanding as both timings could be referred to in that sentence. 

Therefore it should be clarified that the timing of the DeNB cell is relevant for nf and ns and the relay node cell timing is relevant for determining MBSFN eligible subframes, e.g. by implementing the wording proposal provided in ‎[5].
In the following section we will show that a dealignment of the timings of DeNB and RN is not just an academic case, but can serve both to obtain better backhaul utilization and to achieve interference coordination, and is thus a desirable configuration which should not give rise to unexpected misunderstandings due to imprecise definitions.   

2
Advantage of an offset between DeNB and RN timing 
An offset which indicates the frame and slot number offset between the relay frame structure and the DeNB frame structure can be implemented without causing ambiguity and is beneficial for the reasons explained below. 

Any potential ambiguity in understanding the signaled 8-bit bitmap can be avoided if both DeNB and relay both use the same timing reference and the DeNB takes this offset between the two timings into consideration for determining which subframes are eligible for backhaul as they don’t collide with non-MBSFN eligible subframes at the relay. 
Apart from avoiding ambiguity, this approach enables the following optimizations: 
1. The DeNB’s capacity can be fully exploited for backhauling, considering cases where the backhaul link capacity is the bottleneck of relay cell capacity. For example in figure 4, subframes #0, #4, #5, #9 in DeNB cell cannot be used for backhauling if DeNB and relay have aligned frame structures, because these subframes can not be configured as MBSFN subframes in the relay cell. But if the relay frame structure can be shifted, then all subframes can be used for backhauling, unleashing the full backhaul capacity. It should be noted that UEs connected to the DeNB can still be scheduled in any subframe as well and any single relay does not need to use many backhaul subframes, but the RNs together can use the entire capacity. In Figure 3 for example, Relay#2 uses only subframes 4, 5, 9, and 0, which correspond to subframes 2, 3, 7, and 8 in the Relay cell and are thus MBSFN eligible, the other subframes are used by Relay#1.    
2. Full inter-cell interference coordination can be enabled. Because relay-to-relay interference is a major issue in relay systems, one efficient solution is to use the same time interval for backhauling among all relays. But in FDD systems, the frame structures among eNBs will not necessarily be aligned. Thus if inter-cell interference coordination is needed, i.e. it is desirable to use the same time interval for backhauling among different relays in different eNB cell, there will be some troubles because of this FDD characteristic if DeNB and relay have aligned frame structure which is consequently misaligned to the neighbors DeNB and RN frame structure. This is depicted in figure 4 (Aligned Frame). However, if the  frame structure of Relay#2 is shifted, all relays can use overlapping time intervals for backhauling which minimizes inter cell interference as shown in figure 4 (Non-Aligned Frame).
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Figure 3 Utilization of all Subframes for Backhaul                 Figure 4 Aligned Backhaul Subframes 
These two advantages are very attractive for type-1 relays, considering the concerns for backhaul link bottleneck and the interference among relays. Therefore it should be admissible to introduce a deliberate offset between the frame structure of the DeNB and its subordinate relays. The offset can be configured via O&M.
3
Conclusion

In this contribution we have shown that there is a potential ambiguity in the specification related to the definition of the backhaul subframes, where it is not clearly specified whether the timing of the DeNB cell or the Relay node cell should be applied. This could lead to inconsistent behavior if those timings are not aligned, which is essential for maximum utilization of the backhaul link and interference coordination.

A CR containing a wording proposal to eliminate this ambiguity is provided in ‎[5].
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