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1
Background
In the last 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. Still one issue remained [1] for the offset value:

FFS until RAN1#63 whether (for example) an offset value relative to the subframe configurations in the table should be able to be signaled by RRC.
In the last meeting, several contributions [2]

 REF _Ref276652643 \n \h 
[3]

 REF _Ref276652644 \n \h 
[4] have mentioned the issue that the consistent understanding should be reached between DeNB and relay for the start position of the 8-bit bitmap indicating the Un subframe configuration. Then one offset value was proposed to be signaled along with the Un subframe configuration to indicate the start position. In this paper, we analyze this issue and evaluate the necessity of the extra offset value. Further more, we also give a proposal how to achieve a consistent understanding for the start position of the 8-bit bitmap signaling.
2
Discussion of cyclic shifts vs. offset
In Rel-10, the Un subframe configuration for FDD is confined to 8ms periodicity. This 8-bit bitmap is signaled by DeNB to indicate to the relay which subframes are to be used for Un DL transmission. After receiving this 8-bit bitmap, the relay will configure the subframes used for Un DL according to the signaling (except the non-MBSFN eligible subframes), and implicitly derive the Un UL subframe configuration from the DL Un subframe. Then there is one issue to configure DL Un subframe, that how relay know the first bit is mapping to which subframe? For example in the following figure, the bit string 10010100 is signaled to relay, but how should the relay do the mapping between the signaled bit string and the subframes? Two potential interpretations are depicted in the figure, but even several others would be possible. This is particularly unclear as the repetition time of the bitmap (8ms) and the frame raster (10ms) are not aligned.
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Figure 1 Issue on mapping 8-bit bitmap to subframe
In [2], an equation-based method is proposed to map the 8-bit bitmap to subframes. Then an offset value for system frame and also subframe is needed to be included in RRC signaling to indicate the offset of start position of signaled 8-bit bitmap. 
However, since an offset is basically equivalent to a cyclic shift of the 8-bit bitmap, this kind of offset value is not needed but instead its effect can be included to the bitmap. For example, we assume that the starting position of 8-bit bitmap is always at the subframe#0 of the first frame in a 40ms period, then using an additional cyclic shift of the bitmap will have the same effect as the proposed offset value, so the extra signaling of offset value is not needed.
If the DeNB wanted to have an offset applied (system frame number offset nf,offset and subframe offset noffset), it could alternatively use the following calculation to cyclically shift the 8-bit bitmap by CS8-bitmap in order to include the effect of the desired offset.:

CS8-bitmap = ( nf,offset x 10 + noffset ) mod 8
For example,
· If the system frame number offset nf,offset=0 and subframe offset noffset=3 (second option in figure 1);
· After the offset, the 8-bit bitmap is equal to 10010010; 

· Using the cyclic shift method, CS8-bitmap=(0x10+3) mod 8=3; then after the cyclic shift, the bitstring is 10010010, which gives a result equal to the result of the offset method, as depicted in figure 2.
· If the system frame number offset nf,offset=1 and subframe offset noffset=3;

· After the offset, the 8-bit bitmap is equal to 10100100;

· Using the cyclic shift method, CS8-bitmap=(1x10+3) mod 8=5; then after the cyclic shift, the bitstring is 10100100, which gives a result equal to the result of the offset method.
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Figure 2 Offset-based method vs. Cyclic-shift method
Considering that the relay frame structure may not be aligned with the DeNB’s frame structure, it is necessary to clearly specify to which frame structure the bitmap shall be aligned. In order to obtain a precise reference the relay should understand the 8-bit bitmap based on the relay’s frame structure timing. Based on the discussions and consideration, we have the following proposal:
Proposal#1: The start position of the 8-bit bitmap is at subframe#0 in the first frame of a 40ms configuration period of the relay cell, this subframe fulfills SFN mod 4=0;
2
Different Interpretation of offset value
From the previous discussions, we could see that the offset value to indicate different start position of 8-bit bitmap could be substituted by a cyclic shift of the 8-bit bitmap. However, this offset value could be also needed and included in the RRC signaling, if we interpret it as the frame structure offset between relay frame structure and DeNB frame structure. 

With this different interpretation, it will have no impact on the understanding of signaled 8-bit bitmap if DeNB and relay both following proposal#1 and DeNB could take this offset value into consideration. Besides, enabling the DeNB to take control of the relay frame structure offset will gain two more extra advantages:

· Advantage#1: The DeNB’s capacity can be fully exploited for backhauling, considering the backhaul link capacity is the bottleneck of relay cell capacity. For example in figure 3, originally subframes #0, #4, #5, #9 in DeNB cell could not used for backhauling if DeNB and relay have aligned frame structures, because these subframes can not be configured as MBSFN subframes in relay cell. But if the relay frame structure can be shifted by DeNB, then all subframes in DeNB cell can be used for backhauling, unleashing the full backhaul capacity (note 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).
· Advantage#2: Full inter-cell interference coordination could be enabled. Because relay-to-relay interference is the concern in relay systems, one efficient solution is to use the same time interval for backhauling among relays. But in FDD systems, the frame structures among eNBs do not required to be aligned. Thus if inter-cell interference coordination is needed, i.e. it is desired 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 however misaligned to the neighbors DeNB and RN frame structure. This is depicted in figure 4, after relay’s frame structure is shifted, all relays can use overlapping time interval for backhauling which minimizes inter cell interference.
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Figure 3 Advantage#1                               Figure 4 Advantage#2
These two advantages are very attractive for type-1 relays, considering the concerns for backhaul link bottleneck and the interference among relays. So we have the following proposal:
Proposal#2: Offset value is included in the RRC signaling but interpreted as the frame structure offset between the relay frame structure and the DeNB frame structure in units of on subframe (1ms).
3
Conclusion

In this contribution we discussed the remaining open issues on the Un subframe configuration for FDD. Based on the discussions, we have the following proposals:
Proposal#1: The start position of the 8-bit bitmap is at subframe#0 in the first frame of a 40ms configuration period of the relay cell, this subframe fulfills SFN mod 4=0;
Proposal#2: Offset value is included in the RRC signaling but interpreted as the frame structure offset between the relay frame structure and the DeNB frame structure in units of on subframe (1ms).
References

[1] Draft Report of 3GPP TSG RAN WG1 #62bis v0.1.0, Xi’An, China, Oct. 11th-15th, 2010
[2] R1-105346, Details of Defining FDD Un HARQ Process, LG Electronics;
[3] R1-105619, Details of Relay HARQ, Motorola;
[4] R1-105444, The table on number of Un UL HARQ process in FDD, ZTE;










































































































