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1
Background
It was agreed that RN access link (Uu interface) and backhaul link (Un interface) are TDMed, so it means relay could not communicate with RN-UEs and donor e-NB simultaneously [1]. And to keep R’8 backward compatible, it was also agreed that MBSFN sub-frames are used for the DL backhaul transmission. However MBSFN sub-frames can not be configured at sub-frame 0, 4, 5 or 9 of a radio frame. Because of this time-discontinuous transmission characteristic of backhaul link and the constraints of the MBSFN sub-frame configuration, likely the HARQ operation for backhaul link could not fully reuse R8 mechanism, thus new HARQ design (at least some additional rules) for backhaul link might be necessary. Moreover, it is quite clear that this new HARQ design is tightly related to the backhaul sub-frame allocation style/method, i.e. how is backhaul sub-frame allocated and what the allocation periodicity for backhaul SF is. So far HARQ operation over Un interface has not been discussed although there are quite many contributions submitted in last several meetings already [2-10]. 
Currently two kinds of sub-frame allocation for Un interface are mainly considered, which are 10ms periodicity allocation and 8ms periodicity allocation. 10ms periodicity allocation is nicely fit with MBSFN sub-frame allocation. The detailed analysis is addressed in another paper [6]. 10ms periodicity allocation has the merits that synchronous HARQ could be easily used for Un UL, with the slightly changed UL feedback timing; and also Un UL will have very balance RTT among different HARQ processes. On the other hand, 10ms periodicity could not fit Uu UL HARQ RTT – which is always 8ms for LTE FDD very well, then the main problem is that 10ms periodicity allocation will impact Uu link UL HARQ process a lot: one UL backhaul sub-frame per 10ms will impact all the odd processes or even processes for Uu link UL HARQ. The consequence of this impact is that more collisions will take place between Un link and Uu link.

In order to eliminate the impact to Uu link UL HARQ as much as possible, the other way is to use 8ms periodicity allocation to nicely fit the Uu UL HARQ RTT, and this way was also proposed and analyzed by many contributions in the previous meetings [7]

 REF _Ref241833136 \r \h 
[8]

 REF _Ref241833122 \r \h 
[9]. In this paper, we will discuss these HARQ related issues with 8ms backhaul SF allocation periodicity based on the current agreements.
2
Issues with 8ms SF Allocation Periodicity
Although 8ms periodicity could fit UL HARQ RTT on Uu interface nicely, it has different periodicity with non-MBSFN SF periodicity which is 10ms. Then some DL sub-frames will collide with non-MBSFN sub-frame and could not set to DL backhaul sub-frame. This will impact UL feedback and UL HARQ retransmissions for Un interface. The detailed analysis is carried out in the following text.
2.1


HARQ Timing over Un Interface
In terms of the R’8 definition, the HARQ timing for FDD is that the feedback for DL/UL transmission is always 4ms later, and the uplink grant for UL transmission is always 4ms earlier. But when turns to backhaul link in LTE-A system, it is uncertain whether this timing is suitable or not. Since the style of backhaul SF allocation is quite important to this HARQ operation, then herein we would like to clarify the definition of symmetry allocation and asymmetry allocation firstly: if the number of DL backhaul is exactly same as the number of UL backhaul sub-frame, then it is called as symmetry allocation style. Otherwise it is an asymmetry allocation style. Currently, it is still FFS on the needs of asymmetry allocation.
· DL HARQ timing: Because any UL sub-frame can be enabled for backhaul usage, then UL ACK/NACK can be sent always after 4 sub-frames from the corresponding R-PDSCH in case symmetry allocation, then R’8 DL HARQ can be fully re-used in symmetry allocation. But when the number of DL backhaul SF is larger than number of UL backhaul SF for asymmetry allocation, UL ACK/NACK may not be available always after 4 sub-frames, at least for some of DL backhaul SF. This problem is same as 10ms case [6]
· UL HARQ timing: it has some DL ACK/NACK missing problem for UL HARQ regardless of symmetry allocation or asymmetry allocation. Figure 1 show an example when backhaul sub-frame is allocated with 8ms periodicity. In this figure, both DL and UL backhaul sub-frame are allocated based on 8ms periodicity. We could observe that if DL backhaul transmission happens in DL sub-frame #1, then HARQ feedback could be obtained in UL sub-frame #5, according to R8 HARQ timing for FDD. But if UL backhaul transmission happens in UL sub-frame #5, HARQ feedback for UL transmission that should be transmitted in DL sub-frame #9 will be lost, because that DL sub-frame could not be set to MBSFN sub-frame. From Figure 1, we could see that R’8 UL HARQ timing could not be fully reused for backhaul link anymore. Or if we don’t want to change R’8 timing, some rules at RN have to be defined to deal with the DL ACK/NAK missing case, i.e similar mechanism as measurement gap. However it may require adaptive retransmission later and somehow consume PDCCH signalling [2]. And we should note that example shown in Figure 1 is only for the symmetric allocation of backhaul sub-frame, which is to say, the DL backhaul sub-frame number is the same with UL backhaul sub-frame number. The problem is even more severe for the asymmetric allocation of backhaul sub-frame, i.e when number of UL backhaul SF is larger than number of DL backhaul SF. In such cases, more PDCCH consumption is inevitable. This problem is also similiar to 10ms case [6].
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Figure 1 UL HARQ timing problem for backhaul link with 8ms SF allocation periodicity (symmetry allocation)
Proposal 1: for 8ms backhaul SF allocation periodicity: R’8 DL HARQ timing over Un interface can be fully reused in case symmetry allocation, while it can not be re-used for asymmetry allocation; R’8 UL HARQ timing may not be fully reused over Un interface regardless of symmetry allocation or asymmetry allocation. 
2.2


Impact on UL HARQ for Un Interface
To have less collison between backhaul link and access link, one simple rule is that UL sub-frame that related with non-MBSFN sub-frame (sub-frame #0, #4, #5, #9) will not be allocated to UL backhaul link, which is sub-frame #3, #4, #8, #9.  Figure 2 shows a collison situation between backhaul and access link when sub-frame #3, #4, #8, #9 is used for UL backhaul: because non-MBSFN sub-frame (sub-frame #0, #4, #5, #9) has to be used for relay access link transmission to avoid resource waste, then it will reqire UL ACK/NACK feedback in UL SF#3, #4, #8, #9. Since UL SF#3, #4, #8, #9 has been allocated to UL backhaul transmission also, then it will lead to transmission collisoon (red dashed circle in the figure)
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Figure 2 Collision between backhaul and access link in case sub-frame #3, #4, #8, #9 is used for UL backhaul
Proposal 2: when number of DL backhaul SF is equal or larger than number of UL backhaul SF, UL sub-frame that related with non-MBSFN sub-frame (sub-frame #0, #4, #5, #9) will not be allocated to UL backhaul link. 
According to the proposal 2, the backhaul sub-frame pattern for 8ms periodicity is like in Figure 3:
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Figure 3 Backhaul sub-frame allocation pattern for 8ms periodicity
One problem for this kind of pattern is that two UL transmission opportunities (non-reserved sub-frame which is dashed red circle in Figure 3) per 40ms are missed for Un interface. This will result in a bit larger transmission delay for Un interface HARQ. If checking Uu interface, only HARQ process#4 was impacted. 
The other problem is that non-reserved sub-frames (dashed red circle in Figure 3) should be used carefully because the retransmission of these sub-frames will collide with UL backhaul sub-frame. One way is to ACK the new transmission and dynamically schedule retransmission in the later non-reserved sub-frame, this way is suitable for delay-tolerant traffic and also R8 compatible; another way is to use these non-reserved sub-frames to schedule R9/10 UEs with some new designs. 
In the following section, we will give some deail analysis on HARQ operation in case 8ms backhaul SF allocation periodicity by taking the identified problems into account. 
3
HARQ Analysis with 8ms Backhaul SF Allocation 
3.1


Analysis on HARQ Timing with Symmetric Allocation 
For 8ms periodicity allocation, there has 8 basic location sets for backhaul sub-frame reservation. This is naturally because the periodicity of allocation is 8ms (actually the periodicity is 40ms because some of the sub-frames could not be reserved to backhaul sub-frame, but this will not have impact on the conclusion). These basic location sets, which are termed as basic patterns in this contribution, are in the following figure:
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Figure 4 Symmetric basic patterns for 8ms periodicity backhaul allocation
These basic patterns are aligned with UL HARQ process for Uu interface, i.e. one basic pattern stands for one UL HARQ process for Uu interface. Thus it is reasonable to allocate backhaul resources based on these basic patterns, and use one basic pattern as one UL HARQ process for Un interface. So the maximum UL HARQ processes for Un interface is also 8 which is the same with Uu interface. For example, if we allocate basic pattern #1 and #2 for backhaul resource – which are UL HARQ process #4 and #5 for Uu interface – then these two basic patterns are two UL HARQ processes for Un interface. So basically in this way, UL HARQ processes are aligned between Un interface and Uu interface.
The problem mentioned in section 2.1 is that some of UL feedback for backhaul transmission is missed because of non-MBSFN sub-frames. One way is to reuse R8 procedure for measurement gap, in which if UL feedback is missed then UEs (here will be relays) will regard this feedback as ACK and wait for the dynamic scheduling for retransmission. This way is also discussed in [2] and there needs little change for specification by using adaptive HARQ Another way is to define new HARQ timing for each basic pattern and then combine these basic patterns directly using this new defined timing of each basic pattern. This way is proposed in [7] and there needs some specification work. The explicit R-PHICH timing could follow the definition in Table 1 to enable non-adaptive HARQ.  
Table 1 R-PHICH timing in case symmetry allocation
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Proposal3: if symmetry allocation is used in 8ms allocation periodicity, then RAN2 should make decision on whether it should follow R’8 mechanism (adaptive HARQ is used) or should define new explicit R-PHICH timing (non-adaptive HARQ is used).  

Asynchronous HARQ for Un UL is also proposed in [10] to further decrease the UL transmission delay for Un interface, especially for the case that multiple basic patterns are allocated to backhaul link. In this way, UL feedback could be encapsulated into UL grant then there could no timing design for UL feedback on backhaul link. However, it has some issues unclear still e.g. what is the BLER for initial transmission on backhaul link and what the maximum transmission number on backhaul link etc is. These issues will impact the gains of asynchronous HARQ for Un UL. And also, more specification work is needed for this method.
3.2


Analysis on HARQ Timing with Asymmetric Allocation 
In case asymmetric allocation is needed for backhaul in FDD, the thing becomes a little different because lots of asymmetric basic patterns could be defined due to the enormous combination of location number. Here we discuss some possible ways to form the asymmetric patterns. For simplicity, in this contribution we only consider the cases that number of DL backhaul SF larger than the number of UL backhaul SF. 

Proposal 4: in case asymmetric allocation is needed, to define a limited number of symmetric basic patterns and asymmetric basic patterns, and then combine these basic patterns to form the final asymmetric patterns.
The symmetric basic pattern could just use the basic patterns that mentioned in section 3.1. Because there are totally 8 symmetric basic pattern for DL and UL backhaul respectively, then the asymmetric basic patterns could be defined with DL: UL ratio from 2:1 to 8:1 which is using 2 to 8 DL basic pattern and one of UL basic pattern (Notes: R-PHICH timing is same as symmetric case). Then with the combination of symmetric basic patterns and asymmetric basic patterns, almost all the asymmetric allocation could be covered. For example, if we want to configure the asymmetric allocation with DL: UL ratio of 5:3, then we could combine two asymmetric basic patterns with DL: UL ratio of 2:1, and one symmetric basic pattern. There are two possible ways to design the asymmetric basic patterns:
Proposal 4-1: one way is to pre-define a limited number of asymmetric basic patterns, and a series of offsets, to form new asymmetric basic patterns. HARQ timing is fixed for each asymmetric basic pattern.
Because asymmetric basic pattern number is definitely large, thus we could not pre-define all the asymmetric basic patterns. Thus to have a trade-off between flexibility and efficiency, we could define a set of asymmetric basic patterns, and combine with an offset value to cover all the other asymmetric basic patterns. For example, an asymmetric basic pattern could be defined with DL basic pattern #1 and #3, and UL basic pattern #1. This pre-defined asymmetric basic pattern is as follows:
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Figure 5 Example for pre-defined asymmetric basic pattern

Then with offset 10 ms, this pre-defined asymmetric basic pattern will becomes another asymmetric basic pattern with DL basic pattern #3 and #5, and UL basic pattern #3. 
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Figure 6 Pre-defined asymmetric basic pattern with offset 10ms

There are totally four offsets which are 0ms, 10ms, 20ms and 30ms. And we could use the similar method to pre-define asymmetric basic patterns with DL: UL ratio of 3:1, 4:1, 5:1, 6:1, 7:1and 8:1. To configure an asymmetry case to RN, donor e-NB needs to signal the index of asymmetric pattern and offset value to RN. 
If we want to cover all the asymmetry patterns, then we could have alternative way below.        
Proposal 4-2: another way is to use the DL symmetric basic pattern and UL symmetric basic pattern to form an asymmetric basic pattern. HARQ timing is defined according to all the possible combinations.
In this proposal, DL basic pattern is the DL backhaul sub-frame location in the symmetric basic pattern. UL basic pattern has the similar definition. Then, HARQ timing for uplink transmission and DL feedback, i.e. R-PUSCH and R-PUCCH timing will be defined by considering all the possible combinations of DL basic pattern and UL basic pattern. HARQ timing for UL feedback, i.e. R-PHICH timing is the same as symmetric basic pattern.

For example, DL basic pattern is the DL backhaul location in symmetric basic pattern #1 and #3, and UL basic pattern is #3, then the formed asymmetric basic pattern and corresponding HARQ timing is as following:
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Figure 7 an example for an asymmetric basic pattern

With considering all the possible combinations of asymmetric basic patterns, we could define the R-PUSCH and R-PUCCH timing as in Table 2. When asymmetric basic patterns are defined with the DL:UL ratio from 2:1 to 8:1, which means 2 to 8 DL patterns are selected from 8 symmetric basic patterns and 1 UL pattern is also selected from 8 symmetric basic patterns while paired with DL patterns at meanwhile. For this case, R-PUSCH and R-PUCCH timing could follow this table. For example, if UL pattern is selected as in Figure 7, then R-PUSCH and R-PUCCH timing in the figure 7 are all included in the table. When relay is indicated with the selected pattern, it could check the downlink feedback timing based on this table.

Then we could form asymmetric basic pattern with DL symmetric basic pattern and UL symmetric basic pattern, and using the way in proposal #4, the final asymmetric pattern could be formed with asymmetric basic patterns and symmetric basic patterns. To configure an asymmetry case to RN, donor e-NB needs to signal the index of DL & UL symmetric pattern to RN.

Table 2 HARQ timing example for asymmetric basic pattern
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RAN2 should discuss which way should be used in case asymmetric allocation is used for FDD. 
3.3


Missing Information Handling in Uu Interface   

Missing information handling for 8ms periodicity allocation case is just same with 10ms periodicity allocation case. More discussion on this topic could refer to the paper [6].
Conclusion

This contribution is discussing some HARQ design and backhaul SF allocation issues in case 8ms backhaul SF periodicity (actually the periodicity is 40ms). In case 8ms allocation periodicity is a way to go, following proposals are made: 
Proposal 1: for 8ms backhaul SF allocation periodicity: R’8 DL HARQ timing over Un interface can be fully reused in case symmetry allocation, while it can be not re-used for asymmetry allocation; R’8 UL HARQ timing may not be fully reused over Un interface regardless of symmetry allocation or asymmetry allocation. 
Proposal 2: when number of DL backhaul SF is equal or larger than number of UL backhaul SF, UL sub-frame that related with non-MBSFN sub-frame (sub-frame #0, #4, #5, #9) will not be allocated to UL backhaul link
Proposal 3: if symmetry allocation is used in 8ms allocation periodicity, then RAN2 should make decision on whether it should follow R’8 mechanism (adaptive HARQ is used) or should define new explicit R-PHICH timing (non-adaptive HARQ is used).  

Proposal 4: In case asymmetric allocation is needed, define a limited number of symmetric basic patterns and asymmetric basic patterns, and combined these basic patterns to form the final asymmetric patterns.
Proposal 4-1: one way is to pre-define a limited number of asymmetric basic patterns, and a series of offsets, to form new asymmetric basic patterns. HARQ timing is fixed for each asymmetric basic pattern.
Proposal 4-2: another way is to use the DL symmetric basic pattern and UL symmetric basic pattern to form an asymmetric basic pattern. HARQ timing is defined according to all the possible combinations.
RAN2 should have discussion on whether symmetry or asymmetry allocation is suitable for FDD backhaul, and then discuss corresponding proposals in this contribution.   
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