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1
Background
It was agreed that for type-1 relaying, the access link (Uu interface) and the backhaul link (Un interface) are TDMed, which means that relay (RN) is not able to communicate with RN-attached UEs and donor e-NB (DeNB) simultaneously [1]. To keep Rel-8 backward compatibility, it was also agreed that MBSFN subframes (SF) in the RN cell are used for the DL backhaul transmission. However MBSFN SF can not be configured at SF 0, 4, 5 or 9 of a radio frame. Under such constraints, it is likely that the HARQ for backhaul link could not fully reuse Rel-8 mechanism, therefore new HARQ design (at least some additional rules) for the backhaul link might be necessary. Moreover, it is quite clear that such new design is related to the backhaul SF allocation method. In the previous meetings, many contributions has been submitted on this aspect [4-11] and several WFs haven been presented in previous Ran1 meetings [13]
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[14][15].

Variable feedback and UL grant timing for Un link were analyzed in [8] and proposed in the WF [13]. Such scheme is to allow for more flexible and independent DL and UL backhaul SF allocation. As an alternative, fixed HARQ timing is discussed in many papers e.g. [3]
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[4]
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[6]
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[7] and proposed in another WFs [14][15], to allow for simpler HARQ operation over Un interface and to make backhaul timing compatible with DeNB’s scheduling of Rel-8 UEs in the macro cell. In this paper, the above options are compared. In particular, the details of fixed HARQ timing scheme is discussed, which contains the cases of 8&16 ms backhaul allocation periodicity as well as 10ms allocation periodicity.
2
Issues on Un HARQ Timing
For Rel-8, the timing for FDD is such that the HARQ feedback for DL/UL transmission is always 4ms later, and the uplink grant is always 4ms before the UL transmission. For backhaul link in LTE-A systems, the way of allocating backhaul SFs is important for HARQ timing. Below, we first clarify the definitions of symmetric and asymmetric allocations: 
If the number of DL backhaul SFs is the same as the number of UL backhaul SFs, it is symmetric allocation. Otherwise it is asymmetric allocation. 
More details of symmetry and asymmetry allocations are in [16], and it has been shown therein that symmetric allocation allows simpler design but the asymmetric way complicates backhaul allocation and then HARQ design without any clear use case that justifies its extra complexity.  
Variable HARQ timing over Un interface is proposed in [13], i.e., the timing between DL (UL) transmission and UL feedback (UL grant) are no longer fixed as 4ms. Such variable timing will allow for flexible backhaul SF allocation. For example in Figure 1, assuming flexible UL grant timing is used for Un link, DeNB will have to schedule UE’s uplink transmission 4ms before and uplink backhaul transmission 5ms before, respectively. 
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Figure 1 Variable UL grant timing on Un link
It is unclear yet how much could one benefit from such flexible backhaul SF allocation. For example, for the case where the DL-to-UL timing difference is not 4ms on the backhaul, the UL ACK/NACK feedback for DL transmission on the Uu link will be missing due to blanked UL SF in the access link. This causes loss in Uu DL throughput, since retransmission in the access link would anyway be needed. This problem will become even more severe if more backhaul SF are allocated with variable timing. Another issue would be that this variable timing impacts eNB’s scheduler design. For the example in Figure 1, the scheduling decisions for UL transmissions in SF #8 from macro UE and RN are made in two different SF #3 and #4, respectively. This complicates the scheduler design at DeNB, also leads to some loss due to lack of jointly optimized scheduling decision. 
For fixed HARQ timing scheme over Un interface, firstly, this scheme is simpler and reuses Rel-8 HARQ timing design at least for UL ACK/NACK feedback as well as UL grant timing. Secondly, this scheme does not have the two issues discussed above since it is fully compatible with Rel-8 HARQ timing in the access link. Based on these discussions, we have the following proposals:
Proposal 1: Fixed HARQ timing for UL ACK/NACK feedback and UL grant over Un interface is preferred.
3
HARQ Analysis for Fixed Un HARQ Timing
In this section two backhaul HARQ periodicities with fixed timing are analyzed, i.e., 8&16 ms and 10ms periodicity. 8&16ms periodicity could fit UL HARQ RTT on Uu nicely, and have minimum impact on Uu UL HARQ processes. On the other hand 10ms periodicity could well fit MBSFN configuration periodicity to avoid collisions between backhaul SF and non-MBSFN SF. Detailed analysis is in the following subsections. 
3.1


8&16ms HARQ Periodicity on Un 
8&16ms HARQ periodicity is allocated as in Figure 2. From the figure only one Uu HARQ process is impact when a set of backhaul SF is allocated with such periodicity, which means the impact on Uu HARQ transmissions could be minimized. And the HARQ procedures could reuse R8 HARQ procedure, e.g. synchronized UL retransmission and HARQ processes. 
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Figure 2 Backhaul SF allocation pattern for 8ms periodicity
Since SF 0, 4, 5, and 9 in a radio frame shall not be configured as MBSFN SF, the UL HARQ RTT on Un interface could be 8ms or 16ms depending on the availability of a DL backhaul SF. 
Another problem is that the non-reserved UL SF (e.g., dashed red circle in Figure 2) should be used carefully by Uu because the retransmission of these SFs will collide with UL backhaul SF. One way is to ACK the new transmission and dynamically schedule retransmission in the later non-reserved SF, which is compatible with Rel-8 and is suitable only for delay-tolerant traffic; another way is to use these non-reserved SFs to schedule R9/10 UEs with some new HARQ timing design if that is to be supported. 
For 8&16ms periodicity allocation, there are 8 basic location sets for backhaul SFs reservation. These basic location sets, termed as basic patterns hereafter, are shown in the following figure:

[image: image3.emf]DL subframe 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

UL HARQ process 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

DL

#1

UL

DL

#2

UL

DL

#3

UL

DL

#4

UL

DL

#5

UL

DL

#6

UL

DL

#7

UL

DL

#8

UL


Figure 3 Symmetric basic patterns for 8ms periodicity backhaul allocation
These basic patterns are aligned with UL HARQ process for Uu interface due to 8&16ms periodicity. Thus it is reasonable to allocate backhaul resources based on these basic patterns, and then use one basic pattern as one UL Un HARQ process. So the maximum UL HARQ processes for Un is 8, which is the same with Uu. In this way, UL HARQ processes are aligned between Un interface and Uu interface. Thus the HARQ timing is maintained for each HARQ processes even after combining these basic patterns. 
3.1


10ms HARQ Periodicity on Un 

10ms periodicity on Un interface can nicely fit the MBSFN SF periodicity, which means no collision between backhaul and non-MBSFN SF. In this way Un can have a fixed/regular HARQ RTT. One example for such allocation is shown in Figure 4. From the figure, we could see that 10ms RTT could be always maintained for Un HARQ. 
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Figure 4 Impact on access HARQ process for different DL backhaul SF allocation

One problem of this scheme is that it may impact more Uu HARQ processes compared with 8&16ms periodicity, which will result in less retransmission opportunities for Uu UL. Considering rather good Uu link quality and thus relatively lower number of necessary retransmissions compared with macro-cell UE, such impact seems not to be very significant. Generally, synchronized UL HARQ, UL feedback timing and UL grant timing remain compatible with Rel-8. 

Compared with variable timing, fixed timing is simpler and do not have ACK/NACK missing problem for Uu interface, nor any impact for eNB scheduler. And among the two schemes in fixed timing, 8&16ms periodicity has the minimum impact on Uu UL HARQ processes but has irregular backhaul HARQ timing and relatively longer delay on Un link; 10ms periodicity is more aligned with MBSFN SF periodicity but will have more impact on Uu UL HARQ processes. Based on the discussions in this section, we have the following proposal:

Proposal 2: Both 8&16ms periodicity scheme and 10ms periodicity scheme are fine for fixed HARQ timing scheme over Un interface.
Conclusion

This contribution compare variable timing and fixed timing for Un HARQ, and also gives some analysis on HARQ design in cases of 8&16ms or 10ms HARQ periodicity for symmetric backhaul SF allocation. Based on the discussions, we have the following proposals:
Proposal 1: Fixed HARQ timing for UL ACK/NACK feedback and UL grant over Un interface is preferred
Proposal 2: With fixed HARQ timing in Un, both 8&16ms and 10ms backhaul allocation periodicities are fine.
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