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1. Introduction

 In this paper some backhaul link design issues are discussed for the two relaying methods – the fake MBSFN subframe method [1] and the UL/DL band swapping method [2]. Due to the irregularity of MBSFN configuration patterns, some issues are identified in designing the backhaul link HARQ process of the fake MBSFN subframe method. Two methods to resolve the identified issues are introduced and analyzed; one is to shift the downlink backhaul subframe, the other is to utilize parts of the OFDM symbols when the DL backhaul link is unavailable due to non-MBSFN configurable subframes and half duplicity of relay nodes.
2. Backhaul link design issues
2.1. The fake MBSFN subframe case

· Empty PDCCH (or wasted subframe)
When fake-MBSFN subframe is configured in DL access link at the N-th subframe in Figure 1, the relay node shall listen to eNB to receive DL backhaul data (and/or control information). Thus, the relay should not schedule a PDSCH transmission to the relay UE. Furthermore, the relay node wouldn’t schedule a relay PUSCH at the (N+4)-th subframe to avoid collision with the backhaul link if UL backhaul link is to be configured at that subframe. As a result, the PDCCH at N-th subframe will be empty, so called “Empty PDCCH”, which causes waste of DL/UL access link resource and should be taken into account when designing the backhaul subframe allocation.
 [image: image1.emf]No DL data

scheduled

Subframe#N Subframe#N+1 Subframe#N+2 Subframe#N+3 Subframe#N+4

DL TX@RN

DL RX@R-UE

DL backhaul

Active

E

m

p

t

y

 

P

D

C

C

H

eNB data DL RX@RN

No UL data

scheduled

UL TX@R-UE

No UL grant

No DL grant

UL backhaul

Active


Figure 1: Problems of “Empty PDCCH” (10ms period, 4ms offset from UL grant)
· UL ACK loss

If there is no uplink resource to feedback the corresponding ACK/NACK after PDSCH scheduling due to UL backhaul link allocation, the ACK will be lost. Also, if the PDSCH is not scheduled due to such reasons, downlink resource for PDSCH will be wasted. 
The desired approach is to design the UL ACK transmission rather than waste the downlink resource at the access link. For example, ACK/NACK repetition or aggressive scheduling could be applied. ACK/NACK repetition method means that eNB controls the UE to repeat its ACK/NACK transmission by using high layer signal so that at least one ACK/NACK signal can convey to eNB. Even though it costs DL throughput slightly, it has minimum impact on LTE specification. Similarly, aggressive scheduling shall be considered.
On the other hand, if UE has knowledge of the backhaul subframe configuration such that UE knows which subframe is allocated to DL/UL backhaul, it shall perform its own procedures to overcome the collision situation e.g. such as dropping of ACK/NACK, adjusting the ACK/NACK TX timing (shifting) and so on.  Otherwise, UE shall inevitably transmit its ACK/NACK at the collision subframe, causing interference to some extent. 
· UL data collision
If UL access retransmission period is not identical to the backhaul transmission period, the PUSCH transmission may collide with the backhaul transmission. For example, let’s assume that backhaul link with 10ms periodicity is allocated to even-numbered subframes as depicted in Figure 2 to avoid collision with the UL access link retransmission procedures which use odd-numbered subframes. If the data transmitted at subframe #8 of the first radio frame is in error, then its retransmission at subframe #4 of the second radio frame will collide with the backhaul link transmission which causes UL data collision. This UL data collision brings forth some troubles in backhaul/access link resource allocation: Only 30% of DL/UL subframes can be allocated to the backhaul link and 20% of UL subframes are wasted if no UL data collision is allowed.
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Figure 2: UL data collision with backhaul with 10ms periodicity
· Backhaul transmission periodicity
UL Backhaul with 8ms periodicity is preferred as in relay access link in the view point of resource utilization.
· DL/UL backhaul subframes allocation
It is preferred that the number of DL/UL backhaul subframe are approximately the same and the positions are well-aligned to support HARQ operation in order to avoid increased scheduling complexity, unnecessary overhead due to ACK/NACK timing adjustment or bundling.

2.2.  The UL/DL band swapping case

Since there are no restrictions in allocating subframes to the backhaul link for the UL/DL band swapping case, the above-mentioned issues do not apply to this case except for the UL ACK loss problem which can be resolved by ACK/NACK repetition, aggressive scheduling, or new ACK/NACK features for LTE-A UEs. 

3. Backhaul subframe allocation for HARQ operation
· DL backhaul subframe shifting
In case that DL/UL backhaul subframes are allocated with 8ms periodicity, if DL backhaul subframe allocation overlaps with non-MBSFN configurable subframes (e.g. #0,  #4, #5 and  #9),  DL backhaul subframe is re-allocated to the available neighboring subframe (subframe shifting). As a result, backhaul transmission and ACK/NACK response will be delayed or led by one subframe (circled subframe #0 and #4) as shown in Figure 3.  For simplicity, the amount/direction of shift is preferred to be fixed. If it varies, the shift information should to be signaled.
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Figure 3: Example of backhaul subframe shifting based on HARQ with 8ms periodicity
· Using part of OFDM symbols in non-MBSFN configurable subframe
If DL backhaul subframe with 8ms periodicity overlap with access subframe #0, 4, 5 and 9 which can’t be used as MBSFN subframe, backhaul transmission will be blanked for that subframe even though it was supposed to be used for backhaul. Even in those blanked subframe, one or two symbol duration selected from the 14 OFDM symbols in the subframe #0, #4 in Figure 2 can be used for backhaul reception at RNs by using other unused symbols excluding symbols reserved for RS, SCH and BCH. It is noted that those symbols for backhaul reception should never be overlapped in the RS, SCH and BCH positioned symbols (e.g. #2 and #3, #12 and #13). Because frequent transitions between TX (to UE) and RX (from eNB) are required, transition gaps with a half symbol duration are positioned at the preceding and following symbols designed for the purpose of backhaul reception and therefore just one symbol per slot can be utilized for the purpose. 
4. Conclusion

Some issues in backhaul link design with the fake-MBSFN approach are discussed and solutions to the issues are briefly introduced. It is shown that some of the solutions could also be applied to the case of band swapping approach. In conclusion, following design principle is preferred to be captured when allocating the backhaul link for efficient HARQ operation.
· Backhaul transmission with 8ms periodicity
· The number of DL/UL backhaul subframe is identical and the positions are well-aligned to support HARQ operation (if possible)
· Empty PDCCH, UL ACK loss and UL data collision should be resolved to a reasonable extent.
Finally, as mentioned in section 3, backhaul subframe shifting and/or usage of a part of OFDM symbols could be alternatives to resolve the raised issues.
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