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1. Introduction

Several methods to allocate subframe resources to backhaul or access link with resolving the raised issues so far in backhaul design have been proposed and compared [1]. One issue to be resolved is the uplink ACK/NACK blocking, i.e. uplink ACK loss problem where uplink ACK associated with downlink PDSCH transmission are blocked due to backhaul R-PUSCH transmission which are scheduled/allocated previously. In recent meetings, several methods have been proposed to resolve this uplink ACK/NACK blocking problem [2-5]. In this contribution, one simple solution will be provided without any specification change in LTE Rel-8.
2. Applying ACK/NACK repetition to UL ACK loss case
Figure 1 shows the blocking case of uplink access transmission because the backhaul link is allocated in the subframe. Even though subframe #n+4 is allocated to backhaul link, relay can schedule the PDSCH in the subframe #n when the ACK/NACK repetition (e.g. two times) is enabled by RRC signal. Then initial ACK is not received at the Relay, but the repeated ACK can be received by Relay as shown in Figure 1. This ACK/NACK repetition method can be applied to other backhaul resource allocation patterns (e.g. consecutive allocation) if the number of consecutive backhaul subframes is smaller than the repetition factor (maximum value is 4). 
One might have some concerns on the use of ACK/NACK repetition for this purpose due to the following reasons. 
· Per-UE throughput loss in access link may be induced as a UE cannot be scheduled during the repeated ACK/NACK transmissions. 
· ACK/NACK multiplexing option in TDD mode is not compatible with ACK/NACK repetition, which may cause Per-UE throughput loss.
However, as long as the number of UE is not extremely small, the Per-UE throughput loss doesn’t lead to system throughput degradation. Moreover, the access link is not a bottleneck of the relaying system performance rather than backhaul link, then it is expected that the impact caused by the two reasons above is very limited.
       Proposal: we suggest using the ACK/NACK repetition as the solution to the uplink ACK/NACK blocking problem, at least for Rel-8 UEs.
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Figure 1: Application of ACK/NACK repetition for uplink access blocking

3. UL ACK loss in TDD case
Rel-8 ACK/NACK repetition can be applied to the similar UL ACK loss case in TDD mode. In TDD mode, UL ACK loss can be more severe problem in case of configuration#2, #4 and #5 in which the number of UL subframes is small, e.g. 1 or 2 UL subframes. Due to lack of UL subframes to be assigned for either UL backhaul subframe or UL access subframe, more frequent UL ACK loss will be caused. In such case, UL ACK/NACK repetition mentioned in the section 2 can be usefully applied to the subframe where is assigned for the backhaul link.  
As an example, let’s consider the case of TDD UL-DL configuration #2 where there are two UL subframes in a radio frame and assume that subframe 2 is allocated to backhaul signal transmission while subframe 7 is used for access signal reception in the RN side. In this case, UL ACK loss for PDSCH transmitted at subframe 4 and 8 (whose ACK/NACK is to be transmitted at subframe 2) can be avoided by assigning these two subframes as DL backhaul subframe where RN does not transmit any PDSCH to the associated UEs. However, UL ACK loss is unavoidable for PDSCH transmitted at subframe 5 and 6 which cannot be configured as MBSFN subframe for backhaul signal reception. In this case, if ACK/NACK repetition is enabled with the repetition factor 2, the corresponding UL ACK can be received by RN at subframe 7 and UL ACK loss problem is resolved.

Table 1. UL-DL subframe configuration in TDD mode.

	Configuration
	Subframe number

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


4. Conclusion
Summary:

· The A/N repetition operation can be applied intentionally to the UL subframe expecting the collision (N_rep=1, 2 and 4). 
· The repeated A/Ns’ resources are reserved by RRC signaling like Rel-8
· By using A/N repetition operation, unused subframe which may not be scheduled due to such a collision can be re-utilized. 
· The A/N repetition can be used even in non-consecutive access subframe allocation. 

· There’s no impact at least on LTE Rel-8 UE. 
Proposal: we suggest using the ACK/NACK repetition as the solution to the uplink ACK/NACK blocking problem, at least for Rel-8 UEs.
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