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1. Introduction
A way forward on TDD Un subframe allocation was agreed in RAN1 #60, where it stated:
· For TDD, both asymmetric and symmetric DL/UL Un subframe allocation are supported.
·  For TDD, explicit configuration on the set of Un UL subframes is supported.
· Implicit configuration on the set of Un UL subframes is FFS.
Further the following was agreed in RAN1 #61bis as working assumption:

· Asynchronous HARQ is used for DL Un transmissions; Synchronous HARQ is used for UL Un transmissions and UL Un HARQ RTT is always 10ms for all the supported TDD UL-DL configurations.
The backhaul HARQ timing for LTE-A TDD was detailed discussed in many contributions [1-7] in the last meeting. In this contribution, we give our preference on this issue based on the analysis.
2. Discussion
To effectively configure the backhaul transmission and avoid the interference issue, it is proposed that:

· For Un UL timing, the UL grant and ACK/NACK feedback for UL Un subframes are transmitted in paired DL Un subframe
· For UL DL timing, the ACK/NACK feedback for DL Un subframe is transmitted in paired UL Un subframe.

To meet these two requirements, one UL subframe and one DL subframe are periodically paired to respectively serve as UL Un subframe and DL Un subframe. One example for this kind of subframe pairing for TDD subframe configuration 1 is shown in Fig.1, where SF #4 and #9 are served as DL Un subframe, and SF #8 and #3 are served as UL Un subframe. The UL grant and ACK/NACK feedback (PHICH) for SF #8 are transmitted in SF #4. The corresponding ACK/NACK feedback for SF #4 is transmitted in SF #8. That is to say, SF #8 and #4 are paired. The SF #9 and SF #3 are paired in the same way. It is easy to see that this SF pairing method for configuration 1 follows the same HARQ timing defined in Rel.8 spec [8]. 
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Fig.1 symmetric Un subframe configuration for TDD configuration 1
In the DL heavy scenarios, more DL Un subframes are needed than UL Un subframes. One example of this asymmetric Un subframe allocation for TDD configuration 1 in shown in Fig.2, where SF #9 and SF #3 are paired to be the DL and UL Un subframes. One standalone subframe SF#4 is configured to be DL Un subframe to meet the requirement. Furthermore to avoid the interference issue, the ACK/NACK feedback timing for DL Un SF #4 have to be adjusted from SF #8 to SF #3 in the next subframe. The red lines in Fig.2 show the adjusted ACK/NACK feedback timing. 
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Fig.2 Asymmetric Un subframe configuration for TDD configuration 1

Following the subframe pairing schemes illustrated for TDD configuration 1, one example for symmetric UL and DL Un subframe configuration for TDD subframe configuration 3 is shown in Fig.3, where SF #9 and #3 are paired to be DL Un subframe and UL Un subframe. The ACK/NACK feedback for SF #9 should be changed from SF #4 defined in Rel.8 spec to SF #3 to avoid the interference issue.
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Fig.3 symmetric Un subframe configuration for TDD configuration 3

The example of asymmetric UL and DL Un subframe configuration for TDD subframe configuration 3 is shown in Fig.4. Here the ACK/NACK feedback for DL Un subframe #9 is adjusted from SF #4 to SF #3, which is shown in Fig.4 using red line. In addition, since ACK/NACK feedback timing of SF #7 is SF #3 as defined in [8], it is preferred to use SF #7 as the standalone DL Un subframe.
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Fig.4 Asymmetric Un subframe configuration for TDD configuration 3

For TDD configuration #6, since SF #0, #1, #5, #6 cannot be served as DL Un subframe and there are limited DL resources, only symmetric DL and UL subframe allocation is supported. The example is shown Fig.5, where SF #9 and SF#4 are paired to be DL and UL Un subframes. The ACK/NACK feedback for SF #4 should be changed from SF #0 in next frame to SF #9.
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 Fig.5 symmetric Un subframe configuration for TDD configuration 6
According to the analysis shown above, it is proposed that:
· DL and/or UL Un HARQ timing have to be changed to support symmetric and asymmetric Un subframe configuration for some of the TDD configurations.

In addition, one remained issue is for each supported TDD subframe configuration, whether to explicitly assign the DL and UL Un subframe using a bitmap or to configure Un subframe using the predefined patterns. Considering the HARQ timing of the standalone Un subframe is better to obey the timing defined for Rel.8 as much as possible, it is then preferred to have predefined Un subframe configurations. Furthermore, the predefined patterns help to reduce the signaling overhead.

· It is preferred to have predefined DL and UL Un subframe configurations for each TDD subframe configuration. The Un subframe is configured using higher layer signaling.
3. Conclusions

In this contribution, we have the following proposals for relay backhaul HARQ timing for LTE-A TDD:
· The UL grant and ACK/NACK feedback for UL Un subframes are transmitted in paired DL Un subframe

· The ACK/NACK feedback for DL Un subframe is transmitted in paired UL Un subframe.

· DL and/or UL Un HARQ timing have to be changed to support symmetric and asymmetric Un subframe configuration for some of the TDD configurations.
· It is preferred to have predefined DL and UL Un subframe configurations for each TDD subframe configuration. The Un subframe is configured using higher layer signaling.
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