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1. Introduction
In RAN1#60 meeting, a way forward on backhaul subframe allocation for TDD was agreed [1] as following:

· 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
Based on the WF, the details of backhaul subframe allocation and HARQ operation were discussed in many contributions [2]-[7]. In this contribution, we show our preferences on TDD Un HARQ timing design in Rel-10.
2. Discussion
First of all, the working assumption of “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” shall be confirmed, as it greatly simplifies the TDD Un HARQ timing design and matches well with the Rel-8 TDD HARQ timing.
2.1. Un UL HARQ timing
It is agreed that synchronous HARQ is used for UL Un transmission. Hence the timing (referred as timing 1) between UL grant and Un PUSCH transmissions, as well as the timing (referred as timing 2) between Un PUSCH transmission and the next UL grant of the same UL HARQ process shall be defined.
For UL Un HARQ timing 1, if the Un PUSCH transmission happens in subframe #(n+k1), the corresponding UL grant is received in subframe #n, where k1 follows the Rel-8 TDD timing between UL grant and PUSCH transmission. Obviously, the subframes #n and #(n+k1) shall be Un DL subframe and Un UL subframe respectively. Note that with the Rel-8 TDD timing, eNB can schedule PUSCH transmissions for macro UEs and RNs at the same time, which allows largely reusing Rel-8 eNB scheduler implementations.
With the working assumption that UL Un HARQ RTT is always 10ms for all the supported TDD UL-DL configurations, the UL Un HARQ timing 2 shall be (10-k1).
2.2. Un DL HARQ timing
Since asynchronous HARQ is used for Un DL transmissions, only the timing between Un PDSCH transmission and corresponding UL ACK/NACK shall be defined. As the agreement in [1] that both symmetric and asymmetric DL/UL Un subframe allocation are supported, ACK/NACK sent in an UL Un subframe may correspond to Un PDSCH transmissions in one or multiple Un DL subframes. To maintain the Rel-8 decoding latency requirement, the timing between Un PDSCH transmission and the corresponding UL ACK/NACK shall be more than 3ms. In other words, if the Un PDSCH transmission is received in subframe #n, RN shall transmit the corresponding UL ACK/NACK in subframe #(n+k2), where k2 is equal to or larger than 4. However, in order to avoid large HARQ RTT, k2 shall be the smallest integer equal or larger than 4. Similarly, it is noted that subframe #n and #(n+k2) shall be DL Un subframe and UL Un subframe respectively.
2.3. Un subframe allocation

For TDD, since the explicit configuration on Un DL/UL subframes is supported, Un subframes can be indicated with a 6-bit bitmap by higher layers. It is noted that Un DL/UL subframe allocation shall be captured by RAN2 specification. It is preferable that the Un DL/UL subframe allocation by higher layers can be sufficiently flexible. On the other hand, higher layer signaling on Un DL/UL subframe allocation shall ensure that the HARQ timing specified by RAN1 is satisfied, in order for HARQ to operate properly.  
Appendix provides examples of TDD Un subframe allocation and Un HARQ operation. The Un subframes in the examples follow the proposed Un HARQ timing, and have minimal impact on Uu HARQ operation.
3. Conclusions
In this contribution, we mainly discuss the Un HARQ timing for TDD, with the following proposals:
Proposal 1: 
· The Un PUSCH transmission in subframe #(n+k1) corresponds to the UL grant received in subframe #n, where
· k1 follows the Rel-8 TDD timing between UL grant and PUSCH transmission
· Subframe #(n+k1) is an Un UL subframe

· Subframe #n is an Un DL subframe

Proposal 2:
· The UL ACK/NAK for Un PDSCH received in subframe #n is transmitted in subframe #(n+k2), where 
· k2 is the smallest integer equal or larger than 4

· Subframe #(n+k2) is an Un UL subframe

· Subframe #n is an Un DL subframe

Proposal 3: 
· For supported TDD UL-DL configurations, Un DL/UL subframes shall be assigned by a 6-bit bitmap.
4. References

[1]. R1-101601, “Way Forward on TDD Un UL Backhaul Subframe Allocation” , CATT, ALU, ASB, CATR, CMCC, Ericsson, ST-Ericsson, Huawei, ITRI, LGE, Motorola, Nokia, Nokia Siemens Networks, Qualcomm Incorporated, ZTE 
[2]. R1-103491, “Backhaul subframe allocation and HARQ operation”, CATT

[3]. R1-103514, “Un HARQ timing for TDD”, Ericssion, ST-Ericsson
[4]. R1-103584, “Backhaul Subframe Allocation in TDD LTE-A Relay”, ZTE

[5]. R1-103682, “Backhaul subframe allocation and HARQ timing for TDD”, Samsung

[6]. R1-103734, “Backhaul subframe allocation for TDD”, LG Electronics
[7]. R1-103818, “Issues on HARQ over Un Interface for TDD In-band Relay”, Nokia, Nokia Siemens Networks

5. Appendix

TDD configuration 1:
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Figure 2: Example 1 for backhaul subframe allocation and HARQ operation
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 Figure 3: Example 2 for backhaul subframe allocation and HARQ operation
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Figure 4: Example 3 for backhaul subframe allocation and HARQ operation
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Figure 5: Example 4 for backhaul subframe allocation and HARQ operation
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 Figure 6: Example 5 for backhaul subframe allocation and HARQ operation

TDD configuration 2:
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Figure 7: Example 6 for backhaul subframe allocation and HARQ operation
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Figure 8: Example 7 for backhaul subframe allocation and HARQ operation
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Figure 9: Example 8 for backhaul subframe allocation and HARQ operation
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Figure 10: Example 9 for backhaul subframe allocation and HARQ operation
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Figure 11: Example 10 for backhaul subframe allocation and HARQ operation
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Figure 12: Example 11 for backhaul subframe allocation and HARQ operation
TDD configuration 3:
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Figure 13: Example 12 for backhaul subframe allocation and HARQ operation
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Figure 14: Example 13 for backhaul subframe allocation and HARQ operation
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Figure 15: Example 14 for backhaul subframe allocation and HARQ operation

[image: image15.jpg]o

ol

=S

oo

oo

W=





Figure 16: Example 15 for backhaul subframe allocation and HARQ operation

TDD configuration 4:
[image: image16.jpg]-

=i

SIS

(=119

Ol

-

[CIFS

=119

Ol

w3 e





Figure 17: Example 16 for backhaul subframe allocation and HARQ operation
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Figure 18: Example 17 for backhaul subframe allocation and HARQ operation
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Figure 19: Example 18 for backhaul subframe allocation and HARQ operation
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Figure 20: Example 19 for backhaul subframe allocation and HARQ operation
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Figure 21: Example 20 for backhaul subframe allocation and HARQ operation

TDD configuration 6:
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Figure 22: Example 21 for backhaul subframe allocation and HARQ operation
