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1 Introduction
The issue of HARQ timing in TDD eIMTA was discussed in RAN1#74, and the following agreements have been achieved [1]: 
Agreement on DL:

· Downlink HARQ timing follow a higher layer RRC configured TDD configuration
· At least configurations 2 and 5 can be selected

· FFS other configurations

Conclusion on UL:

· Decide between Alt 1 and Alt 2 after the discussion on DL to UL subframe conversion concludes.

· Alt1: Uplink scheduling timing and HARQ timing follow configuration signaled in SIB1
· Alt2: Uplink scheduling timing and HARQ timing follow a higher layer RRC configured TDD configuration 
In this contribution, we discuss some remaining details of HARQ operation in TDD eIMTA. 
2 Discussion
2.1 HARQ Reference Configuration

There are two unresolved issues in UL/DL HARQ reference configurations. For the DL HARQ reference configuration, it is FFS whether TDD UL-DL configurations other than 2 and 5 can be selected as the reference configuration. For the UL HARQ reference configuration, it has not been decided yet whether the reference configuration is signaled in SIB1 or via a higher layer RRC configured TDD UL-DL configuration. 

For DL HARQ reference configuration, we think it is up to the eNB to determine which TDD UL-DL configuration is selected as the reference configuration. Since this reference configuration is signaled by higher layer RRC, the eNB can choose the most suitable configuration based on the operating environment. 
There is a working assumption [1] that a subframe configured as DL subframe or DwPTS of special subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell) should not be used for uplink transmission. One potential issue related to this working assumption is that 
· If the working assumption is agreed, to have flexible spectrum usage for UL, the UL-DL configuration indicated in SIB1 should have the largest number of UL subframes among all UL-DL configurations, i.e. UL-DL configuration 0.

· However, the RTT of UL-DL configuration 0 is not one frame, which may lead to large PUSCH process delay. For example, when the actual UL-DL configuration is 5, the PUSCH process delay is 70 ms. See e.g. [2] for illustration.
Regarding this issue, we think, when the actual UL-DL configuration is 5, the amount of UL data traffic is quite small. In this case, the problem of 70ms PUSCH HARQ process delay simply degrades the peak throughput of UEs having UL retransmission, and there is no big impact to the system throughput.  
Therefore, our view is to agree on the working assumption that a subframe indicated as DL in SIB1 cannot be changed to UL, and the UL HARQ reference configuration follows the TDD UL-DL configuration indicated in SIB1. 
Proposal 1: It is up to eNB to determine which TDD UL-DL configuration is selected as the DL HARQ reference configuration. 

Proposal 2: The UL HARQ reference configuration follows the TDD UL-DL configuration indicated in SIB1.
2.2 Soft Buffer Management

According to TS 36.212, the soft buffer size NIR for a transport block is given as
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and Mlimit is a constant equal to 8. For TDD UL-DL configurations with the maximum DL HARQ processes number MDL_HARQ larger than 8, there is a danger that some HARQ process has no soft buffer to store the unsuccessfully decoded information. 
When the HARQ reference configuration method is used, as the DL HARQ reference configuration tends to have less number of UL subframes, the HARQ process delay increases. The maximum number of HARQ processes in effect increases, and the problem of insufficient soft buffer becomes more severe. This soft buffer problem can be handled by eNB scheduling via constraining the HARQ process number in use to be no more than 8. 
Proposal 3: The soft buffer problem can be handled by eNB scheduling via constraining the HARQ process number in use to be no more than 8.
2.3 HARQ-ACK Multiplexing/Bundling

The DL HARQ reference configuration is generally a TDD UL-DL configuration that has more DL subframes than most other configurations, e.g., TDD UL-DL configuration 5. In so doing, the flexibility in adapting the TDD UL-DL configuration is the highest. However, the disadvantage is that the number of subframes to transmit HARQ-ACK is small, and the number of HARQ-ACKs to be carried in per such subframe is large. If HARQ bundling is used, then it produces a number of unnecessary retransmissions, resulting in inefficient spectrum usage and throughput loss.

According to TS 36.213, in TDD UL-DL configuration 5, a UE that does not support carrier aggregation always uses HARQ-ACK bundling. Moreover, a UE that supports carrier aggregation can use PUCCH format 3 for transmission of HARQ-ACK. 
Since TDD UL-DL configuration 5 may be probably adopted in eIMTA, we propose that an eIMTA capable UE should be able to support PUCCH format 3 for HARQ-ACK multiplexing even if it does not have carrier aggregation capability.
Proposal 4: An eIMTA capable UE should be able to support PUCCH format 3 to use HARQ-ACK multiplexing even if carrier aggregation is not configured.
3 Conclusion
The HARQ timeline for TDD UL-DL reconfiguration and the corresponding signalling mechanisms was discussed in this contribution. We have the following proposals. 
Proposal 1: It is up to the eNB to determine which TDD UL-DL configuration is selected as the DL HARQ reference configuration. 

Proposal 2: The UL HARQ reference configuration follows the TDD UL-DL configuration indicated in SIB1.
Proposal 3: The soft buffer problem can be handled by eNB via constraining the HARQ process number in use to be no more than 8.
Proposal 4: An eIMTA capable UE should be able to support PUCCH format 3 to use HARQ-ACK multiplexing even if carrier aggregation is not configured.
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