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1 Introduction
HARQ timing is still an open issue in the study of eIMTA. In this contribution, we discuss the HARQ timeline for TDD UL-DL reconfiguration and the corresponding signalling mechanisms. 
2 Discussion
2.1 HARQ Reference Configuration

There are in general two solutions for eIMTA HARQ timing. One is dynamically changing HARQ timing based on the latest reconfigured TDD UL-DL configuration, and the other is a semi-static reference configuration for HARQ-ACK and scheduling timing. 
For the former method, whenever a UE receives a new TDD UL-DL configuration, it also obtains a new HARQ timing which can be either derived from the latest TDD UL-DL configuration or from a function of the current and the upcoming configurations. In RAN1#73 meeting, a working assumption has been agreed that the TDD UL-DL reconfiguration is signaled by explicit L1 signaling by UE-group-common (e)PDCCH [1]. When the reception of (e)PDCCH fails, the error will propagate if the HARQ timing is derived from a function of the current and the upcoming configurations. Therefore, we have the following proposal.
Proposal 1: HARQ timing in eIMTA is based on two semi-static reference configurations; one for UL, and the other for DL.
2.2 Advantages of HARQ Reference Configuration

The method of HARQ reference configuration has the following advantages.
Continuity of HARQ processes

In TD-LTE, the HARQ timing is determined based on the TDD UL-DL configuration. Upon the TDD UL-DL configuration change, when the number of HARQ processes of the new configuration is less than that of the old configuration, some HARQ processes become discontinuous and are interrupted at the boundary radio frame of the configuration change. The data carried by the discontinuous HARQ process may be lost because the data or the associated HARQ-ACK cannot be delivered. When the TDD UL-DL configuration change is infrequent, the HARQ discontinuity problem is not severe. In eIMTA, the frequent TDD UL-DL configuration change may make the problem becomes unacceptable.
If the method of HARQ reference configuration is adopted, the HARQ timing is based on the reference configuration. Therefore, as long as the HARQ reference configuration is the same, the number of HARQ processes is kept unchanged even when the TDD UL-DL configuration is reconfigured. Since the HARQ reference configuration is semi-static, the HARQ process discontinuity problem occurs rarely.
Parameter values determination
In TD-LTE, the values of some parameters are determined by the TDD UL-DL configuration. For example, the timing relation of UE’s transmit power adjustment and the associated transmit power control (TPC) command is determined by the TDD UL-DL configuration. Another example is about the DRX operation. The DRX timers onDurationTimer, drx-InactivityTimer, and drx-RetransmissionTimer are all counted based on PDCCH subframes, where whether a subframe is a PDCCH subframe is determined according to the TDD UL-DL configuration.  
The current working assumption is TDD UL-DL reconfiguration is signaled by explicit L1 signaling by UE-group-common (e)PDCCH. Since there is no acknowledgement mechanism in (e)PDCCH reception, it is likely to occur that the network and a UE do not have the same understanding of the TDD UL-DL configuration. In this case, some operations such as closed-loop power control and DRX may fail. Take DRX as an example. The network and UE do not have the same understanding about the active and inactive time, and their communication becomes problematic. 
If the method of HARQ reference configuration is used, parameters whose values “determined by the TDD UL-DL configuration” may be revised to “determined by HARQ reference configuration”. There are at least two advantages in so doing. First, HARQ reference configuration is semi-static, and the ambiguity of parameter value determination occurred at the switch of configurations happens infrequently. Secondly, the signaling of HARQ reference configuration can be made more reliable, e.g., by SIB1 or RRC, so that the erroneous reception probability of signaling is much less than that of the TDD UL-DL reconfiguration by (e)PDCCH.
Low specification impacts

The concept of HARQ reference configuration has been adopted in Rel-11 for TDD inter-band carrier aggregation. Compared with the efforts required for enabling HARQ procedures at the switching of TDD UL-DL configurations (such as rules in determining which subframe to use when a DL subframe is no longer DL in the new configuration), adopting HARQ reference configuration is a convenient choice.
2.3 Issues of HARQ Reference Configuration

Two issues of HARQ reference configurations are elaborated below.

2.3.1 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 2: The soft buffer problem can be handled by eNB scheduling via constraining the HARQ process number in use to be no more than 8.
2.3.2 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 3: 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: HARQ timing in eIMTA is based on two semi-static reference configurations; one for UL, and the other for DL.
Proposal 2: The soft buffer problem can be handled by eNB via constraining the HARQ process number in use to be no more than 8.
Proposal 3: 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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