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1 Introduction

In RAN1 72bis meeting [1], the following text is agreed for signaling design in TDD reconfiguration, 

· A signaling mechanism which explicitly or implicitly indicates TDD UL/DL reconfiguration by either 
· PHY signaling (not including PBCH/MIB signaling), or 
· MAC signaling
· PBCH/MIB signaling issue could be revisited if reliability issue of the above method becomes severe
According to the agreement, the signaling with small time scale (less than 40 ms) will continue further study. The HARQ timing needs to be considered when the UL/DL configuration is reconfigured, especially for the case that UL/DL configuration changes fast. 
In this contribution, we discuss HARQ timing for Rel-12 UEs, which includes scheduling timing, ACK/NACK feedback timing and retransmission timing for DL and UL transmission, and give our proposals.
2 HARQ timing for TDD UL/DL reconfiguration
For Rel-8/9/10/11 TDD LTE, HARQ timing is predefined and specified for each TDD UL/DL configuration and for a combination of different UL/DL configurations used in different carriers. For TDD UL/DL reconfiguration, the current HARQ timing may not work since the different UL/DL configurations are used in the same carrier. 

For TDD reconfiguration with PHY/MAC signaling, since the transmission direction of some subframes can dynamically change with tens milliseconds, a predefined reference HARQ timing can be considered for a combination of two different UL/DL configurations used before and after reconfiguration. How to design the rule to minimize the impact on the ongoing HARQ processes is discussed in this section.
2.1  DL HARQ timing design

DL scheduling timing and retransmission timing can be kept the same as Rel-8. Since DL grant are transmitted within the same subframe as PDSCH, and the unsynchronized HARQ retransmission mechanism is applied, UL/DL reconfiguration does not impact the DL scheduling timing and retransmission timing.
The HARQ-ACK feedback timing design needs to be considered.  

· Method 1: HARQ-ACK is transmitted on the fixed subframes only

All the HARQ-ACK information is transmitted on fixed UL subframes. According to Rel-8 UL/DL configuration, only one subframe (subframe #2) can be considered as fixed UL subframe if all the seven UL/DL configurations can be used. Thus this method will bring unbalanced UL overhead burden between fixed subframes and flexible subframes. However, this method can reduce the complexity of HARQ timing design. In this case, the HARQ-ACK feedback timing of UL/DL configuration 5 is used for Rel-12 UEs.
· Method 2: HARQ-ACK is transmitted according to DL reference HARQ timing

The HARQ-ACK timing can apply the similar design as DL reference UL/DL configuration for inter-band TDD CA with different UL/DL configurations. If UE clearly knows the current UL/DL configuration and the UL/DL configuration for next 10ms, the UE can derive the DL reference according to the combination of the UL/DL configurations in time domain. The UL control signaling can be transmitted on both fixed and flexible UL subframes according to DL reference UL/DL configuration.  However, this method may cause extra standardization effort since the reference UL/DL configurations for different combinations of UL/DL configurations need to be decided. 
According to above analysis, if we take the design complexity and overhead unbalancing into account, we slightly prefer to adopt follows,
Proposal 1: for DL HARQ timing design, HARQ-ACK is transmitted on the fixed subframes.
2.2  UL HARQ timing design
To maintain the backward compatibility, as described in [2], MBSFN subframe can be configured on flexible subframes, the PDCCH region will always be present on the flexible subframe when the subframe is configured as DL subframe by SIB1 signaling. With this method, UL/DL reconfiguration would not have impact on UL scheduling and PHICH feedback timing since PDCCH resource will be available on the flexible subframe.

In current LTE TDD system, synchronized retransmission is applied for UL. If the subframe for retransmission is changed into DL subframe, there may not be available UL subframes for retransmission according to current UL HARQ timing. 
UL asynchronous HARQ can be considered to resolve this issue, and no new timing design of UL retransmission is required. The DL asynchronous retransmission mechanism can be reused for UL retransmission, the UL retransmission is indicated by one retransmission UL grant and the retransmission can be adaptively scheduled according to the channel situation and traffic load. Similar to DL, HARQ process field should be included in UL grant, and the detail design of UL retransmission DCI is FFS. 

Alternatively, new HARQ timing can be defined and all UL retransmissions are allocated on fixed subframe (e.g. subframe #2). However, the adaptive retransmission with UL grant is still necessary for this case since the channel situation is different between fixed subframes and flexible subframes. HARQ process field is also required in the UL grant to indicate the retransmission process number since UL retransmissions corresponding to multiple UL subframes are present in the fixed subframes. 

From above analysis, we can see that additional UL grant compared to legacy releases is needed for both methods of UL retransmission timing. In addition, UL asynchronous HARQ could save specification effort on HARQ timing design.

Proposal 2: UL asynchronous HARQ is proposed to solve the retransmission timing problem with TDD UL/DL reconfiguration.

3. Conclusion
To solve the HARQ timing issue, the current HARQ timing should be improved.

· Proposal 1: for DL HARQ timing design, HARQ-ACK is transmitted on the fixed subframe.

· Proposal 2: UL asynchronous HARQ is proposed to solve the retransmission timing problem with TDD UL/DL reconfiguration.
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