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1 Introduction

In the RAN1 #74 meeting, downlink HARQ timing and uplink scheduling and uplink HARQ timing were discussed for TDD reconfiguration.
For downlink HARQ timing, the following was agreed,
· Downlink HARQ timing follows a higher layer RRC configured TDD configuration
· At least configurations 2 and 5 can be selected

· FFS other configurations

For uplink scheudling timing and HARQ timing, the following conclusion was made, 
· 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 
The further study of reference scheduling and HARQ timing needs to consider the flexibility of changing transmission direction, especially for the case that UL-DL traffic ratio changes rapidly. In this contribution, we discuss remaining reference timing issues for TDD reconfiguration, and give our proposals.
2 Scheduling timing and HARQ timing for TDD UL-DL reconfiguration
For Rel-8/9/10/11 TDD LTE, the scheduling timing and HARQ timing is predefined and specified for each TDD UL-DL configuration and for a combination of different UL-DL configurations used in inter-band carrier aggregation. For TDD UL-DL reconfiguration, the TDD UL-DL configuration may differ between consecutive radio frames, hence the current HARQ timing may not work well. 

For TDD reconfiguration with physical layer signaling, since the transmission direction of some subframes can dynamically change with tens of milliseconds, a predefined reference HARQ timing can be considered that is able to provide proper scheduling timing and HARQ timing both UL-DL before and after reconfiguration of the actual TDD UL-DL configuration. 
2.1  DL HARQ timing design

DL scheduling timing and retransmission timing can be kept the same as Rel-8. According to the agreement in the last meeting, it agreed that at least UL-DL configuration #2 and #5 can be configured as DL HARQ timing by RRC signaling, and whether to adopt other UL-DL configurations (#0, #1, #3, #4, #6) as reference UL-DL configuration is for further study.
One aspect which needs to be considered is that the actually used UL-DL configuration and RRC configured DL reference UL-DL configuration may not be synchronously updated since the actually used UL-DL configuration can be reconfigured faster via physical layer signaling. This may result in issues, e.g., if the DL subframes of the DL reference UL-DL configuration are a subset of the actually used UL-DL configuration, as shown in Figure 1, some DL subframes (subframe #3) do not have any defined HARQ timing and some DL subframe (subframe #4) cannot be scheduled since these DL subframes cannot find available UL subframe for HARQ-ACK transmission.
Observation1: Not all DL subframes can be utilized for eIMTA, if the DL subframes of the DL reference UL-DL configuration are a subset of the DL subframes of the actual UL-DL configuration.
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Figure 1, DL subframes of DL reference UL-DL configuration (e.g. #1) are subset of actually used UL-DL configuration (e.g. #2) 

The DL subframes of UL-DL configuration #5 are a superset of the DL subframes of any UL-DL configuration, and DL subframes of UL-DL configuration #2 are a superset of the DL subframes of any UL-DL configuration with 5 ms switch time. The DL subframes of the actual UL-DL configuration always have a defined HARQ timing according to UL-DL configuration #5. Furthermore, the DL subframes also has a defined HARQ timing according to UL-DL configuration #2, if the actual UL-DL configuration has a 5 ms switch time. Therefore, from scheduling flexibility point of view, we think that configuration #2 and #5 are sufficient to cover all DL HARQ timing cases. However, the other UL-DL configurations will introduce undesirable DL subframe scheduling restriction to eNB, if used as DL reference UL-DL configurations for DL HARQ timing. 
In addition, if UL-DL configuration #2 or #5 is configured for DL reference HARQ timing, all HARQ-ACK bits will be fed back on subframe #2 or subframe #7.  We can find that subframe #2 does not suffer any cross link interference (it is an UL subframe in all UL-DL configurations), and subframe #7 may suffer crosslink interference only when interfering serving cell configures UL-DL configuration with 10 ms switch time (i.e., where subframe #7 is DL subframe in some UL-DL configuration). In this sense, if UL-DL configuration #2 or #5 is configured for reference DL HARQ timing, and CQI and SRI on PUCCH is configured on subframe #2 only, there is no need to design subframe- or subframe set dependent UL power control scheme for PUCCH, which can reduce standard effort and implementation complexity . If PUCCH transmission in subframe #7 suffers unaffordable interference, UL-DL configuration #5 can selected as DL HARQ timing by eNB to avoid the interference on PUCCH in UL subframe #7.
If UL-DL configuration #5 is used for DL reference DL reference HARQ timing, it will cause longer RTT delay than other configurations. But, UL-DL configuration #2 can be configured to shorten the RTT.   However, using other UL-DL configurations will not be beneficial since the other UL-DL configurations will not reduce the RTT compared to UL-DL configuration #2. 
According to above analysis, using UL-DL configuration #2 and #5 for DL reference HARQ timing can cover DL HARQ timing for all DL subframes.  And, we observed that other UL-DL configurations cannot bring any additional significant beneficial on top of  UL-DL configuration #2 and #5, therefore we have following proposal.
Proposal 1: Only UL-DL configuration #2 and #5 can be selected as reference for DL HARQ timing 
2.2  UL HARQ timing design

2.2.1 UL scheduling and HARQ timing 
According to the meeting conclusion from last meeting, Alt. 1 and Alt. 2 in Sec. 1 are to be considered for UL scheduling timing and HARQ timing. 
Alt. 2 could achieve faster update for UL scheduling timing and HARQ timing than Alt. 1, since RRC signaling can change faster than the period of SIB1 (640 ms). It was already agreed to use RRC signaling for the DL reference HARQ timing, therefore, the similar time fashion needs to be maintained for reconfiguration of both DL and UL reference timing. 
If CoMP scenario 4 with eIMTA is considered, alt. 1 would mandate that all serving cells with same cell ID have to use the same SIB1 configured UL-DL configuration as UL scheduling timing and HARQ timing. However, we think it is unnecessary to impose such restriction for this scenario since the both actually used UL-DL configuration and DL reference HARQ timing can be signaled with UE group or UE specific manner among different cells. Alt2 can support such scenario since RRC signaling is UE specified.  

According to discussion in [2] and online discussion in last meeting, it was suggested that MBSFN subframe can be configured  for legacy UEs in DL subframes of the UL-DL configuration contained in SIB1, and OFDM symbols in the MBSFN region can be flexibly used for UL or DL transmission for Release 12 UEs. If Alt. 2 is used, the UL subframe will have a defined reference UL scheduling and HARQ timing but Alt. 1 cannot support the scheduling and HARQ timing when the number of DL subframes in SIB1 configuration is larger than actual used UL-DL configuration. However, if current working assumption for RLM/RRM [1] is agreed, there will be no difference between Alt. 1 and Alt. 2, since no DL subframe in SIB1 configuration can be converted into an UL subframe.
Compared with Alt. 2, Alt. 1 could reduce the higher layer signaling overhead since the UL scheduling timing and HARQ timing always follow that of the SIB1 indicated UL-DL configuration, however, benefit from the higher layer signaling overhead is marginal in the cost of flexibility.
According to above analysis, we do not find any benefit of Alt. 1, except that it can reduce higher layer signaling overhead. Therefore, we propose that the same signaling scheme as agreed for DL reference HARQ timing signaling is adopted. 
Proposal 2: Uplink scheduling timing and HARQ timing follow a higher layer RRC configured TDD configuration.
2.2.2  PUSCH retransmission 

How to handle UL retransmission also needs to be considered, if the subframe for retransmission is changed into a DL subframe, UL subframes may not be available for PUSCH retransmission according to current UL synchronous HARQ protocol. 
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. However, an additional HARQ field needs to be added into the DCI for an UL grant. 
Alternatively, UL retransmission has to be suspended when an available UL subframe for retransmission cannot be found according to the higher layer signaled reference UL HARQ timing. The suspended UL HARQ process can only be resumed when the UL-DL configuration has been changed such that the direction of the subframe becomes UL again. This suspension mechanism will increase the delay for the UL transmission and it will impact the quality for sensitive service, e.g., VoIP.  
From the above analysis, UL asynchronous HARQ could provide flexibility for UL retransmission and reduce the delay for UL transmission. Therefore, we think the following proposal can be considered.
Proposal 3: UL asynchronous HARQ is proposed to solve the PUSCH retransmission timing problem for TDD UL-DL reconfiguration.

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

· Proposal 1: Only UL-DL configuration #2 and #5 can be selected as reference for DL HARQ timing 
· Proposal 2: Uplink scheduling timing and HARQ timing follow a higher layer RRC configured TDD configuration.
· Proposal 3: UL asynchronous HARQ is proposed to solve the PUSCH retransmission timing problem for TDD UL-DL reconfiguration.
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UL-DL configuration #1 is used as reference HARQ timing



