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1 Introduction
In the TDD_eIMTA[1], one of the important targets is to maintain the backward compatibility and consider both legacy UEs and new UEs’ performance.   
· Backward compatibility shall be maintained and performance (both RRC_CONNECTED and RRC_IDLE) of both legacy UEs and UEs supporting operation in cells with TDD UL-DL reconfiguration based on traffic adaptation shall be considered for the scope of this work item;
In this paper, we share our view on this issue. 
2 Discussion
The TDD UL-DL reconfiguration time scale and necessary signalling are still under discussion. In order to support TDD UL-DL reconfiguration frequency of less than 640msec, TDD UL-DL reconfiguration through dedicated signalling is expected to be defined. However, with dedicated signalling, only new UEs can understand the exact TDD configuration in a system; legacy UEs can’t know the actual TDD configuration due to the fact legacy UEs are unable to interpret the new signalling. 
In this section, the potential problems of legacy UE support in adaptive TDD systems are discussed. We assume the indication of TDD reconfiguration is sent through dedicated signaling.  
2.1 PRACH transmission
Legacy UEs reads the TDD configuration through system information, i.e., SIB1, and it may have no idea on the exact UL/DL configuration if the adaptive TDD is applied in the system. It might happen that a legacy UE attempts to perform random access (i.e., transmit the PRACH) in a DL-designated subframe. That is because TDD UL-DL reconfiguration broadcasted in SIB1 is different from that is overridden by the dedicated signalling (i.e., an originally UL subframes with PRACH resource configuration might become DL subframe). 

In that case, the PRACH transmitted by the legacy UE becomes not receivable at the intended eNB and hence no response from eNB is expected. After some backoff period, UE may attempt to perform another PRACH transmission. 
If a UE continuously transmits PRACH in a subframe originally configured with PRACH resource but changed to DL, the maximum number of PRACH transmissions might be reached and radio link failure will be triggered. In addition, UE wastes power to transmit these PRACH transmissions. Moreover, the invalid PRACH transmission might interfere to the ongoing DL reception at other UEs.   

Observation 1: Legacy UE may transmit PRACH in a subframe originally configured with PRACH resource but later changed to DL, which may result in RLF, unnecessary power consumption, and interference to other UE’s DL receptions. 
2.2 Data transmission and HARQ
2.2.1 Downlink 

For DL data, eNB schedules DL data transmission/retransmission in a DL subframe and UE responds the DL HARQ in the corresponding UL subframe. 
In the DL transmission, there are two cases that need to be discussed:
Case 1: invalid DL transmission 

eNB might attempt to schedule DL data transmission in a certain subframe, which is operating as DL but broadcasted as UL in SIB1 to a legacy UE. However, the legacy UE will not expect DL transmission in such subframe so that it would not attempt to decode the PDCCH. Thus, eNB would not receive HARQ feedback corresponding to the DL transmission. eNB would consider it as an NACK and retransmit the DL data. Of course, eNB should not send at the first place any DL data or control on subframes that legacy UEs understand as UL.
Case 2: invalid DL HARQ 

eNB might schedule DL data transmission in a DL subframe to a legacy UE. However, the UL subframe where the legacy UE is supposed to reply the DL HARQ might change to DL. In that case, eNB will not receive any DL HARQ ACK/NACK that the UE will send. eNB may treat it as an NACK and retransmit the DL data. In this case, eNB should not schedule any DL transmission whose corresponding HARQ ACK/NACK can fall on a subframe that will change from UL to DL.  

Observation 2: To serve legacy UE in an adaptive TDD system, eNB should not send to any legacy UE any DL data or control on subframes that legacy UEs understand as UL or whose corresponding UL transmission (HARQ ACK/NACK in response to PDSCH or UL PUSCH in response to UL grant) can fall on a subframe that will change from UL to DL.
2.2.2 Uplink

For UL data, eNB assigns a UL grant in a DL subframe, UE performs UL data transmission in the assigned UL resource, and then eNB replies UL HARQ in a corresponding DL subframe. If NACK is indicated by eNB, the UL retransmission should be performed in the associated UL subframe. The procedure is indicated in Figure 1.    
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Figure 1: UL data transmission 

There are four potentially problematic cases: 

Case 1: invalid UL grant

eNB might assign UL grant in a subframe, which is operating in DL but broadcasted as UL in SIB1, to a legacy UE. In this case, the legacy UE would not attempt to decode the PDCCH. UL resource allocation and the time for the corresponding procedure are wasted. As mentioned above, eNB should not send to any legacy UE any DL data or control on subframes that legacy UEs understand as UL.
Case 2: invalid UL transmission

eNB might assign UL grant in a DL subframe to a legacy UE. However, the UL subframe where the legacy UE is supposed to transmit the UL data might become DL operating in the system. In that case, eNB might not receive the UL data. As mentioned before, eNB should not send to any legacy UE any DL control whose corresponding UL transmission (UL PUSCH in this case) can fall on a subframe that will change from UL to DL. 
Case 3: invalid UL HARQ

eNB might assign UL grant in a DL subframe to a legacy UE and the UE successfully transmits the UL data. However, the DL subframe where the eNB is supposed to reply the UL HARQ might become UL operating in the system. In that case, eNB would not transmit PHICH. Without HARQ indication, UE would retransmit the UL data until the next UL grant. eNB should not send to any legacy UE any UL grant whose corresponding PHICH transmission after PUSCH transmission can fall on a subframe that will change from DL to UL.
Case 4: invalid UL retransmission 

eNB might assign UL grant in a DL subframe to a legacy UE and the UE transmits the UL data. Due to some reason, eNB could not successfully decode the data and hence transmit a NACK. After UE receiving the NACK, UL retransmissions should be prepared in the corresponding UL subframe. However, the UL subframe where the legacy UE is supposed to perform UL retransmission might become DL operating in the system.  eNB should not send to any legacy UE any UL grant whose corresponding UL HARQ retransmission can fall on a subframe that will change from UL to DL.  

Observation 3: In addition to observation 2, the UL-DL adaption in TDD subframes may lead to additional constraint to UL data transmission scheduled for legacy UEs. eNB should not send to any legacy UE any UL grant whose corresponding UL transmission (UL PUSCH in this case) can fall on a subframe that will change from UL to DL, whose corresponding PHICH transmission after PUSCH transmission can fall on a subframe that will change from DL to UL, or whose corresponding UL HARQ retransmission can fall on a subframe that will change from UL to DL.
To support the legacy UEs in the adaptive TDD system, the standard impact should be forbidden. The potential problems described above can be resolved by eNB scheduling. However, the details on how to support and the performance impact to both legacy and new UEs by the support can be investigated further.
Proposal: To maintain the backward compatibility in adaptive TDD systems, eNB scheduler should observe the constraints of observations 1, 2, 3. The details on how to support legacy UEs and the performance impact to the legacy and new UEs can be investigated further. 

3 Conclusions
In this paper, the potential problems of legacy UE support in adaptive TDD systems are analyzed. The observations and proposals are summarized as follows.
Observation 1: Legacy UE may transmit PRACH in a subframe originally configured with PRACH resource but later changed to DL, which may result in RLF, unnecessary power consumption, and interference to other UE’s DL receptions. 

Observation 2: To serve legacy UE in an adaptive TDD system, eNB should not send to any legacy UE any DL data or control on subframes that legacy UEs understand as UL or whose corresponding UL transmission (HARQ ACK/NACK in response to PDSCH or UL PUSCH in response to UL grant) can fall on a subframe that will change from UL to DL.

Observation 3: In addition to observation 2, the UL-DL adaption in TDD subframes may lead to additional constraint to UL data transmission scheduled for legacy UEs. eNB should not send to any legacy UE any UL grant whose corresponding UL transmission (UL PUSCH in this case) can fall on a subframe that will change from UL to DL, whose corresponding PHICH transmission after PUSCH transmission can fall on a subframe that will change from DL to UL, or whose corresponding UL HARQ retransmission can fall on a subframe that will change from UL to DL.
Proposal: To maintain the backward compatibility in adaptive TDD systems, eNB scheduler should observe the constraints of observations 1, 2, 3. The details on how to support legacy UEs and the performance impact to the legacy and new UEs can be investigated further. 
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