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1 Introduction
At RAN #58, it has been concluded that this WI is to enable TDD UL-DL reconfiguration for traffic adaptation in small cells [1]. In order to adapt to the dynamic fluctuation of UL-DL traffic while maintaining HARQ timing for DL and UL transmission, reconfiguration time interval and HARQ-timing for TDD eIMTA system should be considered. This issue has been concluded in [1] as:

· Agree on the supported time scale together with the necessary signaling mechanism(s) for TDD UL-DL reconfiguration and specify the necessary (if any) enhancements for TDD UL-DL reconfiguration with the agreed time scale and signaling mechanism(s), e.g.

· HARQ/scheduling timeline,
· RLM/RRM measurements,
· CSI reporting;

In this effort, we try to provide some observations in terms of HARQ/scheduling timeline of TDD eIMTA system in this contribution.
2 DL and UL timing coupling issue
As illustrated in Figure 1, a UL grant is always transmitted no earlier than the last DL transmission instance within a related DL associated set. To be specific, there is a coupling between UL grant timing and DL HARQ-ACK timing, and they were jointly designed for each TDD UL-DL configuration in Rel.8 system. As a result, it may be problematic if the UL grant timing and DL HARQ-ACK timing follows different reference timing for the same TDD UL-DL configuration.
In flexible-TDD system, different reference configurations are expected to be selected independently for DL and UL. Because of the abovementioned coupling issue, there are corresponding problems for TDD HARQ-ACK bundling and TDD HARQ-ACK multiplexing operation, and solutions are needed to address this issue in order to harvest the gain from flexible-TDD system.
For the easy of description, in the following section, we refer the ‘DL/special subframe(s) in a DL association set K’ that is transmitted by a base station on DL subframe after the subframe carrying ‘UL grant’ as “late subframe(s)”, and the DL/special subframe(s) in a DL associate set K, that is transmitted by a base station on a DL subframe  no later than the subframe carrying UL grant as “early subframe(s)”.
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Figure 1: the coupling between UL grant timing and DL HARQ-ACK timing
2.1 HARQ-ACK bundling
In Rel.8 TDD system, for the case that UE is transmitting on PUSCH and the PUSCH transmission is adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 intended for the UE and TDD UL-DL configuration 1-6, if
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, the UE detects that at least one downlink assignment has been missed and the UE shall generate NACK for all codewords. 
In flexible-TDD system, UL grant may transmit earlier than the last DL transmission instance within a related DL associated set, and this causes problem for HARQ-ACK bundling. As depicted in Figure 2, TDD configuration #2 is configured for frame #n, assuming TDD configuration 0 is used as the reference configuration for UL scheduling and HARQ timing, and TDD configuration 5 is used as the reference configuration for HARQ timing of DL transmission.
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Figure 2: different reference configuration for UL grant timing and DL HARQ-ACK timing
As can be seen, UL grant sent on special subframe #6 in radio frame #n, which is not the last subframe in the DL association set K of UL subframe #2 in radio frame (n+1). As a result, eNB may not know whether there will be a PDSCH/PDCCH/EPDCCH transmission in DL subframe #8 since the DL scheduling decision for DL subframe#8 is made after subframe #6 in radio frame #n. Thus it is impossible for the value of 
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in UL grant sent by eNB on DL special subframe #6 to include the PDSCH transmission in DL subframe#8, and this will cause problem in HARQ-ACK feedback sent by a UE on UL subframe #2 in radio frame # (n+1) i.e. HARQ-ACK for dynamically scheduled on DL subframe #8 in radio frame #n is not included. 
In reference to Figure 2, assuming there is a PDSCH/PDCCH/EPDCCH transmission in each DL/special subframe in the DL associate set of UL subframe#2, and the 
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value in UL grant sent in special subframe#6 counts the DL transmissions in all DL/special subframes in the DL association set except DL subframe#8. This gives the value of
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, set by the eNB as it only knows there are 7 DL/special subframe with PDSCH/PDCCH/EPDCCH transmission at the instance of UL grant transmission on special subframe#6. If no miss-detection happens, at the UE side, upon the sending HARQ-ACK on subframe#2 , total 
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 PDSCH/PDCCH/EPDCCH can be detected, UE notices that 
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and shall generate NACK for all codewords and this cause unnecessary retransmission at base station for correct reception of DL-SCH and PDCCH/EPDCCH for SPS release.

Observation1:  For HARQ-ACK bundling operation in flexible-TDD system, specifications are needed when HARQ-ACK is fed back on PUSCH which is triggered by UL grant.
2.2 HARQ-ACK multiplexing
In legacy system, “for TDD HARQ-ACK multiplexing and a subframe n with M>1, spatial HARQ-ACK bundling across multiple codewords within a DL subframe is performed by a logical AND operation of all the corresponding individual HARQ-ACKs. In case the UE is transmitting on PUSCH, the UE shall determine the number of HARQ-ACK feedback bits 
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 and the HARQ-ACK feedback bits 
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to be transmitted in subframe n. If the PUSCH transmission is adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 intended for the UE, then 
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 in which case the UE shall not transmit HARQ-ACK. For the case with
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, the HARQ-ACK associated with PDSCH transmission without a corresponding PDCCH/EPDCCH is mapped to
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, the HARQ-ACK feedback bits without any detected PDSCH transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are set to NACK.”
For flexible-TDD system, the value of 
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may not be able to reflect the total number of subframe with PDSCH/PDCCH/EPDCCH transmission and thus the TDD HARQ-ACK multiplexing operation with M>1 can be problematic as being described previously.

As reference to Figure 3, frame #n is configured with TDD configuration #2, and TDD configuration #0 and #2 are used as reference configuration for UL scheduling and DL HARQ-timing, respectively. As can be seen, the UL grant is not sent on last DL transmission instance in the related DL association set. 
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Figure 3: DL HARQ timing and UL grant timing
Assuming there are PDSCH transmission with associated PDCCH/EPDCCH transmissions on DL subframe#4, subframe#6, subframe#8, and one PDSCH transmission without associated PDCCH/EPDCCH transmission on DL subframe#5, and the value of 
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included in UL grant send on special subframe#6 only considers the PDSCH/PDCCH/EPDCCH transmission on the first three DL subframes in the DL association set. eNB expects the received HARQ-ACK bits in the order of { 
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} on subframe #2 with HARQ-ACK feedback for SPS PDSCH be the last one. However, at the UE side, HARQ-ACK bits are concatenated in the order of {
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} by using 
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 and following the procedure of the legacy system.  As a result, eNB may take 
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as the HARQ-ACK for DL subframe#8, and the SPS PDSCH on DL subframe#5 as miss-detected.

Observation2:  For HARQ-ACK multiplexing operation in flexible-TDD system, specifications are needed when HARQ-ACK is fed back on PUSCH which is triggered by UL grant.

3 Conclusion
In this contribution, we discussed the potential problem for flexible-TDD system when independent reference configuration is adopted for UL and DL. To be specific, we have the following two observations when HARQ-ACK is fed back on PUSCH which is triggered by a UL grant:
Observation1:  For HARQ-ACK bundling operation in flexible-TDD system, specifications are needed when HARQ-ACK is fed back on PUSCH which is triggered by UL grant.

Observation2:  For HARQ-ACK multiplexing operation in flexible-TDD system, specifications are needed when HARQ-ACK is fed back on PUSCH which is triggered by UL grant.

References
[1] RP-121772, “New work item proposal for further enhancements to LTE TDD for DL-UL Interference management and traffic adaptation,” CATT, 3GPP RAN#56, Dec. 2012.
PAGE  
1

_1435749317.unknown

_1435749426.unknown

_1435749447.unknown

_1440397633.vsd

_1440397746.vsd

_1435749451.unknown

_1435749454.unknown

_1435749457.unknown

_1435749449.unknown

_1435749436.unknown

_1435749441.unknown

_1435749443.unknown

_1435749438.unknown

_1435749434.unknown

_1435749323.unknown

_1435749327.unknown

_1435749320.unknown

_1435749287.unknown

_1435749294.unknown

_1435749312.unknown

_1435749315.unknown

_1435749310.unknown

_1435749290.unknown

_1435749274.unknown

_1435749283.unknown

_1435749285.unknown

_1432034685.vsd

_1435747146.vsd

