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1. Introduction
In the RAN1#74b and RAN1#75 meeting, some agreement and working assumption were reached for TDD eIMTA HARQ timing. In addition to timing design, there are still several other issues for eIMTA HARQ design, e.g. PUCCH resource allocation, HARQ-ACK feedback format on PUCCH and unreliable UL DAI issue and HARQ-ACK payload size etc. In this contribution, we discuss HARQ-ACK transmission on PUSCH in TDD eIMTA and give our proposal. 

2. Discussion
2.1. Determination of UL DAI and UL Index in DCI format 0/4
When TDD UL-DL configuration 0 is indicated by SIB1 and used as UL reference configuration for TDD eIMTA, the DAI field does not exist in UL grant based on the current spec. Therefore, the parameters required for HARQ-ACK transmission on PUSCH such as the scrambling sequence for HARQ-ACK bundling, the number of HARQ-ACK bits for PUCCH format 1b with channel selection and PUCCH format 3 need to be defined. A simple solution is to reuse the existing solution for the case that PUSCH is not scheduled based on UL grant. However, this solution may result in a low HARQ-ACK coding efficiency since the number of HARQ-ACK bits is determined by the size of bundling window rather than the number of actually scheduled DL subframes. When the configuration 5 is used as DL reference configuration, PUCCH format 3 needs to support HARQ-ACK multiplexing of 9 DL subframes and a maximum HARQ-ACK payload of 18 bits. This means dual-RM coding is highly likely to be used and spatial bundling is more likely to be invoked which happens when the HARQ-ACK payload size is larger than 20. The large HARQ-ACK payload will have an impact on PUSCH also that a larger bandwidth shall be allocated in order to avoid the coding rate larger than one. Therefore, it needs to be discussed how these problems can be resolved. 
One proposal as discussed in [1] is to dynamically interpretation of the UL index or UL DAI field based on the actually used UL-DL configuration when configuration 0 is used as UL reference configuration. More specially, if the actually used UL-DL configuration is 0, 3, and 6, the UL index is used in DCI format 0/4 otherwise the UL DAI is assumed. Other proposals include to fix UL DAI field [2] also for TDD configuration 0. 
Both proposals require specification change. For example, for the proposal 1 the value of UL index shall be defined when the UL DAI field is used in DCI format 0/4. For TDD UL-DL configuration 0, the UL grant of DCI format 0/4 can be transmitted in one of four DL subframes. As shown in Table 1 there is a different scheduling delay between UL grant and PUSCH transmission dependent on the value of UL index. Therefore, when the UL DAI is used in DCI format 0/4, a value of UL index “01” can be assumed that PUSCH transmission in subframe 7, 8, 2 and 3 can be scheduled by the UL grant in SF0, 1, 5, and 6 separately. This can be applied to dynamic UL-DL configuration of 1, 2, 4, and 5. If UL DAI is used also for UL-DL configuration 3, then two values of UL index is required for the support of PUSCH scheduling in subframe 4. The only issue with this method is that multi-TTI scheduling cannot be used when the UL DAI is used in DCI format 0/4 for the SIB1 configuration of 0. But this restriction will not have any impact on the uplink transmission. 
Table 1: The association of UL index and PUSCH subframe for Configuration 0
	 UL Grant
	UL index (01)
	UL index (10)
	UL index (11)

	SF0
	SF7
	SF4
	SF4 and SF7

	SF1
	SF8
	SF7
	SF7 and SF8

	SF5
	SF2
	SF9
	SF9 and SF2

	SF6
	SF3
	SF2
	SF2 and SF3



Another disadvantage for the proposal in [1] is the ambiguity between the UE and the eNB when UE has no knowledge of the actually used TDD UL-DL configuration. This may happen when UE fails to decode the reconfiguration DCI or no valid UL-DL configuration is detected in the previous modification period due to DRX operation. Considering the high reliability of the reconfiguration DCI the probability of UE failing to decode L1 reconfiguration signalling is sufficiently low. In such case, how to interpret the UL index or UL DAI in DCI format 0/4 can be left to UE implementation. For example, UE will skip PUSCH transmission in order to avoid unexpected transmission due to wrong interpretation of the UL index. For the second fallback operation, since eNB is aware of UE in the fallback state there shall be no ambiguity between the UE and eNB with a proper configuration. For example, the UL DAI is used in DCI format 0/4 assumed by both eNB and UE when there is no valid UL-DL configuration for the current frame. 
Proposal 1: 
· When UL-DL configuration 0 is used in the SIB1 and used as UL reference configuration, the dynamic interpretation of the UL index and UL DAI field in DCI format 0/4 can be supported.
· A default UL index shall be defined in case the UL DAI field is used in DCI format 0/4. UE shall use the default UL index to determine the uplink PUSCH scheduling timing.
2.2. Determination of HARQ-ACK payload with unreliable UL DAI
For TDD eIMTA, due to two independent UL-DL configurations used for UL and DL HARQ timing determination, the UL scheduling grant may not be transmitted in the last subframe of the DL association set corresponding to the DL reference configuration. For example, if UL reference scheduling follows UL-DL configuration 0, the UL grant for PUSCH on subframe #2 is transmitted on DL subframe #6, however, the last subframe of the DL association set corresponding to UL subframe #2 is subframe #7 when the DL reference configuration is 2. Therefore, specification is required to address this issue. 
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Figure 1: Example of UL DAI not sent in last subframe of the bundling window

Several approaches were discussed in [1], [2] and [3]. A simple solution is to follow the existing solution for PUSCH transmission without UL grant. There is a similar problem as the above UL index issue of section 2.1 that the HARQ-ACK coding efficiency is poor. Furthermore, since this unreliable UL DAI issue exists for the most combination of UL and DL reference configuration, this simple solution will effectively disable the functionality of the UL DAI and can result in more RB allocation for PUSCH transmission even for very small packet. 
It is noted that it can be solved also via eNB’s implementation that a larger UL DAI is transmitted assuming all later DL subframes within the bundling window will be scheduled. This scheduling prediction scheme will increase eNB scheduling complexity and may also cause the ambiguity to UE when receiving a larger UL DAI bits. 
To improve the HARQ-ACK coding efficiency, it is better to encode the HARQ-ACK payload based on the actually scheduled DL subframes. Assuming the pre-scheduling is not used by the eNB, the value of UL DAI bits shall indicate the number of scheduled DL subframes till the UL grant subframe and this information shall be used by UE to determine the HARQ-ACK payload. For the all later DL subframes, UE will always include them for the HARQ-ACK mapping based on a conservative assumption. If there is DL assignment detected for that subframe DTX can be assumed. For example, as shown in Figure 2, eNB schedules PDSCH only in SF4 and SF5 so UL DAI value of 2 is included in the UL grant for PUSCH in SF2 of the next frame. UE will assume DAI value of 3 for HARQ-ACK payload determination by assuming there is PDSCH in unknown DL subframe 7. This solution may to some extent to reduce the HARQ-ACK payload size since the additional overhead for “unknown” DL subframes is very small. Furthermore, there is no ambiguity between UE and eNB since the number “unknown” DL subframes is semi-static determined by DL reference configuration rather than actually used UL-DL configuration. 
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Figure 2: Proposed solution for UL DAI not in last subframe of the bundling window

Proposal 2: 
· For TDD eIMTA, the content of UL DAI field in DCI format 0/4 shall be clarified since the UL grant may appear earlier than the last DL subframe of the bundling window.
· If UL grant appears earlier than the last DL subframe of the bundling window, the number of HARQ-ACK bits on PUSCH can be jointly determined by the UL DAI and the size of later DL subframes in the bundling window. 

2.3. HARQ-ACK bundling on PUSCH
For HARQ-ACK bundling, the scrambling parameter Nbundled is determined by TDD UL-DL configurations. For TDD UL-DL configuration 0, Nbundled shall be one if HARQ-ACK is transmitted on PUSCH. For TDD UL-DL configuration 1-6, there are several rules to determine Nbundled based on whether there is UL grant for the associated PUSCH transmission and/or whether UE detects any DL assignment missing. For TDD eIMTA, since a RRC configured reference configuration is used for DL HARQ operation, the scrambling parameter Nbundled shall be determined based on the DL reference configuration rather than the SIB1 configuration. Besides, it is expected there is no specification change required for HARQ-ACK bundling. The existing principle for determining Nbundled based on the UL DAI can be reused without specification change.
Proposal 3: 
· For TDD eIMTA, if HARQ-ACK bundling is configured the scrambling parameter Nbundled shall be determined based on the DL reference configuration.

3. Conclusions

This contribution discussed HARQ-ACK transmission on PUSCH for TDD eIMTA. In particular, the following are proposed:
Proposal 1: 
· When UL-DL configuration 0 is used in the SIB1 and used as UL reference configuration, the dynamic interpretation of the UL index and UL DAI field in DCI format 0/4 can be supported.
· A default UL index shall be defined in case the UL DAI field is used in DCI format 0/4. UE shall use the default UL index to determine the uplink PUSCH scheduling timing.
Proposal 2: 
· For TDD eIMTA, the content of UL DAI field in DCI format 0/4 shall be clarified since the UL grant may appear earlier than the last DL subframe of the bundling window.
· If UL grant appears earlier than the last DL subframe of the bundling window, the number of HARQ-ACK bits on PUSCH can be jointly determined by the UL DAI and the size of later DL subframes in the bundling window. 
Proposal 3: 
· For TDD eIMTA, if HARQ-ACK bundling is configured the scrambling parameter Nbundled shall be determined based on the DL reference configuration.
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