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1 Introduction

In RAN1 #74 and 75 meeting, downlink HARQ timing, UL scheduling and HARQ timing were discussed for TDD UL-DL reconfiguration. 

For HARQ timing design, the following agreements were achieved:
· Downlink HARQ timing follow a higher layer RRC configured TDD configuration, and DL HARQ reference configuration can choose from Rel-8 TDD UL-DL configurations {2, 4, 5}.
· For UE configured with TDD eIMTA, uplink scheduling timing and HARQ timing follow UL-DL configuration signaled in SIB1.
Since the DL- and UL reference scheduling timing can follow two independent higher layer signaled UL-DL configurations, the UL scheduling grant may be transmitted earlier than the last DL subframe within the bundling window. In this case, the UL DAI is unreliable and cannot indicate the total number of scheduled DL subframes within the bundling window. In this case, how to handle the HARQ-ACK transmission on the PUSCH needs to be considered.  
In this contribution, we give one example to illustrate the above issue, and provide possible solutions to resolve this problem. This also includes whether to use UL DAI or UL index when the UL-DL configuration 0 is used as UL reference configuration. 
2 HARQ-ACK transmission on PUSCH 
The HARQ-ACK bits can be transmitted on a scheduled PUSCH and the DL HARQ timing is the same as for the PUCCH. We observe that the UL scheduling grant may be transmitted earlier than the last DL subframe within the bundling window. As shown in Fig. 1, if both DL and UL reference configuration are UL-DL configuration 2, DL subframes #4, #5, #6, #8 are in the same bundling window, the UL grant for PUSCH in subframe #2 should be transmitted in DL subframe #8, and the UL DAI can indicate total number of subframes with PDSCH transmissions and with PDCCH/EPDCCH indicating downlink SPS release within the bundling window. However, for eIMTA, if UL reference scheduling timing follows UL-DL configuration #1, the UL grant for PUSCH in subframe #2 will be transmitted in DL subframe #6, where DL subframe #6 is located earlier than the last subframe (i.e., subframe #8) of the bundling window.
Therefore, the UL DAI cannot help to determine the PDCCH missing since UL DAI does not represent the total number of scheduled PDSCH and PDCCH for SPS release in Rel-12 eIMTA. In order to resolve the above issue, we are going to discuss how to feedback HARQ-ACK on PUSCH in case of eIMTA.
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Figure 1.   Examples of UL scheduling timing for different UL reference configurations.
2.1 Usage of UL DAI and UL index in DCI format 0/4
For LTE Rel 8-11, an UL index is used in DCI format 0/4 when UL-DL configuration 0 is configured by SIB1 and an UL DAI is used in DCI format 0 when UL-DL configuration 1-6 is configured by SIB1.For eIMTA, it needs to be determined which type of UL-DL configuration that is used to determine whether UL DAI or UL index should be used.  There are 3 types of UL-DL configurations that can be configured in the system; the UL-DL configuration contained in SIB1, the actually used UL-DL configuration signaled by an explicit group common DCI and the  RRC configured DL reference configuration. 
One alternative is that the usage of either UL DAI or UL index is determined by the UL reference configuration, i.e., the UL-DL configuration contained in SIB1. That is, if UL-DL configuration 0 is used as UL reference configuration, UL index will be used in DCI format 0/4, otherwise UL DAI will be used.  One drawback for this method is that the UL DAI will be unavailable, if UL-DL configuration 0 is configured as UL reference configuration. Hence, the HARQ-ACK payload in the PUSCH could not be properly adjusted. However, an UL index may only be needed for some of the actually used UL-DL configurations. Therefore, enhancement can be considered to improve the above solution.

When UL-DL configuration 0 is configured as UL reference timing, the usage of either UL DAI or UL index is determined according to:
If the actually used UL-DL configuration is 0, 3 or 6, the UL index is used, since DCI format 0/4 needs to be able to schedule multiple UL subframes according to UL reference configuration 0.
If the actually used UL-DL configuration is 1, 2, 4, or 5, the UL DAI is used in DCI format 0/4, and a default bit value (‘10’) can be used as UL index.
When UL-DL configuration 1-6 is configured as UL reference timing, the UL DAI will be used in DCI format 0/4. 
Regarding the reliability of reconfiguration signaling, the performance of current working assumption by using DCI format 1C had been approved from simulations and discussion in [4-6], it is shown that 10-3 BLER can be achieved for DCI format 1C with CCE aggregation level 4/8 when SINR is not below -2dB. And from the calibration results in [5], only 1% or less than 1% UEs in Picos will suffer less than -2dB SINR. Therefore, DCI format 1C with CCE aggregation level 4/8 is reliable enough to be used to determine the usage of UL DAI and UL index. If the DCI format 1C is missed by UE, the UE will not transmit any PUSCH to avoid unnecessary UL transmission collision.
Proposal 1: 
· When UL-DL configuration 0 is configured as UL reference timing, the usage of UL DAI or UL index in DCI format 0/4 is determined according to:

·  If the actually used UL-DL configuration signaled by an explicit group common DCI is 0, 3 or 6, the UL index is used.

· If the actually used UL-DL configuration signaled by an explicit group common DCI is 1, 2, 4, or 5, the UL DAI is used. 
· When UL-DL configuration 1-6 is configured as UL reference timing, the UL DAI will be used in DCI format 0/4.
2.2 Cases for unreliable UL DAI
From Table 10.1.3.1-1 in [2], we can identify the cases of unreliable UL DAI, which are contained in Table 1. The combination of UL- and DL reference configuration in each row would cause the issue described above..
Table 1. Cases of unreliable UL DAI
	UL reference configuration
	DL reference configuration

	1
	2, 5

	6
	2, 4, 5

	0
	2, 4, 5


According to the discussion in Sec 2.1, the UL DAI will be used when UL-DL configuration 0 is configured as UL reference configuration when UL-DL configuration 1, 2, 4, 5 is configured as actually used UL-DL configuration.  If the UL DAI exists in DCI format 0/4, the UL DAI issue will also be occured for related combinations for UL reference configuration 0.
For other cases, the UL DAI is still valid for determining HARQ-ACK feedback bits. To keep the benefit of UL DAI as much as possible, HARQ-ACK transmission on PUSCH is applied as in LTE Rel-8/9/10/11 if the UL DAI can be used to count the total number of scheduled PDSCH and PDCCH for SPS release within the bundling window.
Proposal 2: HARQ-ACK transmission on PUSCH is applied as in LTE Rel-8/9/10/11, if the UL DAI is able to count the total number of scheduled PDSCH and PDCCH for SPS release within the bundling window.
In next sections, we are going to discuss how to handle this issue with different HARQ-ACK transmission schemes on PUSCH.
2.3 HARQ-ACK bundling 

DL subframes within one bundling window may belong to different DL subframe sets suffering different interference. If HARQ-ACK responses for different DL subframe sets are bundled, it may not be fair for DL subframe set with low interference level. In order to guarantee the transmission efficiency, it is beneficial that HARQ-ACK bundling is not configured for eIMTA-enabled UEs. Alternatively, even if HARQ-ACK bundling is configured, the same solution as HARQ-ACK multiplexing on PUSCH in section 2.3 is used.
Proposal 3: It is beneficial that HARQ-ACK bundling is not configured for eIMTA-enabled UEs.

2.4 HARQ-ACK multiplexing 
For TDD HARQ-ACK multiplexing on PUSCH, 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. The UL DAI is used to determine number of HARQ-ACK feedback bits, when UE is transmitting HARQ-ACK on PUSCH.

In eIMTA, since UL grant is unreliable in the cases shown in Table 1 (HARQ-ACK multiplexing does not apply to the combinations, when UL-DL configuration #5 is used as DL reference configuration), two solutions are given:
Solution 1: The number of HARQ-ACK feedback bits is determined according to 
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 is the bundling window size.
A drawback of this is that, since the UL DAI is not used, the number of HARQ-ACK feedback on the PUSCH could be over-dimensioned, which would decrease the amount of user data that could be transmitted in the PUSCH. 
Solution 2: The HARQ-ACK feedback bits are determined according to 
[image: image4.wmf]DL

N

, where 
[image: image5.wmf]DL

N

 is the number of available DL subframes within the bundling window.

The available DL subframes within the bundling window are determined according to the actually used UL-DL configuration which is signaled by UE-group-common (E)PDCCH. This minimizes the number of HARQ-ACK bits. For example, if subframe #4, #5, #6 and #8 are within one bundling window according to the DL reference configuration, but the available DL subframes are subframe #5, #6 since subframe #4 and #8 are UL subframes in the actually used UL-DL configuration, only 2 bits will be fed back. 
As we discuss in section 2.1, the reliability of reconfiguration signaling is not a serious issue, and this case can be considered as error case.
Compared to solution 1, solution 2 can avoid unnecessary HARQ-ACK feedback for UL subframes.

Proposal 4: For a UE configured with HARQ-ACK multiplexing, the number of HARQ-ACK feedback bits on the PUSCH is determined according to the number of available DL subframes of the actually used UL-DL configuration signaled by the explicit group common DCI, within the bundling window.

2.5 PUCCH format 1b with channel selection 
PUCCH format 1b with channel selection is used for CA with 2 serving cells. When UL grant is unreliable in cases of Table 1 (PUCCH format 1b with channel selection does not apply to the combinations, when UL-DL configuration #5 is used as DL reference configuration)), two solutions are given:
Solution 1: The number of HARQ-ACK feedback bits are determined according to 
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 is the bundling window size for the PCell and 
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Similarly as above, since the UL DAI is not used, the number of HARQ-ACK feedback on the PUSCH could be over-dimensioned by utilizing the maximum bundling window size between 2 configured serving cells.
Solution 2: the HARQ-ACK feedback bits are determined according to 
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 is the number of available DL subframes within the bundling window for the PCell and 
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 is the number of available DL subframes within bundling window for the SCell.

The available DL subframes within the bundling window are determined according to the actually used UL-DL configuration which is signaled by UE-group-common (E)PDCCH. This minimizes the number of HARQ-ACK bits. 
Compared to solution 1, solution 2 can avoid unnecessary HARQ-ACK feedback for UL subframes.
Proposal 6: For a UE configured with PUCCH format 1b with channel selection, the number of HARQ-ACK feedback bits on the PUSCH is determined according to the maximum number of available DL subframes of the actually used UL-DL configuration signaled by the explicit group common DCI, within the bundling window of the configured serving cells.
2.6 PUCCH format 3 
PUCCH format 3 is used by CA capable UEs for one or more configured serving cells. Currently, if PUSCH is indicated by an UL grant in UL-DL configuration 1-6, the HARQ-ACK feedback bits on PUCCH format 3 are determined according to UL DAI.

In eIMTA, since UL grant is unreliable in cases shown in Table 1, two solutions are given:
Solution 1: For the c-th serving cell, the HARQ-ACK feedback bits are determined according to 
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In order to avoid missing detection of PDCCH, the number of HARQ-ACK feedback on PUSCH can be determined by bundling window size of DL reference UL-DL configuration. If one codeword is configured or spatial HARQ-ACK bundling is applied, the number of HARQ-ACK bits is equal to  
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, otherwise, the number of HARQ-ACK bit is equal to 
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Solution 2: For the c-th serving cell, the HARQ-ACK feedback bits are determined according to 
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Similarly, if one codeword is configured or spatial HARQ-ACK bundling is applied, the number of HARQ-ACK bits is equal to 
[image: image18.wmf]DL

c

N

, otherwise, the number of HARQ-ACK bit is equal to 
[image: image19.wmf]DL

c

N

2

. The available DL subframes 
[image: image20.wmf]DL

c

N

is determined from the actually used UL-DL configuration which is signaled by UE-group-common (E)PDCCH.
Compared to solution 1, solution 2 can avoid unnecessary HARQ-ACK feedback for UL subframes. Since PUCCH format 3 needs the most resources on PUSCH, which could impact the performance of data on PUSCH more significantly, it is necessary to optimize the number of HARQ-ACK feedback for PUCCH format 3. 

Proposal 7: For a UE configured with PUCCH format 3, for the c-th serving cell, the number of HARQ-ACK feedback bits on the PUSCH is determined according to the number of available DL subframes of the actually used UL-DL configuration signaled by the explicit group common DCI, within the bundling window.  
3. Conclusion
In some cases of Rel-12 eIMTA, the UL DAI cannot determine the PDCCH missing since UL DAI does not represent the total number of scheduled PDSCH and PDCCH for SPS release, so we propose:
· Proposal 1: 
· When UL-DL configuration 0 is configured as UL reference timing, the UL DAI or UL index can be determined according to the actually used UL-DL configuration.
· When UL-DL configuration 1-6 is configured as UL reference timing, the UL DAI will be used in DCI format 0.
· Proposal 2: The same method as in Rel-8/9/10/11 is applied, if UL DAI is able to indicate the total number of scheduled PDSCH and PDCCH for SPS release within bundling window.
If UL DAI cannot represent the total number of scheduled PDSCH and PDCCH for SPS release, the new solutions are needed:
For HARQ-ACK bundling,

· Proposal 3: UE shall generate NACK when the value of UL DAI is larger than the number of received DL PDSCH and SPS release; a missed DL assignment is detected by DL DAI and the value of Nbundled.
· Proposal 4: The value of Nbundled is determined by the total number of received DL PDSCH and SPS release within the bundling window.

· Observation: it is beneficial that HARQ-ACK bundling is not configured for eIMTA-enabled UEs.

For HARQ-ACK multiplexing,
· Proposal 5: The HARQ-ACK feedback bits are determined according to the number of available DL subframes within bundling window.

For PUCCH format 1b with channel selection,

· Proposal 6: The HARQ-ACK feedback bits are determined according to the maximum number of available DL subframes between 2 configured serving cells.
For PUCCH format 3，
· Proposal 7: For the c-th serving cell, the HARQ-ACK feedback bits are determined according to the number of available DL subframes within a bundling window.
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