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1. Introduction
In the RAN1#74b meeting, some agreement and working assumption were reached for 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 and payload on PUCCH and PUSCH etc. In this contribution, we discuss HARQ-ACK transmission on PUCCH and/or PUSCH in TDD eIMTA system and give our proposal. 

2. Discussion
2.1. HARQ-ACK transmission schemes on PUCCH
Three types of HARQ-ACK transmission schemes are defined on PUCCH: HARQ-ACK bundling, HARQ-ACK multiplexing (or format 1b with channel selection) and PUCCH format 3. The application of HARQ-ACK transmission scheme is higher layer configured by RRC signalling but also dependent on UE capability of supporting aggregation of more than one serving cell and the number of configured serving cells as illustrated in Table 1. There are also some restrictions with the application of the HARQ-ACK transmission scheme. For example, HARQ-ACK multiplexing or PUCCH format 1b with channel selection is not supported for TDD UL-DL configuration 5. When the UE is configured with more than one serving cells with same TDD UL-DL configuration 5, PUCCH format 3 is only supported for up to two configured serving cells. 
Table 1: HARQ-ACK transmission schemes in LTE system
	
	Non-CA capable UE
	CA capable UE

	
	
	One configured serving cell
	Two or more configured serving cells

	HARQ-ACK bundling
	√
	√
	-

	HARQ-ACK multiplexing
	√
	-
	-

	PUCCH format 1b with channel selection
	-
	√
	√

	PUCCH format 3
	-
	√
	√


In eIMTA system, the downlink HARQ timing follows a higher layer configured reference configuration which can be 2, 4, or 5. TDD UL-DL configuration 5 is highly likely to be used as DL HARQ reference configuration since it allows maximum traffic adaptation capability. Based on the current specification, it means only HARQ-ACK bundling can be used for a non-CA capable UE when DL HARQ reference configuration is 5. Considering DL subframes within the DL association set may belong to different subframe set and thus suffer different interference, the time domain bundling may cause significant DL throughput loss. In some papers [1, 2] it was proposed to use PUCCH format 3 for eIMTA UE, e.g. Rel-12 UEs supporting TDD eIMTA shall also support PUCCH format 3. Although PUCCH format 3 provides a larger HARQ-ACK payload it also has some limitations in case of eIMTA. For example, when UE is transmitting on PUCCH, PUCCH format 3 needs to support HARQ-ACK multiplexing of all 9 DL subframes although some of flexible subframes are used as the UL subframes. As discussed in [3] the HARQ-ACK payload of 18 bits for eIMTA cannot be supported for all UEs as it requires an SNR of ~0 dB or more. In addition, the number of user multiplexing in one RB for PUCCH format 3 is limited to maximum 5 UEs/RB much lower than other formats, e.g. 36 for PUCCH format 1b. Since other UCIs like CQI/SR are most likely configured to transmit in fixed UL subframe #2 to avoid potential eNB-eNB interference in flexible subframes, the PDCCH capacity in fixed UL subframe #2 is quite limited and it is desirable to have higher HARQ-ACK multiplexing capacity in one RB. 
Observation 1: 
· PUCCH format 3 cannot support eIMTA with more than two configured serving cells when DL HARQ reference configuration is configuration 5
Observation 2: 
· PUCCH format 3 is not optimized for TDD UL-DL configuration 5 
Proposal 1: 
· FFS whether PUCCH format 3 is mandatory for Rel-12 UEs supporting TDD eIMTA.   
In some papers [4, 5 and 6] several solutions were addressed to improve the above limitation. For example, the partial bundling scheme for format 1b with channel selection. The basic principle is to partially bundle the HARQ-ACK of some subframes in the same subframe set if the total number of HARQ-ACK bits are larger than 4. The subframes for partial bundling can be based on the set of fixed or flexible subframes or reusing the subframe set for CSI measurement. It is observed that partial bundling scheme can reduce the retransmission probability and reduce the signaling overhead. Another enhancement option is to optimize HARQ-ACK payload size, e.g. that the HARQ-ACK payload is determined only based on the actually used TDD UL-DL configuration. In other words, the flexible subframe used as UL subframes is excluded for HARQ-ACK codebook size determination. This will be beneficial for PUCCH format 3 since it uses less payload size and less likely to use dual RM coding which is less efficient than single RM coding; and less likely to invoke spatial bundling which happens when the HARQ-ACK payload size is larger than 20 bits. 
Proposal 2: 
· The subframe set based partial bundling for PUCCH format 1b with channel selection can be considered for eIMTA
Proposal 3: 
· The HARQ-ACK codebook size shall be determined by the actually used TDD UL-DL configuration. 

2.2. HARQ-ACK transmission on PUSCH
Determination of UL DAI and UL index in UL grant
In Rel-8 system, there are two bits field in UL grant that can be used either UL index or UL DAI dependent on the TDD UL-DL configuration configured by SIB1. In detail, when UL-DL configuration by SIB1 is configuration 0 then UL index is used in UL grant otherwise UL DAI will be used. In eIMTA, it needs to clarify on how to determine the UL index or UL DAI in UL grant when UL-DL configuration 0 is configured as the UL HARQ timing reference. Similar problem is discussed extensively in [4, 7, 8]. In general, there are the following solutions. 
· Alt 1: the UL index is used in UL grant
· Alt 2: the UL DAI is used in UL grant 
· Alt 3: the UL DAI or UL index is determined by the actually used UL-DL configuration. More specially, if the actually used UL-DL configuration is 0, 3, and 6, the UL index is used in UL grant otherwise the UL DAI will be used and a default value of 10 can be used as UL index.
For Alt 1, there is no UL DAI in UL grant and UE cannot know the total number of scheduled PDSCH and PDCCH for SPS release within the DL association set. This will have direct impact on HARQ-ACK transmission on PUSCH. For example, the HARQ-ACK feedback bits have to be determined using the maximum value, e.g. according to the bundling window size of the DL reference configuration, which will cause unnecessary control overhead. When the allocated RB for PUSCH is small the maximum HARQ-ACK payload may result in much higher coding rate of PUSCH data causing the unnecessary retransmission.
Alt 2 can greatly reduce the HARQ-ACK feedback bits with the assistance of UL DAI bits. However, when the used UL-DL configuration is 0, 3 or 6, one DL subframe needs to schedule multiple UL subframes according to UL reference configuration 0. Specification is needed in such case. A solution is to define a fixed UL index pattern for all eIMTA UEs. As illustrated in Table 2, the UL index is pre-determined for each subframe common to all eIMTA UEs. For example, the UL grant in DL subframe #0 will schedule PUSCH transmission in both SF4 and SF7. If SF4 is reconfigured as DL subframe as indicated by the UE group common signalling then only SF7 is used for PUSCH transmission. In addition, if UE cannot know the actual subframe direction due to the missing detection of reconfiguration signalling, UE will not transmit in any flexible subframe to avoid unnecessary interference to other UEs. The problem for Alt 2 is additional scheduling constraint, however, the impact is only limited to eIMTA UEs. Even so eNB still has the flexibility to schedule users in other subframes to avoid multi-TTI scheduling. 
Table 2: Example of fixed UL index pattern for eIMTA UEs
	PDCCH UL Grant
	PUSCH Subframes

	SF0
	SF4 and SF7 (UL index = 11)

	SF1
	SF8 (UL index = 01)

	SF5
	SF9 and SF2 (UL index = 11)

	SF6
	SF3 (UL index  = 01)


Alt 3 is the optimum solution in ideal case. But when the UE fails to decode the PDCCH of dynamic UL-DL configuration there is a serious problem if UE and eNB have different understanding of UL DAI or UL index in UL grant.  In such case UE may transmit in one DL subframe or when it is in a UL subframe but HARQ-ACK information is totally wrongly encoded due to wrong interpretation of UL index as UL DAI.
Proposal 4: 
· The UL DAI is used in UL grant also when UL-DL configuration 0 is used as UL reference configuration. A fixed UL index pattern can be pre-determined to support multi-TTI scheduling for eIMTA.
Determination of HARQ-ACK payload with unreliable UL DAI
For TDD eIMTA, since two independent UL-DL configurations are 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. 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 subframe #6 is not the last subframe of the DL association set corresponding to UL subframe #2 when the DL reference configuration is 2. Therefore, specification is required to address this issue. 





In Rel-8 system, “For TDD UL/DL configurations 1-6 and one configured serving cell, if the UE is not configured with PUCCH format 3, the value of the Downlink Assignment Index (DAI) in DCI format 0/4, , detected by the UE according to Table 7.3-X in subframe , where  is defined in Table 7.3-Y, represents the total number of subframes with PDSCH transmissions and with PDCCH/EPDCCH indicating downlink SPS release to the corresponding UE within all the subframe(s), where.”
According to the above, the value of  shall represent the total number of subframes with PDSCH transmission in the bundling window. It implies that in eIMTA system eNB needs to apply pre-scheduling for DL transmission in the subframes later than the UL grant subframe. However, if eNB does not use pre-scheduling and the  value in UL grant will only count the scheduled DL transmission till the UL grant subframe. In such case, UE will receive UL DAI with a value smaller than the number of received DL PDSCH and SPS release. Currently there is no definition of UE behaviour in such case. To solve this unreliable UL DAI issue in eIMTA, there are following solutions.
· Solution 1: UE discards the UL DAI in UL grant and determine HARQ-ACK payload without UL DAI. This is similar to the case of PUSCH transmission that is not based on an UL grant. 
· Solution 2: UE derives a new value by adding an offset to the value of UL DAI in UL grant, e.g.  , where the offset is equal to the number of available DL subframes after the UL grant subframe indicated by the UE group common (E)PDCCH. UE will use the new value of UL DAI for HARQ-ACK transmission on PUSCH. If UE does not detect any downlink assignment in these “late” DL subframes, UE shall generate NACK for that subframe.
Solution 2 has benefits of the reduced HARQ-ACK overhead since UL DAI in UL grant is used to determine the number of actually scheduled DL subframes in “early” subframes. 
Proposal 5: 
· Specification is needed when the value of   in UL grant is smaller than the received PDSCH and SPS release. Solution to optimize the number of HARQ-ACK feedback bits is preferred.

3. Conclusions

This contribution discussed HARQ-ACK feedback format and payload determination for eIMTA in case HARQ-ACK is transmitted on PUCCH or PUSCH. The following proposals and observations are made:
Observation 1: 
· PUCCH format 3 cannot support eIMTA with more than two configured serving cells when DL HARQ reference configuration is configuration 5
Observation 2: 
· PUCCH format 3 is not optimized for TDD UL-DL configuration 5 
Proposal 1: 
· FFS whether PUCCH format 3 is mandatory for Rel-12 UEs supporting TDD eIMTA.   
Proposal 2: 
· The subframe set based partial bundling for PUCCH format 1b with channel selection can be considered for eIMTA
Proposal 3: 
· The HARQ-ACK codebook size shall be determined by the actually used TDD UL-DL configuration. 
Proposal 4: 
· The UL DAI is used in UL grant also when UL-DL configuration 0 is used as UL reference configuration. A fixed UL index pattern can be pre-determined to support multi-TTI scheduling for eIMTA.
Proposal 5: 
· Specification is needed when the value of   in UL grant is smaller than the received PDSCH and SPS release. Solution to optimize the number of HARQ-ACK feedback bits is preferred.
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